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Background Stent implantation through the stent-strut of a previously implanted self-expandable stent in the superficial femoral
artery (SFA) is not usually performed because the additional stent cannot dilate sufficiently. The key point to
achieve sufficient expansion of an additional stent is to break the stent-strut of the previously implanted stent.
However, there is no report of how to break the stent-strut.

...................................................................................................................................................................................................
Case summary A 72-year-old man was admitted to our hospital with acute rest pain and coldness of his left leg; he was diagnosed

with acute limb ischaemia. The angiogram demonstrated a fractured stent as well as stent occlusion in the left distal
SFA. The guidewire could pass only through the stent-strut because of stent fracture. Fortunately, balloon angio-
plasty through the stent-strut and thrombolysis achieved successful revascularization. Thereafter, an additional stent
was implanted in an attempt to manage the fractured and deformed stent. To obtain sufficient expansion of the
additional stent, an experimental study to examine the balloon diameter and pressure to break the stent-strut was
performed. Based on the results of the experiment, the stent-strut was successfully broken, and the additional stent
was expanded through the stent-strut on the second intervention.

...................................................................................................................................................................................................
Discussion If an additional self-expandable stent is deployed through the stent-strut directly, it would not be sufficiently

dilated. The key point in such a case is to break the stent-strut of the previously implanted stent by balloon infla-
tion before deployment of the additional stent. The experimental study examined the balloon diameter and pres-
sure that can break the stent-strut. This information would be useful when we implant an additional stent through
a stent-strut.
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Introduction

Stenting in the superficial femoral artery (SFA) is a well-established
strategy of endovascular treatment (EVT), especially in cases of flow-
limiting dissection; however, stent fracture is an important complica-
tion.1 Although drug-coated balloon (DCB) treatment has become
an important treatment option to prevent restenosis, stent implant-
ation is still often required. The incidence of stent fracture ranges be-
tween 3% and 28%.2–5 In the present case, stent fracture caused
acute limb ischaemia (ALI), and additional stent implantation through
a stent-strut was required due to stent deformation. Since SFA self-
expandable stents are made of nickel-titanium, i.e., nitinol, it is difficult
to expand the additional stent through the stent-strut due to the
strut’s shape-memory function. A successful case of stent implant-
ation through a stent-strut using a bench testing simulation is
presented.

Timeline

Case presentation

A 72-year-old man was admitted to our hospital with acute rest pain
and coldness in his left lower leg lasting for 2 h. He had diabetes melli-
tus and dyslipidaemia that had been treated for about 20 years.
Although he was taking alogliptin (25 mg/day) and rosuvastatin (5 mg/
day), his HbA1c was 7.0%, and his low-density lipoprotein cholesterol
level was 110 mg/dL. His triglyceride level was 110 mg/dL, and his
high-density lipoprotein cholesterol level was 39 mg/dL. He had
chronic kidney disease, and his estimated glomerular filtration rate
was 36.3 mL/min/1.73 m2. He had a history of smoking. He was not
obese (body mass index 24 kg/m2) and had no history of hyperten-
sion, coronary artery disease, or cerebrovascular disease. He had a
history of peripheral arterial disease in his left leg treated with a
LUMINEXX stent (BARD, Inc., Murray Hill, NJ, USA) more than
10 years earlier and was taking aspirin (100 mg/day) since the
treatment.

On physical examination, his left leg showed ischaemic changes,
i.e., pain, paleness, and pulselessness. His left popliteal pulse was not
detected. Ultrasonography demonstrated in-stent occlusion in the
left SFA. Serum creatine phosphokinase (423 IU/L) and D-dimer
(10.8 mg/mL) levels were elevated. Excluding aortic dissection and
popliteal artery entrapment syndrome by computed tomography
(CT) angiography, the diagnosis of ALI was made. Since his leg motor
and sensory nerve functions remained normal, and the classification
of ALI was grade IIb, his leg was judged salvageable by urgent
revascularization.

The angiogram demonstrated that the left SFA was occluded in
the proximal part of the previously implanted stent (Figure 1A). The
stent was deformed and appeared protruded from the vessel (Figure
1A), suggesting that the stent was fractured. A guidewire (Jupiter FC;
Boston Scientific, Tokyo, Japan) was inserted through the occluded
lesion; however, the angiogram showed that the guidewire passed
through the stent-strut (Figure 1B). An attempt was made to insert
the guidewire throughout the stent without crossing the stent-strut
by antegrade and retrograde approaches but failed. Therefore, aspir-
ation thrombectomy and balloon angioplasty with a 4.0-mm balloon
(ULTRAVERSE RX; Medicon, Osaka, Japan) were performed through
the stent-strut. Recanalization was successful, although a massive
thrombus was still seen in the lumen (Figure 1C).

In addition, selective thrombolysis was performed for 24 h by
infusing urokinase (10 000 U/h) through the sheath. The angiogram
after thrombolysis demonstrated a definite reduction of thrombus
without flow delay (Figure 1D). Although limb salvage was successful,
the SFA was jailed by the fractured stent.

Therefore, additional stent implantation through the stent-strut to
remove the stent-strut from the vessel lumen was planned, and a
bench testing simulation was performed to determine the proce-
dures required to achieve successful results. The balloon
(ULTRAVERSE RX) was gradually inflated through the stent-strut of
the LUMINEXX stent, and the pressure at which the stent-strut was
broken was determined (Figure 2A). The LUMINEXX stent has two
types of open-cell and closed-cell stent-struts. When the open-cell of
the 6.0-mm LUMINEXX stent was dilated by 7.0-mm and 8.0-mm
balloons, the stent-strut was broken at 10 atm and 4 atm, respective-
ly. On the other hand, the closed-cell of the 6.0-mm LUMINEXX

10 years ago A self-expandable stent was implanted in the

left distal superficial femoral artery (SFA).

Initial

presentation

The patient was admitted with acute limb

ischaemia.

Angiography showed in-stent occlusion of the

fractured left SFA stent. Endovascular treat-

ment (EVT) was successfully performed

through the stent-strut with balloon and

thrombolysis.

Day 5 A bench testing simulation was performed to

determine the detailed strategy for the se-

cond EVT.

Day 8 The second EVT was performed. The fractured

and deformed stent was successfully fixed by

implanting an additional stent through the

stent-strut.

Day 10 The patient was discharged.

Year 1 Computed tomography showed that the add-

itionally implanted stent was patent.

Learning points
• Stent implantation through a stent-strut in the superficial

femoral artery is not usually performed because the stent
would not be sufficiently expanded.

• Bench testing simulation demonstrated that stent expansion
can be obtained by breaking the stent-strut.

• The implantation of a stent through the stent-strut after
breaking the stent-strut resulted in acceptable expansion of
the additional stent.

2 H. Yamane et al.
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stent was broken at 4 atm by the 7.0-mm balloon. Then, it was pos-
sible to adequately expand a drug-eluting stent (ELUVIA, Boston
Scientific, Marlborough, MA, USA) through the broken stent-strut
(Figure 2B).

A second EVT was performed to implant an additional stent
through the stent-strut. A guidewire was inserted through the lesion,
which was seen to cross the open-cell of the fractured stent. It was
dilated by a 7.0-mm balloon at 10 atm according to the results of the
bench testing simulation (Figure 3A), and a 6.0-mm ELUVIA stent was
deployed and expanded adequately by the 6.0-mm balloon at 14 atm
(Figure 3B). Intravascular ultrasound imaging confirmed the expansion
of the additional stent up to 5.5 mm in diameter (Figure 3C). The final
angiogram showed a good result (Figure 4A). The patient was dis-
charged without any complications 10 days after EVT with double
anti-platelet therapy. At the 12-month follow-up, the patient had no
leg pain or intermittent claudication. CT angiography at 12 months
demonstrated stent patency (Figure 4B). The 3D reconstruction
image of the CT angiogram clearly showed that the proximal part of
the fractured stent was located outside the vessel wall (Figure 4C).

Discussion

According to current guidelines for peripheral artery disease, EVT is
recognized as the preferred revascularization strategy for symptom-
atic patients with an SFA lesion.6,7 However, stent fracture is one of
the important complications. Multiple stent deployment and long
lesions are known risk factors for stent fracture.5 A higher incidence
of fracture has been reported for the LUMINEXX stent than for

other self-expanding nitinol stents.8 Although stent fractures do not
always lead to stent occlusion, they occasionally cause symptomatic
complications.9 In the present case, stent fracture caused ALI, and
the fractured stent was successfully managed by implanting an add-
itional stent. This is the first case report in which additional stent im-
plantation through a stent-strut was required to treat an SFA
occluded by a fractured and deformed stent.

Figure 1 Angiogram of the first procedure and after thrombolysis. (A) The angiogram demonstrates that the left superficial femoral artery is
occluded in the proximal part of the previously implanted stent (white arrow). (B) The guidewire passes through the stent-strut (white arrow). (C)
Aspiration thrombectomy and balloon angioplasty with a 4.0-mm balloon are performed through the stent-strut. Recanalization is successful, al-
though massive thrombus is still seen in the lumen. (D) Angiogram after thrombolysis demonstrates definite reduction of thrombus without flow
delay.

Figure 2 Bench testing simulation. (A) The balloon diameter and
pressure that can break the stent-strut are examined. Inflation pres-
sure is gradually increased by 1 atm until the stent-strut is broken.
(B) An ELUVIA stent (white arrow) is implanted through the broken
open-cell (red arrow) of the LUMINEXX stent.

Case report of successful stent implantation 3



Figure 3 Angiogram of the second procedure. (A) The guidewire passes through the open-cell, which is dilated by a 7.0-mm balloon at 10 atm
according to the results of the bench testing simulation. (B) A stent is deployed through the stent-strut (white arrow) and expanded adequately. (C)
Intravascular ultrasound image demonstrates that the stent has been expanded up to 5.5 mm in diameter (red line).

Figure 4 Final angiogram after procedures and follow-up computed tomography angiogram. (A) The final angiogram after procedures shows ad-
equate stent expansion. (B) Follow-up computed tomography angiogram demonstrates stent patency. (C) The 3D reconstruction image of the com-
puted tomography angiogram clearly shows that the proximal part of the fractured stent is located outside the vessel wall.

4 H. Yamane et al.
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..If the stent occlusion was caused by in-stent restenosis, conven-
tional balloon angioplasty and DCB treatment might be a treatment
option to prevent ALI recurrence due to restenosis. However, in the
present case, removal of the jailed stent-strut from the vessel lumen
was thought to be required to prevent a recurrence. Therefore, add-
itional stent implantation through the stent-strut to remove the
stent-strut from the vessel lumen was planned.

If an additional self-expandable-stent is deployed directly through
the stent-strut of a previously implanted stent, it would not be dilated
sufficiently. Thus, breaking the stent-strut was considered necessary
to achieve sufficient expansion of the additional stent. The key point
in the present case was that the stent-strut was broken by balloon in-
flation before the deployment of an additional stent. However, the
balloon diameter and pressure that could break the stent-strut were
unknown. Therefore, the bench testing simulation was important for
this successful bailout procedure.

The reason why it was thought that the guidewire crossed the
open-cell in the second EVT was that the route of the guidewire pas-
sage was too distant from the proximal edge of the fractured stent.
The closed cell is located only at the proximal edge of the stent.

Since Iida et al.10 reported that a smaller minimum stent area is
one of the important risk factors for restenosis, we can expect a bet-
ter outcome with our procedures. However, since a >6-mm-diam-
eter balloon is required to break the stent-strut, it is impossible in
smaller vessels. There would be a potential risk of vessel rupture by
breaking the stent-strut with an oversized balloon; therefore, the pre-
cise evaluation of vessel size by imaging modalities is important.
Another possible complication would be that intravascular imaging
catheters or balloon catheters may be stuck at the stent-strut and

become unremovable. If breaking the stent-strut is impossible, full ex-
pansion of the additional stent cannot be expected; therefore, an al-
ternative treatment such as bypass surgery should be considered.
The results of bench testing simulations with other SFA stents are
presented in Table 1.

Conclusions

A case of ALI caused by stent fracture was presented. The fractured
stent was successfully managed by implanting an additional stent.
When a guidewire can pass only through the stent-strut, breaking the
stent-strut would be a necessary procedure before implanting an
additional stent to obtain sufficient expans ion. Information from
bench testing simulation would be useful.
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Table 1 Inflation pressure for breaking the stent-strut

Open-cell SMART ELUVIA LIFE STENT

6.0 mm 7.0 mm 6.0 mm 7.0 mm 6.0 mm 7.0 mm

Balloon diameter

6.0 mm �14 �14 �14 �14 �14 �14

7.0 mm 8.2 ± 0.4 9.6 ± 0.5 �14 �14 �14 �14

8.0 mm 4.0 ± 0.7 4.2 ± 0.8 �14 �14 �14 �14

9.0 mm - - �14 �14 10.4 ± 1.5 14.0 ± 0.0

10.0 mm - - 7.0 ± 0.7 7.0 ± 0.0 - -

Closed-cell ELUVIA

6.0 mm 7.0 mm

Balloon diameter

6.0 mm 8.4 ± 1.1 11.6 ± 2.4

7.0 mm 8.7 ± 1.5 10.3 ± 0.6

8.0 mm - -

Inflation pressure is presented as mean ± SD by atm.
�, stent-strut was not broken. -, not performed.
The number after ‘�’ indicates the maximum pressure (atm) tried.
The balloon used in this experiment was Stering (Boston Scientific, Marlborough, MA, USA).
The stent-strut of a 6.0-mm SMART stent (Cordis Corp., Miami Lakes, FL, USA) can be broken by a 7.0-mm balloon at an average pressure of 8.2 atm, whereas that of a 6.0-
mm ELUVIA stent cannot be broken even by a 9.0-mm balloon. Among the SFA stents, stent-strut of a SMART stent can be easily broken.

Case report of successful stent implantation 5
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..Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.

Slide sets: A fully edited slide set detailing these cases and suitable
for local presentation is available online as Supplementary data.

Consent: The authors confirm that written consent for submission
and publication of this case report including images and associated
text has been obtained from the patient in line with COPE guidance.
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