
Manuscript Click here to access/download;Manuscript;manuscript 
sugawara 20180928.docx 

• 

Click here to view linked References 

1 

123

4567

89

01

2 

ー ム

1
よ寸ム

Title 

Plaque 恥1odification of Severely Calcified Coronary Lesions by Scoring Balloon Angioplast y Using 

Lacrosse Non-slip Elemen t: Insights from an Optical Coherence Tomography Evaluation 

1 3 Short title : Scoring balloon angioplasty for calcifi ed lesions 

14 
1 5 
1 6 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 
4 0 
4 1 
42 
43 
4 4 

E-mail: waegurorunsra lai hotmail.co .io 45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 1 
62 
63 
64 
65 

Yu Sugawara ， ~但)， Tomoya Ueda ，恥任)， Tsunenari Soeda ， l¥狙)， Makoto Watanabe ，恥但)，Hiro yuki Okura ， 

MD， Yoshihiko Saito ，恥11)

Department ofCardiology ， Nara Medical University ， Japan 

Corresponding author : 

Yu Sugawara ， MD 

Department ofCardiolog y， Nara Medical Univ ersity 

840 Shijo ・cho ，K ashih ara， Nara ， Japan 634・8522

Phone +81 ・744 ・22-3051 Ex. 3411 ， Fax +81 ・744 ・22・9726



Thank you for your valuable and important comments for improving our manuscrip t. 

1 believe that incorporating your suggestions into the revised version has enhanced the quality of our 

manuscrip t. We hope that you wiU now find it acceptable ゐrpublication. 

Sincerely ， 

Yu Sugawara ， MD 

Nara Medical University 



2 

123456789012 

111 

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 

13 potential to dilate heavily calcified lesions . We aimed to investigate predictors of successful lesion 

1 4 
15 
16 modification using Lacrosse NSE angioplasty via optical coherence tomography (OCT)-guided PCI. 
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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. 

29 Before PCI ， 172 segments with calcification were identified. After pre-dilatation usin g Lacrosse NSE ， 

30 
31 
32 successful lesion modification was achieved in 117 segments (68.0 %). Calcification was significantly 
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thinner in successfully disrupted segments than in non-disrupted segments (p く 0.001 ).Calcification 

angle tended to be larger in disrupted than in non-disrupted segments (p = 0.08) . Convex types were less 

合equently observed in disrupted than in non-disrupted segments (p く 0.001). At minimallumen 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 く 0.001) .The angle of the calcified 

plaque was similar between the 2 groups (p = 0.39). Convex-type calcifications were less frequentl y 

5 4 observed in the disrupted group than in the non-disrupted group (p = 0.05). Receiver-operatin g 
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characteristic curve analysis showed that calcification thickness く565μm was the best predictor of 
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completely disrupted calcification . 

The thickness and shape of calcifications were predictors of success 白Ilesion modification after 

Lacrosse NSE angioplasty . 

13 Key words: percutaneous coronary intervention ， scoring balloon angioplasty ， coronary calcified lesion ， 
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Introduction 

Heavily calcified coronary 1巴sions are one of the most challenging subsets of lesions to manage during 

percutaneous coronary intervention (PCI) because they interfere with the ability of the balloon or stent to 

13 cross and may exhibit strong resistance to balloon dilatation. Even with the use of second- or 

14 

15 

16 third-generation drug-eluting stents (DES) ， stent under-e xpa nsion has been consistently reported as a 
1 7 
18 

19 strong predictor for stent restenosis as well as stent thrombosis [1， 2]. Therefore ， to expand the coronar y 
20 
21 
22 
23 
24 

25 

26 
27 

28 

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 

29 calcified plaque [3， 4]. Although pre ・dilatation via the Lacrosse non-slip element (NSE ; Goodman. Co.， 

30 
31 
32 Ltd.， Nagoya ， Jap an) scoring balloon may be effective for modif ying heavily calcified lesions [5] ， the 
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rates and predictors of effective lesion modification are still uncertain. 

Optical coherence tomography (OCT) is a near-infrared lig ht-based intracoronary imaging modality that 

provides high 明resolution images of the vascular wall and can detect different characteristics of 

atherosclerotic plaqu es [6-9] . OCT pro vide s m ore accurate morpholo gical and quantit ative information of 

the calcified plaque than intravascular ultrasound [8， 10]. 

Accordingly ， this study was conducted to determine if OCT imaging could identi 今the predictors of 

successful modifi cat ion ofh eavily calcified lesions afte r pre-dilat ation using a Lacrosse NSE balloon . 

Methods 
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13 based on fluoroscopic appearance as lesions with readily apparent radio-opacities within the vascular 

14 
15 

Study population 

Between January 2013 and December 2014 ， 32 consecutive patients who underwent O CT-guided PCI 

for heavily calcified coronary lesions were enrolled. Heavily calcified coronary lesions were defined 

16 walls in more than I projection on cine images before contrast medium injection. 78901
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The inclusion criteria were as follows : (1) symptomatic angina pectoris with significant coronary 

stenosis (>75% diameter) ， and (2) severely caIcified lesions treated using a scorin g balloon followed by 

second- or third-generation DES implantation . 

The ゐllowing cases were excluded: (1) restenotic lesions ， (2) totall y 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 ofvess el tortuosit y 

or incomplete removal ofblood durin g OCT imaging ， and (5) lesions  treated with rotational ather ectom y. 

Successful lesion modification was defined as the creation of 1 or more complete fracture of the 

calcification after pre ・dila tation.

After PCI ， we performed a 3・year follow-up investigation and examined the number of target lesion 

revasc ularizations (TLRs). TLR was defined as PCI or bypass surgery because of restenosi s or thromboti c 

events at the target lesion ， which includes the proxim al and dist al edge seg ment s 

PCI and OCT procedure s 
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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 angiography ， a commercially 

10 available frequency-domain OCT catheter (C7 /C8 OCT imaging system; St. Jude Medical ， MN， USA or 

11 

12 
13 OFDI system; Terumo Corporation ， Tokyo ， Japan) was inserted to obtain cross-sectional images of the 

14 

15 
16 target lesion prior to any interventional procedures. After intracoronary nitrate i吋ection to achieve 
17 
1 8 

19 maximal vasodilatation ， OCT images were acquired using an automated pullback (20 mm/s). Because 
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calcified plaques may be present throughout the target lesion ， we measured and analyzed multiple 

cross-sectional images of the calcified plaque ， including the minimal lumen area (MLA) sites at l-mm 

intervals. In addition ， a similar analysis was also performed using cross-sectional images from the 恥1L A

site only. After OCT imaging ， 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 

operator's discretion based on the angiography and OCT findings . After pre ・dilatation ，OCT imaging w as 

repeated to assess lesion modification and the DES was implanted with subsequent high-pressure 

post-dilatation. 

Analysis of OCT imaging 

51 Calcified plaques were defined as well-delineated ， signal-poor regions with sharp borders . We mainly 
52 

53 

5 4 examined the calcified plaque around the MLA . The longitudinallength ， thickness ofthe cal cified plaqu e， 
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calcification angle ， and shape of calcification were examined at every l-mm incremen t. We classified the 
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29 predictors of calcification disruption. 

30 

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 typ e. 

After pre 田dilatation using scoring baIIoon ， disruption ofthe caIcified plaque was determined via OCT. 

OCT showed circumferential caIcification beあre(Figure la) and after (Figure lb) PCI. Figure lb shows 

3 caIcium fractures. The thickness of the caIcification in each 企acture was 520 ， 470， and 440μm ， 

respectively. In this case ， the coronary caIcifi cation angle was 360 0 and the shape was non-convex. 

Segments with disrupted caIcified plaque were compared to those without disruption to investigate 

31 
32 Angiographic follow-up 
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Angiographic foIIow-ups were scheduled at 9 months foIIowing the index procedure . TLR was defined 

as isch emia-drive n repea ted revascu larization of the target lesions incIudin g stented segme nts and stent 

edges (within 5 mm企omboth proximal and distal stent edges). 

Statistical analysis 

48 AII analyses were performed using SPSS version 19 (SPSS Inc.， Chicago ， IL， USA) . Continuous 

49 
50 
51 variables are presented as mean 土 standard deviation ， and catego rical variables as freq uenci es and 
52 
53 

54 perc entages. Continuous variables were compared using an unpaired Student 's t-test or WiIcoxon 
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rank- sum test based on their distribution. Categorical data were eva!uated using the chi-square test or 
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Fisher 's exact test ， as appropriate. A receiver-operating characteristic curve (RO C) was used to determine 

the best cutoff values 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 

13 (sensitivity + specificity -1). A p-value ofく0.05was considered to indicate statistical significance. 

1 4 
1 5 

1 6 Results 
1 7 
18 

19 A total of 172 cross-sections with calcification were selected from 32 lesions. 
20 
21 
22 
23 
24 
25 
26 
27 

28 

Table 1 shows the patient population and bas e1ine characteristics . The angiography and procedure 

characteristics are presented in Table 2. Most PCIs were performed on the left anterior descending arteries . 

29 The mean longitudinallength ofthe calcified plaque was 17.1土 12.9 mm. The MLA and the minimum 

30 
31 
32 and m aximum diameter at the culprit site after PCI were significantly larger than before PCI. The mean 
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scoring  balloon diameter was 2.61 士0.30mm， and the mean balloon pressure before lesion modification 

was 1l.9士3.2atm . We deployed the stents in all except for 1 pati ent. The mean stent diameter was 2.81 

:J: 0.28 mm， mean total stent length was 36.7 土 18.4mm， mean number ofstents was l.4士0.61 ，and 

post-dilatation pressure was 17.2 士4.5 atm . Coronary perforation was not observed . Everolimus-elutin g 

48 stents were mainly used. Table 3 shows a comparison ofthe disrupted and non-disrupted sites. Before PCI ， 

49 
50 
51 172 cross-sectional segments with calcified plaqu e were identified by OCT. After pre-dil atatio n using the 
52 
53 

54 scoring balloon ， successfullesion modifi cat ion (= complete disruption ofthe calcified plaque) was 567890
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achieved in 117 segments (68% ， disrupted group). The remaining 55 segments (32 %) were not 
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successfully modified (non-disrupted group) . In the disrupted group ， the calcified plaque was 

significantly thinner than in the non 司disrupted group (0.35 土0.14 mm vs. 0.79 土0.13 mm， p < 0.001). 

Conversely ， the ang le ofth e calcified plaque tended to be larger in the segments with calcification 

13 disruption than in those with disruption (256.2 0土 84.4vs. 232.7 0土 73.9，Pニ 0.08). Howe ver， there was 

14 
15 
16 no statistical significance between the groups . The conve x type of angle was less frequentl y observed in 
17 
18 
1 9 
20 
2 1 
2 2 
23 
24 
25 
26 
27 

the disrupted group than in the non-disrupted group (4.3% vs. 2 1.8%， Pく 0.001). Table 4 shows the 

results ofOCT analyses for the MLA sites. Success 削 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 

28 
29 disrupted group had significantly thinner calcification than the non-d isr upted group (0. 38土0.17mm vs. 

30 
3 1 
32 0.79土0.19 mm， p < 0.001) . There wer e no signifi cant differ ences in the lon gitudin allength of 
33 
4
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calcific ation between the 2 groups. The angle ofthe calcified plaque was similar between the 2 groups 

(274 .6土74.00vs. 243 .3士 99.90，P = 0.39). The conve x type of calc ifi cat ion was less frequently observed 

in the disrupted group than in the non. 司disrupted group (3.85% vs. 33.3% ， P = 0.05). Stent del iver y was 

successfully completed in all patients (100%) in the disrupte d gro up and in 5 patients (83%) in the 

4 8 non-disrupted group. Incomplete stent apposition was present in 19 patients (73%) in the disrupted group 

49 
50 
51 and in 6 patients (100%) in the non-disrupted group . 
52 
34
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The ROC curve ana lysis showed that a calcification thickness of <565μm (area und ert he curve [AU C] 

0.928 ， sensitivity 85.3%， specificity 91.4%) was the best cutoff value for predicting calcification 
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disruption (Figure 2). In a subset of 101 segments with a calcification angle of>270 0， the ROC curve 

showed that a calcification thickness of <535μm (AUC 0.930; 95% confidence interval 0.873 -0.987 ， 

sensitivity 86.7% ， specificity 85.9%) was the best cutoffvalue for predicting calcification disruption 

12 
13 (Figure 3). 

14 
15 
16 Angiographic follow-up was performed in 29 of32 patients (90.6%) . During follow-up (median 295 
17 
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days) ， TLR was documented in 3 of29 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 modification 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 ofthe calcified plaque were successful predictors oflesion modification. 

Coronary artery stenosis with heavily calcified lesions can be challenging for coronary interventionists 

because ofthe strong resistance to balloon dilatation or stent implantation [11-13]. A previous OCT study 

demonstrated that the amount (area) and distribution (angle) of the calcified plaque may be associated 

48 with stent expansion [10]. In addition ， incomplete stent apposition may also occur after stent deployment 

49 
5 0 
51 to calcified lesions with irregular surfaces and convex shapes [14]. Stent under-expansion ， a small l¥1L A， 
52 
53 

54 and the length of the stent are often reported as m司jor factors for stent restenosis and thrombosis [15 -18]. 
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As a result ， heavily calcified lesions may be associated with a higher risk for stent restenosis and 
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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 

13 patients with circumferential calcification (i.e. ， calcification angle >270 0) and a calcification thickness of 

14 
15 
16 く535μm ，a scoring balloon angioplasty may be effective . Furthermore ， the morphology of the 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
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41 
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44 
45 
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47 
48 

49 
50 

calcification is another predictor for 合acture 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 altemative 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 ofthe scoring balloon for heavily calcified coronary lesions is 

well recognized [22， 23]. During balloon inflation ， the scoring elements cut or crack the calcified 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 cuttin g balloon were 

associated with coronary perforation [25]. Furthermore ， in vessels having an eccentric plaque ， there might 

51 also be a risk of perforation . However ， fortunately ， coronary perforation did  not occur in our study . 
52 
53 

54 Similar to a previous study [26]， only 7 cases (21.8%) showed complete stent apposition. Mor eover， we 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

failed to deploy a coronary stent in 1 case. In this case ， rotational ablation should have been performed . 
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Furthermore ， 3 TLRs were documented in this study. Severe calcification is still associated with an 

increased risk of adverse cardiovascular events following treatm 巴ntwith DES [27]. 

In our study ， OCT was used to assess calcification and lesion modification. OCT provides 

higher-resolution imaging (10-20μm) than intra vascular ultrasound (IVUS ， 150-200μm) [8] and detects 

calcification contours more clearly. A pre vious study comparing OCT ， IVUS ， and histological analysi s 

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 stud y. First ， it was a single-center ， retrospective study with a small 

sample size. To address the impact of balloon size and maximal inf1ation pressure ， far more cases are 

needed . Second ， only 1 type of scoring balloon was used for pre-dilatation . This make s the predictive 

value ofthe calcification thickness and angle for lesion modification by other scoring balloons ， as well as 

standard balloons ， uncertain. 

Conclusions 

Both the thickness and the shape of the calcification are predicti ve of successful lesion modification 

51 after scoring  balloon angioplasty. A coronary plaque calcification with a thickness of く565μm and a 
2
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non-convex shape may be disrupted bett er by scorin g ballo on angio plasty prior to stent implantation than 

other types of calcifications . 
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Figure legends 

Figure 1. (a) Example of a cross 幽sectionaI coronary calcification. (b) The image shows the thicknesses of 

the calcifications (520 ， 470 ， and 440μm) ， and 3 disruption sites can be seen. ln this case ， the coronary 

calcification angle was 360 0 and the shape was non-convex. 

Figure 2. Prognostic value of disrupted calcifi cation vs. non-disrupted calcification thickness in alI 

cross-sectionaI OCT images (n = 203). 

AUC = area under the curve ， Cl = confidence interva l. 

Figure 3. Prognostic valu 巴ofdisrupted calcification vs. non-disrupted calcification thickness in coronar y 

angles >270 0 (n = 101). 

AUC = area under the curve ， Cl = confidence interva l. 
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Table 

Table 1 Patient characteristics 

Number of patients 32 

Age ， years ， mean 土standard deviation 71.7土9.4

Male ， n (%) 27 (84 .4%) 

Bお11，kg/m 2， mean 土standard deviation 24.3 土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%) 

B民但， body mass index 



Table 2 Angiography and procedure characteristics 

Target vessel 

RCA ， n (%) 4 (12.5%) 

LAD ， n (%) 27 (84 .4%) 

LCX ， n (%) 1 (3.1%) 

Scoring balloon 

Balloon diameter ， mm 2.61 土0.30

Pressure ， atm 11.9:1: 3.2 

Stent 

Stent delivery success ， n (%) 31 (96.9%) 

Mean stent diameter ， mm 2.81 士0.28

Mean total stent length， mm 36.7 土 18.4

Mean number of stents l.4土0.61

Post-dilatation pressure ， atm 17.2 土4.5



Coronary complication 

Coronary per foration 0(0%) 

DES type 

Everolimus ， n (%) 39 (86.6%) 

Biolimus A9， n (%) 4 (8.8%) 

Zotarolimus ， n (%) 2 (4.4%) 

RCA ， right coronary arter y; LAD ， Ieft anterior descending artery; LCX ， left circumflex artery ; DES ， 

dru g-eluting stent 



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 ， 0.35土0.14 0.79 土0.13 く0.001

mm 

Calcification angle ， 256.3 士84.5 232.7 士74.0 0.08 

degree 

Convex shape of 4.3 21.8 0.001 

calcifi cation ， % 



Table 4 Optical coherence tomography results of minimallumen area sites (N = 32) 

Disrupted group 

(n = 26) 

p u o vt σb ・GρLV &B--nr u va F3

、hy

- 一
H

rhu

い=mu'n

、

N( 
p-Value 

Before lesion modification 

Minimallumen 1.04土0.15 1.13土0.17 0.19 

diameter ， mm 

Minimallumen area ， 1.20士0.26 1.62士0.56 0.008 

mm2 

Calcification thickness ， 0.38 土0.17 0.79 士0.19 く0.001

m口1

Longitudinallength of 18.2 土13.2 12.2 土 8.3 0.31 

calcification ， mm 

Calcification angle ， 274.6 土74.0 243.3 土99.9 0.39 

degree 

Convex shape of 1 (3.85) 2 (33 .3) 0.05 

calcification ， n (%) 



After lesion modification 

Minimal lumen 2.07土0.06 l.97士0.13 0.46 

diameter ， mm 

Minimal lumen area ， 4.19 土l. 05 3.70 :l:: l.27 0.32 

m m 

Incomplete stent 19(73) 6 (100) 0.09 

appo sition ， n (% ) 


