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DES in Korea



• Platform

- Material: Co-Cr

- Strut Thickness: 70 ㎛

- Design: waved semi-open cell

• Carrier

- Material: Biodegradable PLA

- Thickness: 5 ㎛

D+ storm DES

• Drug

- Material: Sirolimus

- Dose: 1.4 ㎍/㎟

• Antioxidant

: Ascorbic Acid (Vitamin C)



D+storm DES

Advanced Coating 

Technology

• Abluminal drug coating

• Controlled drug release

• Anti-thrombotic properties

Coating Matrix Drug

Coating thickness: 5 µm 

µm 

Optimal Stent Platform

• waved semi-open cell

• Foreshortening <0.4%

• Lower recoil <3.0%

• Higher radial force

Stent Design

Strut thickness: 70 µm 

Early Healing

• Anti-inflammatory

ascorbic acid

• Anti-proliferative sirolimus

• Excellent stent strut 

coverage



D+storm DES
Drug

anti-aging

low inflammation

Sirolimus Ascorbic acid

Sirolimus+ Ascorbic acid(High)Sirolimus+ Ascorbic acid(low)

When sirolimus inhibits vascular 

myocyte proliferation, 

Vit C helps vascular endothelial cell 

proliferation.

Pharmacology & Therapeutics 119 (2008) 96–103



D+storm DES

with Ascorbic acid

Without Ascorbic acid

Reduces Early Inflammation 

With ASC

- 7%Area restenosis (%)

Inflammation score - 30%

Platelet adhesion (%) - 33%

13/35



D+storm DES

Comparison with other DES

Product Synergy
Xience 

sierra
Onyx Ultimaster Orsiro D+STORM

Material Pt-Cr alloy Co-Cr alloy Co-Cr alloy Co-Cr alloy Co-Cr alloy Co-Cr alloy

Strut 

thickness
74 μm 81 μm 81 μm 80 μm 60 μm 70 μm

Drug Everolimus Everolimus Zotarolimus Sirolimus Sirolimus Sirolimus

Polymer

PLGA 

(Bioabsorbabl

e Polymer)

PVDF-HFP

(Biocomforta

ble Polymer)

Phophorylch

oline

(BioLinx)

PDLLA-PCL 

copolymer
PLLA PLA

Coating 

thickness

4 μm

(Abluminal)

8 μm 

(Conformal)

6 μm 

(Conformal)

15 μm 

(Abluminal)

7 μm 

(Conformal)

5 μm 

(Abluminal)

Drug content 100 μg/cm2 100 μg/cm2 160 μg/cm2 3.9 μg/mm 1.4 μg/mm2 1.4 μg/mm2



D+storm DES

Flat Plate Compression
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D+storm DES
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D+storm DES
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First-In-Human Trial

Clinical endpoints

A Multicenter, Subject-blinded, Randomized Study

non-inferiority trial

D+Storm Biomatrix flex

n=57 n=55

5 centers in Korea

112 patients randomized 1:1

Subsets: QCA, IVUS 

Angio/IVUS endpoints

1d 1 month 3 months 9 months-5 d

PCI

BaselineScreening

V1 V2 V3 V4 V5

• Seoul National University College of Medicine

• Hanyang University College of Medicine,

• Yonsei University Wonju Severance Christian Hospital, Wonju

• Gachon University Gil Medical Center

• Korea University Anam Hospital



First-In-Human Trial

Clinical endpoints

D+Storm Biomatrix flex

n=57 n=55

5 centers in Korea

112 patients randomized 1:1

Subsets: QCA, IVUS 

Angio/IVUS endpoints

1d 1 month 3 months 9 months-5 d

PCI

BaselineScreening

V1 V2 V3 V4 V5

Primary Endpoint: In-segment Late Lumen Loss (LLL) at 9 months

• 2˚ Clinical Endpoints: Cardiac death, MI, TLR, MACE, stent thrombosis, success rate

• 2” Angiographic Endpoint: in-stent LLL, % diameter restenosis at 9 months

• 2˚ IVUS Endpoints: Rates of incomplete stent apposition at 9 months, neointimal hyperplastic 

volume and % volume obstruction 

A Multicenter, Subject-blinded, Randomized Study

non-inferiority trial



First-In-Human Trial

Results

Korean Circ J. 2021;51(12):1001-14



First-In-Human Trial

Results-Baseline clinical characteristics

D+Storm™

(n=54)

BioMatrix Flex™

(n=53)
p value

Age (years) 64±10 64±10 NS*

Male 37 (68.52) 33 (62.26) NS

Co-morbidities

Hypertension 35 (64.81) 32 (60.38) NS

Hyperlipidemia 26 (48.15) 32 (60.38) NS

Diabetes mellitus 15 (27.78) 18 (33.96) NS

Diagnosis

Silent ischemia 2 (3.64) 1 (1.72) NS

Stable angina 11 (20.00) 20 (34.48) NS

Unstable angina 32 (58.18) 25 (43.10) NS

NSTEMI 9 (16.36) 8 (13.79) NS

The values are presented as n (%).

* NS: not significant
Korean Circ J. 2021;51(12):1001-14



First-In-Human Trial

Results- Angiographic & Procedural characteristics

D+Storm™

(n=54)

BioMatrix Flex™

(n=53)
p value

Coronary artery disease

1 vessel disease 44 (81.48) 45 (84.91) NS

2 vessel disease 7 (12.96) 7 (13.21) NS

3 vessel disease 3 (5.56) 1 (1.89) NS

Target lesion

LAD 40 (74.07) 33 (62.26) NS

LCX 4 (7.41) 10 (18.87) NS

RCA 10 (18.52) 10 (18.87) NS

Stent diameter (mm) 3.22±0.44 3.30±0.41 NS

Stent length (mm) 23.08±7.32 23.00±6.56 NS

Stent overlap 3 (5.56) 2 (3.77) NS

The values are presented as n (%).

* NS: not significant
Korean Circ J. 2021;51(12):1001-14



First-In-Human Trial

In-segment 
Late lumen loss (mm)

In-stent 
Late lumen loss (mm)
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D+Storm™ DES 

(n=52)

BioMatrix Flex™

DES (n=52)

0
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D+Storm™ DES 

(n=52)

BioMatrix Flex™

DES (n=52)

0.08±0.13 0.14±0.32
0.14±0.15 0.15±0.31

P= 0.879 P= 0.884

Korean Circ J. 2021;51(12):1001-14



First-In-Human Trial

Clinical Outcomes

D+Storm

(N=52)

Biomatrix Flex 

(N=52)

p

Death 0 0 NA

MI 0 1 (1.9%) NA

TVR 0 1 (1.9%) NA

TLR 0 1 (1.9%) 1.00

Stent thrombosis 0 1 (1.9%) 1.00

Success rate 52 (100) 50 (96.2%) 0.49

N (%)

Korean Circ J. 2021;51(12):1001-14



First-In-Human Trial

Index pre-PCI Stenting Index post-PCI                    9 months FU



• Ajou University Hospital

Inha University Hospital

• Prospective multicenter registry

• 206 patient, 264 lesions 

• 12 months clinical follow-up

• This work was supported by the Korea Medical 

Device Development Fund grant funded by the 

Korea government (the Ministry of Science and 

ICT, the Ministry of Trade, Industry and Energy, 

the Ministry of Health & Welfare, Republic of 

Korea, the Ministry of Food and Drug Safety) 

(Project Number: RS-2020-KD000246).

Real world Experience study



Real world Experience

Results-Baseline clinical characteristics

D+Storm™ (n=206)

Age (years) 65±9

Male 143 (69.4%)

Co-morbidities

Hypertension 114 (55.3%)

Hyperlipidemia 95 (46.2%)

Diabetes mellitus 74 (35.9%)

Current smoker 57 (27.7%)

Prior MI 13 (6.3%)

Prior PCI 39 (18.9%)



Real world Experience

Results-Baseline clinical characteristics

D+Storm™ (n=206)

Clinical diagnosis

Stable angina 35 (17.0%)

Unstable angina 114 (55.3%)

STEMI 10 (4.9%)

NSTEMI 11 (5.3%)

others 36 (17.4%)

Coronary artery disease

1 vessel disease 43.0%

2 vessel disease 36.7%

3 vessel disease 20.3%



Results- QCA and Procedural results
D+Storm™ (n=264)

Reference vessel diameter, mm 3.08 ± 0.42

Pre-PCI

Diameter stenosis, % 84.6 ± 9.8

Minimal lumen diameter, mm 0.48 ± 0.28

Post-PCI

Diameter stenosis, % 5.8 ± 3.8

Minimal lumen diameter, mm 2.90 ± 0.40

Lesion length, mm 25.99 ± 11.17

Stent number per a lesion, n(%)

1 245 (92.8)

2 18 (6.8)

3 1 (0.4)

Stent diameter, mm 2.97 ± 0.38

Stent length, mm 26.19 ± 7.68

Procedural success,% 99.6



Real world Experience

Clinical Outcomes at 12 months

D+Storm (N=206)

Major adverse cardiac events

(death, MI, TLR)

3 (1.85%)

Death (cardiac death,1) 3 (1.85%)

Myocardial infarction 0

Target lesion revascularization 0

Target vessel revascularizationn 1 (0.48%)

Stent thrombosis 0



• Male/ 69 years old

• Abnormal echocardiography for the evaluation cerebral infarction 

• Echo: EF 50%, RWMA at apical anterior and septum

• Past medical Hx

:HTN, Hyperlipidemia, current smoker

Case 1
Calcified lesion



Case 1
Calcified lesion



Case 1
Stent passage and inflation : D storm 2.5/33 mm



Case 1
Pre-PCI                                                                 Post-PCI



• Female/ 70 years old

• Exertional chest pain for 1 month 

• Past medical Hx

:HTN, Hyperlipidemia

• Echo: EF 78%, No RWMA 

Case 2
Unstable angina



Case 2
Pre-PCI                                                           D+storm 3.0/24



Case 2
Post-PCI                                                                   OCT



• Male/ 57 years old

• Intermittent exertional chest pain  for 5 days

aggravated chest pain for 6 hours    

• Echo: EF 53%, RWMA  at anteroseptum & anterior

• Past medical Hx

: Hyperlipidemia, Current smoker

Case 3
AMI



Case 3 AMI large thrombus
Pre-PCI                                               



Case 3 AMI large thrombus
After thrombosuction After PTCA



Case 3 AMI large thrombus
D+storm 3.5/28 mm post stent



• Male/ 65 years old

• Exertional chest pain with neck radiation and sweating for 1 month

• Admitted at Jun/2021 

• Past medical Hx

: HTN, Ex-smoker

• Echo: EF 64%, No RWMA  

Case 4



Case 4 Index PCI
Pre-PCI    D storm Post-PCI



Case 4 Index PCI
Pre-PCI    D storm Post-PCI



• The patent discharged without events.

• Medication : maintained medications including DAPT for 2 months.

stopped medications and lost follow-up.

• Revisited hospital due to chest pain,16 months after index PCI

Case 4
Medication withdrawal



Case 4: 16 mo follow-up CAG
Index final CAG   FU CAG



Case 4: 16 mo follow-up CAG
Index final CAG   FU CAG



Case 4: 16 mo follow-up CAG
Pre-PCI Post-PCI



Conclusion / Take-home Message

• D+ storm DES is a new DES made in Korea.

• The first-in-human trial of the D+Storm DES demonstrated 

excellent efficacy in both QCA and clinical outcomes during 

9-month follow-up when compared to Biomatrix.

• Real world clinical trial showed excellent clinical outcomes  

in terms of death, MI and revascularization.

• There was no stent thrombosis.

• Further large-scale randomized clinical trials will be needed
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