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such as ostial, bifurcation and LMCA lesions. The use of 
extra-support guiding catheter, extra-support guidewires 
and low stent inflation pressure increases the occurrence 
of LSD. Nevertheless, with increased awareness of LSD 
and proper treatment, unwanted long-term outcomes can 
be successfully prevented.
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Introduction

Since the first coronary angioplasty, almost every innova-
tion in the field of invasive cardiology has been a revolution-
ary innovation compared to the previous one. Nevertheless, 
every innovation has its own problem either trifle or trouble-
some. Plain old angioplasty aroused great interest in coro-
nary revascularization but dissection, acute recoil and high 
restenosis rates have led to the routine use of bare metal 
stents (BMS). Despite the low dissection and acute recoil 
rate of BMS, the high instent restenosis (ISR) rate in the 
long term has called for the search of better stents. Although 
ISR rates have become better with the first generation drug 
eluting stents (DES), concerns about late stent thrombosis 
(ST) have loomed large. The main objective of new stent 
designs is to minimize the ST and ISR rates and to maxi-
mize the procedural success rate. In this respect, the usage 
of cobalt–chromium and platinum–chromium instead of 
steel, thinner stent struts, modification of stent designs with 
fewer connectors between the hoops have been tried, with-
out sacrificing the radial and longitudinal strength, for max-
imal conformability, flexibility, traceability, deliverability, 

Abstract  Recently, longitudinal stent deformation (LSD) 
has been reported increasingly. Even though the reported 
cases included almost all stent designs, most cases were 
seen in the Element™ stent design (Boston Scientific, 
Natick, MA, USA). It is considered that stent design, lesion 
and procedural characteristics play a role in the etiology 
of LSD. Yet, the effect of LSD on long-term clinical out-
comes has not been studied well. Element stents implanted 
between January 2013 and April 2015 in our hospital were 
examined retrospectively. Patients were grouped into two 
according to the presence of LSD, and their clinical, lesion 
and procedural characteristics were studied. Twenty-four 
LSD’s were detected in 1812 Element stents deployed in 
1314 patients (1.83 % of PCI cases and 1.32 % of all Ele-
ment stents). LMCA lesions (16.7 % vs 1.6 %, p < 0.001), 
complex lesions (75 % vs 35.1 %, p < 0.001), bifurcation 
lesions (37.5 % vs 18.3 %, p = 0.017), ostial lesions (33.3 % 
vs 12.8 %, p = 0.003), using of extra-support guiding cath-
eter (54.2 % vs 22.3 %, p < 0.001) and extra-support guide-
wire (37.5 % vs 16.2 %, p = 0.005) were found to be more 
frequent in cases with LSD than in cases without it. In 
addition, the number of stents, stent inflation pressure 
and the use of post-dilatation were significantly different 
between the two groups. Two patients had an adverse event 
during the follow-up period. LSD is a rarely encountered 
complication, and is more common in complex lesions 
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categorical variables were described using frequencies and 
percentages. p < 0.05 was taken as significant. Independent 
samples t test or Mann–Whitney U test was used to compare 
continuous variables. Categorical variables were compared 
using Chi square test (χ2) as appropriate. Odds ratios (OR) 
with 95 % confidence intervals (95 % CI) were calculated 
for variables with significant p value in univariate analy-
sis. Statistical analyses were performed using SPSS version 
15.0 (SPSS for Windows, version 15.0; SPSS Inc., Chicago, 
IL, USA).

Results

Twenty-four LSD’s (23 Promus Element stents and 1 Taxus 
Element stent) were detected in a total of 1812 Element 
stents (1555 Promus Element stents and 257 Taxus Element 
stents) deployed in 1314 patients (1.83 % of PCI cases and 
1.32 % of all Element stents). The clinical and laboratory 
characteristics are shown in Table  1. Left main coronary 
artery (LMCA) lesions [16.7 % vs 1.6 %, p < 0.001, OR 
12.13 (95 % CI 3.9–37.72)], complex lesions (AHA/ACC 
type B2 or C) [75 % vs 35.1 %, p < 0.001, OR 5.54 (95 % 
CI 2.19–14.03)], bifurcation lesions [37.5 % vs 18.3 %, 
p = 0.017, OR 2.67 (95 % CI 1.16–6.16)] and ostial lesions 
[33.3 % vs 12.8 %, p = 0.003, OR 3.4 (95 % CI 1.44–8.04)] 
were found to be more frequent in cases with LSD than in 
cases without it. As for interventional characteristics, the 
uses of extra-support guiding catheter [54.2 % vs 22.3 %, 
p < 0.001, OR 4.11 (95 % CI 1.83–9.25)] and extra-support 
wire 37.5 % vs 16.2 %, p = 0.005, OR 3.1 (95 % CI 1.34–
7.15) were higher in patients with LSD. In addition, the 
number of stents [2 (1–3) vs 1 (1–4), p < 0.001, OR 2.67 

radio-opacity and easier side branch access. In addition, dif-
ferent anti-proliferative agents have been used [1, 2].

Better clinical outcomes have been achieved with these 
innovations but there has been a recent increase in case 
reports and case series regarding longitudinal deformation 
of newer stent designs. Even though the reported cases 
included almost all stent designs, the majority of cases 
were seen in the Element™ stent design (Boston Scientific, 
Natick, MA, USA) [3, 4]. Results of bench test evaluat-
ing longitudinal stent deformation (LSD) of different stent 
designs have also been published [5−7]. In the current study, 
clinical, anatomical and procedural characteristics of cases 
where LSD was seen were examined, and ISR and ST rates 
in the long-term follow-up period were evaluated.

Methods

Patients who underwent percutaneous interventions and had 
at least one Promus Element (Boston Scientific, Natick, MA, 
USA) or Taxus Element (Boston Scientific, Natick, MA, 
USA) stent implanted in Kosuyolu Cardiovascular Research 
and Education Hospital between January 2013 and April 
2015 were included in the study. Antiplatelet, anticoagulant 
and other therapies before, during and after all percutane-
ous coronary interventions (PCI) were done according to 
the current guidelines [8, 9]. All clinical, laboratory and 
demographic properties of the patients were recorded from 
hospital files and computer records. Angiographic data were 
reviewed retrospectively by six competent interventional 
cardiologists in terms of lesion and procedural characteris-
tics. LSD is defined as the deformation or shortening of stent 
in the longitudinal axis at later stages of stenting procedures 
in the initial absence of any shortening or increase in radio-
opacity or deformation in the proximal or distal segment of 
the freshly implanted stent, and a total of 1812 stents (1555 
Promus Element stents and 257 Taxus Element stents) used 
in 1333 interventions in 1314 patients were examined. LSD 
was detected in 24 patients. The angiographic images of 
all 24 cases with LSD were reviewed and confirmed by 
three competent interventional cardiologists. Patients were 
divided into two groups according to the presence of LSD, 
and clinical and angiographic data between the two groups 
were compared. Patients with LSD were evaluated for ST 
and ISR by hospital data and telephone calls. All work was 
done in compliance with the declaration of Helsinki, and 
the study was performed with the approval of local ethics 
committee.

Statistical analysis

Continuous variables were shown using mean ± standard 
deviation or medians (with ranges) as appropriate, and 

Table 1  Baseline demographic, clinical and laboratory properties of 
patients

Patient characteristics No LSD 
(n = 1290)

LSD (n = 24) p value

Age (years) 62.6 ± 10.8 66.5 ± 9.6 0.076
Sex (male %) 967 (75 %) 18 (75 %) 0.997
Hypertension 998 (77.4 %) 18 (75 %) 0.784
Diabetes mellitus 298 (23.1 %) 8 (33.3 %) 0.24
Smoking 273 (21.2 %) 5 (20.8 %) 0.969
Family history 251 (19.5 %) 5 (20.8 %) 0.866
CABG history 110 (8.5 %) 4 (16.7 %) 0.16
LDL (mg/dl) 113 (30–293) 124.5 (73–165) 0.069
HDL (mg/dl) 36 (17–83) 40.5 (29–52) 0.353
Triglycerides (mg/dl) 149 (58–758) 181 (121–614) 0.07
Creatinine (mg/dl) 0.94 (0.38–7.85) 1.01 (0.6–4.07) 0.07

LSD longitudinal stent deformation, CABG coronary artery by-pass 
grafting, LDL low-density lipoprotein, HDL high-density lipoprotein
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Discussion

The main findings of our study are as follow: (i) LSD is a 
rare phenomenon in Element stent design (1.83 % of PCI 
cases and 1.32 % of all Element stents); (ii) in terms of lesion 
characteristics, LSD is more frequent in LMCA, ostial, 
bifurcation and complex lesions, in terms of procedural 
characteristics, LSD is related with the use of extra-support 
guiding catheter, extra-support guidewires, use of more 
than one stents and post-dilatation, and lower stent inflation 
pressure; (iii) the guidewire bias during post-dilatation or 

(95 % CI 1.67–4.26)], stent inflation pressure [15 (12–20) vs 
17 (12–25), p = 0.011, OR 0.85 (95 % CI 0.74–0.98)] and the 
use of post-dilatation [100 % vs 62.9 %, p = 0.005, OR 1.59 
(95 % CI 1.54–1.65)] were significantly different between 
the two groups (see Table 2). The apparent causes of LSD 
were as follow; re-crossing of post-dilatation balloon in ten 
patients, deep intubation and/or manipulation of guiding 
catheter in six patients, re-crossing with a second stent in 
four, crossing of a side-branch balloon in two, crossing of 
side-branch stent in one and the use of GuideLiner® in one 
patient (see Table 3; Figs. 1, 2, 3, 4). Optimal stent expan-
sion and plaque coverage was achieved only by post-dila-
tation with non-compliant balloon in 18 patients whereas 
additional stenting was needed in six patients.

Two patients had an adverse event during the follow-up 
period (mean 13.6 months, range 1–28 months). A 71-year-
old female died of gastrointestinal bleeding in the 3 month 
of follow-up. A 65-year-old man had angina episodes in the 
7 month, and underwent by-pass surgery because of diffuse 
ISR of left anterior descending (LAD) artery. Other patients 
did not have any adverse event during the follow-up period.

Table 3  Underlying causes of longitudinal stent deformation

Causes No.

Deep catheter engagement 6
Post-dilatation balloon 10
Passage of second stent 4
Passage of side-branch balloon 2
Passage of side-branch stent 1
Guideliner® 1

No LSD (n = 1788) LSD (n =24) p value

Lesion characteristics
  Vessel <0.001
    LMCA 29 (1.6 %) 4 (16.7 %)
    LAD 688 (38.5 %) 9 (37.5 %)
    LCx 488 (27.3 %) 4 (16.7 %)
    RCA 538 (30.1 %) 7 (29.2 %)
Graft (SVG, IMA, radial artery) 45 (2.5 %) 0 (0 %)
  LMCA lesion 29 (1.6 %) 4 (16.7 %) <0.001
  Complex lesion (AHA/ACC type B2, C) 628 (35.1 %) 18 (75 %) <0.001
  Bifurcation 328 (18.3 %) 9 (37.5 %) 0.017
  Severe calcification 579 (32.4 %) 11 (45.8 %) 0.162
  Tortuous vessel 293 (16.4 %) 6 (25 %) 0.259
  Ostial lesion 229 (12.8 %) 8 (33.3 %) 0.003
  Angulation >45° 636 (35.6 %) 12 (50 %) 0.143
  Intervention for ISR 62 (3.5 %) 1 (4.2 %) 0.853
Intervention characteristics
  Extra-support guiding catheter 399 (22.3 %) 13 (54.2 %) <0.001
  Extra-support wire 290 (16.2 %) 9 (37.5 %) 0.005
  Balloon pre-dilatation 1067 (59.7 %) 15 (62.5 %) 0.779
  Balloon pre-dilatation pressure (mm/Hg) 12 (10–16) 12 (10–14) 0.763
  Number of stent 1 (1–4) 2 (1–3) <0.001
  Stent length (mm) 24 (16–38) 24 (16–38) 0.479
  Stent diameter (mm) 2.75 (2.25–4.5) 2.75 (2.25–3.5) 0.634
  Stent implantation pressure (mm/Hg) 17 (12–25) 15 (12–20) 0.011
  Balloon post-dilatation 1124 (62.9 %) 24 (100 %) <0.001

LSD longitudinal stent deformation, LMCA left main coronary artery, LAD left anterior descending, RCA 
right coronary artery, LCx left circumflex, SVG saphein vein graft, IMA internal mammary artery, ISR 
instent restenosis

Table 2  Lesion and intervention 
characteristics of patients
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stent types [3]. Mamas et al. stated in their analysis of Food 
and Drug Administration Manufacturer and User Facil-
ity Device Experience (FDA-MAUDE) database that most 
LSDs (45 out of 57 cases; 78.9 %) were in stents of Element 
platform. They further emphasized the increased rate of LSD 
in recent years [4]. Leibundgut et al., in their study of 1392 
PCIs where 2936 Promus Element stents were placed, stated 
that LSD was present in 20 patients (1.44 % of the PCI cases, 
0.68 % of all Promus Element stents). And they reported that 
ostial lesions, number of stents and the presence of bifur-
cation lesions were the predictors of LSD [11]. Almost all 
reported cases and case series have generally stated that LSD 
was more frequent in LMCA, ostial and bifurcation lesions, 
and tortuous and long segments. In addition, in terms of pro-
cedural characteristics, this complication was observed more 
often in the use of extra support guide catheters, aggressive 
guide catheter manipulation, mother and daughter catheter 
systems, multiple balloons, bifurcation stent techniques, 
rotational atherectomy and/or adjunctive imaging (IVUS or 
OCT) techniques [3, 4, 11, 12].

Although all of the above-mentioned factors play a role 
in LSD, most reported cases blamed a second material (post-
dilation balloon, stent, etc.) as the culprit. In fact, the second 

passage of a second stent is an important factor in LSD, and 
extra-support guidewire also increases LSD and (iv) with 
appropriate treatment, acute and long-term adverse events 
can be minimized in LSD.

LSD has been described as longitudinal distortion or 
shortening of the stent in the longitudinal axis [10]. Even 
though LSD is generally seen in the proximal segment, distal 
LSD has also been reported. General angiographic appear-
ance of the shortening of proximal end of the stent is like 
a wedding band due to strut overlap. In literature, it has 
also been termed as the “longitudinal stent compression”, 
“concertina effect” or “accordion effect”. When suspected 
angiographically, intravascular ultrasound (IVUS) or opti-
cal coherence tomography (OCT) can be of use. Collapse of 
struts and malapposition can be seen in this shortened stent 
segment. Although LSD has been increasingly reported in 
recent years, it still is a rare complication. In a case series 
with 9310 stents of different stent designs by Williams et 
al., LSD was seen in 0.097 % of stents and 0.2 % of patients 
in nine cases over a 4  year period. Authors reported LSD 
in six Promus Element stents (0.86 %), one TAXUS stent 
(0.19 %), one Biomatrix stent (0.11 %) and one Endeavor 
stent (0.1 %), and LSD was not reported in other various 

Fig. 1  a Angiographic image 
of a long segment stenosis of 
RCA. After pre-dilatation, a 
275 × 38 mm Promus Element 
stent was implanted to the distal 
and a 275 × 32 mm Promus 
Element stent was implanted to 
the proximal in an overlapping 
manner. b No stent deforma-
tion in the proximal RCA. 
During the withdrawal of stent 
balloon, deep engagement of 
guiding catheter occurred, and 
compressed the proximal stent 
struts. It was post-dilated with 
a 3.0 × 20 mm balloon and 
optimal result was obtained. c, 
d Final images
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radial strength, and fracture resistance. Element design has 
a three-dimensional, double-helix configuration with seg-
ments joined by two connectors [17]. It is believed that thin 
strut and fewer connectors are responsible for relatively fre-
quent occurrence of LSD. Bench testing is used to evaluate 
mechanical behavior of stent such as longitudinal distor-
tion. Recent bench testing has demonstrated a correlation 
between the number of connectors between stent hoops and 
longitudinal integrity independent of strut thickness [5–7]. 
On the other hand, some argued that enhanced visibility of 
Element stent, as compared to other stents, provides easier 
recognition of LSD and claim this to be the reason for the 
high incidence of LSD in Element stents [18]. Moreover, 
PLATINUM, PERSEUS Workhorse and PERSEUS Small 
Vessel trials of the Element stent series, in which Element 
stent platform was used in 2034 patients, LSD was not 
reported. This may be because these trials excluded com-
plex lesions [19–21].

The clinical significance is also unclear as the frequency 
of stent deformation was relatively low. But this complica-
tion can cause incomplete plaque coverage, dissection and 

material can get stuck on the proximal stent struts if they 
are not well apposed. Especially when there is a substan-
tial difference in vessel size between proximal and distal 
segments, stent selection is done according to distal vessel 
diameter, and subsequent post-dilation with a larger non-
compliant balloon is performed to the proximal segment 
(proximal optimization) [13]. If the stent inflation pressure 
is kept low to avoid distal edge dissection, the malapposi-
tion of the proximal segment is very likely, and LSD can 
occur on the passage of post-dilatation balloon or device. In 
addition to inflation pressure, another significant factor we 
found in our study is the use of extra-support guidewires. 
The extra-support guidewires tend to follow the outer curve 
of the coronary artery causing the wire bias. A passing bal-
loon or stent along this wire is more likely to get stuck in the 
stent struts, especially if they are under-expanded [14, 15].

Although LSD can be seen in all stent designs, the major-
ity of reported cases are with the Element stent design [16]. 
The Element platform is an ultra-thin (81  μm) platinum–
chromium scaffold, modified to improve deliverability, 
vessel conformability, side-branch access, radio-opacity, 

Fig. 2  a Angiographic image of LCx bifurcation lesion. After pre-
dilatation, a 275 × 24 mm Promus Element stent was deployed (b, c) 
using provisional approach. Kissing post-dilatation to the side branch 
was planned. After re-wiring, a balloon was passed uneventfully to 

the side-branch but the balloon to the main vessel got stuck to the 
stent struts and deformation occurred (d, e). f Angiography after final 
dilatation
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complete apposition should be rendered with gradual bal-
loon dilatation, and additional stenting should be performed 
in case of edge dissection or incomplete plaque coverage.

Conclusions

LSD is a rarely encountered complication but can be seen 
in complex lesions such as ostial, bifurcation and LMCA 
lesions. The use of extra-backup guiding catheter, extra-
support guidewires and low inflation pressure increases the 
occurrence of LSD. Nevertheless, with increased awareness 
of LSD and proper treatment, unwanted long-term outcomes 
can be successfully prevented.

Limitations

Retrospective nature of the study and the lack of definitive 
diagnostic criteria for LSD are the major limitations of our 
study. Moreover, the few number of LSD cases encountered 
in the study due to the rare nature of this complication may 

luminal obstruction. LSD may also reduce scaffolding and 
drug delivery to the coronary vessel wall and may lead to 
a higher risk of ISR. Additionally, strut malapposition and 
metal overload may act as a facilitating factor for ST [4]. 
Although there have been reported cases of ST and ISR, 
a recently published CT angiography study involving 374 
patients who underwent PCI stated that LSD and stent frac-
ture had no effect on MACE [22].

To prevent LSD, aggressive catheter manipulation for 
ostial and proximal lesions and deep engagement of catheter 
during withdrawal of stent balloons, post-dilatation balloons 
or adjunctive imaging devices should be avoided. More-
over, when a second balloon or stent is passed to the distal 
or side-branch through a freshly-implanted stent, extra care 
should be taken not to get stuck to stent struts, especially if 
extra-support guidewires are used. An additional procedural 
trick to avoid LSD may be to pull back the stent balloon 
some mm after implantation and re-inflate the balloon to 
post-dilate the proximal segment more without risk of distal 
edge dissection. However, this maneuver is limited by the 
size of the proximal segment. Nonetheless, if LSD occurs, 

Fig. 3  a Angiographic appearance of a tortuous, severely stenosed 
LCx. Pre-dilatation balloon could not pass and Guideliner® was 
used for pre-dilatation (b). Subsequently, a 2.5 × 32 mm Promus Ele-
ment stent was deployed (c). Upon withdrawal of stent balloon, deep 
engagement of Guideliner® caused crushing of the proximal stent 

(arrows) (d, e). The crushed segment was dilated with a 2.75 × 12 mm 
balloon. There was haziness in segment proximal to the stent and a 
275 × 16 mm Promus Element stent was deployed in an overlapping 
manner. Final angiographic result was seen on f
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not provide sufficient information regarding the long-term 
outcomes (especially ISR and ST). Large-scale prospective 
studies are needed to definitely determine the predisposing 
factors of LSD and its long-term outcomes.
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