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Abstract
Aims: Mechanical complications contribute to bare metal and first-generation drug-eluting stent (DES) fail-
ure. However, the importance of the mechanical complications of second-generation DES remains unclear. 
We report mechanical complications associated with everolimus-eluting stent (EES) failures.

Methods and results: We retrospectively analysed 177 consecutive EES-treated lesions in 136 patients 
who underwent intravascular ultrasound (IVUS) at follow-up. Mechanical complications were identified in 
17 patients (five stable angina, 10 unstable angina, two non-ST-elevation myocardial infarction [NSTEMI] 
without angiographic thrombus). Fifteen (88.2%) were treated with repeat revascularisation. By IVUS, there 
were 16 focal (94.1%) and one diffuse (5.9%) in-stent restenoses. Complete stent fracture with separation 
was seen in only one, partial stent fracture with separation was seen in three, and in 13 there was longitudi-
nal deformation (n=2) or stent strut fracture (n=11) with overlapping of the proximal and distal stent frag-
ments. In 13 EES with evidence of overlapping in the setting of either fracture or deformation, there was 
a 35.5±12.2% smaller stent area compared to the adjacent proximal and distal stent fragments, and >50% 
neointimal hyperplasia in 12 (92.3%).

Conclusions: We found EES mechanical complications, often followed by longitudinal deformation or frac-
ture leading to excessive neointimal hyperplasia, in-stent restenosis, and repeat revascularisation.
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Introduction
Everolimus-eluting stents (EES), second-generation drug-eluting 
stents (DES), have been designed to improve safety and efficacy 
compared to first-generation DES1-3. EES are characterised by thin-
ner struts (81 µm), a lower amount of drug released through a durable 
polymer, and a flexible cobalt-chromium alloy metallic scaffolding. 
Using intravascular ultrasound (IVUS), mechanical complications 
(beyond chronic underexpansion) which contribute to stent fail-
ure have been identified with bare metal stents and first-generation 
DES4-6; however, they have never been studied in second-generation 
EES. Compared to coronary angiography, IVUS may provide more 
detailed and reliable information regarding stent implantation and 
reasons for failure. Accordingly, the goal of the present study was to 
assess, using IVUS, mechanical complications after EES implanta-
tion which may have contributed to EES restenosis.

Methods
PROTOCOL DESIGN
We retrospectively analysed 177 consecutive EES-treated lesions 
in 136 patients who underwent IVUS follow-up who had either 
symptoms or evidence of ischaemia by non-invasive imag-
ing from October 2010 to February 2012 at our institution (New 
York Presbyterian Hospital, New York, NY, USA). This study was 
approved by the institutional review board, and written informed 
consent was obtained from all patients.

ANGIOGRAPHIC ANALYSIS
Qualitative and quantitative angiographic analysis was performed 
by two independent cardiologists (KY, PG) who were blinded to 
the clinical and IVUS data. Stent fracture was classified as type I 
(minor), type II (V-form), type III (complete separation without dis-
placement), and type IV (complete separation with displacement) 
according to Popma’s classification7. Quantitative coronary analy-
sis was performed with the Cardiovascular Measurement System 
(Medis, Maastricht, The Netherlands). Minimum lumen diameter 
(MLD) and mean reference diameter (RD) were used to calculate 
diameter stenosis (DS=[1-MLD/RD]·100). Late loss was the change 
in MLD from final percutaneous coronary intervention to follow-up.

IVUS IMAGING ANALYSIS
IVUS imaging was performed after 0.1 to 0.2 mg intracoro-
nary nitroglycerine using a commercially available IVUS system 
(iLab with 40-MHz Atlantis SR Pro catheters; Boston Scientific, 
Fremont, CA, USA, or Revolution with 45-MHz catheters; Volcano 
Therapeutics, Rancho Cordova, CA, USA). Stent fracture was diag-
nosed by the agreement of two independent cardiologists (SI, AM) 
who were blinded to clinical and angiographic data.

Quantitative IVUS analysis was performed using computerised 
planimetry (echoplaque; INDEC Medical Systems, Mountain View, 
CA, USA). IVUS measurements included the cross-sectional areas 
of the external elastic membrane, lumen, stent, and intimal hyper-
plasia (IH=stent minus intra-stent lumen). Focal in-stent restenosis 
(ISR) was defined as an in-stent minimum lumen area <4 mm2 with 

significant IH (% IH area >50%) that was ≤10 mm in length; diffuse 
ISR was defined as an in-stent minimum lumen area <4 mm2 with 
significant IH that was >10 mm in length8,9.

STATISTICAL ANALYSIS
Statistical analysis was performed using StatView 5.0 (SAS Institute 
Inc., Cary, NC, USA) and SAS software, version 9.1 (SAS Institute 
Inc.). Categorical variables were summarised as frequencies. 
Continuous variables were presented as mean±SD and compared 
between groups using the Mann-Whitney U test. Intraobserver 
and interobserver variability for the diagnosis of stent mechanical 
complications by IVUS were measured by κ test of concordance. 
A p-value <0.05 was considered statistically significant.

Results
Seventeen EES-treated lesions (9.6%) in 17 patients had IVUS evi-
dence of a mechanical complication. Clinical, lesion, and proce-
dural characteristics at the time of EES implantation are shown in 
Table 1. The median patient age was 64 years, and 76.5% were 

Table 1. Baseline patient, lesion, and procedural characteristics 
of 17 EES mechanical complications.

EES mechanical 
complications

Age, years 65±8

Men, # (%) 13 (76.5)

Diabetes, # (%) 10 (58.8)

Hypertension, # (%) 15 (88.2)

Hypercholesterolaemia, # (%) 16 (94.1)

Clinical status 
at baseline, 
# (%)

Stable angina 10 (58.8)

Unstable angina 7 (41.2)

Non-ST-segment elevation myocardial 
infarction

0 (0)

Lesion location, 
# (%)

Left anterior descending 2 (11.8)

Left circumflex 0 (0)

Right 12 (70.6)

Saphenous vein graft 3 (17.6)

Procedural 
characteristics

Total nominal stent length, mm 47.2±32.4

Overlapping stents, # (%) 8 (47.1)

Stent size, mm 3.1±0.5

Maximum inflation pressure (stent), atm 14.2±3.1

Adjunct balloon inflation, (%) 11 (64.7)

Maximum inflation pressure (balloon), atm 18.4±4.2

Baseline 
angiographic 
characteristics 
(n=13)

Cardiology/American Heart Association classification, # (%)

A and B1 1 (7.7)

B2 and C 12 (92.3)

Bending motion, # (%) 4 (30.8)

Severe angulation >90°, # (%) 8 (61.5)

Tortuosity, # (%) 2 (15.4)

Calcification, # (%) 1 (7.7)

Values are expressed as mean±SD, number, or percentage. EES: everolimus-eluting stent
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men. EES mechanical complications were mainly located in the 
right coronary artery (70.6%).

The duration between the EES implantation procedure and fol-
low-up was 441±317 days. At follow-up, five patients presented 
with stable angina, 10 patients presented with unstable angina, and 
two patients presented with non-ST-segment elevation myocar-
dial infarction (NSTEMI) without angiographic thrombus. Fifteen 
(88.2%) were treated with repeat revascularisation.

There was no angiographic evidence of longitudinal stent defor-
mation or fracture at the time of EES implantation. At follow-up 
using the Popma classification of angiographic stent fracture, there 
were no type I, four type II, two type III, and three type IV frac-
tures; the rest had no evidence of fracture or longitudinal stent 
deformation. Quantitative angiographic data are shown in Table 2.

Table 2. Quantitative angiographic data.

EES mechanical 
complications

Lesion length at baseline, mm 21.6±7.1

Minimum lumen 
diameter, mm

At baseline (n=13) 1.00±0.69

After procedure (n=13) 2.97±0.47

At follow-up (n=14) 1.41±0.55

Reference vessel 
diameter, mm

At baseline (n=13) 2.96±1.99

After procedure (n=13) 3.31±0.59

At follow-up (n=14) 3.18±1.38

Diameter stenosis, 
%

At baseline (n=13) 64.1±23.2

After procedure (n=13) 10.0±5.5

At follow-up (n=14) 51.8±19.0

Late loss, mm (n=11) 1.51±0.61

Values are expressed as mean±SD, number, or percentage.

IVUS FINDINGS
By IVUS, there were 16 focal (94.1%) and one diffuse (5.9%) in-
stent restenoses. Maximum percentage neointimal hyperplasia 
(NIH) measured 60.3±13.3%.

Complete stent fracture – defined as separation of the stent into 
≥2 pieces by image slices with no visible stent struts – was seen 
in only one patient. Partial stent fracture – defined as the absence 
of struts over ≥1/3 of the stent circumference with separation of 
the proximal and distal fragments – was seen in three patients. In 
11 lesions, there was a single arc of double layers of stent struts 
in the same circumference on consecutive frames in the middle of 
a single EES, suggesting stent fracture followed by longitudinal 
overlapping. In two lesions, there were at least two separate arcs 
of stent metal containing multiple layers of stent struts within the 
same or adjacent image slices, suggesting longitudinal deformation 
at the proximal stent edge. The maximum angle of overlap with-
out deformation was 103.6±43.4°. Cases with fracture with over-
lap or longitudinal deformation were associated with a 35.5±12.2% 
smaller stent area compared to the adjacent proximal and distal 
stent fragments, NIH that averaged 62.7±9.9% with >50% NIH in 

12/13 (92.3%), and the minimum lumen area being co-located at 
this site in 10 (76.9%). Of 13 EES mechanical complications with 
overlapping of stent fragments, 10 EES mechanical complications 
(76.9%) were observed in the proximal edge (within 5 mm from the 
proximal edge of the stent). On the other hand, there were no EES 
mechanical complications in the distal edge. Quantitative and qual-
itative analysis and examples are shown in Table 3 and Figure 1 - 
Figure 3 (Moving image 1 - Moving image 4).

Table 3. IVUS findings in 13 EES – longitudinal deformation or 
fracture with overlap.

Overlap EES 
mechanical 

complications

Length of mechanical complication segment, mm 2.8±2.0

Maximum radial distance between overlapping 
stent struts, mm

0.5±0.2

Calcium within 5 mm from mechanical 
complication site, # (%)

11 (84.6)

Maximum calcium arc, ° 61.9±48.3

Stent malapposition at mechanical complication 
site, # (%)

0 (0)

Minimum lumen area site within the mechanical complication

EEM CSA, mm2 16.6±4.4

Lumen CSA, mm2 2.7±0.7

Stent CSA, mm2 5.7±1.9

Minimum lumen area located at mechanical 
complication site, # (%)

10 (76.9)

Neointimal hyperplasia >50% at mechanical 
complication site, # (%)

12 (92.3)

Maximum % neointimal hyperplasia at mechanical 
complication site, (%)

62.7±9.9

Adjacent non-mechanical complication site

EEM CSA, mm2 16.3±4.4

Lumen CSA, mm2 6.1±1.6

Stent CSA, mm2 8.3±1.8

Values are expressed as mean±SD, number, or percentage.  
CSA: cross-sectional area; EEM: external elastic membrane

Comparing the combined group of 13 mechanical complications 
(longitudinal deformation or partial fracture) that were associated 
with overlap versus four partial or complete stent fractures that did 
not have IVUS evidence of overlapping fragments: 1) the minimum 
stent area at the fracture site (5.3±1.3 mm2 versus 6.8±3.5 mm2) rep-
resented 64±12% versus 101±9% of the stent area in the adjacent 
stent fragments, p=0.0087; and 2) there was more NIH (62.7±9.9% 
versus 40.2±19.7%, p=0.069). None of these EES mechanical com-
plications was associated with stent-vessel wall malapposition.

We examined interobserver (SJK vs. SI) and intraobserver (SI vs. 
SI) variability for detection of EES mechanical complications using 
40 IVUS images (17 EES mechanical complications, 23 randomly 
selected controls without mechanical complications). There was 
good interobserver and intraobserver concordance (k=0.85 [0.54, 
1.16] and k=0.90 [0.59, 1.21]).
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Figure 2. Representative baseline and follow-up IVUS images of EES fracture within the RCA. A) Post-procedural IVUS image at baseline. 
There was no evidence of deformation or fracture. B) and B’) show same frame. MSA measured 6.9 mm2. C) Corresponding follow-up IVUS 
images two years after the initial procedure. White arrows indicate double layered struts. D) and D’) show same frame. MLA measured 
2.7 mm2 with 58.0% of neointimal hyperplasia. E) (baseline) and E’) (follow-up) Cartoons - the black arrow indicates the fracture site. 
Ao: aorta; EES: everolimus-eluting stent; IVUS: intravascular ultrasound; MLA: minimum lumen area; MSA: minimum stent area; 
Os: ostium; RCA: right coronary artery

Figure 1. Representative IVUS images of EES fracture at follow-up. A) Angiogram of the RCA shows focal restenosis near the ostium (white 
arrowhead). B) Magnified angiogram without dye fails to show fracture, white arrowhead corresponds to the fracture site determined by IVUS 
(D). C) Cartoon - black arrow indicates fracture site. In D) double layered struts (white arrows) appear in the same circumference of 
consecutive frames indicating fracture and subsequent longitudinal overlapping. E) and E’) show same frame. Neointima fills the space 
between double layered struts and the space within the inner layers of struts. MLA measures 1.8 mm2 with 70.2% of neointimal hyperplasia. 
EES: everolimus-eluting stent; IVUS: intravascular ultrasound; MLA: minimum lumen area; RCA: right coronary artery
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Discussion
The main findings in this IVUS study of EES mechanical compli-
cations were as follows: 1) EES exhibited a unique pattern of lon-
gitudinal deformation or fracture with overlapping of the proximal 
and distal fragments that was associated with a smaller minimum 
stent area and NIH mainly within the overlap stent segment; 2) EES 
mechanical complications led to the need for repeat revascularisation 
in the majority of patients.

MECHANICAL COMPLICATIONS IN THE BARE METAL STENT 
ERA
Retrospective IVUS analysis of 1,090 ISR lesions in bare metal 
stents showed that mechanical complications (i.e., stent crush, 
missing the lesion, and having the stent stripped off the balloon 
during the implantation procedure) contributed to 49 ISR (4.5%)4. 
Nevertheless, stent underexpansion more commonly contributed to 
BMS restenosis compared to these mechanical complications4.

MECHANICAL COMPLICATIONS IN THE FIRST-GENERATION 
DES ERA
Stent fracture was first recognised in the DES era (Table 4). The 
reported frequency of first-generation DES fractures ranged from 
1% to 2% in clinical studies using angiographic analysis10, and from 
0.8% to 8.0% in observational studies of sirolimus-eluting stents 
(SES) using angiographic and/or IVUS analysis5,6,11-19. Compared 
to IVUS, coronary angiography had limits in the detection of stent 

fracture that may have been related to both resolution and the struc-
tural pattern of the stent fracture.

The features of first-generation DES fractures have been reported 
in previous IVUS studies. SES fractures were often observed as 
complete separation. Although less common than SES fractures, 
paclitaxel-eluting stent (PES) fractures were often observed as dis-
location of stent fragments18,19.

In addition, serial IVUS studies have shown that the main mecha-
nisms of DES restenosis were chronic stent underexpansion (from 
the time of implantation) and NIH9. Conversely, chronic stent recoil 
was rare.

MECHANICAL COMPLICATIONS IN THE SECOND-GENERATION 
DES ERA
The frequency of mechanical complications in second-generation 
DES has not been studied using IVUS, and even case reports of 
EES fracture have been rare20,21. The present observational IVUS 
study showed the incidence of EES-related mechanical complica-
tions was 9.6% per lesion. However, angiography detected only 
60.0% of cases with IVUS-evident EES mechanical complications, 
and the sensitivity was lower (45.5%) in the presence of subsequent 
overlap, whereas all partial or complete fractures without over-
lap could be detected by angiography. Thus, the frequency of EES 
mechanical complication, given its unusual structure, having the 
specific pattern of either deformation or partial fracture with over-
lap might be underestimated when using angiography alone.

Figure 3. Representative IVUS images of EES deformation at follow-up. A) Angiogram of the saphenous vein graft shows focal restenosis at the 
ostium (white arrowhead). B) Cartoon - black arrow indicates deformation site. C) Corresponding IVUS images - the white arrows indicate 
multiple layered struts in the different circumference of consecutive frames. D) and D’) show the same frame. MLA measures 3.2 mm2 with 
45.6% of neointimal hyperplasia. EES: everolimus-eluting stent; IVUS: intravascular ultrasound; MLA: minimum lumen area
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In this current study, we observed a new IVUS pattern that 
might be specific to EES-longitudinal deformation and/or frac-
ture with overlap of the edges. Because of the unique geometry 
of the thin (81 µm) flexible cobalt-chromium alloy metallic scaf-
folding, XIENCE V® (Abbott Vascular, Santa Clara, CA, USA) 
stents required significantly less force to be elongated than SES22. 
However, the current study did not identify any specific vascular 
mechanical forces that led to the development of overlap in the set-
ting of deformation or partial fracture.

In the present study most EES mechanical complications were 
associated with overlap, and ISR was located at the proximal edge. 
A recent substudy from RESET revealed that late loss at the proxi-
mal edges tended to be greater in the EES group compared to the 
SES group23.

In the present study, the maximum amount of NIH was located 
within the overlap segment. In addition, there was evidence of 
chronic recoil of the edges of the thin flexible cobalt-chromium 
alloy struts just proximal and distal to the partial fracture or site 
of deformation: this appeared to contribute to their overlap and, 
potentially, to the development of ISR. However, it was impossible 
to exclude chronic stent underexpansion (rather than chronic recoil) 
since serial IVUS data were not available.

In the present study, two patients with EES mechanical compli-
cations presented with NSTEMI, although visible thrombus was 
not detected by angiography. An IVUS study revealed that stent 
fracture was identified in 19% of stent thrombosis cases both in 
BMS and DES24. Moreover, pathological studies have demon-
strated a possible association between stent thrombosis and stent 
fracture25. Recently, Kuramitsu et al demonstrated angiographically 

that EES fracture was observed in 2.9% and was associated with 
higher ISR and stent thrombosis. The data might support our cur-
rent findings26.

Limitations
There were several limitations to the present study. It was ret-
rospective, the frequency of EES mechanical complications was 
determined from patients undergoing follow-up angiography 
and IVUS, and the number of EES mechanical complications 
was small. Therefore, the actual frequency of EES mechanical 
complications remained unclear. We have only two EES-treated 
lesions with baseline and follow-up IVUS: both had fracture 
at follow-up with no IVUS evidence of stent deformation or 
fracture at baseline. Because in most of the cases we did not 
have baseline procedural IVUS, we could not eliminate acute 
mechanical complications, and we could not separate chronic 
stent recoil from underexpansion at the time of EES implanta-
tion. However, our main purpose in the present study was to 
clarify the mechanism and features of EES mechanical compli-
cations by IVUS using consecutive IVUS data in patients treated 
with EES. Therefore, we think the present study is still meaning-
ful, despite its limitations.

Conclusion
Using IVUS in patients previously treated with EES stents, we 
observed a unique pattern of EES mechanical complication:  
longitudinal deformation or fracture with overlap, leading to 
excessive neointimal hyperplasia, in-stent restenosis, and repeat 
revascularisation.

Table 4. Incidence of stent fracture.

Author 
(ref. no.)

Study design Stent
Number of 
follow-up 
patients

Number of 
follow-up 
lesions

Number of SF
Incidence of SF 

per lesion
Diagnostic modality of SF

1st generation DES

Lee et al10 Retrospective, single-centre SES/PES 530 NA 10 (SES 10/PES 0) 1.9%* Angiography

Chung et al16 Retrospective, multicentre SES/PES 4,160 NA 37 (SES 37/PES 0) 0.8%* Angiography, IVUS (43% use)

Kim et al12 Prospective, multicentre SES/PES 415 415 7 (SES 6/PES 1) 1.7% (SES 2.9%/PES 0.5%) Angiography, IVUS (57% use)

Okumura et al13 Prospective, single-centre SES 138 169 4 2.4% IVUS

Aoki et al11 Prospective, single-centre SES 256 307 8 2.6% IVUS

Lee et al6 Prospective, single-centre SES 366 NA 10 2.7%* Angiography, IVUS (60% use)

Yang et al15 Retrospective, single-centre SES 479 NA 22 3.8%* Angiography, IVUS (73% use)

Doi et al19 Retrospective, single-centre for SES, 
prospective, multicentre for PES

SES/PES NA 390 20 (SES 14/PES 6) 5.1% (SES 11%/PES 2.3%) IVUS

Umeda et al14 Prospective, single-centre SES 382 430 33 7.7% Angiography, IVUS (94% use)

Nakazawa et al25 Pathological study SES/PES 140 177 51 (SES 32/PES 19) 29% (SES 42%/PES 19%) High-contrast film-based 
radiography

2nd generation DES

Kuramitsu et al26 Prospective, two centres EES 1,035 1,339 39 2.9% Angiography, IVUS (only used 
in patients undergoing TLR)

* per patient. DES: drug-eluting stent; EES: everolimus-eluting stent; IVUS: intravascular ultrasound; NA: not available; PES: paclitaxel-eluting stent; SES: sirolimus-eluting stent; SF: stent 
fracture; TLR: target lesion revascularisation
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Impact on daily practice
The major findings in the present study were: 1) EES exhibited 
a unique pattern of longitudinal deformation or fracture with 
overlapped segments, and 2) EES mechanical complications 
led to excessive neointimal hyperplasia, in-stent restenosis, 
and repeat revascularisation. In daily practice, the recognition 
of such mechanical complications will be useful to prevent or 
explain stent failure.

Conflict of interest statement
G.S. Mintz: grant support, consultant – Volcano Corporation and 
Boston Scientific Corporation; K.H. Yun: grants from the Sung 
San Fellowship at Wonkwang University, Iksan, South Korea; 
G. Weisz: InfraReDx; J.W. Moses: consultant – Boston Scientific 
Corporation, Cordis; G.W. Stone: consultant – Boston Scientific, 
InfraReDx, and Volcano Corporation; A. Maehara: grant support, 
consultant – Boston Scientific Corporation. The other authors have 
no conflicts of interest to declare.

References
 1. Stone GW, Midei M, Newman W, Sanz M, Hermiller JB, 
Williams J, Farhat N, Mahaffey KW, Cutlip DE, Fitzgerald PJ, 
Sood P, Su X, Lansky AJ; SPIRIT III Investigators. Comparison 
of an everolimus-eluting stent and a paclitaxel-eluting stent in 
patients with coronary artery disease: a randomized trial. JAMA. 
2008;299:1903-13.
 2. Stone GW, Rizvi A, Newman W, Mastali K, Wang JC, 
Caputo R, Doostzadeh J, Cao S, Simonton CA, Sudhir K, Lansky AJ, 
Cutlip DE, Kereiakes DJ; SPIRIT IV Investigators. Everolimus-
eluting versus paclitaxel-eluting stents in coronary artery disease. 
N Engl J Med. 2010;362:1663-74.
 3. Bangalore S, Kumar S, Fusaro M, Amoroso N, Attubato MJ, 
Feit F, Bhatt DL, Slater J. Short- and long-term outcomes with 
drug-eluting and bare-metal coronary stents: a mixed-treatment 
comparison analysis of 117 762 patient-years of follow-up from 
randomized trials. Circulation. 2012;125:2873-91.
 4. Castagna MT, Mintz GS, Leiboff BO, Ahmed JM, Mehran R, 
Satler LF, Kent KM, Pichard AD, Weissman NJ. The contribution 
of “mechanical” problems to in-stent restenosis: An intravascular 
ultrasonographic analysis of 1090 consecutive in-stent restenosis 
lesions. Am Heart J. 2001;142:970-4.
 5. Umeda H, Kawai T, Misumida N, Ota T, Hayashi K, 
Iwase M, Izawa H, Sugino S, Shimizu T, Takeichi Y, Ishiki R, 
Inagaki H, Ozaki Y, Murohara T. Impact of sirolimus-eluting stent 
fracture on 4-year clinical outcomes. Circ Cardiovasc Interv. 
2011;4:349-54.
 6. Lee SH, Park JS, Shin DG, Kim YJ, Hong GR, 
Kim W, Shim BS. Frequency of stent fracture as a cause of coronary 

restenosis after sirolimus-eluting stent implantation. Am J Cardiol. 
2007;100:627-30.
 7. Popma JJ, Tiroch K, Almonacid A, Cohen S, Kandzari DE, 
Leon MB. A qualitative and quantitative angiographic analysis of 
stent fracture late following sirolimus-eluting stent implantation. 
Am J Cardiol. 2009;103:923-9.
 8. Doi H, Maehara A, Mintz GS, Weissman NJ, Yu A, Wang H, 
Mandinov L, Popma JJ, Ellis SG, Grube E, Dawkins KD, Stone GW. 
Impact of in-stent minimal lumen area at 9 months poststent 
implantation on 3-year target lesion revascularization-free survival: 
a serial intravascular ultrasound analysis from the TAXUS IV, V, 
and VI trials. Circ Cardiovasc Interv. 2008;1:111-8.
 9. Kang SJ, Mintz GS, Park DW, Lee SW, Kim YH, Whan 
Lee C, Han KH, Kim JJ, Park SW, Park SJ. Mechanisms of in-stent 
restenosis after drug-eluting stent implantation: intravascular ultra-
sound analysis. Circ Cardiovasc Interv. 2011;4:9-14.
 10. Lee MS, Jurewitz D, Aragon J, Forrester J, Makkar RR, 
Kar S. Stent fracture associated with drug-eluting stents: clinical 
characteristics and implications. Catheter Cardiovasc Interv. 
2007;69:387-94.
 11. Aoki J, Nakazawa G, Tanabe K, Hoye A, Yamamoto H, 
Nakayama T, Onuma Y, Higashikuni Y, Otsuki S, Yagishita A, 
Yachi S, Nakajima H, Hara K. Incidence and clinical impact of 
coronary stent fracture after sirolimus-eluting stent implantation. 
Catheter Cardiovasc Interv. 2007;69:380-6.
 12. Kim HS, Kim YH, Lee SW, Park DW, Lee CW, Hong MK, 
Park SW, Ko JK, Park JH, Lee JH, Choi SW, Seong IW, Cho YH, 
Lee NH, Kim JH, Chun KJ, Park SJ; Long-DES-II study investiga-
tors. Incidence and predictors of drug-eluting stent fractures in long 
coronary disease. Int J Cardiol. 2009;133:354-8.
 13. Okumura M, Ozaki Y, Ishii J, Kan S, Naruse H, Matsui S, 
Ishikawa M, Hattori K, Gochi T, Nakano T, Yamada A, Kato S, 
Motoyama S, Sarai M, Takagi Y, Ismail TF, Nomura M, Hishida H. 
Restenosis and stent fracture following sirolimus-eluting stent (SES) 
implantation. Circ J. 2007;71:1669-77.
 14. Umeda H, Gochi T, Iwase M, Izawa H, Shimizu T, Ishiki R, 
Inagaki H, Toyama J, Yokota M, Murohara T. Frequency, predictors 
and outcome of stent fracture after sirolimus-eluting stent implanta-
tion. Int J Cardiol. 2009;133:321-6.
 15. Yang TH, Kim DI, Park SG, Seo JS, Cho HJ, Seol SH, Kim SM, 
Kim DK, Kim DS. Clinical characteristics of stent fracture after 
sirolimus-eluting stent implantation. Int J Cardiol. 2009;131:212-6.
 16. Chung WS, Park CS, Seung KB, Kim PJ, Lee JM, Koo BK, 
Jang YS, Yang JY, Yoon JH, Kim DI, Yoon YW, Park JS, Cho YH, 
Park SJ. The incidence and clinical impact of stent strut fractures 
developed after drug-eluting stent implantation. Int J Cardiol. 
2008;125:325-31.
 17. Canan T, Lee MS. Drug-eluting stent fracture: incidence, 
contributing factors, and clinical implications. Catheter Cardiovasc 
Interv. 2010;75:237-45.
 18. Doi H, Maehara A, Mintz GS, Tsujita K, Kubo T, Castellanos C, 
Liu J, Yang J, Oviedo C, Aoki J, Franklin-Bond T, Dasgupta N, 
Lansky AJ, Dangas GD, Stone GW, Moses JW, Mehran R, Leon MB. 



1308

EuroIntervention 2
0

1
4

;9
:1301-1308

Classification and potential mechanisms of intravascular ultra-
sound patterns of stent fracture. Am J Cardiol. 2009;103:818-23.
 19. Doi H, Maehara A, Mintz GS, Tsujita K, Kubo T, Castellanos C, 
Lansky AJ, Witzenbichler B, Guagliumi G, Brodie B, Kellett MA Jr, 
Parise H, Mehran R, Leon MB, Moses JW, Stone GW. Intravascular 
ultrasound findings of stent fractures in patients with Sirolimus- 
and Paclitaxel-eluting stents. Am J Cardiol. 2010;106:952-7.
 20. Almasood AS, Freixa X, Khan SQ, Seidelin PH, Dzavik V. 
Stent fracture after everolimus-eluting stent implantation. Cardiol 
Res Pract. 2011:2011:320983.
 21. Foerst JR, Ball TC, Nakano M, Virmani R, Kaplan AV. Late 
complication: Xience V stent fractures with restenosis. JACC 
Cardiovasc Interv. 2012;5:239-42.
 22. Ormiston JA, Webber B, Webster MW. Stent longitudinal 
integrity bench insights into a clinical problem. JACC Cardiovasc 
Interv. 2011;4:1310-7.
 23. Kozuma K, Kimura T, Kadota K, Suwa S, Kimura K, 
Iwabuchi M, Kawai K, Miyazawa A, Kawamura M, Nakao K, 
Asano R, Yamamoto T, Suzuki N, Aoki J, Kyono H, Nakazawa G, 
Tanabe K, Morino Y, Igarashi K. Angiographic findings of everoli-
mus-eluting as compared to sirolimus-eluting stents: angiographic 
sub-study from the Randomized Evaluation of Sirolimus-eluting 
versus Everolimus-eluting stent Trial (RESET). Cardiovasc Interv 
Ther. 2013;28:344-51.

 24. Kosonen P. Intravascular ultrasound assessment of patients 
with stent thrombosis: the Nordic study. Available at: http://www.
pcronline.com/Lectures/2010/Intravascular-ultrasound-assessment-
of-patients-with-stentthrombosis-the-Nordic-IVUS-study.
 25. Nakazawa G, Finn AV, Vorpahl M, Ladich E, Kutys R, 
Balazs I, Kolodgie FD, Virmani R. Incidence and predictors of 
drug-eluting stent fracture in human coronary artery a pathologic 
analysis. J Am Coll Cardiol. 2009;54:1924-31.
 26. Kuramitsu S, Iwabuchi M, Haraguchi T, Domei T, Nagae A, 
Hyodo M, Yamaji K, Soga Y, Arita T, Shirai S, Kondo K, Ando K, 
Sakai K, Goya M, Takabatake Y, Sonoda S, Yokoi H, Toyota F, 
Nosaka H, Nobuyoshi M. Incidence and clinical impact of stent frac-
ture after everolimus-eluting stent implantation. Circ Cardiovasc 
Interv. 2012;5:663-71.

Online data supplement
Moving image 1. Representative IVUS movie of EES fracture at 
follow-up.
Moving image 2. Representative IVUS movie of EES fracture at 
baseline.
Moving image 3. Representative IVUS movie of EES fracture at 
follow-up.
Moving image 4. Representative IVUS movie of EES deformation 
at follow-up.


