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Objectives: To investigate whether intravascular
ultrasound (IVUS) guided percutaneous coronary
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intervention (PCI) could improve clinical outcomes
compared with angiography-guided PCI in the
treatment of unprotected left main coronary artery
stenosis (ULMCA) in the elderly.

Methods: This controlled study was carried out
between October 2009 and September 2012, in
Qinhuangdao First Hospital, Hebei Province, China.
One hundred and twenty-three consecutive patients
with ULMCA, aged 70 or older, were randomized
to an IVUS-guided group and a control group. The
occurrence of major adverse cardiac events (MACE):
death, non-fatal myocardial infarction, or target
lesion revascularizations) were recorded after 2 years

of follow-up.

Results: The IVUS-guided group had a lower
rate of 2-year MACE than the control group
(13.1% versus 29.3%, p=0.031). The incidence
of target lesion revascularization was lower in the
IVUS-guided group than in the control group
(9.1% versus 24%, p=0.045). However, there
were no differences in death and myocardial
infarction in the 2 groups. On Cox proportional
hazard analysis, distal lesion was the independent
predictor of MACE (hazard ratio [HR]: 1.99,
confidence interval [CI]: 1.129-2.367; p=0.043);
IVUS guidance was independent factor of survival free

of MACE (HR: 0.414, CI: 0.129-0.867; p=0.033).

Conclusion: The use of IVUS could reduce MACE
in elderly patients undergoing ULMCA intervention.
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Intravascular ultrasound (IVUS) may help to evaluate
the target lesion and ensure adequate stent expansion
during percutaneous intervention. A meta-analysis'
reviewed 5 studies and showed that there were no
difference in death, non-fatal myocardial infarction
(MI), and major adverse cardiac events (MACE)
between  IVUS-guided  percutaneous  coronary
intervention (PCI) and angiography-guided PCI using
bare-metal stents, other studies,”® showed that IVUS
use could reduce adverse clinical events compared
with angiography guidance. Intravascular ultrasound
use may have more benefit in left main (LM) PCI
using drug-eluting stent. A recently published study’
demonstrated that survival free of MACE at 3 years was
higher in the IVUS group, and the incidence of stent
thrombosis was lower in the IVUS group. However,
the recent studies did not focus on the elderly, which
are a sector of the population that is increasing in
China. The elderly patients with unprotected left main
coronary artery (ULMCA) generally have multi vessel
disease and several risk factors. Due to the influence
of culture and faith, these patients would choose PCI
rather than coronary artery bypass graft in China. Does
IVUS provide clinical benefit for these elderly patients?
There are no controlled randomized trials to answer this
question. Thus, the purpose of the present study is to
investigate whether the IVUS-guided PCI is superior
to the angiography-guided PCI during the long-term
clinical follow-up in the elderly patients with ULMCA.

Methods. Siudy population. Between October 2009
and September 2012, in Qinhuangdao First hospital,
Hebei Province, China, 123 consecutive elderly patients
(age >70) with ULMCA were randomized to the IVUS
group (61 patients) or the control group (62 patients).
Patients in the IVUS group underwent intervention
with IVUS guidance and patients in the control group
underwent intervention with routine angiography
guidance. Unprotected left main coronary artery was
defined’ as at least 50% stenosis by visual assessment in
the LM vessel without bypass grafts to the left anterior
descending artery or left circumflex artery. Exclusion
criteria were severe left ventricular dysfunction (ejection
fraction <30%), cardiogenic shock, acute myocardial
infarction, carcinoma.

This study was approved by the ethics committee of
Qinhuangdao First Hospital, and a written informed
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consent was obtained from all patients prior to the
procedure. This study was performed according to the
principles of the Helsinki Declaration.

Procedure. Coronary angiography and PCI
were performed in the 2 groups via a transradial or
transfemoral approach. Minimal lumen diameter
(MLD) and lesion length were measured with the
quantitative coronary angiography (QCA) analysis
system (Centricity CA1000, GE Healthcare, Waukesha,
WI, USA).

In the control group, the intervention strategy was
decided based on the location of the lesion. Single stent
technology was used in ostium or trunk LM disease
without bifurcation lesions. Lesions involving the distal
segment of the LM or bifurcation were treated with
T-stenting, provisional T-stenting or the kissing-balloon
technique. In the IVUS group, the stenting technology
was decided based on both angiographic finding and
IVUS finding.

Two types of drug eluting stent (DES) were
implanted as follows: 1) Sirolimus-eluting stents
(Firebird-2, Microport, Shanghai, China). 2) Sirolimus-
eluting stents (Excel, Jiwei, Shandong, China). Patients
were loaded with 300 mg clopidogrel before procedure
and remained on a 75 mg dosage daily for at least one
year. Aspirin was administered 300 mg daily during
the first month and 100 mg daily after the first month.
Procedural success was defined as lumen stenosis <30%
by final coronary angiography.

Intravascular ultrasound. Intravascular ultrasound
was performed in patients of the IVUS group. After the
intracoronary administration of 200 ug nitroglycerin,
the IVUS catheter (Eagle Eye; Volcano Corporation,
Rancho Cordova, CA, USA) was positioned at more
than 10 mm beyond the lesion and was pulled back
automatically (0.5 mm/s) to the opening of LM.
Intravascular ultrasound images were examined by 2
experienced technicians using computerized planimetry
(EchoPlaque, INDEC Systems, Inc., Mountain View,
CA, USA). Minimal lumen diameter, minimal lumen
area (MLA), reference lumen area, and plaque burden
were measured. The cross-sectional luminal area was
defined® as the integrated area central to the intimal
leading edge echo. Plaque burden® was calculated as
(EEM CSA-lumen CSA)/EEM CSA.

After the procedure, IVUS was repeated to ensure
adequate stent expansion. The expansion ratio® was
calculated as minimum stent CSA / (proximal reference
lumen CSA + distal reference lumen CSA) x 1/2.
Successful stent expansion” was defined as lumen area
90% or greater of the average reference lumen area
pre-intervention. Patients with stent underexpansion
underwent post-dilation to gain adequate stent
expansion.
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Follow-up. Clinical follow-up was performed at
one month, 6 months, 12 months, and 24 months.
Mean follow-up time was 23.26+7.24 months.
Angiography follow-up was performed 9-12 months
after the procedure. The primary endpoint was the
2-year incidence of MACE. It was defined as death,
non-fatal myocardial infarction, and target lesion
revascularization (TLR). Target lesion revascularization®
was defined as a new intervention (percutaneous or
surgical) on a previously implanted stent, or within 5
mm of that stent. Deaths were classified as either cardiac
or non-cardiac. Deaths that could not be classified were
considered cardiac according to the Academic Research
Consortium definitions.® Myocardial infarction’ was
diagnosed by an elevation of serum creatine kinase or
troponin 3 times the upper limit of normal, together
with chest pain lasting more than 30 minutes.

The safety endpoint was stent thrombosis. It was
defined as definite or probable stent thrombosis
according to established criteria.” All data relating to
procedures and in-hospital outcomes were collected.
Information regarding clinical status were collected at
clinic visits and by telephone interview.

Statistics analysis. All statistics analyses were
performed using the Statistical Package for Social
Sciences version 17 (SPSS Inc., Chicago, IL, USA).
Continuous variables were expressed as mean + standard
deviation of the mean, and were compared by use of
the unpaired t test; categorical variables were compared
with the ? statistics or Fisher exact test.

The incidence rates of 2 year MACE were estimated
by the Kaplan-Meier method. A probability value
<0.05 was considered statistically significant. A Cox
proportional hazard regression analyses were performed
to find the predictors of the event outcomes. Variables
with a probability value <0.20 in univariable analyses
were candidates for the multivariable Cox proportional
hazard regression models. A backward elimination
process was used to develop the final multivariable
model, and adjusted hazard ratio (HR) with 95%
confidence intervals (CI) was calculated. A probability
value <0.05 was considered statistically significant.

Results. A total of 123 patients with ULMCA
underwent IVUS-guided PCI (n=61) or angiography
guided PCI (n=62). Baseline clinical characteristics were
shown in Table 1. Both groups were balanced in age,
gender, family history, diabetes mellitus, hypertension,
smoking, prior stroke, and clinical presentation.
There were no significant differences in laboratory
characteristics such as left ventricular ejection fraction
(LVEEF), cholesterol, triglyceride, low, and high density
lipoprotein cholesterol.

The angiographic and procedural characteristics are
shown in Table 2. The procedural success was 100%
in both groups. There was no death or acute stent
thrombosis in the hospital. Coronary lesion complexity
was similar in the both groups. More than half of the

Table 1 - Clinical characteristics of the IVUS-guided and control group
in elderly patients with unprotected left main coronary artery.

Variable Control (n=62) IVUS (n=61) P-value
Age (mean+SD) 75.85+3.49 76.54+4.95  0.376
Gender M/F 43/19 38/23 0.409
Smoker (%) 29 (46.8) 27 (44.3) 0.981
Family history (%) 13 (21.0) 15 (24.6) 0.632
Diabetes (%) 18 (29.5) 21 (34.4) 0.520
Hypertension (%) 29 (46.8) 25 (41.0) 0.518
Prior stroke (%) 9 (14.8) 8 (13.1) 0.822
Prior myocardial infarction (%) 13 (21.0) 10 (16.4) 0.515
LVEF (%) (mean+SD) 53.33+7.14 55.32+5.02 0.075
Clinical presentation 0.812

Stable angina 21 18

Unstable angina 41 43
TC Mean+SD (mmol/l) 4.99+1.34 4.93+1.31 0.820
TG Mean+SD (mmol/l) 2.55£1.79 2.24£0.99  0.265
LDL-C Mean+SD (mmol/l) 2.75+0.89 2.74+0.82  0.960
HDL-C Mean+SD (mmol/I) 1.08+0.45 1.14+0.42 0.495
Creatinine Mean+SD (mmol/l) 71.67+17.48  72.44+21.88 0.961
Glucose Mean+SD (mmol/l) 5.55+1.36 5.99+1.27  0.075

IVUS - intravascular ultrasound, LVEF - left ventricular ejection fraction,
TC - cholesterol, TG - triglyceride, LDL-C - low density lipoprotein
cholesterol, HDL-C - high density lipoprotein cholesterol

Table 2 - Angiographic and procedural characteristics of the IVUS-guided
and control group in elderly patients with unprotected left main
coronary artery.

Control (n=62) IVUS (n=61)

Variable (%) (%) P-value
Disease vessels 0.928
Left main only 10 (16.1) 7 (11.5)
LM + 1VD 13 (21.0) 14 (23.0)
LM + 2VD 22 (35.5) 24 (39.3)
LM + 3VD 17 (27.4) 16 (26.2)
Lesion location 0.791
Ostial/shaft 28 (45.2) 29 (47.5)
Distal bifurcation 34 (54.8) 32 (52.5)
QCA findings
Pre-stent MLD (mm) 1.92+0.21 1.90+0.22 0.687
Post-stent MLD (mm) 3.43+0.09 3.44+0.12 0.782
Complete revascularization 23 (37.1) 21 (34.4) 0.757
Approach 0.770
Single stent 36 (58.1) 37 (59.7)
2 stents 26 (41.9) 24 (40.3)
Mean stent diameter (mm) 3.44+0.12 3.43+0.09 0.781
Total stent length (mm) 18.24+4.88 21.48+6.37 0.002
Post-dilation 9 23 0.039

LM - left main, 1VD - one vessel disease, 2VD - 2 vessel
disease, 3VD - 3 vessel disease, QCA - quantitative coronary angiography,
MLD - minimal lumen diameter, IVUS - intravascular ultrasound; Mean
stent diameter for both the main and the second stent
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patients received single stent instead of 2 stent strategy
in both groups, but the rate of post-dilation was higher
in the IVUS group than in the control group (p=0.039).
The QCA analysis revealed that pre-stent and
post-stent MLD were similar in both groups. Final
thrombolysis in MI flow grade 3 was achieved in almost
all lesions (95.3%). Stent diameter had no difference
between the 2 groups, but the IVUS guidance patients
had longer stents than the control patients. Intravascular
ultrasound showed that 23 patients had stent under
expansion (37.7%). In patients with single stent, the
most common site of under expansion was left anterior
descending ostium (12 cases, 32.4%), but in patients
with double stents, left circumflex ostium was the most
common site of under expansion (11 cases, 45.8%).
Intravascular ultrasound characteristics are shown
in Table 3. Follow-up coronary angiography was carried
out in 63.9% of the patients in the control group and
in 65.5% of the patients in the IVUS-guided group.
There was no statistical difference in the restenosis
rate between the IVUS-guided and the control
group, but a trend toward less restenosis remained in
favor of the IVUS-guided group (3.28 versus 8.15%;
=0.11). Clinical follow-up was at least 2 years (mean
23.26+7.24 months). In Table 4, the overall MACE
rate was lower in the IVUS-guided group than in the

Table 3 - Intravascular ultrasound (IVUS) characteristics of IVUS-guided
elderly patients with unprotected left main coronary artery.

Variables IVUS group (n=61)

Mean+SD
MLD (mm) 2.060.35
MLA (mm?) 4.74+0.84
Plaque burden (%) 66.16+8.31
Expansion ratio 0.92+0.04
Post-stent MSD (mm) 3.45+0.18
Post-stent MSA (mmz) 10.81+1.44

MLD - minimal lumen diameter, MLA - minimal lumen area,
MSD - minimal stent diameter, MSA - minimal stent area

Table 4 - Clinical outcomes (24 months) of IVUS-guided and control
group in elderly patients with unprotected left main coronary

artery.
Variable Control IVUS P-value
All cause MACE 17 8 0.031
Cardiovascular death 3 2 0.648
Non-fatal MI 2 1 0.578
TLR 12 5 0.045

MACE - major adverse cardiac events, MI - myocardial infarction,
TLR - target lesion revascularization; In control group, location of TLR
was left main of 2 cases, LCX ostium of 7 cases, LAD ostium of 3 cases;

In IVUS group, location of TLR was LCX ostium of 3 cases, LAD ostium
of 2 cases, IVUS - intravascular ultrasound

control group (12.8% versus 27.3% p=0.049). Aso
Kaplan-meier analysis revealed (Figure 1), the IVUS
guidance patients had higher MACE-free survival rate.
The IVUS guidance patients had a lower rate of TLR
than the control patients, but there were no difference
in death, and non-fatal MI between the 2 groups
(9>0.05). Occurrence of stent thrombosis was similar
in the 2 groups (1.6% in the IVUS-guided group versus
3.2% in the control group p=0.568).

On multivariate Cox regression analysis, age,
stent diameter, stent length, lesion location, IVUS
use, and diabetes were entered into the multivariate
Cox regression analysis. As shown in Table 5, distal
bifurcation was the independent predictor of MACE;
IVUS guidance was a factor of freedom from MACE.

Discussion. The main finding of this study was
that IVUS guidance could decrease the incidence of
adverse events in elderly patients undergoing ULMCA
intervention.

We found that the IVUS-guided patients had lower
MACE rates. This beneficial result was mainly driven
by the decreased rate of TLR. But the IVUS guidance
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Figure 1 - Kaplan-Meier curves illustrating freedom from major adverse
cardiac events (MACE) in intravascular ultrasound (IVUS)
and control groups over 24 months (p=0.031).

Table 5 - Predictors of major adverse cardiac events in elderly patients
with unprotected left main coronary artery undergoing left
main stenting.

Variable Coefhicient Odds ratio (95% CI)  P-value
IVUS use 0.414 0.129-0.867 0.033
Distal bifurcation 1.99 1.129-2.367 0.043

CI - confidence interval, IVUS - intravascular ultrasound
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could not reduce mortality and myocardial infarction.
As we know, IVUS may confirm the presence of
significant LM disease and guide selection of stent
size. Also IVUS helps us to detect PCI complications
including the presence of edge dissection, stent under
expansion, as well as the need for post-dilatation. Some
studies,>'*!' both in the bare metal stent (BMS) era and
in the DES era, found that IVUS guidance could reduce
the risk of major adverse cardiac events in patients
with ULMCA. In a meta-analysis of 2972 patients,"
IVUS-guided BMS implantation showed a reduced
risk of binary restenosis, repeat revascularization
and MACE, without significant benefits in death or
myocardial infarction. In the MAIN-COMPARE
study, 975 patients with ULMCA underwent PCI
under the guidance of IVUS or angiography alone. In
201 matched pairs, there was a tendency of lower risk
of 3-year morality with IVUS guidance compared with
angiography guidance. In particular, patients receiving
DES had significantly lower mortality rates with IVUS
guidance, but IVUS guidance did not reduce mortality
rate in patients receiving BMS. However, these studies
were not focused on the elderly, who represent a large
portion of admitted patients with ULMCA. Although
some studies'”® demonstrated that LM stenting was
safe in the elderly, there is still no randomized trial to
compare IVUS guidance and angiography guidance
in these patients. The current study demonstrated
that IVUS use was safe in the elderly, and it was an
independent predictor for freedom from MACE.
Intravascular ultrasound was beneficial in the elderly
with ULMCA.

In this study, angiography follow-up revealed that
the IVUS guidance patients group had tendency toward
lower restenosis rate than the angiography guidance
patients. It is known that stent under expansion is
the most important mechanical cause leading to DES
restenosis. Patients without stent under expansion
had higher MACE-free survival rates. In this study,
IVUS findings showed that 23 patients had stent
under expansion. For these patients, post-dilation
was performed to gain adequate stent expansion. Our
findings suggest that the IVUS guidance may have a
trend to decrease restenosis in ULMCA intervention.

This study has several limitations. First, it was a
single-center study, the sample size was small. We could
not perform a sub-group analysis to investigate whether
diabetes or bifurcation lesions influence the beneficial
results of IVUS. Second, pre-procedure and post-
procedure of LCX pullback were not checked in most
single stent cases, so we did not gain IVUS imaging of
LCX in these patients. Third, patients with myocardial

infarction were excluded, comprising a large portion of
ULMCA in the real world.

In conclusion, IVUS wuse during ULMCA
intervention with DES may improve clinical outcomes
in the elderly.
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