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Patients presenting with recurrence of anginal symptoms
after saphenous vein bypass surgery pose an increasingly
frequent challenge. In general, approximately 40% to 50%
of saphenous vein graft (SVG) will become diseased or oc-
cluded within the first ten years after surgery.! Because
adverse clinical outcomes, such as high restenosis rates and
distal embolization, have been reported, percutaneous coro-
nary intervention (PCI) for SVG is not recommended as a
first-line strategy.? Distal embolization occurs in 2%-17%
of patients despite advances in therapy, including the utili-
zation of embolic protection device (EPD), which may lead
to increased mortality at both short follow-up and midterm
follow-up.¥ However, these patients often associated with
inappropriate anatomic characteristics of native vessd in-
tervention including calcification, tortuosity, abundant
plaque burden, and complex chronic total occlusion (CTO)
lesions. Moreover, repeat coronary bypass surgery is an
option but is technically more demanding and is associated
with a higher mortality. Therefore, it can sometimes result
in SVG stenosis being the only intervention option. Thisis
why the recanalization of SVG lesions, especidly totaly
occluded lesions, remains one of the most challenging pro-
ceduresin interventional cardiology.

Excimer laser device was introduced three decades ago
and first received Food and Drug Administration (FDA)
approval in 1992. In previous studies, excimer laser coro-
nary atherectomy (ELCA) has shown to be an effective PCI
treatment for complex coronary lesions, including CTO,
cacified lesions, stent restenosis, balloon-crossing failures,
rich thrombus in acute coronary syndrome and diseased
SVG. Recently, excimer laser therapy has shown to be an
efficient and safe therapy for SVG disease in patients who
routinely use EPD. However, data on the use of excimer
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laser therapy for SV G lesions without the use of EPD, espe-
ciadly in patients in whom EPD cannot be used, are limited.
The optimal therapy for SVG lesions is an evolving issue
and various interventional technologies have been applied to
these lesionsincluding excimer laser angioplasty.

Here, we present three cases of totaly occluded SVG
treated by ELCA without the application of EPD and were
finally treated with drug-eluting stent (DES). Coronary dis-
section and no-reflow phenomena were not observed during
the procedure, and there were no occurrence of major ad-
verse cardiovascular events during hospitalization.

Case 1. A 57-year-old man with ahistory of hypertension
was admitted to our hospital due to sustained chest pain for
12 h, he was diagnosed with non-ST elevation myocardia
infarction (NSTEMI). Cardiac troponin T levels were as
high as 4.18 ng/mL (Reference: 0.00-0.014 ng/mL) during
hospitalization. An electrocardiogram suggested T wave
inversions of the Il, I11, and aVF leads, and an echocardio-
graphic examination showed a normal left ventricular gec-
tion fraction and hypokinesis in the inferolateral wall. The
patient underwent coronary artery bypass graft (CABG)
surgery in 2007. Coronary angiography revealed acute total
occlusion of the ostial SV G to the obtuse marginal (OM)
branch, the left internal mammary artery (LIMA) and right
coronary artery (RCA) graft were unobstructed. The block-
age of the native left coronary artery (LCX) was without
suitable collateralization to supply its distal bed and was
considered a difficult revascularization (Figure 1A). There
was angiographic evidence that the SVG to the OM branch
was the culprit for the current myocardia infarction. The
PCI was performed using a 7Fr JR3.5 (Judkins Right) guid-
ing catheter with a right femora approach. Intravenous
heparin was administered to maintain an activated clotting
time of > 350 s. The preferred Finecross130 cm micro-
catheter + Fielder XT-R guidewire (Asahi, Tokyo, Japan)
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Figurel. Example use of the excimer laser coronary atherectomy in the SVG to the OM branch. (A): Coronary angiogram showing
the total occlusion of the SVG to the OM branch; (B): dye injection reveded a heavy thrombus burden (arrow); (C): the 1.4 mm laser catheter
wasinserted and the laser ablation was performed (arrow); and (D & E): thefina angiogram. OM: obtuse margind; SV G: saphenous vein graft.

were positioned into the distal segment of SVG. The true
lumen position was detected by blood aspiration and dye
injection through the microcatheter. The tip injection showed
the SVG contained a substantial thrombus in the proximal
middle of the SVG (Figure 1B).

Then, the 1.4 mm laser catheter (Spectranetics CV X-300,
Colorado Springs, CO, USA) was recommended for the
initial fluence was 45 MIYmm?, and the repetition rate was
25 Hz (Figure 1C). The fluence and repetition rates were
increased at the discretion of the operator when the laser
catheter could not be advanced, and the final repetition rates
were up to 60 MI¥mm?, which can obtain optimal ablation.
After predilation with the 2.0 mm x 15 mm balloon (Ryujin,
Terumo, Tokyo, Japan) in the proxima SVG, two DESs
(25 mm x 36 mm & 3.3 mm x 33 mm) (Xience Xpedition,
Abbott Vascular, Santa Clara, USA) were successfully im-
planted. A gentle angiogram showed blood flow TIMI grade
2 or 3 was achieved. However, a residual thrombus in the
middle SVG was found in Figure 1D. Repest laser ablation
20 times with the fluence and repetition rates of 60 MJYmm?
and 40 Hz, one additiona stent (Xience Xpedition, 2.75 mm
x 28 mm) was deployed in the middle of the lesion. After
postdilation with the 3.0 mm x 12 mm noncompliant bal-
loon (Quantum Maverick, Boston Scientific, Natick, USA).

Repeat angiography showed blood flow TIMI grade 3, and
coronary dissection and perforation were not founded (Fig-
ure 1E). There were no occurrence of re-elevation of tro-
ponin and major adverse cardiovascular events during hos-
pitalization. At the 6-month follow-up, no recurrent angina
or stenosis of the great artery was documented (Figure 2).
Case 2. A 76-year-old female patient with a history of
CABG and coronary risk factors, including hypertension,
diabetes mellitus and dydlipidemia, was admitted to our
department due to the exacerbation of angina. No abnor-
malities were found during laboratory examinations or on
echocardiography at admission. Coronary angiography was
shown in Figure 3, 90% stenosis with cacification in the
proximal LCX, the proximal |eft anterior descending (LAD)
and the ostial RCA were occluded. The SVG to RCA and
the LIMA to LAD were unobstructed, but the SVG to the
OM branch graft was completely occluded. Thus, an at-
tempt to dredge the native LCX seemed reasonable. The
PCl was conducted with a right femoral approach using a
6Fr EBU3.75 guiding catheter. The Corsairl35 mm micro-
catheter with Fielder XT-R guidewire was positioned the
distal LCX. Unfortunately, the microcatheter and small bal-
loons (1.0 mm x 10 mm & 1.25 mm x 15 mm) failed to
pass through the severe LCX stenosis (Figure 4A). A dedi-
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Figure2. The6-month follow-up angiography of the SVG tothe OM branch. (A): The left anterior oblique 45° view of the SVG to the
OM branch angiogram; and (B): the caudd view of the SV G to the OM branch angiogram. OM: obtuse margind; SV G: sgphenous vein graft.

Figure 3. Preoperative coronary angiography. (A): The 90% stenosis with calcification in the proximal segment of the left circumflex
artery; (B): the proximal segment of the LAD was total occlusion; (C): the ostidl RCA were completely occluded; (D): the SVG to RCA was
unobstructed; (E): the SVG to the OM branch was totally occluded (arrow); and (F): the l€ft internal mammary artery to LAD was unob-
structed. LAD: left anterior descending; OM: obtuse marginal; RCA: right coronary artery; SVG: saphenous vein graft.

cated attempt with rotationa atherectomy was planned be- flow seemed to have developed from the OM branch to the
cause of severe cacification, but the rotation-wire insertion graft anastomosis (Figure 4B). The retrograde approach to
was unsuccessful. The patient continued to present aggra reopening the SVG was attempted. Interestingly, the retro-
vated angina symptoms. Careful assessment of the patient’s grade guidewire easily cross the occluded SVG into the
angiography revealed that competitive retrograde blood ascending aorta (Figures 4C & 4D). Then the antegrade
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Figure4. The SVG to the OM branch revascularization procedure. (A): Microcatheter and small balloons failed to cross the Ieft cir-
cumflex artery lesion; (B): competitive retrograde blood flow seemed to have developed from the OM branch to the graft anastomosis (ar-
row); (C & D): the retrograde guidewire passed through the occlusion segment and entered into the ascending aorta; (E): the antegrade
guidewire crossed the lesions to the distal OM branch under the direction of the retrograde wire; and (F): angiogram positioned the antegrade
guidewirein the true lumen. OM: obtuse marginal; SV G: saphenous vein graft.

guidewire (Fielder XT-R) was inserted into the SYG CTO
body (Figure 4E). Simultaneously, a gentle tip injection po-
sitioned the guidewire in the true lumen and a large amount
of thrombus were founded in the middle of SVG (Figures
4F & 5A).

Then, the 0.9 mm laser catheter was used in the proce-
dure with a specific fluence and the repetition rate were 60
MJImm? and 60 Hz (Figure 5B). After predilation with the
2.0 mm x 15 mm balloon (Ryujin, Terumo, Tokyo, Japan)
in the ostial stenosis to make sure the laser catheter could
contact with the lesions. Two DESs (2.75 mm x 36 mm &
3.0 mm x 33 mm) were deployed from the distal to the
ostid stenosis and post dilated by the 3.0 mm x 12 mm
noncompliant balloon (Figures 5C & 5D). A successful
angiographic result with blood flow TIMI grade 3 was
achieved (Figures 5E & 5F). There were no eectrocardio-
graphic changes and the occurrence of adverse events dur-
ing the periprocedura period.

Case 3. A 7l-year-old femae with a history of CABG
was admitted to our hospital. The patient was hospitalized
due to unstable angina and underwent a coronary angiogram,
which revealed severe, three-vessdl coronary artery disease

in Figure 6. The LIMA to LAD and the graft to the first OM
branch were unobstructed. The graft to the posterior de-
scending artery (PDA) was totally occluded (Figures 6A-D).
An antegrade attempt to recanalize the RCA CTO hasfailed
in other hospital since last year. A retrograde approach was
not attempted due to the absence of proper collaterals to
distaly fill the CTO. The patient continued to exhibit sym-
ptoms of effort angina. As a last strategy, we proceeded to
recanaize the SVG to PDA. The Amplatz Left 1.0 (AL1.0,
Cordis, USA) guiding catheter was engaged. The Fielder
XT-R (Asahi, Tokyo, Japan) guidewire cross the occluded
lesions. The 1.7 mm excimer laser catheter was used start-
ing with the repetition rate of 40 Hz and the fluence of
40 MImn7, and finally increasing to the fluence of 60 MJmm?
(Figure 6E). Two DESs (Xience Xpedition, 3.0 mm x 38 mm
& 3.5 mm x 38 mm) were deployed and followed by the
3.5 mm x 12 mm noncompliant balloon (Quantum Maver-
ick, Boston Scientific, Natick, USA) inflation with good
angiographic results (Figure 6F). The patient did not have
any chest pain and cardiac enzymes remained negative after
post-procedure. The patient was discharged after three days.
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Figure5. Example use of the excimer laser coronary atherectomy in the SVG to the OM branch. (A): Tip injection showed alarge
amount of thrombus in the middle of SVG (arrow); (B): ablation from the proximal to the distal SV G was performed with the 0.9 mm laser
catheter (arrow); (C): two drug-€luting stents (2.75 mm x 36 mm & 3.0 mm x 33 mm) were implanted from the distal to the ostial degener-
ated SVG; (D): post dilation with the 3.0 mm x 12 mm noncompliant balloon; and (E & F): the final angiogram result after laser facilitated
percutaneous coronary intervention. OM: obtuse marginal; SV G: saphenous vein graft.

Figure6. Example use of the excimer laser coronary atherectomy in the SVG to the PDA. (A-D): The coronary angiogram demon-
strate the LIMA to LAD and the SVG to the OM branch were unobstructed, and the SV G to the PDA was occluded; (E): the 1.7 mm laser
catheter through the SV G lesions and ablation (arrow); and (F): the good angiographic results after two stents were deployed. LAD: left ante-
rior descending; LIMA: |eft internal mammary artery; OM: obtuse marginal; PDA: posterior descending artery; SV G: saphenous vein graft.
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SVG is associated with a high incidence of platelet
thrombi and lipid-laden plagues, which have been impli-
cated in distal microvascular spasms, no-reflow phenome-
non, and distal embolization, thus leading to increased rates
of periprocedural myocardial infarction. Despite the use of
EPD, the incidences of distal embolization and the no-re-
flow phenomenon remain high. A recent study showed that
the distal embolization rate associated with these procedures
was approximately 11%, and creatinine kinase levels were
significantly elevated by 43%.® However, not al SVG le-
sions are suitable for EPD, approximately 33%-57% of
SVG lesions may not permit the application of EPD because
of their specia location or tortuosity, an abundant plague
burden or the lack of a landing zone!® Furthermore, distal
embolization may occur during attempted placement of the
EPD (“the firgt-pass effect”) prior to implementing any de-
finitive therapy for the diseased SVG."® It's obvious that
EPD dready have some limitations, and the optimal therapy
for SVG lesions was unknown. The PCI of SVG is techni-
caly feasible if distal embolization and no-reflow phe-
nomenon can be limited. In this scenario, the excimer laser
can reduce distal embolization and may potentialy be-
come an exciting armamentarium of the interventiona car-
diologist.

Excimer laser device recently became available in China
although excimer laser utilization as an adjunctive device
for PCI hasintroduced three decades ago in the United State.
Its mechanics are based on ultraviolet energy (308 nm),
which is capable of disintegrating a thrombus and ablating
an underlying plague. However, the result of the previous
studies on excimer laser as an adjunctive treatment for de-
generate coronary graft lesionsis not so encouraging. Giug-
liano GR, et al.” conducted the COronary graft Results
following Atherectomy with Laser (CORAL) tria, which
included 98 patients with degenerated SV G recruited from
18 centers, to evauate the safety and efficacy of excimer
laser therapy. The primary endpoint occurred in 18/98
(18.4%) patients. Major procedura complications included
the no-reflow phenomenon (n = 5) and major dissection (n =
1). There is no perforations occurred. However, this trial
also showed that laser facilitated angioplasty of SVG did
not convey a significant advantage over conventiona treat-
ment in the absence of EPD. Moreover, Ebersole D, et al.™®
established that excimer laser therapy is associated with a
high success rate (98.2%) in acute SVG occlusions. Al-
Lamee R, et al.™ enrolled 34 patients with SVG CTO and
combined excimer laser with EPD therapy, but they achie-
ved only a 68% success rate. The EPD was used in 78% of
the patients. It is unknown whether these relatively low
procedura success rates are mainly due to the implanted

EPD (“the first-pass effect”). In our excimer laser therapy
cases without the application of EPD, the overall success
rate was 100%. Theoretical analysis suggests that laser abla-
tion of a degenerated SVG lesion should reduce embolic
complications and potentially obviate the need for the EPD,
but the potential application of such atechnique needs to be
tested in randomized controlled trials or large registries.

This article presents three cases of totally occluded SVG,
which successfully treated with excimer laser therapy with-
out the use of the EPD. In the first case, the patient suffered
from NSTEMI, and the SV G to the OM branch was consid-
ered to be the culprit vessal. The presence of a thrombus
increases the risk of embolization; thus, we decided to con-
duct the PCI in the SV G to the OM branch after considering
all technical aspects. We consistently believed that laser
ablation would rapidly remove the loose plagues and th-
rombus to limit this risk. The attempt to perform the PCI in
the native LCX was failed in the second patient. The LCX
had complex anatomies for revascularization, including
cacification and tortuosity; additionaly, the strategy of
stenting was not an attractive choice. In this situation, re-
canadization of the SVG CTO was performed with an exci-
mer laser as an adjuvant therapy for plaque debulking. The
third patient was SVG CTO, and when many attempts to
reopen the native RCA CTO failed, we successfully revas-
cularized the SVG CTO with the ELCA treatment. Despite
the considerable success of the excimer laser in three case,
thereis till no evidence to confirm that similar or improved
results, compared between excimer lasers treatment and other
therapeutic approach. Meanwhile, imaging-guided ELCA
might be provided more useful information, especialy to
evaluate SVG morphology before or after excimer laser
ablation. Furthermore, SVG stenting is associated with high
rates of restenosis or occluded athough our study has not
observed. Whether excimer laser combine with a drug-coat
balloon might improve these outcomes, it needs to be texted
in the future.

The current European Society of Cardiology (ESC)
guidelines outline the recommendations for EPD from class
I to class 1. Another registry showed that EPD are used
in 21% of contemporary SVG PCI.® Therefore, based on
these studies, the excimer laser facilitated angioplasty of
SV G appears to confer a significant advantage over conven-
tional strategy, even in the absence of EPD. The three such
cases presented in our study are excellent examples. How-
ever, savera factors involved in SVG PCl are worthy of
emphasis. Firdly, a low penetration force and polymer
jacket guidewire (Fielder XT/Pilot 50 series) are preferred,
and step-by-step guidewire advancement should be contra-
laterally verified to increase the chance of tracking the ves-
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sdl and reducing therisk of perforation. Minimize the “ First-
pass effect” including attempted placement of guidewire
and microcatheter before excimer laser therapy. Secondly,
choosing the appropriate laser catheter is more crucial for
the successful operation, and forceful pushing must be
avoided and slow advancement (< 0.5-1 mm/s) should be
performed. Continuous flushing of saline and remova of
contrast during laser emission are mandatory. At initial
suggested the fluence was 25 MIYmm? and the final fluence
need up to the 60-90 MIYmm?, yield maximal plague abla-
tion. Last but not least, the principle of the procedure should
be strictly observed. The patience and learning curve of the
operator are also important.

In conclusion, the revascularization of totally occluded
SVG of patients is feasible as an optiona strategy, and the
use of the excimer laser as an adjuvant therapy can reduce
embolization and achieve an optimal angiographic result,
thus potentially obviating the need for EPD in the future.
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