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Introduction

Coronary stenting has significantly re-
duced restenosis through the inhibition of
both the elastic recoil and the late contrac-
tion of the vessel. However, neointimal hy-
perplasia still affects the long-term clinical
outcome and is responsible for an overall
in-stent restenosis rate of 20 to 35%1-6. 

In spite of treatment with balloon tech-
niques, rotational atherectomy or other de-
vices, the recurrence of restenosis still ex-
ceeds 30% and becomes higher in the set-
ting of aggressive and diffuse restenosis4-14.
Since radiotherapy could be effective in re-
ducing cellular proliferation in hyperplastic
diseases such as keloid scars and hetero-
topic ossification, its use has been proposed
as a new technique for the prevention of
coronary in-stent restenosis15-18. Several
studies19-22 showed a decrease in the
restenosis rate after treatment with either
�-or �-radiation20-27. Nevertheless, most of

available data concern patients at the first
recurrence of restenosis. The purpose of
this study was to evaluate the early and
long-term outcomes of treatment with in-
tracoronary �-radiation in a population at a
very high risk of restenosis presenting, at
least, with a second in-stent restenosis.

Methods

Study design. All consecutive patients un-
dergoing an angioplasty for at least the sec-
ond recurrence of in-stent restenosis were
treated with �-radiation. The Ethics Com-
mittee approved the investigational use of
brachytherapy and all scheduled patients
signed a written informed consent for coro-
nary irradiation. An angiographic follow-
up was initially planned after 6 months.
Since a possible role of brachytherapy in
delaying rather than suppressing restenosis
has been pointed out28, we decided to ex-
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Background. Intracoronary brachytherapy has significantly reduced the recurrence of in-stent
restenosis. The aim of this study was to evaluate the feasibility, safety and efficacy of intracoronary
�-radiation in patients at very high risk for recurrence of in-stent restenosis.

Methods. We analyzed 42 patients with 50 lesions submitted to catheter-based �-radiation (Beta-
Cath System, Novoste Corporation, Norcross, GA, USA) for in-stent restenosis. Thirty-eight lesions
were at the second restenosis, 8 at the third, and 4 at the fourth; a diffuse pattern was present in 78%.

Results. Balloon angioplasty was performed for 30 lesions (60%) and the cutting balloon technique
for 20 (40%). In 12 lesions further 14 stents had to be deployed (28%). The delivery catheter was suc-
cessfully positioned in 96% of the procedures. The mean dwell time was 179 ± 50 s with a radiation
dose ranging from 18.4 to 25.3 Gy, depending on the vessel size. A complete angiographic success
without coronary dissection and without any additional stenting after radiation delivery was achieved
in 86%. At follow-up (7.2 ± 2.1 months), the overall restenosis rate was 30.4% (14 lesions). A recur-
rence was detected in 1/11 lesions with initial focal pattern and in 13/39 lesions with initial diffuse pat-
tern. The restenosis rate was higher in patients in whom a geographic miss had occurred (p < 0.05 vs
lesions without geographic miss) and in those in whom a new stent had been deployed (p < 0.05 vs le-
sions treated without a stent).

Conclusions. Brachytherapy reduces the in-stent restenosis rate in patients who are at very high
risk of recurrence. The restenosis pattern, geographic miss and new stent deployment seem to be neg-
ative prognostic factors for recurrence of restenosis.
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tend the follow-up period up to 9 months. For this rea-
son, the first 5 patients were submitted to angiographic
follow-up at 6 months while the others at 9 months.

Population. We analyzed 50 lesions in 42 patients (in
8 patients 2 lesions were treated) presenting with at
least the second recurrence of in-stent restenosis: 38 le-
sions were at the second restenosis, 8 at the third, and 4
at the fourth. All lesions were on the native coronary
artery.

The mean age of the population was 61.8 ± 8.9
years; 10 patients were female (23.8%). Hypertension
was present in 23 (54.7%), diabetes in 12 (28.6%), a
history of smoking in 28 (66.6%), a family history of
coronary artery disease in 15 (35.7%) and hyperlipi-
demia in 30 (71.4%). Eighteen (42.9%) patients were
admitted for stable angina, 13 (30.9%) for unstable
angina, and 11 (26.2%) for silent myocardial ischemia.
In 21 (50%) patients a previous history of myocardial
infarction was present while 11 (26.2%) patients had
previously undergone a coronary artery bypass graft.
Seventeen (40.5%) patients had single-vessel disease,
12 (28.6%) two-vessel disease, and 13 (30.9%) three-
vessel disease.

The target lesion was on the left main artery in 1
(2%), on the left anterior descending coronary artery or
its diagonal branch in 17 (34%), on the left circumflex
coronary artery or obtuse marginal branch in 15 (30%),
and on the right coronary artery in 17 (34%). The ref-
erence vessel diameter was 3.0 ± 0.48 mm and the min-
imal lumen diameter was 0.55 ± 0.43 mm with a per-
centage diameter stenosis of 80.7 ± 14.6%. The lesion
length was 19.7 ± 14.6 mm.

The restenosis pattern was focal in 11 (22%) lesions
and diffuse in 39 (78%) with 9 (18%) total occlusions.
The main clinical and angiographic data are summa-
rized in tables I and II.

Procedure. All patients were treated with aspirin 100
mg/day and ticlopidine 250 mg twice daily for at least
2 days before the procedure. A bolus of 10 000 IU of
heparin was administered after sheath insertion and ad-
ditional heparin was given to maintain the activated
clotting time > 250 s. The percutaneous intervention
was performed according to standard clinical practice.
Brachytherapy was performed after achieving an opti-
mal angiographic result. The radiation oncologist and
the medical physicist supervised all the procedures.

After the procedure aspirin (100 mg/day) was pre-
scribed indefinitely. Ticlopidine (250 mg twice daily)
was associated for 6 months or for 12 months if a new
stent was implanted.

Radiation delivery system. The Beta-Cath System
(Novoste Corporation, Norcross, GA, USA) consists of
three components: 1) the radiation source, 2) the trans-
fer device, and 3) the delivery catheter.

The radiation source train consists of a “train” of
several miniature cylindrical sealed sources containing
strontium-90, a pure �-emitter. Two gold markers are
placed at the edges of the source. A 40 mm source has
been used; it allowed us to deliver the full prescribed
dose for a length of 35 mm and accounts for the longi-
tudinal dose fall-off at the edges of the radiation source.

The transfer device houses the sources in a quartz
chamber and contains a switching system and a gate.
The switch allows the physician to either transfer the
sources to the end of the catheter or to return them back
to the transfer device.

The triple lumen, over-the-wire delivery catheter, is
a 5F, closed-ended, flexible coronary catheter. The first
lumen is for the hydraulic delivery of the train of radi-
ation sources, the second lumen allows the reversal of
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Table I. Clinical characteristics.

No. patients 42
Age (years) 61.8 ± 8.9
Sex (M/F) 32/10
Stable angina 18 (42.9%)
Unstable angina 13 (30.9%)
Silent myocardial ischemia 11 (26.2%)
Hypertension 23 (54.7%)
Diabetes 12 (28.6%)
Cigarette smoking 28 (66.6%)
Hyperlipidemia 30 (71.4%)
Family history of CAD 15 (35.7%)
Previous myocardial infarction 21 (50%)
Previous CABG 11 (26.2%)
No. diseased coronary arteries

One vessel 17 (40.5%)
Two vessels 12 (28.6%)
Three vessels 13 (30.9%)

CABG = coronary artery bypass graft; CAD = coronary artery
disease.

Table II. Angiographic data.

No. lesions 50
Site of restenosis

Left main artery 1 (2%)
LAD 17 (34%)
Circumflex coronary artery 15 (30%)
Right coronary artery 17 (34%)

2nd restenosis 38 (76%)
3rd restenosis 8 (16%)
4th restenosis 4 (8%)
Focal restenosis 11 (22%)
Diffuse restenosis 39 (78%)

Intrastent 13 (26%)
Proliferative 17 (34%)
Total occlusion 9 (18%)

Baseline QCA
Mean lesion length (mm) 19.7 ± 14.6
RVD (mm) 3.0 ± 0.48
MLD (mm) 0.55 ± 0.43
Diameter stenosis (%) 80.7 ± 14.6

LAD = left anterior descending coronary artery; MLD = mini-
mal lumen diameter; QCA = quantitative coronary angiography;
RVD = reference vessel diameter.



the fluid flow, and the third one is for the passage over
a 0.014” guidewire. Correct positioning of the catheter
is facilitated by the presence of two radio-opaque mark-
ers placed at the edges of the source.

Radiation procedure. The dose to be delivered was
planned according to the vessel diameter, measured by
means of quantitative coronary angiography: 18.4 Gy
at 2 mm from the source line were delivered in 2.5-3.5
mm diameter vessels, 23 Gy in 3.5-4 mm diameter ves-
sels, and 25.3 Gy in vessels > 4 mm. After successful
angioplasty the radiation catheter, connected to the
transfer device, was advanced over the guidewire until
the marker bands encompassed the angioplasty site.
The gate of the transfer device was then opened and the
source train was hydraulically delivered down the
catheter. A continuous, minimal hydraulic pressure was
required to maintain the source train at the distal end of
the catheter lumen.

Since the full prescribed dose covered lesions ≤ 35
mm in length, a two-step radiation treatment with man-
ual pullback was performed to cover all the injured area
in longer lesions. 

After radiation therapy, the source train was stepped
back to the transfer device by reversing the switching
system.

Quantitative coronary angiography. Quantitative coro-
nary angiography was performed, after intracoronary
administration of nitrates, in at least two orthogonal
views. The projection showing the smallest lumen di-
ameter was selected for measurements. The reference
lumen diameter was considered as the average of the
apparently normal proximal and distal diameters. In
case of total occlusion, the post-procedural diameters
were used and the lesion length was measured with
manual calipers using information obtainable from the
ipsilateral or contralateral collateral penetration. Cine-
angiograms with contrast injection were obtained to
document the site of balloon inflation and the position
of the source train. The presence of injured segments
not receiving a full dose of radiation was defined as ge-
ographic miss29,30. The reference vessel diameter, the
percentage diameter stenosis and the minimal lumen
diameter were measured before and after the treat-
ment, and at follow-up. Restenosis was defined as a
> 50% narrowing of the diameter of the irradiated seg-
ment. It was classified as “target lesion restenosis”
when it was a recurrence at the target in-stent resteno-
sis, as “edge restenosis” if it appeared at one of the
edges of the irradiated segment, and as “new stent
restenosis” if it was detected at the site of implantation
of the new stent.

Statistical analysis. Data are presented as average ±
SD or as percentages. Binary variables were compared
by means of the �2 test. A p value of < 0.05 was con-
sidered statistically significant.

Results

Procedural results. In 34 patients a single lesion was
treated, 6 had a two-vessel treatment, 1 had two lesions
treated on the same vessel, and 1 was treated on a bi-
furcation. Balloon angioplasty was performed on 30 le-
sions (60%) and the cutting balloon technique followed
by further balloon dilation on 20 (40%). Fourteen addi-
tional stents were deployed on 12 lesions (in 2 lesions
two stents were required). Ten stents (20%) were im-
planted before brachytherapy to improve the angio-
graphic result and/or to cover dissections, mainly at the
edge of the original stent. Four (8%) stents had to be de-
ployed after brachytherapy: two of them owing to the
presence of dissections already present before catheter
insertion, the other two owing to the presence of dis-
sections detected after catheter withdrawal. In one pa-
tient the dissection was associated with a transient oc-
clusion of the vessel. However, in all patients a final
TIMI 3 flow was achieved without myocardial necrosis.

The post-procedural mean minimal lumen diameter
was 2.83 ± 0.55 mm with an acute gain of 2.28 ± 0.12
mm. The delivery catheter was successfully placed in
48/50 (96%) lesions: in one patient it was not possible
to advance the catheter through a small and calcified
vessel; in the other patient, owing to the small diameter
of the vessel, it was not possible to reach the distal part
of the target segment. The mean dwell time was 179 ±
50 s (range 150 to 240 s) with a radiation dose ranging
from 18.4 to 25.3 Gy.

In one patient, ventricular fibrillation occurred dur-
ing irradiation and the prescribed dose was delivered in
two steps. In 15 lesions (30%) manual pullback of the
catheter was necessary to cover very long segments,
with minimal overlapping of the irradiated segments. A
geographic miss occurred in 23/100 edges (23%). It
was mainly due 1) to the slipping of the balloon during
the procedure, resulting in an injured segment > 35 mm
but not so long as to justify a pullback with irradiation
of a too large segment; 2) to avoid irradiation of left
main or of its bifurcations; 3) to improve the angio-
graphic result with further balloon inflation or stenting
after catheter removal. A geographic miss occurred at
the proximal edge in 7 lesions, at the distal edge in 10,
and at both edges in 3.

Hence, overall, an event-free procedure was per-
formed in 43/50 (86%) lesions.

Follow-up results. Angiographic follow-up was avail-
able for 46/48 (95.8%) lesions after 7.2 ± 2.1 months.
The mean length of follow-up was strongly influenced
by those patients with a worse outcome who needed a
very early control. Nevertheless, although the first 5 pa-
tients had a 6-month angiographic follow-up, in the
majority of the cases the angiographic follow-up was
obtained at 9 months.

One patient refused the angiographic control and
one died suddenly 5 months after the procedure. Seven
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patients complained of angina, and 3 patients had a
myocardial infarction. In one of these patients
brachytherapy has been performed on a bifurcation.
This patient was admitted 30 days after the procedure
with thrombosis of one of the two branches and recur-
rent restenosis of the other. The other 2 patients had a
late occlusion of the target lesion. In one of them this
event occurred following the withdrawal of antiplatelet
therapy because of gastric bleeding.

The restenosis rate was 30.4% (14 lesions in 13 pa-
tients). With regard to the lesions in which a recurrence
occurred, the initial restenosis pattern was focal in one
lesion (9%), diffuse in 10 (33.3%) and a total occlusion
in 3 (33.3%). The site of the recurrence was at the tar-
get lesion in 5 lesions (10%), at the proximal edge in 5
(8%), at the distal edges in 1 (2%), and at the site of im-
plantation of the new stent in 4 (8%). As for the lesions
treated with a new stent, a restenosis occurred in 6
(50%) (p < 0.05 vs patients not receiving a new stent).
In 5 of these lesions (83.3%), the stent has been im-
planted before brachytherapy and in 4 (66.6%) lesions
restenosis was detected in the new stent implanted.

A geographic miss occurred more frequently in le-
sions with restenosis (9/14; p < 0.05 vs patients without
geographic miss). Besides, in 6 of these lesions
(66.6%) a new stent had also been implanted. In pa-
tients without restenosis, the mean lumen diameter was
2.37 ± 0.81 mm (post-procedural mean lumen diameter
2.84 ± 0.57, p = NS) (Fig. 1) with a stenosis diameter
of 22.78 ± 14.94%.

Discussion

In the present study we report our experience with
the use of the Beta-Cath System (Novoste) for intra-
coronary �-irradiation in patients at very high risk for
recurrence of in-stent restenosis. The system used was

specifically designed for coronary applications with the
goal of creating a catheter-based device similar to a bal-
loon catheter that could deliver high-activity �-radia-
tion to different segments of the coronary artery tree. �-
irradiation was preferred because of the limited depth
of penetration of the source activity and in view of the
very short dwell time. Moreover, physicians are not re-
quired to leave the patient’s bedside during the proce-
dure31,32.

From our experience we can confirm that the Beta-
Cath System can be successfully used for the majority
of procedures. The flexibility and maneuverability of
the device allowed us to reach the distal part of almost
all vessels, in spite of the catheter size. However, after
catheter positioning, coronary dissections might occur
and an optimization of the angiographic result with fur-
ther stents may be required. It is well known that in the
treatment of in-stent restenosis the deployment of “new
stents” is necessary in up to 36% of the interven-
tions33,34. Using this device, the need of further stenting
in our population could be related both to the lesion
length as well as to the small ratio between the catheter
and vessel diameters. The development of longer and
thinner catheters is expected to overcome this problem
and probably will limit the need of further stenting.

At follow-up, the restenosis rate was less than the
30-80% reported in previous studies for such lesions35.
However, available data refer to patients at the first
treatment of in-stent restenosis35; our population, at the
second, third and fourth recurrence, should be consid-
ered at higher risk for further restenosis and a worse
outcome should have been expected, independently of
the device used or the technique performed. However,
the initial pattern of restenosis still remains a negative
prognostic factor on the rate of recurrence.

The worse outcome has been observed mainly in
patients receiving new stents at the time of brachyther-
apy. The need of further stenting was mainly required
in aggressive and diffuse restenosis. The adverse out-
come related to new stent deployment could be par-
tially explained by both the late stent malapposition as
well as by late thrombosis due to delayed re-endothe-
lialization36. In previous clinical trials with irradiation
followed by a double antiplatelet therapy for less than
2 months, the late thrombosis rate ranged from 6 to
14%37-41, occurring mainly when adjunctive stents
were deployed at the time of brachytherapy37,38. After
prolonging ticlopidine and aspirin administration, the
late thrombosis rate has been reduced even in patients
receiving new stents, though a warning 1.8-3% per-
sists. Therefore, it is advisable to avoid brachytherapy
in patients with any kind of intolerance to a full an-
tiplatelet regimen. The reason for the occurrence of an
exaggerated restenosis in stents implanted at the time
of brachytherapy is still uncertain. In recent studies the
placement of new stents influenced restenosis mainly
at the site in which a geographic miss had also oc-
curred42. It is now common opinion that irradiation of
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Figure 1. Baseline, post-procedural and follow-up (FU) minimal lumen
diameter (MLD) in patients without recurrence of restenosis.



at least 7 mm of a “not injured” vessel at both edges of
the target lesion, may be considered a safe approach
for the prevention of edge restenosis. For this reason in
case of long lesions we performed a pullback thus
achieving a very low rate of geographic miss, when
compared with previous experiences42. Nevertheless,
in our population a geographic miss occurred mainly
in those patients who were also submitted to new stent
deployment. As a result, the higher restenosis rate ob-
served in the group of patients with geographic miss
might be related more to the new stent deployed than
to the geographic miss itself. Thus, further studies in-
cluding a broader population of patients are needed to
confirm this hypothesis.

In conclusion, in our experience the Beta-Cath Sys-
tem has not increased the periprocedural risk and has
reduced the rate of restenosis even in case of lesions at
a very high risk of recurrence. Despite these promising
results, a further improvement in the acute and long-
term results is expected with the use of longer and thin-
ner delivery catheters.

Besides, as long as the association between new
stent deployment and recurrence of restenosis is not
fully clarified, the implantation of a new stent at the
time of brachytherapy should be discouraged, in view
of the worse outcome observed in these patients.

References

1. Kasaoka S, Tobis JM, Akiyama T, et al. Angiographic and
intravascular ultrasound predictors of in-stent restenosis. J
Am Coll Cardiol 1998; 32: 1630-5.

2. Akiyama T, Moussa I, Reimers B, et al. Angiographic and
clinical outcome following coronary stenting of small ves-
sels: a comparison with coronary stenting of large vessels. J
Am Coll Cardiol 1998; 32: 1610-8. 

3. Baim DS, Levine MJ, Leon MB, Levine S, Ellis S, Schatz
RA. Management of restenosis within the Palmaz-Schatz
coronary stent: the US multicenter experience. The US Pal-
maz-Schatz Stent Investigators. Am J Cardiol 1993; 71:
364-6.

4. Macander PJ, Roubin GS, Agrawal SK, Cannon AD, Dean
LS, Baxley WA. Balloon angioplasty for treatment of in-
stent restenosis: feasibility, safety, and efficacy. Cathet Car-
diovasc Diagn 1994; 32: 125-31.

5. Eltchaninoff H, Koning R, Tron C, Gupta V, Cribier A. Bal-
loon angioplasty for the treatment of coronary in-stent
restenosis: immediate results and 6-month angiographic re-
current restenosis rate. J Am Coll Cardiol 1998; 32: 980-4.

6. Mintz GS, Hoffmann R, Mehran R, et al. In-stent resteno-
sis: the Washington Hospital Center experience. Am J Car-
diol 1998; 81 (7A): 7E-13E.

7. Mehran R, Mintz GS, Popma JJ, et al. Mechanisms and re-
sults of balloon angioplasty for the treatment of in-stent
restenosis. Am J Cardiol 1996; 78: 618-22.

8. Reimers B, Moussa I, Akiyama T, et al. Long-term clinical
follow-up after successful repeat percutaneous intervention
for stent restenosis. J Am Coll Cardiol 1997; 30: 186-92. 

9. Bauters C, Banos JL, Van Belle E, Mc Fadden EP,
Lablanche JM, Bertrand ME. Six-month angiographic out-
come after successful repeat percutaneous intervention for
in-stent restenosis. Circulation 1998; 97: 318-21.

10. Nakamura M, Suzuki T, Matsubara T, Kobayashi T. Results
of cutting balloon angioplasty for stent restenosis. Japanese
Multicenter Registry. (abstr) J Am Coll Cardiol 1998; 31:
235A.

11. Adamian M, Colombo A, Briguori C, et al. Cutting balloon
angioplasty for the treatment of in-stent restenosis: a
matched comparison with rotational atherectomy, addition-
al stent implantation and balloon angioplasty. J Am Coll
Cardiol 2001; 38: 672-9.

12. Mehran R, Mintz GS, Satler LF, et al. Treatment of in-stent
restenosis with excimer laser coronary angioplasty: mecha-
nisms and results compared with PTCA alone. Circulation
1997; 96: 2183-9.

13. Sharma SK, Duvvuri S, Dangas G, et al. Rotational atherec-
tomy for in-stent restenosis: acute and long-term results of
the first 100 cases. J Am Coll Cardiol 1998; 32: 1358-65.

14. Mahdi NA, Pathan AZ, Harrell L, et al. Directional coro-
nary atherectomy for the treatment of Palmaz-Schatz in-
stent restenosis. Am J Cardiol 1998; 82: 1345-51.

15. Wiedermann JG, Marboe C, Amols H, Schwartz A, Wein-
berger J. Intracoronary irradiation markedly reduces neoin-
timal proliferation after balloon angioplasty in swine: per-
sistent benefit at 6-month follow-up. J Am Coll Cardiol
1995; 25: 1451-6.

16. Waksman R, Rodriguez JC, Robinson KA, et al. Effect of
intravascular irradiation on cell proliferation, apoptosis, and
vascular remodeling after balloon overstretch injury of
porcine coronary arteries. Circulation 1997; 96: 1944-52.

17. Fischell TA, Carter AJ, Laird JR. The beta-particle emitting
radioisotope stent (isostent): animal studies and planned
clinical trials. Am J Cardiol 1996; 78 (3A): 45-50.

18. Carter AJ, Laird JR, Bailey RL, et al. Effect of endovascu-
lar radiation from a beta-particle-emitting stent in a porcine
coronary restenosis model. A dose-response study. Circula-
tion 1996; 94: 2364-8.

19. Waksman R, White RL, Chan RC, et al. Intracoronary radi-
ation therapy for patient with in-stent restenosis: 6-month
follow-up of a randomized clinical study. (abstr) Circula-
tion 1998; 98: I-651.

20. Waksman R, White RL, Chan RC, et al. Intracoronary gam-
ma-radiation therapy after angioplasty inhibits recurrence
in patients with in-stent restenosis. Circulation 2000; 101:
2165-71.

21. King SB III, Williams DO, Chougule P, et al. Endovascular
beta-radiation to reduce restenosis after coronary balloon
angioplasty: results of the Beta Energy Restenosis Trial
(BERT). Circulation 1998; 97: 2025-30.

22. Waksman R, Bhargava B, White L, et al. Intracoronary be-
ta-radiation inhibits recurrence of in-stent restenosis. Circu-
lation 2000; 101: 1895-8.

23. Teirstein PS, Massullo V, Jani S, et al. Two-year follow-up
after catheter-based radiotherapy to inhibit coronary
restenosis. Circulation 1999; 99: 243-7.

24. Teirstein PS, Massullo V, Jani S, et al. Three-year clinical
and angiographic follow-up after intracoronary radiation:
results of a randomized clinical trial. Circulation 2000; 101:
360-5.

25. Verin V, Popowski Y, de Bruyne B, et al. Endoluminal beta-
radiation therapy for the prevention of coronary restenosis
after balloon angioplasty. The Dose-Finding Study Group.
N Engl J Med 2001; 344: 243-9.

26. Raizner AE, Oesterle SN, Waksman R, et al. Inhibition of
restenosis with beta-emitting radiotherapy: report of the
Proliferation Reduction with Vascular Energy Trial (PRE-
VENT). Circulation 2000; 102: 951-8.

27. Leon MB, Teirstein PS, Moses JW, et al. Localized intra-
coronary gamma-radiation therapy to inhibit the recurrence
of restenosis after stenting. N Engl J Med 2001; 344: 250-6.

D Zavalloni Parenti et al - �-radiation to prevent in-stent restenosis

203



28. Brenner DJ, Miller RC. Long-term efficacy of intracoro-
nary irradiation in inhibiting in-stent restenosis. Circulation
2001; 103: 1330-2.

29. Ahmed JM, Mintz GS, Waksman R, et al. Serial intravascu-
lar ultrasound analysis of edge recurrence after intracoro-
nary gamma radiation treatment of native artery in-stent
restenosis lesions. Am J Cardiol 2001; 87: 1145-9.

30. Kim HS, Waksman R, Cottin Y, et al. Edge stenosis and ge-
ographical miss following intracoronary gamma radiation
therapy for in-stent restenosis. J Am Coll Cardiol 2001; 37:
1026-30.

31. Waksman R. Endovascular brachytherapy: overcoming
“practical” obstacles. Am J Cardiol 1998; 81 (7A): 21E-
26E.

32. Waksman R. Intracoronary brachytherapy in the Cath Lab.
Physics dosimetry, technology and safety considerations.
Herz 1998; 23: 401-6.

33. Di Mario C, Marsico F, Adamian M, Karvouni E, Albiero R,
Colombo A. New recipes for in-stent restenosis: cut, grate,
roast, or sandwich the neointima? Heart 2000; 84: 471-5.

34. Zimarino M, Ajani AE, Marazia S, et al. Influence of device
selection on angiographic outcomes for the treatment of in-
stent restenosis. A sub analysis from the Washington Radi-
ation for In-Stent Restenosis Trial (WRIST). Ital Heart J
2002; 3: 256-62.

35. Mehran R, Dangas G, Abizaid AS, et al. Angiographic pat-

terns of in-stent restenosis: classification and implications
for long-term outcome. Circulation 1999; 100: 1872-8.

36. Costa MA, Kozuma K, Serruys PW. Why and how to avoid
stenting during brachytherapy. Int J Cardiovasc Intervent
2001; 4: 77-82.

37. Waksman R, Bhargava B, Mintz GS, et al. Late total occlu-
sion after intracoronary brachytherapy for patients with in-
stent restenosis. J Am Coll Cardiol 2000; 36: 65-8.

38. Waksman R, Ajani AE, White RL, et al. Prolonged an-
tiplatelet therapy to prevent late thrombosis after intracoro-
nary gamma-radiation in patients with in-stent restenosis:
Washington Radiation for In-Stent Restenosis Trial plus 6
months of clopidogrel (WRIST PLUS). Circulation 2001;
103: 2332-5.

39. Waksman R. Late thrombosis after radiation: sitting on a
time bomb. Circulation 1999; 100: 780-2.

40. Kuntz RE, Baim DS. Prevention of coronary restenosis: the
evolving evidence base for radiation therapy. Circulation
2000; 101: 2130-3.

41. Costa MA, Sabat M, van der Giessen WJ, et al. Late coro-
nary occlusion after intracoronary brachytherapy. Circula-
tion 1999; 100: 789-92.

42. Sianos G, Kay, IP, Costa MA, et al. Geographical miss dur-
ing catheter-based intracoronary beta-radiation: incidence
and implications in the BRIE study. Beta-Radiation in Eu-
rope. J Am Coll Cardiol 2001; 38: 415-20.

204

Ital Heart J Vol 4 March 2003


