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Abstract : An appropriate treatment strategy for left main trunk (LMT) lesions is still controversial 
in the drug-eluting stent (DES) era.  Consecutive LMT stenting cases (n = 155) between January 
2008 and January 2013 in 4 hospitals in Fukushima city were retrospectively analyzed.  We exclud-
ed the patients suffering from cardiogenic shock before the stenting procedure.  Among those cas-
es, 60 patients had acute coronary syndrome, and remaining 95 had stable angina pectoris.  Out of 
155 cases, 45 patients were treated with bare metal stents (BMSs) and 110 patients were treated 
with DESs.  All cases were succeeded in the initial procedure.  Mean stent size of BMS was 3.85 
± 0.34 mm while that of DES was 3.46 ± 0.17 mm (P<0.001).  At the follow up coronary angiogra-
phy (255-day on average), % stenosis of BMS group was 26.6 ± 15.0% and that of DES group was 
20.4 ± 12.6% (P = 0.006).  The mean observation period for clinical events was 738.8 ± 480.3 
days.  Major adverse cardiac events-free rates for each group were compared and no significant dif-
ferences were evident between the 2 groups (11.1% vs. 19.1%, ns).  The present study demon-
strated that use of BMSs would be a viable option in the treatment of LMT lesions when it is possi-
ble to use a large-sized stent (>3.5 mm).
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Introduction

A left main trunk (LMT) lesion is an indication 
for coronary artery bypass graft (CABG) surgery in 
patients with ischemic heart disease (IHD), while 
percutaneous coronary intervention (PCI) was pre-
viously contraindicated in unprotected LMT le-
sions1).  Compared to today’s standards, treatment 
outcomes for PCI to LMT were obviously poor when 
plain old balloon angioplasty (POBA) was the only 
available intervention2).  However, with the emer-
gence of new devices, such as directional coronary 
atherectomy (DCA) catheters and coronary stents, 
and with the establishment of antiplatelet therapy, 

forward-thinking physicians began performing PCI 
even on unprotected LMT lesions3,4).  The estab-
lished use of coronary stents in particular led to re-
ports of PCI’s superiority in terms of time to reper-
fusion in acute myocardial infarction (AMI) patients 
with hemodynamic instability, resulting in the proce-
dure being included in treatment guidelines5,6).  
Even after undergoing emergent CABG, AMI pa-
tients with LMT occlusion who go into shock have a 
very low survival rate.  This set of circumstances 
yielded empirical evidence on the use of LMT cath-
eterization mainly in patients with acute coronary 
syndrome (ACS).  In recent years, the advent of 
drug-eluting stents (DESs) that drastically reduce 
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the risk of restenosis leading to expectations of bet-
ter treatment outcomes and a series of studies on 
the use of PCI to treat LMT lesions7-9).  However, 
it has been pointed out that first-generation DESs 
can also cause problems, such as late-onset throm-
bosis following withdrawal from antiplatelet therapy, 
so a consensus has yet to be reached on the suitabil-
ity of DESs in the treatment of LMT10), in which 
procedural problems can be life threatening.

Elective PCI for LMT is still relatively contra-
indicated in principle in Japanese treatment guide-
lines, and if it will be performed, consultation with 
“Heart team” has been recommended11).  There-
fore, accurate assessment of treatment outcomes is 
needed in various medical facilities and regions 
around the country.  In the present study, the PCI 
method and patient outcomes were reviewed and 
compared following PCI to LMT using either a bare 
metal stent (BMS) or a DES at 4 hospitals perform
ing PCI in Fukushima City.

Methods

1.  Subjects

The study population consisted of 155 consecu-
tive patients (age : 69.7 ±10.6 years) who under-
went LMT lesion stent placement for angina pecto-
ris (AP) or AMI between January 2008 and January 
2013 at 4 hospitals in Fukushima City (Fukushima 
Medical University Hospital, Fukushima Red Cross 
Hospital, Saiseikai General Hospital, and Ohara 
Medical Center).  Other than ACS subjects, each 
patient was received explanation in detail from the 
physicians for both CABG and PCI in prior to each 
treatment.  After being given thorough information 
including risks, advantages, and disadvantages of 
both procedures, only patients who chose PCI treat-
ment rather than CABG were enrolled in this study.  
Out of the 155 consecutive patients, 60 had ACS, 
and the remaining 95 had stable angina pectoris 
(SAP).  Patients who were resuscitated due to 
shock before stent placement were excluded from 
the study.  Coronary angiography findings were 
used to calculate each patient’s Syntax score, which 
is an indicator of the complexity of coronary lesions 
as a whole.  The Syntax score was developed as a 
combination of several previously validated angio-
graphic classifications aiming to grade the coronary 
anatomy with respect to the number of lesions and 
their functional impact, location, and complexity12).  
This score was initially used in SYNTAX (SYNergy 
between percutaneous coronary intervention with 

TAXus and cardiac surgery) trial10), and then it has 
been widely used as a numerical value indicating the 
complexity of coronary lesions.  High Syntax score 
represents the complex coronary lesions, lower 
score vice versa.  BMSs were placed in 45 patients, 
and DESs were placed in 110 patients.  Various fac-
tors were then compared between the BMS and 
DES groups.  Written informed consent for each 
PCI was obtained from all patients.  Data collection 
and clinical follow-up of the patients were approved 
by the ethical committee of Fukushima Medical Uni-
versity (No. 823 and No. 2002).

2.  Endpoint definitions

The study endpoints were all-cause death and 
major adverse cardiac events (MACE) defined as 
cardiac death, AMI (CPK ≥3 times reference value), 
hospitalization due to heart failure, and target lesion 
revascularization (TLR).

3.  Follow-up

Chronic stage assessment was performed by 
gathering information on each clinical event from 
patient medical records at each hospital.  For those 
who were not outpatients at any of the 4 hospitals, 
information was gathered by telephoning either the 
patient directly or the hospital to which the patient 
was transferred.  All patients who developed clini-
cal events were followed.  Follow-up coronary an-
giography was performed on 107 patients at 6 to 10 
months after stent placement.  The post-coronary 
angiography follow-up rate was 69.0% (107/155).  
Quantitative coronary angiography (QCA) and mea-
surement of restenosis and stent expansion diameter 
were then performed to evaluate the site of the 
treated coronary artery.  A semi-automated edge-

contour-detection computer analysis system (Medis 
QCA CMS, version 7) was used for the QCA.

4.  Statistical analysis

Continuous variables are expressed as mean ± 
standard deviation (SD), and intergroup comparisons 
were done using Student’s t-test.  Survival curves 
were plotted using the Kaplan-Meier method, and 
event-free rates in each group were compared using 
the log-rank test.  A P-value of <0.05 was consid-
ered significant.  SPSS version 21.0 software (IBM, 
Armonk, NY, USA) was used to perform these sta-
tistical analyses.
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Results

1.  Patient characteristics and LMT lesion morphology

In consecutive cases in the registration period 
of this report, all patients were succeeded in PCI 
procedures, meaning that there was no intra- and 
peri-operative death and MACE.  Table 1 shows 
the clinical characteristics of unprotected LMT pa-
tients who underwent stent treatment in the BMS 
and DES groups.  Prior PCI was more common in 
the DES group, but no significant intergroup differ-
ences were observed for any of the other variables.  
Compared to their DES group counterparts, the 
BMS group patients had a higher rate of AMI (33.3% 
vs. 10.9%) and a lower rate of SAP (35.6% vs. 
59.1%).  The rate of emergent PCI was also signifi-
cantly higher in the BMS group (53.3% vs. 
27.3%).  LMT lesion morphology was classified as 
follows : 1) ostium lesions, 2) mid-body lesions, 3) 
distal-body lesions, 4) bifurcation lesions of the left 
anterior descending (LAD) artery, and 5) bifurcation 
lesions of the left circumflex (LCx) artery.  No sig-
nificant intergroup differences were observed in any 
of these morphologies.  Moreover, no differences 
were found in Syntax scores12) (Table 2).

2.  Stent types and placement methods

The stents used to treat patients in this study 
were BMS (29.1%), DES (68.3%), and a combination 
of both types (2.6%).  The following DESs were 
used : sirolimus-eluting stent (SES, CypherTM ; 
12.9%), paclitaxel-eluting stent (PES, TaxusTM ; 
11.6%), zotarolimus-eluting stent (ZES, Endeav-
orTM ; 1.9%), everolimus-eluting stent (EES, 
XienceTM or PromusTM ; 32.3%), and biolimus-elut-
ing stent (BES, NoboriTM ; 9.7%) (Figure 1).  BMSs 
and DESs, both of which were used in conjunction 
with a Y stent (culottes stenting), were simulta
neously implanted in 2 patients.  Single stents were 
placed in 91.1% of patients in the BMS group and 
90.0% of patients in the DES group, and no signifi-
cant differences were observed in the crossover 
stenting methods (Table 2).  Approximately 10% of 
patients in each group were treated with 2 stents, 
primarily using the Y and T techniques, while just 1 
patient in the DES group was treated with the crush 
technique.  Intravascular ultrasound (IVUS) was 
used in more than 95% of cases in both groups.  
The kissing balloon technique (KBT) was also per-
formed in approximately 75% of cases in both 
groups, with no significant intergroup difference.  
Distal protection (DP) and intra-aortic balloon pump 
(IABP) procedures were significantly more frequent 

Table 1.　Clinical characteristics of patients treated with BMS or DES.

BMS
n=45 (%)

DES
n=110 (%) P

Age (years) 69.4±11.2 69.7±10.4 N.S.

Male 38 (84.4) 89 (80.9) N.S.

Hypertension 34 (75.6) 82 (74.5) N.S.

Diabetes Mellitus 19 (42.2) 50 (45.5) N.S.

Dyslipidemia 24 (53.3) 76 (69.1) N.S.

Smoking 25 (55.5) 48 (43.6) N.S.

Obesity 13 (28.8) 34 (30.9) N.S.

Prior PCI 11 (24.4) 55 (50.0) 0.002

Prior CABG 0 (0.0) 1 (0.9) N.S.

Diagnosis

 AMI 15 (33.3) 12 (10.9) 0.005

 Unstable AP 10 (22.2) 20 (18.2) N.S.

 RMI 1 (2.2) 2 (1.8) N.S.

 Stable AP 16 (35.6) 65 (59.1) 0.007

 Silent ischemia 2 (4.4) 7 (6.4) N.S.

 OMI 1 (2.2) 4 (3.6) N.S.

Emergent PCI 24 (53.3) 30 (27.3) 0.004

PCI indicates percutaneous coronary intervention ; CABG, coronary artery bypass 
grafting ; AMI, acute myocardial infarction ; AP, angina pectoris ;  RMI, recent myocardial 
infarction ; OMI, old myocardial infarction.
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in the BMS group, but this was due to the high rate 
of BMS group patients with AMI at baseline.  Mean 
stent diameter was significantly larger in the BMS 
group than in the DES group (38.5 ± 0.34 mm vs. 
3.46 ± 0.17 mm, P<0.001).  This was attributed to 
the fact that the sizes of DESs available for use in 
Japan are limited to diameters ≤3.5 mm, compared 

to diameters of up to 4.0 mm for BMSs.

3.  Evaluation based on QCA

QCA was used to evaluate treated lesions in 
107 patients (BMS group : 32 patients, DES group : 
75 patients) who underwent confirmatory coronary 
angiography approximately 8 to 9 months (BMS 
group : 230.0 ± 110.9 days, DES group : 265.1 ± 
179.8 days) after initial treatment.  Stent strut ex-
pansion diameter was significantly larger in the BMS 
group (3.81 ± 0.43 mm vs. 3.56 ± 0.37 mm, P = 
0.006), but this was simply due to the variation in 
stent sizes selected at treatment.  The restenosis 
rate (% stenosis), which is believed to be an indica-
tor of neointimal proliferation, was significantly 
higher in the BMS group (26.6 ± 15.0 mm vs. 20.4 
± 12.6 mm, P = 0.006).  This is a valid result when 
considering the respective pharmacological proper-
ties of BMSs and DESs.

4.  Long-term outcomes

All patients who developed clinical events or no 
event were followed (follow-up rate : 100%).  The 
mean observation period for clinical events was 
738.8 ± 480.3 days.  MACE (all-cause death, ACS, 
heart failure, and TLR)-free rates for each group 
were compared (Figure 2A).  As the figure illus-

Table 2.　Lesion and Procedural Characteristics.

BMS
n=45 (%)

DES
n=110 (%) P

Lesion Ostium   6 (13.3) 11 (10.0) N.S.

Mid body   9 (20.0) 16 (14.5) N.S.

Distal body 11 (24.4) 33 (30.0) N.S.

Bifurcation LAD 27 (60.0) 69 (62.7) N.S.

Bifurcation LCx 10 (22.2) 33 (30.0) N.S.

Syntax score 19.0±8.1 20.9±11.4 N.S.

1 stent LMT single stent   7 (15.6) 9 (8.2) N.S.

Cross over LCx 29 (64.4) 72 (65.5) N.S.

Cross over LAD   5 (11.1) 18 (16.4) N.S.

2 stents Y stent 2 (4.4) 7 (6.4) N.S.

T stent 2 (4.4) 3 (2.7) N.S.

Crush stent 0 (0.0) 1 (0.9) N.S.

Stent size Diameter, mm 3.85±0.34 3.46±0.17 <0.001

IVUS n (%) 44 (97.8) 105 (95.5) N.S.

DP n (%) 11 (24.4) 6 (5.5) 0.007

KBT n (%) 33 (73.3) 84 (76.4) N.S.

IABP n (%) 17 (37.7) 16 (14.5) 0.005

PCPS n (%) 0 (0.0) 1 (0.9) N.S.

IVUS indicates intravascular ultrasound ; DP, distal protection ; KBT, kissing balloon technique ; IABP, intra-
aortic balloon pumping ; PCPS, percutaneous cardio-pulmonary support.

Fig. 1.  Types of stents used in this survey.  BMS, 
bare metal stent ; SES, sirolimus-eluting stent ; 
PES, paclitaxel-eluting stent ; ZES, zotarolimus-
eluting stent ; EES, everolimus-eluting stent ; 
BES, biolimus-eluting stent.
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trates, no significant differences were evident be-
tween the 2 groups.  All-cause death (Figure 2B), 
ACS (Figure 2C), and TLR (Figure 2D) were inde-
pendently evaluated.  All-cause death was seen in 
1 case in the BMS group and in 5 cases in the DES 
group, of which 1 and 2 cases, respectively, were due 
to cardiac death.  ACS was seen in 1 BMS group 
patient and 6 DES group patients, while TLR oc-
curred in 3 BMS group patients and 9 DES group 
patients.  No significant intergroup differences 
were observed in any of these study variables.  The 
DES group was also analyzed according to first-gen-
eration stents (SES and PES) and second-generation 
stents (ZES, EES, and BES), but no significant dif-
ferences were found.

Discussion

Prior to 2012, the use of DESs to treat patients 
with AMI was not covered under health insurance in 
Fukushima Prefecture, so BMSs were often used in 
these patients.  BMSs are associated with greater 
postoperative intimal proliferation than DESs, and it 
is a well-known fact that BMS use is accompanied 
by a high rate of TLR, which is caused by restenosis 
at the stented site13).  On the other hand, a follow-

up study conducted within 12 months of DES place-

ment found that both restenosis and retreatment 
rates were very low, but late-onset (>12 months) 
stent thrombosis was higher in DES than in BMS 
patients14).  Stent thrombosis is a crucial issue be-
cause it is responsible for a high rate of AMI.  AMI 
due to LMT occlusion has an extremely high mortal-
ity rate compared to coronary occlusion in other ar-
eas15).  The use of stents with a high risk of late-

onset stent thrombosis in the treatment of LMT 
lesions is therefore a controversial issue.  However, 
the use of BMSs, with their higher restenosis and 
retreatment rates than DESs, is also controversial in 
the DES era.  Nevertheless, DESs such as SES and 
PES have been shown to pose a higher risk of late-

onset thrombosis and late-onset restenosis than 
BMSs from 12 months after placement16), so if we 
could somehow limit the BMS drawback of resteno-
sis and retreatment rates over the mid-term (<12 
months), the use of BMSs to treat LMT lesions 
would become acceptable.

In the present study, there were no actual dif-
ferences between the BMS and DES groups in all-
cause death or MACE onset after treatment (Figures 
2).  Endothelial proliferation in response to me-
chanical  stress caused by stenting leads to 
narrowing of the vessel lumen, but this effect is 
more likely to occur in small vessels.  Conversely, 

Fig. 2.  Kaplan-Meier curves for event-free survivals.  A Major adverse cardiac events (MACE)-free survival.   
B Cumulative all cause death-free survival.  C Acute coronary syndrome (ACS)-free survival.  D Target lesion 
revascularization (TLR)-free survival.
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in vessels with a large diameter, restenosis is a rare 
occurrence, even when placing BMSs if the stent 
diameter is large.  In LMT lesions, which were the 
target of the present study, the vessel diameter is 
usually the largest in the coronary artery, making it 
relatively advantageous for BMSs.  In fact, the re-
sults of QCA measurement showed that the final ex-
pansion diameter after placement was significantly 
larger for BMSs than for DESs (Table 3).

Japanese treatment guidelines currently recom-
mend the use of dual anti-platelet therapy (DAPT) 
after coronary stent placement for at least 1 month 
after BMS placement and at least 12 months after 
DES placement17).  Moreover, very late-onset stent 
thrombosis has been reported to occur after place-
ment of a SES18), which is a first-generation DES, so 
the prolonged continuous use of DAPT is recom-
mended wherever possible in cases of placement in 
the LMT, in which there is a high risk when occlud-
ed.  However, continued use of DAPT increases 
the risk of bleeding complications, and this bleeding 
risk is especially heightened when DAPT is com-
bined with anticoagulant therapy for atrial fibrilla-
tion19).  From this perspective, BMS treatment with 
short-term DAPT may be more suitable, particularly 
in patients with a high bleeding risk.

EES, ZES, and BES, so-called second-genera-
tion DESs used in recent years have a low incidence 
of late-onset and other stent thromboses20-22).  The 
present study included treatments performed be-
tween January 2008 and January 2013 ; 40.9% of the 
DESs used were first-generation, while the remain-
ing 59.1% were second-generation.  However, no 
significant differences in terms of either treatment 
outcome or prognosis were observed between the 2 
generations of stents.  Since global evidence has 
not yet to be obtained on the comparative incidences 
of late-onset stent thrombosis between second-gen-
eration DESs and BMSs, future studies are needed 
to evaluate the long-term efficacy and safety of sec-
ond-generation DESs.

Study Limitations

Since this was not a prospective, randomized 
controlled trial, it is not possible to draw direct con-
clusions on the superiority of DES over BMS place-
ment or vice versa.  In addition, the study was lim-
ited to the local population of Fukushima City, so 
that the enrolled patient population was relatively 
small.

Conclusions

Late lumen loss associated with chronic intimal 
proliferation was frequent in the BMS group, but no 
significant difference was observed in terms of prog-
nosis compared to the DES group.  Considering the 
drawback of increased bleeding complications trig-
gered by prolonged DAPT, we believe that use of a 
BMS is a viable option in the treatment of LMT le-
sions when it is possible to use a large-sized stent of 
more than 3.5 mm in diameter.
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