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Predictors of Clinical Outcome in Patients with Angiographically
Intermediate Lesions with Minimum Lumen Area Less than 4 mm”
Using Intravascular Ultrasound in Non-Proximal Epicardial
Coronary Artery
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We investigated predictors of major adverse cardiac events (MACE) with two years af-
ter medical treatment for lesions with angiographically intermediate lesions with in-
travascular ultrasound (IVUS) minimum lumen area (MLA) <4 mm? in non-proximal
epicardial coronary artery. We retrospectively enrolled 104 patients (57 males, 62+10
years) with angiographically intermediate lesions (diameter stenosis 30-70%) with
IVUS MLA <4 mm? in the non-proximal epicardial coronary artery with a reference
lumen diameter between 2.25 and 3.0 mm. We evaluated the incidences of major ad-
verse cardiovascular events (MACE including death, myocardial infarction, target le-
sion and target vessel revascularizations, and cerebrovascular accident) two years af-
ter medical therapy. During the two-year follow-up, 15 MACEs (14.4%) (including 1
death, 2 myocardial infarctions, 10 target vessel revascularizations, and 2 cere-
brovascular accidents) occurred. Diabetes mellitus was more prevalent (46.7% vs.
18.0%, p=0.013) and statins were used less frequently in patients with MACE compared
with those without MACE (40.0% vs. 71.9%, p=0.015). Independent predictors of MACEs
with two years included diabetes mellitus (odds ratio [OR]=3.41; 95% CI=1.43-8.39,
p=0.020) and non-statin therapy (OR=3.11; 95% CI=1.14-6.50, p=0.027). Long-term
event rates are relatively low with only medical therapy without any intervention, so
the cut-off of IVUS MLA 4 mm”® might be too large to be applied for defining significant
stenosis. The predictors of long-term MACE were diabetes mellitus and statin therapy
in patients with angiographically intermediate lesions in non-proximal epicardial coro-
nary artery.
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INTRODUCTION

The cut-off value of intravascular ultrasound (IVUS)
minimum lumen area (MLA) 4 mm? is currently being used
for the prediction of future clinical events in patients with
proximal epicardial coronary artery disease."® However,
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the MLA cut-off value of 4 mm® cannot be used in lesions
in non-proximal epicardial coronary artery because the
vessel size is smaller in the non-proximal epicardial coro-
nary artery compared with proximal epicardial coronary
artery. Currently, little is known about risk factors of clin-
ical outcomes for non-proximal epicardial coronary ar-
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teries, which are particularly common in Asian patients.*”
We investigated predictors of two-year major adverse car-
diac events (MACE) after medical treatment for the lesions
with angiographically intermediate lesions with IVUS
MLA <4 mm? in non-intervened, non-proximal epicardial
coronary arteries.

MATERIALS AND METHODS

1. Patient population

The study population consisted of 104 patients who un-
derwent IVUS examinations of angiographically inter-
mediate lesions (diameter stenosis 30-70%) with IVUS
MLA <4 mm?® in the non-intervened non-proximal epi-
cardial coronary artery (Fig. 1) who were clinically followed
up on after twoyears. The protocol was approved by the in-
stitutional review board, and written informed consent
was obtained from all patients. Hospital records of patients
were reviewed to obtain information on clinical demographics.

2. Laboratory analysis

Peripheral blood samples were obtained before coronary
angiography using direct venipuncture. The blood samples
were centrifuged, and serum was removed and stored at —70°C
until the assay could be performed. Absolute creatine kin-
ase-MB levels were determined by radioimmunoassay
(Dade Behring Inc., Miami, Florida). Cardiac-specific tro-
ponin I levels were measured by a paramagnetic particle,
chemiluminescent immunoenzymatic assay (Beckman,
Coulter Inc., Fullerton, California). The serum levels of to-
tal cholesterol, triglyceride, low-density lipoprotein cho-
lesterol, and high-density lipoprotein cholesterol were
measured by standard enzymatic methods. High-sensi-
tivity, C-reactive proteins were analyzed turbidimetrically
with sheep antibodies against human C-reactive protein;
this has been validated against the Dade-Behring method.’

3. Quantitative coronary angiography (QCA) analysis
Coronary angiograms were analyzed with validated
quantitative coronary angiography (QCA) system (Phillips
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H5000 or Allura DCI program, Philips Medical Systems,
the Netherlands). With the outer diameter of the con-
trast-filled catheter as the calibration standard, the mini-
mal lumen diameter, reference diameter, and lesion length
were measured in diastolic frames from orthogonal pro-
jections. Perfusion was evaluated according to Thrombolysis
In Myocardial Infarction (TIMI) criteria.’

4, IVUS imaging protocol

All TVUS examinations were performed after intra-
coronary administration of 300 pg nitroglycerin using a
commercially available IVUS system (Volcano Corp, Rancho
Cordova, CA, USA). The IVUS catheter was advanced dis-
tally to the target lesion, and imaging was performed retro-
grade to the aorto-ostial junction at an automatic pullback
speed of 0.5 mm/sec.

5. IVUS analysis

Qualitative analysis was performed according to the
American College of Cardiology Clinical Expert Consensus
Document on Standards for Acqusition, Measurement and
Reporting of Intravascular Ultrasound Studies.® Using
plannimetry software (Echoplaque 3.0, INDEC Systems
Inc., Santa Clara, CA), the external elastic membrane
(EEM) and lumen cross-sectional area (CSA) were
measured. Plaque plus media (P&M) CSA was calculated
as EEM CSA minus lumen CSA, and plaque burden was
calculated as P&M CSA divided by EEM CSA. Proximal
and distal references were the single slices with the largest
lumen and smallest plaque CSAs within 10mm proximally
and distally, but before any large side branch. The lesion
was the site with the smallest lumen CSA; if there were
multiple image slices with the same minimum lumen CSA,
then the image slice with the largest EEM and P&M was
measured.

Soft plaque was less bright compared with the reference
adventitia. Fibrotic plaque was as bright as or brighter
than the reference adventitia without acoustic shadowing.
Calcific plaque was hyperechoic with shadowing. A calci-
fied lesion contained >90° of circumferential lesion calcium.
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MLA: 3.5 mm’
«— ~Plaque burden: 65%

FIG. 1. Coronary angiographic (A) and
intravascular ultrasound images (B) of
angiographically intermediate lesions
with intravascular ultrasound minimal
lumen area (MLA) <4 mm? in middle left
anterior descending artery.
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Outcome of Intermediate Lesion

When there was no dominant plaque composition, the pla-
que was classified as mixed.

Coronary artery remodeling was assessed by comparing
the lesion site to the reference EEM CSA. The remodeling
index was the lesion site EEM CSA divided by the average
of the proximal and distal reference EEM CSA. Positive re-

TABLE 1. Baseline characteristics, coronary angiographic and in-
travascular ultrasound findings (n=104)

Baseline characteristics

Age (yrs) 62+10
Male 57 (54.8%)
Clinical presentation
Stable angina 37 (35.6%)
Unstable angina 49 (47.1%)
Variant angina 6 (5.8%)
NSTEMI 4 (3.8%)
STEMI 8 (7.7%)
Hypertension 63 (60.6%)
Diabetes mellitus 23 (22.1%)
Current smoker 24 (23.1%)
Family history of coronary artery disease 7 (6.7%)
Left ventricular ejection fraction (%) 68.4+7.3
White blood cell count (/mm?) 7613+2728
Hemoglobin (mg/dl) 13.4+1.6
Platelet (x10°/mm?®) 23659
Creatinine (mg/dl) 0.89+0.24
Glucose (mg/dl) 137+36
Fibrinogen (mg/dl) 278+89
NT-pro-BNP (pg/ml) 374+1048
Creatine kinase-MB (U/1) 13.0+29.7
Cardiac specific troponin I (ng/ml) 4.0+16.9
Total cholesterol (mg/dl) 188+39
Triglyceride (mg/dl) 100+67
LDL cholesterol (mg/dl) 127+35
HDL cholesterol (mg/dl) 48.0+11.4
Apolipoprotein B (mg/dl) 100+25
Apolipoprotein A; (mg/dl) 128+20
Apolipoprotein B/A; 0.80+0.24
Lipoprotein (a) (mg/dl) 29+28
hs-CRP (mg/dl) 0.56+1.19
Homocysteine (mg/dl) 8.1+2.9
Urinary albumin-to-creatinine ratio (mg/g) 24+64
Statin use at two-year follow-up 70 (67.3%)
Coronary angiographic findings
Target vessel
Left anterior descending artery 83 (79.8%)
Left circumflex artery 16 (15.4%)
Right coronary artery 5 (4.8%)
Lesion location
Middle 83 (79.9%)
Distal 21 (20.1%)
TIMI grade 3 flow 104 (100.0%)
ACC/AHA lesion type
A 6 (5.8%)
B 50 (48.1%)
B: 34 (32.7%)
C 14 (13.5%)

modeling was defined as a remodeling index >1.05, inter-
mediate remodeling as a remodeling index between 0.95
and 1.05, and negative remodeling as a remodeling index
<0.95.°

Calcium deposits are described qualitatively according
to their distribution as superficial when the leading edge
of the acoustic shadowing appears within the most shallow
50% of the P&M thickness and as deep when the leading
edge of the acoustic shadowing appears within the deepest

TABLE 1. Continued
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Coronary angiographic findings

Calcium 34 (32.7%)
Reference diameter (mm) 2.8+0.6
Minimal lumen diameter (mm) 1.2+0.4
Diameter stenosis (%) 57.1+£10.8
Lesion length (mm) 15.2+6.5
Intravascular ultrasound findings
Proximal reference
EEM CSA (mm?) 10.2+3.3
Lumen CSA (mm? 6.5+2.1
P&M CSA (mm®) 3.7x1.7
Plaque burden (%) 36.6+7.3
Lesion site
EEM CSA (mm®) 9.6+2.2
Lumen CSA (mm?) 3.4+0.4
P&M CSA (mm?) 6.2+2.0
Plaque burden (%) 64.1+7.0
Distal reference
EEM CSA (mm?) 9.2+2.3
Lumen CSA (mm?) 6.3+2.1
P&M CSA (mm?) 2.9+1.2
Plaque burden (%) 31.7+£7.5
IVUS lesion length (mm) 18.1+8.6
Plaque morphology
Soft 56 (53.8%)
Fibrotic 3 (2.9%)
Calcific 4 (3.8%)
Mixed 41 (39.4%)
Remodeling index 0.99+0.15
Remodeling pattern
Positive 30 (28.8%)
Intermediate 44 (42.3%)
Negative 30 (28.8%)
Superficial calcium 20 (19.2%)
Deep calcium 30 (28.8%)
Calcium arc (°) 54.5+58.4
Calcium length (mm) 1.6+£1.7

Values are n (%), mean+SD. NSTEMI: non-ST segment elevation
myocardial infarction, STEMI: ST segment elevation myocardial
infarction, NT-pro-BNP: N-terminal pro-B type natriuretic pep-
tide, LDL: low-density lipoprotein, HDL: high-density lip-
oprotein, hs-CRP: high-sensitivity C-reactive protein, TIMI:
Thrombolysis In Myocardial Infarction, ACC/AHA: American
College of Cardiology/American Heart Association, EEM: ex-
ternal elastic membrane, CSA: cross-sectional area, P&M: plaque
plus media, IVUS: intravascular ultrasound.



50% of the P&M thickness. The arc of calcium was meas-
ured (in degrees) by using an electronic protractor centered
on the lumen. The length of the calcific deposit was meas-
ured using motorized transducer pullback.

6. Two-year clinical outcome

Hospital records of all the patients were reviewed to ob-
tain information on clinical demographics and medical
histories. Follow-up information was obtained through re-
view of hospital charts, telephone interviews, and the in-
terventional database of the Heart Center of Chonnam
Naitonal University Hospital. Major adverse cardiovascular
events (MACEs) included death, myocardial infarctions,
target lesion and target vessel revascularizations, and cer-
ebrovascular accidents. Myocardial infarction was defined
as ischemic symptoms associated with cardiac enzyme ele-
vation =3 times the upper limit of the normal value. Target
lesion revascularization was defined as repeat revasculari-
zation for a lesion anywhere within the stent or the 5-mm
borders proximal or distal to the stent. Target vessel re-
vascularization was defined as any revascularization of the
target lesion or any segment of the epicardial coronary ar-
tery containing the target lesion.

7. Statistical analysis

The statistical Package for Social Sciences (SPSS) for
Windows, version 15.0 (Chicago, Illinois) was used for all
analyses. Continuous variables were presented as the
mean value+1SD; comparisons were conducted by stu-
dent’s t-test or nonparametric Wilcoxon test if the normal-
ity assumption was violated. Discrete variables were pre-
sented as percentages and relative frequencies; compar-
isons were conducted by chi-square statistics or Fisher’s ex-
act tests as appropriate. Multivariable analysis was per-
formed to determine whether the independent predictors
of two-year MACE. A p value <0.05 was considered statisti-
cally significant.

RESULTS

1. Baseline characteristics, coronary angiographic and

IVUS findings

The baseline characteristics, coronary angiographic
findings, and IVUS findings are summarized in Table 1.
Patient’s mean age was 62+10 years and about 59% of the
patients had acute coronary syndrome. More than half of
the patients had hypertension and one fourth of the pa-
tients had diabetes mellitus. Most of the target vessel was
from the left anterior descending artery and about 80% of
the lesion was located at the middle portion of the target
vessel. All patients had TIMI grade 3 flow and angiographic
calcium was observed in one third of the patients, and diam-
eter stenosis was 57.1+10.8%. Lumen CSA was 3.4+0.4
mm” and plaque burden was 64.1+7.0% at the MLA site.

2. Two-year clinical outcome
During the two-year follow-up, 15 MACEs (14.4%)
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(including 1 death, 2 myocardial infarctions, 9 target lesion
revascularizations, 10 target vessel revascularizations,
and 2 cerebrovascular accident) occurred.

3. Baseline characteristics according to the presence or ab-
sence of two-year MACE

Baseline characteristics according to the presence or ab-
sence of MACEs within two years are summarized in Table
2. The prevalence of diabetes mellitus and family history
of coronary artery disease were significantly higher, and
the prevalence of hypertension also tended to be higher in
patients with MACEs compared with those without
MACEs. All laboratory findings were similar between both
groups. At the two-year follow up, statins were used less
frequently in patients with MACE compared with those
without MACE.

4. Coronary angiographic findings according to the pres-

ence or absence of two-year MACE

Coronary angiographic findings according to the pres-
ence or absence of two-year MACESs are summarized in
Table 3. There were no significant differences in target ves-
sels, lesion locations, ACC/AHA types, angiographic cal-
cium, reference diameter, minimal lumen diameter, diam-
eter stenosis, and angiographic lesion length between pa-
tients with MACE and those without MACE.

5. IVUS findings according to the presence or absence of

two-year MACE

IVUS findings according to the presence or absence of
two-year MACE are summarized in Table 4. At the lesion
site, EEM CSA and plaque burden were significantly great-
er, and P&M CSA tended to be greater in patients with
MACE compared with those without MACE. IVUS lesions
were significantly longer and the remodeling index was sig-
nificantly greater in patients with MACE compared with
those without MACE.

6. Independent predictors of two-year MACE

Multivariate analysis was performed to identify in-
dependent predictors of two-year MACEs. The following
variables were tested (all with p<0.1 in univariate analy-
sis): hypertension, diabetes mellitus, family history of coro-
nary artery disease, no statin use at two-year follow-up,
plaque burden at the MLA site, IVUS lesion length, and re-
modeling index. Independent predictors of two-year MACEs
included diabetes mellitus (odds ratio [OR]=3.41; 95% CI=
1.43-8.39, p=0.020) and non-statin therapy (OR=3.11; 95%
CI=1.14-6.50, p=0.027).

DISCUSSION

The present study demonstrated that 1) MACEs oc-
curred in only 14.4% of the patients during two-year fol-
low-up, 2) the prevalence of diabetes mellitus was sig-
nificantly higher in patients with two-year MACEs com-
pared with those without MACES, 3) statins were used less
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Outcome of Intermediate Lesion

TABLE 2. Baseline characteristics according to the presence or ab-
sence of two-year major adverse cardiac events

TABLE 3. Coronary angiographic findings according to the pres-
ence or absence of two-year major adverse cardiac events

MACE (+) MACE (—) MACE (+) MACE (—)
(n=15) (n=gg) ~Pvalue (n=15) (n=gg) ~P-value

Age (yrs) 61+11 62+10 0.786 Target vessel 0.917
Male 8(53.3%) 49(55.1%) 0.901 Left anterior descending 12 (80.0%) 71 (79.8%)

Clinical presentation 0.600 artery
Stable angina 8(53.3%) 29 (32.6%) Left circumflex artery 2(13.3%) 14 (15.7%)

Unstable angina 5(33.3%) 44 (49.4%) Right coronary artery 1(6.7%) 4 (4.5%)

Variant angina 0 (0.0%) 6 (6.7%) Lesion location 0.425

NSTEMI 1 (6.7%) 3 (3.4%) Middle 12 (80.0%) 71 (79.8%)

STEMI 1(6.7%) 7 (7.9%) Distal 3(20.0%) 18 (20.2%)
Hypertension 12 (80.0% ) 51(57.3%) 0.096 TIMI grade 3 flow 15 (100.0%) 89 (100.0%) 1.000
Diabetes mellitus 7(46.7%) 16 (18.0%) 0.013 ACC/AHA lesion type 0.844
Current smoker 3(20.0%) 21(23.6%) 0.797 A 1 (6.7%) 5 (5.6%)

Family history of coronary 3 (20.0%) 4(5.4%)  0.027 B; 6 (40.0%) 44 (49.4%)
artery disease, Be 5(33.3%) 29 (32.6%)

Left ventricular ejection 67.1£5.0 68.6+7.6 0.635 C 3(20.0%) 11 (12.4%)
fraction (%) Calcium 6 (40.0%) 28 (31.5%) 0.514
White blood cell count 7467+2253 7637+2810 0.824 Reference diameter (mm) 2.7+0.6 2.9+0.7 0.518
(/mm®) Minimal lumen diameter 1.2+0.4 1.2+0.4 0.980
Hemoglobin (mg/dl) 13.5+1.4 13.3+1.7 0.719 (mm)

Platelet (x10°/mm?®) 239+62 235+59 0.793 Diameter stenosis (%) 55.6+10.1 58.6+10.9 0.105
Creatinine (mg/dl) 0.87+0.16  0.90+0.25 0.711 Lesion length (mm) 15.7+6.8 14.7+5.5 0.136
G.l uc.ose (mg/dD) 142235 136236 0.608 Values are n (%), mean+SD. Thrombolysis In Myocardial Infarc-
Fibrinogen (mg/dl) 276x110 278+86 0.949 tion; ACC/AHA: American College of Cardiology/American Heart
NT-pro-BNP (pg/ml) 287+450 387+1114 0.770 Asséciation. ’

Creatine kinase-MB (U/1) 8.6+8.8 13.7+31.8  0.537
Cardiac specific troponinI  2.0+5.0 4.3+18.2 0.632
(ng/ml) Because of the limitations of coronary angiography, in-

Total cholesterol (mg/dl) 18337 189+39 0.627 termediate coronary lesions remain an unresolved prob-

Triglyceride (mg/dl) 96+40 10170 0.804 lem for interventional cardiologists treating patients with
LDL cholesterol (mg/dl) 128+33 127+36 0.948 suspected coronary artery disease. If the lesion severity of
HDL cholesterol (mg/d) ~ 46.8:11.5  48.2x11.4  0.666 intermediate lesions has been overestimated, patients will

Apol%poprote%n B (mg/dl) 99+26 10125 0.792 undergo unnecessary revascularization procedures. In

Apol%poprote%n A; (mg/dl)  123+23 12920 0311 contrast, if the lesion severity of intermediate lesions has

Apolipoprotein B/A; 0.81+0.20  0.80+0.25 0.852 b d timated. patients will not und

. . een underestimated, patients will not undergo necessary
Lipoprotein (a) (mg/dl) 27+29 29+28 0.836 .. . . .
hs-CRP (mg/dl) 05040.84 0.57+1.93 0.849 reyasculanzatwn procedures and critical arterial stenosis
Homocysteine (mg/dl) 7.842.1 8130 06sg  Will be untreated.

Urinary 649 27469 0.420 Previous studies have suggested that the MLA corre-
albumin-to-creatinine lated with coronary physiology, and a MLA of <4 mm” was
ratio (mg/g) found to be the threshold for flow-limiting stenosis in most

Statin use at two-year 6 (40.0%) 64 (71.9%) 0.015 studies."® Abizaid et al.’ reported that the major determi-
follow-up nants of the coronary flow reserve in patients with coronary

Values are n (%), mean+SD. NSTEMI: non-ST segment elevation
myocardial infarction, STEMI: ST segment elevation myocardial
infarction, NT-pro-BNP: N-terminal pro-B type natriuretic pep-
tide, LDL: low-density lipoprotein, HDL: high-density lip-
oprotein, hs-CRP: high-sensitivity C-reactive protein.

frequently in patients with two-year MACE compared with
those without MACE, and 4) diabetes mellitus and non-sta-
tin therapy were the independent predictors of MACE in
patients with angiographically intermediate lesions with
IVUS MLA <4 mm? in non-intervened non-proximal epi-
cardial coronary artery during two-year follow-up.
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artery disease are lumen compromise (which is best as-
sessed by the IVUS measurement of the MLA) and lesion
length and that a MLA >4.0 mm” has a high diagnostic ac-
curacy in predicting a coronary flow reserve >2.0, espe-
cially before intervention. Nishioka et al.? reported that the
lesion MLA 4 mm®is a simple and highly accurate criterion
for significant coronary narrowing when compared with
the results of stress myocardial perfusion imaging. Briguori
et al.? reported that IVUS area stenosis >70%, minimal lu-
men diameter <1.8 mm, MLA <4.0 mm? and lesion length
>10 mm reliably identified functionally critical inter-
mediate coronary stenosis in 53 intermediate coronary le-
sions found by angiography. However, this criterion is only



TABLE 4. Intravascular ultrasound findings according to the pres-
ence or absence of two-year major adverse cardiac events

MACE (+) MACE (—)
(n=15) (n=gg)  Pvalue
Proximal reference

EEM CSA (mm?) 10.3+3.5 10.2+3.4 0.916

Lumen CSA (mm?) 6.422.0 6.5+2.7  0.902

P&M CSA (mm?) 3.9+2.0 3.7+1.9 0.856

Plaque burden (%) 37.9+£7.9 36.3+7.5 0.312
Lesion site

EEM CSA (mm®) 9.8+2.8 9.2+2.0  0.045

Lumen CSA (mm?) 3.3+0.3 3.4+0.6 0.911

P&M CSA (mm?) 6.5+£2.5 5.8+2.3 0.068

Plaque burden (%) 66.3+7.9 63.0+7.0 0.040
Distal reference

EEM CSA (mm?) 9.1+2.5 9.2+2.4 0.908

Lumen CSA (mm? 6.2+2.4 6.3+2.5 0.900

P&M CSA (mm?) 2.9+1.4 2.9+1.5 0.996

Plaque burden (%) 31.9+7.7 31.5+7.7 0.898
IVUS lesion length (mm) 18.9+9.6 17.8+8.0 0.045
Plaque morphology 0.608

Soft 9(60.0%) 47 (52.8%)

Fibrotic 1 (6.7%) 2(2.2%)

Calcific 0 (0.0%) 4 (4.5%)

Mixed 5(33.3%) 36 (40.4%)
Remodeling index 1.01+0.18 0.95+0.18 0.082
Remodeling pattern 0.181

Positive 7(46.7%) 23 (25.8%)

Intermediate 6 (40.0%) 38 (42.7%)

Negative 2(13.3%) 28(31.5%)
Superficial calcium 4(26.7%) 16 (18.0%) 0.430
Deep calcium 5(33.3%) 25(28.1%) 0.678
Calcium arc (°) 59.5+60.2 52.8+50.3  0.203
Calcium length (mm) 1.8+1.7 1.5+1.6 0.136

Values are n (%), mean+SD. EEM: external elastic membrane,
CSA: cross-sectional area, P&M: plaque plus media, IVUS: intra-
vascular ultrasound.

applicable to lesions located at non-proximal coronary ar-
teries with a reference segment diameter >3 mm, limiting
the use of IVUS-derived anatomic criteria to define the
functional significance of a subset of lesions.

In the present study, we evaluated two-year clinical out-
comes in patients with angiographically intermediate le-
sions with IVUS MLA <4 mm? in non-proximal epicardial
coronary artery. During the two-year follow-up, 15 MACEs
(14.4%) occurred. Although it is difficult to directly com-
pare the MACE rates because of the differences in the pa-
tient population, the events rates are relatively low in pa-
tients with intermediate lesions. Stone et al.'’ reported
that the 3-year cumulative rates of MACEs were 20.4% in
patients with acute coronary syndrome who underwent
percutaneous intervention. Furthermore, Bech et al." re-
ported that the 2-year outcome after medical treatment
and FFR guided the PCI of intermediate coronary stenosis
without myocardial infarction or unstable angina in patients.
It showed 20.3% MACE rates. Diabetes mellitus was more
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prevalent and statins were used less frequently in patients
with MACEs compared with those without MACEs.
Independent predictors of two-year MACEs included dia-
betes mellitus and non-statin therapy. Impaired glycemic
homeostasis had a direct influence on the propagation of
atherosclerotic plaque.' There are several plausible ex-
planations for the more rapid progression of disease in dia-
betic patients. Diabetic patients have atherogenic dyslipi-
demia including hypertriglyceridemia, low high-density
lipoprotein cholesterol, the presence of small, dense low-
density lipoprotein particles. Hyperglycemia and the po-
tential generation of advanced glycation end products also
seem to play an important role."® Nicholls et al.* reported
that diabetes is accompanied by more extensive athero-
sclerosis and inadequate compensatory remodeling, Statin
therapy could induce regression of coronary atherosclerosis
and there was a strong linear relationship between ach-
ieved low-density lipoprotein cholesterol (LDL-C) levels and
the course of atherosclerosis.'”"” Development of new anti-
atherosclerotic strategies is needed and intensive statin
therapy is essential, especially in diabetic patients.

Recently, lower cut-off values of MLA in order to predict
functionally significant coronary stenosis has been suggested.
Kang et al.'® reported that the best cut-off value for MLA
to predict fractional flow reserve <0.80 was <2.4 mm” with
a 90% sensitivity and 60% specificity. Nam et al.'® reported
that both fractional flow reserve- and IVUS-guided percu-
taneous coronary intervention strategies for intermediate
coronary artery disease were associated with favorable
outcomes and the fractional flow reserve-guided percuta-
neous coronary intervention reduced the need for re-
vascularization of many of these lesions. In the present
study, event rates were relatively low with only medical
therapy without any intervention. Therefore, the cut-off of
IVUS MLA 4 mm” might be too large to be used in patients
with angiographically intermediate lesions in non-prox-
imal epicardial coronary artery.

There are several limitations to be mentioned. First, this
study is based on a small sample, thus raising the possi-
bility of selection bias. In particular, only 7 diabetes pa-
tients and 6 other patients took statins in the MACE group
which might be too small of a sample from which to make
conclusions. Second, this was a retrospective single-center
study. The results of this study should be verified by further
prospective investigation. Furthermore, access to some de-
tailed data was not available, such as the intensity of statin
use, the type of statins used, and non-culprit lesion outcomes.
Third, we did not evaluate the functional severity of
stenosis. The heterogeneity of the study population, which
included stable angina and acute coronary syndrome pa-
tients made it hard to identify differences only with ana-
tomical evaluation. Additionally, we included CVA pa-
tients in the MACE group, but CVA risk might be not re-
lated moderate coronary lesion.

In conclusion, in patients with angiographically inter-
mediate lesions in the non-proximal epicardial coronary
artery, the event rates were relatively low with only medi-
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cal therapy without any intervention, therefore the cut-off
of IVUS MLA 4 mm® may not be applied for predicting fu-
ture cardiovascular events and the predictors of long-term
MACE were diabetes mellitus and non-statin therapy.
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