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Abstract
Aims: To evaluate a new generation, thin strut, stainless steel Tsunami™ coronary stent in a contemporary

percutaneous coronary intervention (PCI) practice across a wide geographical area.

Methods and results: Patients (n=1,437) with single or multiple vessel coronary artery disease undergoing

PCI in 82 sites in Europe, Asia, and Australia were enrolled in the MATSURI registry. Clinical follow-ups

were scheduled at 1, 6 and 18 months. Primary endpoint was major adverse cardiac events (MACE) rate

at 6 months. 

Diabetes was present in 25% of patients, 40% had unstable angina, 54% multivessel disease and 31%

previously underwent PCI/CABG. Procedural success was achieved in 98.1% of patients. MACE rate was

1.8%, 7.3%, and 12.6% for 1, 6 and 18 month follow-up, respectively. At 6 months, the incidence of car-

diac death, MI and TLR were 1%, 1.9% and 4.5% respectively, and confirmed stent thrombosis occurred

in 0.2% of patients. Lower risk patients (43% of registry population) had six months MACE free survival of

96.7%. 

Conclusions: Based on the results of this large registry we can conclude that the Tsunami™ BMS com-

bines excellent deliverability and safety for all, together with very low MACE rates for lower risk patients. 

Long term follow-up confirmed sustained clinical benefit.
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Introduction
Over the last decade coronary stents have revolutionised the field of

interventional cardiology and have become the default treatment for

percutaneous coronary intervention. However, the long-term suc-

cess of coronary stenting is hampered by exaggerated neointimal

formation resulting in in-stent restenosis. A large body of evidence

has demonstrated that stents coated with antiproliferative drugs are

the most effective way to address this problem. The efficacy of drug

eluting stents (DES) has been established in comparative studies

versus the older generation of bare metal stents (BMS) and striking

differences, mainly related to reduction of repeat revascularisation,

have completely overshadowed the latest developments in bare

metal stent technology1-4. General use of drug eluting stents, howev-

er, remains limited by their high cost and need for extended dual

antiplatelet therapy. Moreover, the antiproliferative properties of cur-

rently available DESs prevent or delay vessel healing which could be

responsible for the late stent thrombosis frequently associated with

increased incidence of myocardial infarction and death5-10.

Healthcare funding agencies and interventional cardiologists face the

challenge of properly selecting patients for this promising treatment.

Therefore, it is essential to generate further scientific evidence to iden-

tify patients/lesions with increased risk for in-stent restenosis and 

contribute to adequate selection of the treatment modalities for each

individual patient. Likewise, the search for a better BMS design which

can be used as a platform for DES development is of fundamental

importance for further refinement of this breakthrough technology. 

The primary aim of this large, prospective, multicentre, multi-conti-

nent, registry was to evaluate the performance of newly developed,

thin strut, Tsunami™ (Terumo Corp. Tokyo, Japan) coronary stent

system in daily clinical practice across a wide geographical area.

Methods

Patient population

Patients who were at least 18 year of age, had stable, or unstable angi-

na or silent ischaemia, were considered for enrolment. Patients were

excluded if they had left main disease, left ventricular ejection fraction

of less than 30%, bifurcation requiring stenting of a diseased side

branch, acute myocardial infarction in the preceding 48 hours, or intol-

erance to stainless steel, aspirin, clopidogrel, ticlopidine, heparin, 

or contrast media. The investigators were advised to use Tsunami™ 

for all consecutive patients complying with inclusion criteria. 

Written informed consent was obtained from all patients prior to

their inclusion into the study. 

Lesions were treated with the use of standard interventional tech-

nique. Dual antiplatelet therapy with clopidogrel (75 mg once daily),

or ticlopidine (250 mg twice a day), supplemented with 80-150 mg

aspirin was recommended for four weeks. Aspirin alone was recom-

mended for at least six months. 

The Tsunami™ stent system

The Tsunami™ stent system is a stainless steel tubular stent with a

double linked diamond cell structure, pre-mounted on a semi-com-

pliant, low profile balloon. Low strut thickness of only 80 µm and

short overhang of the balloon over the stent edges are designed to

reduce vessel wall injury.11,12

The Tsunami™ coronary stent system was available in 2.0, 2.25, 2.5,

3.0, 3.5 and 4.0 mm diameters and 10, 15, 20, 25 and 30 mm lengths. 

Endpoints of the registry 

The primary endpoint of this registry was a composite of major

adverse cardiac events (MACE) at six months after the procedure.

Secondary endpoints were angiographic and procedural success

rates, MACE rate at 18 months, target lesion revascularisation (TLR)

at six months and in-stent thrombosis at 30 days.

Definitions

MACE was defined as composite of cardiac death, myocardial

infarction (MI), coronary artery bypass grafting (CABG) or percuta-

neous target lesion revascularisation (TLR). Deaths were classified

as cardiac or noncardiac. Deaths from undetermined causes were

reported as cardiac. MI was defined either as the development 

of pathological Q-waves in at least two contiguous leads with or 

without elevated cardiac enzymes or, in the absence of pathological

Q-waves, as an elevation in creatinine kinase levels to greater than

twice the upper limit of normal in the presence of an elevated level

of CK-MB fraction. Angiographic success was defined as final resid-

ual stenosis of the target site < 50% using the assigned treatment

device alone. Procedural success was defined as angiographic suc-

cess without in-hospital major adverse cardiac events. 

Stent thrombosis was defined as angiographically confirmed throm-

bus within the stented vessel or any death (without other obvious

cause), or Q-wave myocardial infarction in the territory of the stent-

ed segment within the first 30 days. It was classified as acute if it

occurred within the first 24 hours, subacute up to 30 days, and late

after 30 days. All reported re-interventions inside the stent and

5 mm proximally and distally were classified as TLRs. Other repeat-

ed PCIs in the same vessel were recorded as non-TLR target vessel

revascularisations (TVR). An independent clinical event committee

(see appendix) adjudicated all events. 

Quantitative coronary angiograms obtained before and after the proce-

dure were analysed at the independent core laboratory (Corisis, Paris,

France) using a validated edge detection system (Medis-H, CMS 4.0,

Leiden, The Netherland). Baseline angiographic variables included

reference vessel diameter (RVD), minimal luminal diameter (MLD),

percent diameter stenosis, lesion length and lesion complexity as

defined by the American Heart Association/American College of

Cardiology (AHA/ACC) classification. In-stent diameter stenosis, RVD,

MLD, acute gain (final MLD-pre MLD) and the presence of dissection

were noted post-procedure. No systematic angiographic follow-up was

scheduled for this study. However, CD-ROMS for all performed repeat

angiographic procedures were provided by the sites, analysed by the

same core laboratory and adjudicated by clinical event committee. 

Follow-up

All patients were scheduled to have one- and six-month clinical 

follow-up. 656 patients enrolled in 34 hospitals were subsequently

re-consented for long term follow-up which took place at
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18±5 months. At the time of follow-up contact, data were collected

pertaining to current clinical status, concomitant drug therapy, and

interim occurrence of adverse events.

Statistical and analytical plan

Statistical analysis was done by DatCom (Bekkevoort, Belgium) using

SAS for Windows version 8.02 (SAS Institute, Cary, North Carolina,

USA). All the analyses were based on the intention to treat population.

This was an observational, non-randomised study; therefore, the

statistical analysis was based on descriptive statistical techniques.

Categorical variables were presented as a rate with its 95% exact

confidence interval, whenever appropriate. Continuous variables

were presented as means ±1 standard deviation with their 95%

confidence interval.

Single- and multiple-variable logistic regression analyses were used

to derive predictors of MACEs. Multiple-variable predictors were

chosen by a stepwise procedure. Probability values < 0.05 were

considered to indicate statistical significance. 

Results

Patient’s demographics

Eighty-two centres located across 27 countries in Europe, Asia,

Africa and Australia enrolled 1,437 patients between January and

September 2003. Among these patients, 883 (61.4%) were treated

in Europe, 30 (2.1%) in Africa, 181 (12.6%) in Australia, and 343

(23.9 %) in Asia. Patient’s demographics are given in Table 1 and

they are representative of a contemporary PCI practice.

Lesion characteristics

QCA data were available for 1,496 of 1,792 lesions (83%).

Unavailable or unreadable CDs account for missing values.

Subsequent analysis showed no difference in baseline demograph-

ics and MACE rate between patients with and without angiographic

evidence. 

Main lesion characteristics are presented in Tables 2 and 3. 

Clinical research

Table 1. Baseline clinical characteristics.
N 1,437
Age (Yrs) 62±11
Male (%) 1,070 (74.5%)
Baseline angina status

Silent ischaemia 169 (11.7%)
Stable 683 (47.5%)
Unstable 578 (40.2%)
No info 7 (0.5%)

History of
MI 567 (39.5%)
CABG 101 (7.0%)
PTCA 342 (23.8%)

Risk factors
Insulin diabetes 83 (5.8%)
Non-insulin diabetes 274 (19.1%)
Hypertension 905 (63%)
Cholesterol 884 (61.5%)
Family history 416 (28.9%)
Smoking 548 (38.1%)

Values are numbers and percentages of patients or mean±SD

Table 2. Baseline angiographic characteristics.
Number of lesions 1,792
QCA data available 1,496 (83%)
Extent of vessel disease

Single-vessel 664 (46.2%)
Double-vessel 501 (34.9%)
Triple-vessel 268 (18.9%)

Target lesion classification*
A 248 (13.8%)
B1 560 (31.3%)
B2 607 (33.9%)
C 281 (15.7%)
Unknown 96 (5.4%)

Vessels treated
LAD 699 (39%)
RCA 614 (34.3%)
CFX 438 (24.4%)
LM 9 (0.5%)
SVG 15 (0.8%)
No info 17 (1%)

Lesion properties
Restenotic lesion 93 (6.3%)
Ostial lesion 112 (7.5%)
Eccentric lesion 620 (41.4%)
Heavily calcified lesion 78 (5.2%)
Calcified lesion 549 (36.7%)
Heavy angulation (> 90°) 47 (3.1%)
True bifurcation 91 (6.1%)
Severe sinuosity 20 (1.4%)
Ulcerated lesion 169 (11.3%)
Totally occluded lesion 133 (8.9%)
Thrombus present 66 (4.4%)

* Modified American College of Cardiology / American Heart Association
lesion classification. Values are numbers and percentages of lesions

Table 3. QCA data.
QCA, N lesions analysed 

N (before and after procedure) 1,496 (83%)
Pre-procedural results

Lesion length (mm) 10.57±5.93
Reference vessel diameter (mm) 2.96±0.42
Minimum lumen diameter (mm) 0.81±0.42
Diameter stenosis (%) 73±13%

Post-procedural results - in stent
Minimum lumen diameter (mm) 3.04±0.44
Diameter stenosis (%) 5±6%
Acute gain in segment (mm) 2.03±0.58
Acute gain in stent (mm) 2.23±0.52

Direct stenting 48%
Procedural success (per patient) 98.1%
Angiographic success (per lesion) 99.1%
Values are numbers and percentages and mean±SD of lesions.
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One half of the lesions were categorised as B2 and C type.

Multivessel coronary artery disease was recorded in 54% of

patients. The reference vessel diameter was less than 2.75 mm in

33% of treated lesions with available QCA data. 

Procedural characteristics

Predilatation was performed in 52% of the lesions while postdilata-

tion was needed for 24% of the lesions. A total of 1,792 lesions were

treated with 1,896 stents, representing 1.25 lesions and 1.31 stents

per patient. Stent length ranged between 10 and 30 mm and their

diameters between 2 and 4 mm. A single lesion was treated in

1,082 (75%) patients, and multiple lesions in 355 (25%) patients.

In 5.6% of patients other bare metal stents, drug eluting stents, or

balloon angioplasty were used alone or in combination with

Tsunami™ stent for the treatment of multiple lesions. 

Residual diameter stenosis of less than 50% was achieved in 99.1%

of the lesions and less than 30% in 95% of the lesions. Overall rate

of in-hospital major adverse cardiac events was 1.3%. There was one

acute in-stent thrombosis (0.07%) during the procedure.

Clinical follow-up

One month follow-up compliance rate was 96.4% (1,385 patients)

and 827 (57.5%) patients were on dual antiplatelet therapy. MACE

rate between index hospitalisation and 30 days was 0.5% (Table 4).

Two subacute stent thromboses were recorded. 

Between one and six months, 79 patients experienced MACE

(5.5%), the majority represented by target lesion revascularisation

(4.0%). Out of 105 patients experiencing MACE up to 6 months,

15 (14.3%), were treated with stents other than Tsunami™,

15 (14.3%) patients had multiple stents implanted in one lesion

and 14 (13.3%) had treated complex true bifurcation or unprotect-

ed left main artery. Diabetic patients comprised 38% of patients

with MACE. There were no cases of confirmed late stent thrombo-

sis. TVR rate was 4.5%. 

MACE rate for patients with diabetes mellitus (355 patients) was

11.3% and was significantly (p=0.013) higher than for non-diabet-

ic patients (6%). Nine of 13 deaths in this registry were amongst

diabetic patients and these patients were significantly older and

comprised a significantly higher proportion of females. 

Female gender was associated with a trend towards higher MACE

rate but the difference did not reach statistical significance (8.9%

for female, versus 6.9% for male). 

MACE rate of 8.3% in 432 patients with 480 target lesions in small

vessels (RVD<2.75 mm) was not significantly different from 7.1%

MACE rate observed in the patients with larger vessels. 

Patients with treated multiple lesions had MACE rate 9.8% which

was significantly higher (p=0.012) than 6.5% MACE rate in patients

with single lesions. 

Long term follow-up

Out of 656 patients (716 lesions) that gave informed consent to

attend long term follow-up, 633 (96.5%) patients were available for

clinical assessment (Table 5). Clinical and angiographic character-

istics of patients assigned for long term follow-up were similar to

overall registry population. MACE rate for this group of patients

increased from 6.9% at 6 months to 12.6% at 18±5 months. There

were 3 new cardiac deaths, 9 MIs in 7 patients, and 26 target lesion

revascularisations in 21 patients. There were no cases of late stent

thrombosis. 

Risk factor analysis

A total of 15 demographic, clinical, angiographic and procedural

variables were entered into the regression-analysis model in search

for predictors of adverse clinical events (Table 6). By multiple vari-

able analysis, 4 characteristics emerged as highly predictive for

overall MACE and the fifth (hypertension) was on the limit of signif-

icance (Table 7). 

A categorical assignment of all the patients into 3 subgroups rela-

tive to the number of risk factors, revealed that 612 (42.6%)

Table 4. Clinical outcomes.

In-hospital events n (%)

N followed-up 1,437 (100%)

Total MACE, ranked 19 (1.3%)

Cardiac death 1 (0.1%)

MI 13 (0.9%)

CABG-TLR 1 (0.1%)

TL-PCI 4 (0.3%)

Stent thrombosis 1 (0.07%)

Events up to 1 month follow-up

Total MACE, ranked 26 (1.9%)

Cardiac death 2 (0.1%)

MI 15 (1.1%)

CABG-TLR 1 (0.1%)

TL-PCI 7 (0.5%)

Stent thrombosis 2 (0.17%)

Events at 6 month follow-up (up to 185 days)

Total MACE, ranked 105 (7.3%)

Cardiac death 13 (1.0%)

MI 27 (1.9%)

CABG-TLR 7 (0.5%)

TL-PCI 58 (4.0%)

MACE = cardiac death, myocardial infarction and TLR. Values are 
numbers and percentages of patients

Table 5. Matched MACE rate for patient subgroup (656) consented
for long term follow-up.

Up to 6 month From 6 to Total up to 
follow-up 18±5 month 18±5 month

follow-up follow-up

Total MACE, ranked 45 (6.9%) 38 (5.79%) 83 (12.6%)

Cardiac death 4 (0.6%) 3 (0.5%) 7 (1.1%)

MI* 11 (1.7%) 9 (1.4%) 18 (2.7%)

CABG-TLR 2 (0.3%) 4 (0.6%) 6 (0.9%)

TL-PCI# 28 (4.3%) 22 (3.3%) 45 (6.8%)

* Two patients suffered recurring MI; # Five lesions had repeated TLR
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patients with one or none of the risk factors enjoyed a MACE free

survival of 97.3% at 6 months, contrary to 78.7% in 90 (6.3%)

patients with 3 or more risk factors (Figure 1). 

Discussion
The main findings of our study are excellent deliverability (99.1%

angiographic success rate) and clinical safety and efficacy 

of Tsunami™ stent in short and long term follow-up. Stratification of

the patients according to the number of risk factors, identified by 

multivariate analysis, showed that by appropriate patient selection 

a very low MACE rate could be achieved with this type of new gen-

eration bare metal stent. 

Long term MACE free survival was also high and, as expected, 

a decline in the TLR rate from 6 to 18 months was observed, 

without increase in the rates of death and MI13-15. This finding is in

agreement with the hypothesised temporal sequence of restenosis

which peaks at 3 to 4 months after BMS implantation and may

regress thereafter. The timing of the healing process appears to be

different from that observed after DES implantation where it could

be responsible for late stent thrombosis9. However, despite the

decrease over time some patients in our study still experience 

a need for revascularisation of target segment probably inherent 

to the progression of the disease. 

Stenting of small vessels yielded results which appear superior to

other BMSs and similar to those observed by Ardissino et al (9.3%

MACE rate) for the Cypher arm in the SES-SMART study and Danzi

et al for Tsunami™ stent in small vessel registry11,16-20. It can be

speculated that the particularly thin stent struts (80 µm) of the

Tsunami™ coronary stent, and its design, contributed to the good

clinical performance. The patients enrolled in this registry did not

have angiographic follow-up which could have resulted in reduced

TLR. The phenomenon of increased TLR rate with protocol man-

dated angiographic follow-up is both well known, and well

described in several studies21. However, low late loss, of only

0.58 mm, reported for Tsunami™ stent by Bonnier et al is compa-

rable to reported late loss in some DES studies indicating that

Tsunami™ stent may induce lower vessel wall injury and neointi-

mal proliferation12. 

Our results compare favourably with the new generation bare metal

stents. The Trimaxx ™ stent showed a 10% MACE rate in a registry

involving very simple lesions in larger vessels (RVD 3.0-3.75 mm),

while a MACE rate of 14.7%, and a stent thrombosis rate of 1.2%

were reported for the Driver™ stent in the ENDEAVOR II rando-

mised trial, which enrolled patients similar to those of our MAT-

SURI registry22,23. 

Long term clinical outcomes after placement of the Tsunami™ stent

are particularly appealing in the light of the recently reported results

of the Late Basket trial, where the incidence of death and MI in the

patients treated with DES increased over time and exceeded the

corresponding incidence in the BMS arm24. 

Clinical research

Table 6. Risk factors analysis of MACE.
Method: COX regression (survival analysis)-univariate analysis.

Risk factor for MACE Relative 95% lower 95% upper P-value
risk limit limit

Diabetes 2.00 1.35 2.96 0.0006

Hypertension 1.58 1.03 2.43 0.0351

AHA class B2 or C 1.74 1.14 2.66 0.0100

AHA class C 2.02 1.30 3.13 0.0017

Age (RR* per extra Year) 1.02 1.00 1.03 0.0647

Males 0.75 0.49 1.14 0.1796

Previous CABG/PTCA 1.59 1.06 2.37 0.0241

Post-stent DS > 20% 1.42 0.86 2.37 0.1750

Current smoker 0.87 0.58 1.30 0.4955

N° of lesions 
(RR per extra lesion) 1.82 0.98 3.37 0.0579

Multivessel disease 1.60 1.07 2.39 0.0219

Small stent (2.50 mm or below) 1.79 1.20 2.67 0.0041

Vessel size (RR per mm extra) 0.59 0.37 0.94 0.0272

Stent diameter to RVD mismatch 

per mm vessel larger 
than stent 2.56 1.23 5.31 0.0116

Stent diam. not 0.2 mm 
larger than RVD 1.98 1.22 3.20 0.0057

Totally occluded lesion 0.99 0.50 1.98 0.9868 

*RR: relative risk

Table 7. Risk factors analysis of MACE.
Method: COX regression (survival analysis) multivariate analysis.

Risk factor for MACE Relative 95% lower 95% upper P-value
Risk limit limit

Diabetes 1.81 1.20 2.73 0.0050

Hypertension 1.55 0.99 2.44 0.0565

AHA class C target lesion 1.93 1.24 3.01 0.0036

Previous CABG/PTCA 1.59 1.05 2.41 0.0279

> 1 lesion treated 1.54 1.01 2.35 0.0464

Figure 1. Subgroups: Group 1: 0 or 1 risk factor; Group 2: 
2 or 3 risk factors; Group 3: more than 3 risk factors.
Survival at 6 months: Group 1: 96.7%, 95% CI [95.2% - 98.2%]
(N=612); Group 2: 89.0%, 95% CI [86.6% - 91.4%] (N=735);
Group 3: 78.7%, 95% CI [69.2% - 88.3%] (N=90)
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The low incidence of cardiac death, myocardial infarction, and stent

thrombosis, recorded in our registry indicate that a highly deliverable,

thin strut, modern generation bare metal stents could still represent a

valuable option for the treatment of well selected patients with lower

risk of restenosis. As such, exposure of those patients to a long term

dual antiplatelet therapy, and the possible threat of late stent throm-

bosis, could be avoided without compromising clinical outcomes. 

Study limitations
Lack of randomisation could be considered as one of the limitations

of this study. However, despite the reliability of randomised trial

results they frequently exclude patients at the highest risk for com-

plications and those who are least likely to show benefit, reducing

as such the resemblance to real clinical practice. Absence of angio-

graphic follow-up could represent another limitation of this study

however, the value of clinical endpoints which are best assessed

through registries, such as MATSURI, may be of greater relevance

for assessing patient outcome. Similar to the other large multicenter

registries, the potential under reporting of adverse events due to the

lack of routine monitoring could be considered as one of major lim-

itation of our registry. However, previously conducted, well con-

trolled, clinical trial with Tsunami™ stent reported an incidence of

death and MI of only 2% at 6 month follow-up, suggesting that

under reporting of adverse events was not a major limitation of this

registry21. Although advised to do so, not all investigators enrolled

consecutive patients and as such biased patients selection can not

be ruled out. 

Conclusions
The relatively low MACE rate observed in this registry indicates that

modern generation thin struts bare metal stents are a safe and effi-

cient treatment option for appropriately selected patients. A large

number of participating centres and wide geographic representa-

tion assure that those results are truly representative of the real

world, instead of patients selected along strict criteria in only the

most experienced centres. 
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