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Abstract
Percutaneous coronary intervention (PCI) for heavily calcified lesions is challenging because these lesions are resistant to 
balloon dilatation and stenting. Lacrosse non-slip element (NSE) may have the potential to dilate heavily calcified lesions. 
We aimed to investigate predictors of successful lesion modification using Lacrosse NSE angioplasty via optical coherence 
tomography (OCT)-guided PCI. We investigated 32 patients with severe target lesion calcification treated with OCT-guided 
PCI. Successful lesion modification was defined as the complete fracture of calcification after Lacrosse NSE angioplasty. 
Before PCI, 172 segments with calcification were identified. After pre-dilatation using Lacrosse NSE, successful lesion 
modification was achieved in 117 segments (68.0%). Calcification was significantly thinner in successfully disrupted seg-
ments than in non-disrupted segments (p < 0.001). Calcification angle tended to be larger in disrupted than in non-disrupted 
segments (p = 0.08). Convex types were less frequently observed in disrupted than in non-disrupted segments (p < 0.001). 
At minimal lumen area sites, 26 segments (81.3%) were successfully modified. Similar to the overall results, the disrupted 
group had significantly thinner calcification than the non-disrupted group (p < 0.001). The angle of the calcified plaque was 
similar between the 2 groups (p = 0.39). Convex-type calcifications were less frequently observed in the disrupted group 
than in the non-disrupted group (p = 0.05). Receiver-operating characteristic curve analysis showed that calcification thick-
ness < 565 μm was the best predictor of completely disrupted calcification. The thickness and shape of calcifications were 
predictors of successful lesion modification after Lacrosse NSE angioplasty.
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Introduction

Heavily calcified coronary lesions are one of the most chal-
lenging subsets of lesions to manage during percutaneous 
coronary intervention (PCI) because they interfere with 
the ability of the balloon or stent to cross and may exhibit 
strong resistance to balloon dilatation. Even with the use of 
second- or third-generation drug-eluting stents (DES), stent 
under-expansion has been consistently reported as a strong 
predictor for stent restenosis as well as stent thrombosis [1, 
2]. Therefore, to expand the coronary stent appropriately, 

effective lesion modification, prior to stent implantation, is 
required.

“Scoring balloons” have 2 or 3 scoring elements that 
prevent balloon slippage and create a crack in the calcified 
plaque [3, 4]. Although pre-dilatation via the Lacrosse non-
slip element (NSE; Goodman. Co., Ltd., Nagoya, Japan) 
scoring balloon may be effective for modifying heavily cal-
cified lesions [5], the rates and predictors of effective lesion 
modification are still uncertain.

Optical coherence tomography (OCT) is a near-infrared 
light-based intracoronary imaging modality that provides 
high-resolution images of the vascular wall and can detect 
different characteristics of atherosclerotic plaques [6–9]. 
OCT provides more accurate morphological and quantita-
tive information of the calcified plaque than intravascular 
ultrasound [8, 10].
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Accordingly, this study was conducted to determine if 
OCT imaging could identify the predictors of successful 
modification of heavily calcified lesions after pre-dilatation 
using a Lacrosse NSE balloon.

Methods

Study population

Between January 2013 and December 2014, 32 consecu-
tive patients who underwent OCT-guided PCI for heavily 
calcified coronary lesions were enrolled. Heavily calcified 
coronary lesions were defined based on fluoroscopic appear-
ance as lesions with readily apparent radio-opacities within 
the vascular walls in more than 1 projection on cine images 
before contrast medium injection.

The inclusion criteria were as follows: (1) symptomatic 
angina pectoris with significant coronary stenosis (> 75% 
diameter), and (2) severely calcified lesions treated using 
a scoring balloon followed by second- or third-generation 
DES implantation.

The following cases were excluded: (1) restenotic lesions, 
(2) totally occluded lesions, (3) cases where pre- and/or post-
angiography OCT images could not be obtained because the 
OCT catheter could not cross the target lesions, (4) cases 
with poor or incomplete OCT image quality because of ves-
sel tortuosity or incomplete removal of blood during OCT 
imaging, and (5) lesions treated with rotational atherectomy.

Successful lesion modification was defined as the crea-
tion of 1 or more complete fracture of the calcification after 
pre-dilatation.

After PCI, we performed a 3-year follow-up investigation 
and examined the number of target lesion revascularizations 
(TLRs). TLR was defined as PCI or bypass surgery because 
of restenosis or thrombotic events at the target lesion, which 
includes the proximal and distal edge segments.

PCI and OCT procedures

Coronary angiography and PCI were performed using the 
standard technique via a radial or femoral approach using a 
6- or 7-Fr guiding catheter. After diagnostic coronary angi-
ography, a commercially available frequency-domain OCT 
catheter (C7/C8 OCT imaging system; St. Jude Medical, 
MN, USA or OFDI system; Terumo Corporation, Tokyo, 
Japan) was inserted to obtain cross-sectional images of the 
target lesion prior to any interventional procedures. After 
intracoronary nitrate injection to achieve maximal vasodila-
tation, OCT images were acquired using an automated pull-
back (20 mm/s). Because calcified plaques may be present 
throughout the target lesion, we measured and analyzed mul-
tiple cross-sectional images of the calcified plaque, including 

the minimal lumen area (MLA) sites at 1-mm intervals. In 
addition, a similar analysis was also performed using cross-
sectional images from the MLA site only. After OCT imag-
ing, pre-dilatation of the target lesion was performed using a 
scoring balloon (Lacrosse NSE ALPHA; Goodman, Nagoya, 
Japan). The size of the balloon was selected at each opera-
tor’s discretion based on the angiography and OCT findings. 
After pre-dilatation, OCT imaging was repeated to assess 
lesion modification and the DES was implanted with subse-
quent high-pressure post-dilatation.

Analysis of OCT imaging

Calcified plaques were defined as well-delineated, signal-
poor regions with sharp borders. We mainly examined the 
calcified plaque around the MLA. The longitudinal length, 
thickness of the calcified plaque, calcification angle, and 
shape of calcification were examined at every 1-mm incre-
ment. We classified the shape of the calcification as either 
convex type or non-convex type. Convex-type calcifications 
were defined as those that curve outward from the vessel 
lumen. Otherwise, the other calcifications were defined as 
non-convex type.

After pre-dilatation using scoring balloon, disruption of 
the calcified plaque was determined via OCT.

OCT showed circumferential calcification before (Fig. 1a) 
and after (Fig. 1b) PCI. Figure 1b shows 3 calcium fractures. 
The thickness of the calcification in each fracture was 520, 
470, and 440 µm, respectively. In this case, the coronary 
calcification angle was 360° and the shape was non-convex.

Segments with disrupted calcified plaque were compared 
to those without disruption to investigate predictors of cal-
cification disruption.

Angiographic follow‑up

Angiographic follow-ups were scheduled at 9 months fol-
lowing the index procedure. TLR was defined as ischemia-
driven repeated revascularization of the target lesions 
including stented segments and stent edges (within 5 mm 
from both proximal and distal stent edges).

Statistical analysis

All analyses were performed using SPSS version 19 (SPSS 
Inc., Chicago, IL, USA). Continuous variables are presented 
as mean ± standard deviation, and categorical variables as 
frequencies and percentages. Continuous variables were 
compared using an unpaired Student’s t test or Wilcoxon 
rank-sum test based on their distribution. Categorical data 
were evaluated using the Chi-square test or Fisher’s exact 
test, as appropriate. A receiver-operating characteristic 
curve (ROC) was used to determine the best cutoff values 



244	 Y. Sugawara et al.

1 3

for predicting the optimal coronary calcification thickness 
for disruption by scoring balloon angioplasty. The best 
cutoff values were defined as those with the highest sum 
of Youden’s index (sensitivity + specificity − 1). A p value 
of < 0.05 was considered to indicate statistical significance.

Results

A total of 172 cross-sections with calcification were selected 
from 32 lesions.

Table 1 shows the patient population and baseline charac-
teristics. The angiography and procedure characteristics are 
presented in Table 2. Most PCIs were performed on the left 
anterior descending arteries. The mean longitudinal length 
of the calcified plaque was 17.1 ± 12.9 mm. The MLA and 
the minimum and maximum diameter at the culprit site 

after PCI were significantly larger than before PCI. The 
mean scoring balloon diameter was 2.61 ± 0.30 mm, and 
the mean balloon pressure before lesion modification was 
11.9 ± 3.2 atm. We deployed the stents in all except for 1 
patient. The mean stent diameter was 2.81 ± 0.28  mm, 
mean total stent length was 36.7 ± 18.4 mm, mean number 
of stents was 1.4 ± 0.61, and post-dilatation pressure was 

Fig. 1   a Example of a cross-sectional coronary calcification. b The image shows the thicknesses of the calcifications (520, 470, and 440 µm), 
and 3 disruption sites can be seen. In this case, the coronary calcification angle was 360° and the shape was non-convex

Table 1   Patient characteristics

BMI body mass index

Number of patients 32

Age (years), mean ± standard deviation 71.7 ± 9.4
Male, n (%) 27 (84.4%)
BMI (kg/m2), mean ± standard deviation 24.3 ± 3.4
Coronary risk factors
 Hypertension, n (%) 27 (84.4%)
 Diabetes mellitus, n (%) 15 (46.9%)
 Dyslipidemia, n (%) 28 (87.5%)
 Smoker, n (%) 22 (68.8%)
 Hemodialysis, n (%) 4 (12.5%)

Table 2   Angiography and procedure characteristics

RCA​ right coronary artery, LAD left anterior descending artery, LCX 
left circumflex artery, DES drug-eluting stent

Target vessel

RCA, n (%) 4 (12.5%)
LAD, n (%) 27 (84.4%)
LCX, n (%) 1 (3.1%)
Scoring balloon
 Balloon diameter (mm) 2.61 ± 0.30
 Pressure (atm) 11.9 ± 3.2

Stent
 Stent delivery success, n (%) 31 (96.9%)
 Mean stent diameter (mm) 2.81 ± 0.28
 Mean total stent length (mm) 36.7 ± 18.4
 Mean number of stents 1.4 ± 0.61
 Post-dilatation pressure (atm) 17.2 ± 4.5

Coronary complication
 Coronary perforation 0 (0%)

DES type
 Everolimus, n (%) 39 (86.6%)
 Biolimus A9, n (%) 4 (8.8%)
 Zotarolimus, n (%) 2 (4.4%)
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17.2 ± 4.5 atm. Coronary perforation was not observed. 
Everolimus-eluting stents were mainly used. Table 3 shows a 
comparison of the disrupted and non-disrupted sites. Before 
PCI, 172 cross-sectional segments with calcified plaque 
were identified by OCT. After pre-dilatation using the scor-
ing balloon, successful lesion modification (= complete 
disruption of the calcified plaque) was achieved in 117 seg-
ments (68%, disrupted group). The remaining 55 segments 
(32%) were not successfully modified (non-disrupted group). 
In the disrupted group, the calcified plaque was significantly 
thinner than in the non-disrupted group (0.35 ± 0.14 mm vs. 
0.79 ± 0.13 mm, p < 0.001). Conversely, the angle of the cal-
cified plaque tended to be larger in the segments with calcifi-
cation disruption than in those with disruption (256.2° ± 84.4 
vs. 232.7° ± 73.9, p = 0.08). However, there was no statistical 
significance between the groups. The convex type of angle 
was less frequently observed in the disrupted group than 
in the non-disrupted group (4.3% vs. 21.8%, p < 0.001). 
Table 4 shows the results of OCT analyses for the MLA 
sites. Successful lesion modification was achieved in 26 
segments (81.3%, disrupted group) but not in 6 segments 
(non-disrupted group). Similar to the overall results, the dis-
rupted group had significantly thinner calcification than the 
non-disrupted group (0.38 ± 0.17 mm vs. 0.79 ± 0.19 mm, 
p < 0.001). There were no significant differences in the 
longitudinal length of calcification between the 2 groups. 
The angle of the calcified plaque was similar between the 2 
groups (274.6 ± 74.0° vs. 243.3 ± 99.9°, p = 0.39). The con-
vex type of calcification was less frequently observed in the 

disrupted group than in the non-disrupted group (3.85% vs. 
33.3%, p = 0.05). Stent delivery was successfully completed 
in all patients (100%) in the disrupted group and in 5 patients 
(83%) in the non-disrupted group. Incomplete stent apposi-
tion was present in 19 patients (73%) in the disrupted group 
and in 6 patients (100%) in the non-disrupted group.

The ROC curve analysis showed that a calcification thick-
ness of < 565 μm (area under the curve [AUC] 0.928, sen-
sitivity 85.3%, specificity 91.4%) was the best cutoff value 
for predicting calcification disruption (Fig. 2). In a subset 
of 101 segments with a calcification angle of > 270°, the 
ROC curve showed that a calcification thickness of < 535 μm 
(AUC 0.930; 95% confidence interval 0.873–0.987, sensitiv-
ity 86.7%, specificity 85.9%) was the best cutoff value for 
predicting calcification disruption (Fig. 3).

Angiographic follow-up was performed in 29 of 32 
patients (90.6%). During follow-up (median 295 days), TLR 
was documented in 3 of 29 patients (10.3%) (2 [7.7%] in the 
disrupted group and 1 [16.7%] in the non-disrupted group).

Discussion

The principal findings of this study were that lesion modi-
fication could be achieved in 68% of the heavily calcified 
coronary arterial segments after pre-dilatation using a 
scoring balloon, and that the thickness and morphology 
of the calcified plaque were successful predictors of lesion 
modification.

Table 3   Optical coherence 
tomography results comparing 
between disrupted and non-
disrupted sites

Disrupted group Non-disrupted group p value

Number of sites 117 55
Calcification thickness (mm) 0.35 ± 0.14 0.79 ± 0.13 < 0.001
Calcification angle (degree) 256.3 ± 84.5 232.7 ± 74.0 0.08
Convex shape of calcification (%) 4.3 21.8 0.001

Table 4   Optical coherence 
tomography results of minimal 
lumen area sites (n = 32)

Disrupted group
(n = 26)

Non-disrupted group
(n = 6)

p value

Before lesion modification
 Minimal lumen diameter (mm) 1.04 ± 0.15 1.13 ± 0.17 0.19
 Minimal lumen area (mm2) 1.20 ± 0.26 1.62 ± 0.56 0.008
 Calcification thickness (mm) 0.38 ± 0.17 0.79 ± 0.19 < 0.001
 Longitudinal length of calcification (mm) 18.2 ± 13.2 12.2 ± 8.3 0.31
 Calcification angle (degree) 274.6 ± 74.0 243.3 ± 99.9 0.39
 Convex shape of calcification, n (%) 1 (3.85) 2 (33.3) 0.05

After lesion modification
 Minimal lumen diameter (mm) 2.07 ± 0.06 1.97 ± 0.13 0.46
 Minimal lumen area (mm2) 4.19 ± 1.05 3.70 ± 1.27 0.32
 Incomplete stent apposition, n (%) 19 (73) 6 (100) 0.09
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Coronary artery stenosis with heavily calcified lesions 
can be challenging for coronary interventionists because of 
the strong resistance to balloon dilatation or stent implan-
tation [11–13]. A previous OCT study demonstrated that 
the amount (area) and distribution (angle) of the calcified 
plaque may be associated with stent expansion [10]. In addi-
tion, incomplete stent apposition may also occur after stent 
deployment to calcified lesions with irregular surfaces and 
convex shapes [14]. Stent under-expansion, a small MLA, 
and the length of the stent are often reported as major fac-
tors for stent restenosis and thrombosis [15–18]. As a result, 
heavily calcified lesions may be associated with a higher risk 
for stent restenosis and thrombosis [19, 20]. As mentioned 
above, calcified plaque modification before stent deployment 

might be associated with adequate stent expansion and 
favorable late outcomes [21].

In our study, the thickness of the calcification was a key 
measure for predicting lesion modification. In patients with 
circumferential calcification (i.e., calcification angle > 270°) 
and a calcification thickness of < 535 µm, a scoring balloon 
angioplasty may be effective. Furthermore, the morphol-
ogy of the calcification is another predictor for fracture of 
calcification. As expected, the non-convex type of calcified 
lesion could be more easily disrupted after scoring balloon 
angioplasty.

The so-called “scoring balloon” has been recognized as 
an alternative interventional tool to pre-dilate non-calcified, 
as well as calcified, lesions prior to stent implantation. A 
scoring balloon is easier to use than rotational ablation, and 
the usefulness of the scoring balloon for heavily calcified 
coronary lesions is well recognized [22, 23]. During bal-
loon inflation, the scoring elements cut or crack the calci-
fied portion more effectively than standard balloons without 
scoring elements. Lesion modification by scoring balloon 
can be more easily performed. On the other hand, use of 
a scoring balloon may cause coronary complications [24]. 
In a previous study, coronary calcification and use of a cut-
ting balloon were associated with coronary perforation [25]. 
Furthermore, in vessels having an eccentric plaque, there 
might also be a risk of perforation. However, fortunately, 
coronary perforation did not occur in our study. Similar to a 
previous study [26], only 7 cases (21.8%) showed complete 
stent apposition. Moreover, we failed to deploy a coronary 
stent in 1 case. In this case, rotational ablation should have 
been performed. Furthermore, 3 TLRs were documented 
in this study. Severe calcification is still associated with an 
increased risk of adverse cardiovascular events following 
treatment with DES [27].

In our study, OCT was used to assess calcification and 
lesion modification. OCT provides higher-resolution imag-
ing (10–20  μm) than intravascular ultrasound (IVUS, 
150–200 μm) [8] and detects calcification contours more 
clearly. A previous study comparing OCT, IVUS, and histo-
logical analysis showed that OCT more accurately quantified 
the amount of calcification than IVUS. OCT-guided PCI is 
effective for heavily calcified coronary lesions.

Limitations

There are several limitations to this study. First, it was a 
single-center, retrospective study with a small sample size. 
To address the impact of balloon size and maximal inflation 
pressure, far more cases are needed. Second, only 1 type of 
scoring balloon was used for pre-dilatation. This makes the 
predictive value of the calcification thickness and angle for 

Fig. 2   Prognostic value of disrupted calcification vs. non-disrupted 
calcification thickness in all cross-sectional OCT images (n = 203). 
AUC​ area under the curve, CI confidence interval

Fig. 3   Prognostic value of disrupted calcification vs. non-disrupted 
calcification thickness in coronary angles > 270° (n = 101). AUC​ area 
under the curve, CI confidence interval
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lesion modification by other scoring balloons, as well as 
standard balloons, uncertain.

Conclusions

Both the thickness and the shape of the calcification are 
predictive of successful lesion modification after scoring 
balloon angioplasty. A coronary plaque calcification with 
a thickness of < 565 μm and a non-convex shape may be 
disrupted better by scoring balloon angioplasty prior to stent 
implantation than other types of calcifications.
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