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Abstract

AIM: To investigate age- and gender-related differ-
ences in non-culprit versus culprit coronary vessels as-
sessed with virtual histology intravascular ultrasound
(VH-IVUS).

METHODS: In 390 patients referred for coronary an-
giography to a single center (Luzerner Kantonsspital,
Switzerland) between May 2007 and January 2011, 691
proximal vessel segments in left anterior descending,
circumflex and/or right coronary arteries were imaged
by VH-IVUS. Plaque burden and plaque composition
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(fibrous, fibro-fatty, necrotic core and dense calcium
volumes) were analyzed in 3 age tertiles, according to
gender and separated for vessels containing non-culprit
or culprit lesions. To classify as vessel containing a
culprit lesion, the patient had to present with an acute
coronary syndrome, and the VH-IVUS had to be per-
formed in a vessel segment containing the culprit lesion
according to conventional coronary angiography.

RESULTS: In non-culprit vessels the plague burden
increased significantly with aging (in men from 37% =+
12% in the lowest to 46% + 10% in the highest age
tertile, P < 0.001; in women from 30% =+ 9% to 40%
+ 11%, P < 0.001); men had higher plaque burden
than women at any age (P < 0.001 for each of the 3
age tertiles). In culprit vessels of the lowest age tertile,
plaque burden was significantly higher than that in non-
culprit vessels (in men 48% =+ 6%, P < 0.001 as com-
pared to non-culprit vessels; in women 44% = 18%,
P = 0.004 as compared to non-culprit vessels). Plaque
burden of culprit vessels did not significantly change
during aging (plaque burden in men of the highest age
tertile 51% £ 9%, P = 0.523 as compared to lowest
age tertile; in women of the highest age tertile 49% =
8%, P = 0.449 as compared to lowest age tertile). In
men, plague morphology of culprit vessels became in-
creasingly rupture-prone during aging (increasing per-
centages of necrotic core and dense calcium), whereas
plaque morphology in non-culprit vessels was less
rupture-prone and remained constant during aging. In
women, necrotic core in non-culprit vessels was very
low at young age, but increased during aging resulting
in a plague morphology that was very similar to men.
Plague morphology in culprit vessels of young women
and men was similar.

CONCLUSION: This study provides evidence that age-
and gender-related differences in plaque burden and
plaque composition significantly depend on whether the
vessel contained a non-culprit or culprit lesion.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Age and gender have well-established relations to the
prevalence of coronary artery disease (CAD) and the in-
cidence of coronary events'”. A few pathologic studies
evaluated age- and gender-related differences in coronary
plaques and found significant differences”. However,
these studies were restricted to patients who died from
a coronary event. Only two studies so far characterized
age- and gender-related differences in coronary plaques
in vivo with the use of virtual histology (VH) intravas-
cular ultrasound (IVUS)"™'". Both studies reported that
plaque burden as well as necrotic core and dense calcium
increased with increasing patient age, that at any age
men had a more rupture-prone plaque morphology than
women and that gender differences diminished with in-
creasing age. However, in these studies the compositional
characteristics of non-culprit and culprit lesions were
not distinguished. The present study therefore examines
age- and gender-related differences in non-culprit versus
culprit coronary vessels assessed with VH-IVUS.

MATERIALS AND METHODS
Study population

Consecutive patients referred for coronary angiography
during daytime to a single center (Luzerner Kantons-
spital, Switzerland) between May 2007 and January 2011
were evaluated for this study. Patients presented with
stable angina or acute coronary syndromes (ACS) (ze.,
unstable angina, non-ST-elevation myocardial infarction
or ST-elevation myocardial infarction). The decision to
perform coronary angiography was taken according to
the local guidelines. Patients in cardiogenic shock and he-
modynamically unstable patients depending on inotropes
were excluded. Patients with total or subtotal stenosis of
the proximal left anterior descending (LAD) or circum-
flex (CX) artery as well as high-grade left main coronary
artery stenosis with potential for hemodynamic instability
during the IVUS procedure were also excluded. Finally,
390 patients qualified for inclusion in the study and
were willing to participate. All patients provided written
informed consent. The institutional ethical committee
approved the study, which was conducted in accordance
with the declaration of Helsinki.

Measurements
In all 390 patients, clinical characteristics (age, sex, cardio-
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vascular risk factors, clinical presentation) were assessed
at baseline. Hypertension was defined as a repeatedly
elevated blood pressure > 140/90 mmHg according to
current guidelinesmm. Dyslipidemia was defined as total
cholesterol > 234 mg/dL (6.0 mmol/L) or low-density li-
poprotein cholesterol > 117 mg/dL (3.0 mmol/1)"". Di-
agnosis of diabetes mellitus was made if fasting plasma
glucose was = 7 mmol/L on at least two different days
or if postprandial plasma glucose was = 11.1 mmol/ IR
Patients were considered as smokers, if they currently
smoked = 1 cigarette per week. Patients who previously
stopped smoking were considered non-smokers"”. A
positive family history of CAD was defined as evidence
of CAD in a parent or sibling before 60 years of age“s].
ACS was defined according to guidelines of the Euro-
pean Society of Cardiology and the American College of
Cardiology/American Heart Association"”?",

IVUS procedure and outcome

In all 390 participating patients, IVUS was performed in
the proximal 4 cm of LAD, CX and right coronary ar-
tery (RCA). If the coronary anatomy was unsuitable for
the IVUS procedure (eg., small or tortuous vessels), the
IVUS procedure was not performed in the correspond-
ing vessel. IVUS was acquired using an Eagle Eye® Gold
Catheter (20 MHz) and an automatic continuous pullback
device (Volcano Corp., Rancho Cordova, CA, United
States)”" . Pullback velocity was 1 mm/s. Frames were
acquited ECG-gated/R-wave triggered. The vessels in
which the IVUS was performed were classified into either
vessels containing a culprit lesion or vessels containing
non-culprit lesions. To classify a vessel as vessel contain-
ing the culprit lesion, the following criteria had to be ful-
filled: (1) the patient had an ACS; and (2) the IVUS was
performed in the vessel segment containing the culprit le-
sion according to conventional coronary angiography. All
other vessels were classified as vessels containing non-
culprit lesions.

Analysis of the IVUS procedure was performed of-
fline by a specially trained single investigator who was
blinded to the clinical and angiographic data. The analysis
embraced the whole vessel segment in which the IVUS
was performed. Contours of lumen and media-adventitia
interface were detected semi-automatically. For every
cross-sectional area, vessel and lumen diameters as well as
the area for the different plaque components were calcu-
lated using a special software package (pcVH2.2, Volcano
Corp., Rancho Cordova, CA, United States). Spectral
analysis of IVUS radiofrequency signals provided a
histology of the plaque identifying 4 major plaque com-
ponents, namely fibrous, fibro-fatty, necrotic core and
dense calcium™. After manual detection, the software
calculated the absolute volumes of each of the 4 plaque
components as well as their relative amounts expressed
as percentages of the total volume of the 4 components
within the 4 cm segment. Total plaque volume was cal-
culated as the sum of the volumes of all 4 plaque com-
ponents and of the media-adventitia. Plaque burden was
defined as the ratio between plaque volume and the sum
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Table 1 Baseline characteristics (7 = 130) n (%)

Characteristic

Patients in the lowest age tertile Patients in the middle age tertile Patients in the highest age tertile 2 value'

Age, mean * SD (range), yr 47.6 + 6.8 (20.5-55.5)

Female sex 29 (22.3)
Body mass index, mean = SD, kg/m’ 269+5.1
Obesity” 25 (19.2)
Systolic BP, mean + SD, mmHg 128 £19
Diastolic BP, mean + SD, mmHg 77 £12
Cardiovascular risk factors
Hypertension 58 (44.6)
Dyslipidemia 77 (59.2)
Current smoker 47 (36.2)
Diabetes 11 (8.5)
Positive family history 47 (36.2)
Manifest atherosclerosis
CAD 78 (60.0)
ACS 35 (26.9)
Previous stroke 1(0.8)
Peripheral artery disease 2(15)
Medication’
ACE inhibitor 29 (22.3)
Betablocker 47 (36.2)
Statin 36 (27.7)
Other measurements
LDL, mean + SD, mmol/L 28+1.0
LVEF, mean £ SD, % 70+ 11

59.6 + 2.4 (55.5-64.2) 70.9 + 4.8 (64.3-83.7) <0.001
36 (27.7) 43 (33.1) 0.053
28.0+49 274+36 0.408
37 (28.5) 30 (23.1) 0.466
134+19 133420 0.017
77 £11 73+11 0.007
85 (65.4) 95 (73.1) <0.001
101 (77.7) 90 (69.2) 0.082
30 (23.1) 16 (12.3) <0.001
23 (17.7) 30 (23.1) 0.001
48 (36.9) 51 (39.2) 0.609
101 (77.7) 112 (86.2) <0.001
32 (24.6) 33 (25.4) 0.777
5(3.9) 7 (5.4) 0.038
11 (8.5) 6 (4.6) 0.250
46 (35.4) 52 (40.0) 0.002
60 (46.2) 67 (51.5) 0.013
57 (43.9) 62 (47.7) 0.001
27412 26+10 0263
68+13 70+12 0.875

'P value for trend across age groups was calculated using linear regression; “Defined as body mass index = 30 kg/m? *Long-term medication in the two

weeks before intravascular ultrasound. ACE: Angiotensin converting enzyme; ACS: Acute coronary syndrome; BP: Blood pressure; CAD: Coronary artery

disease; LDL: Low-density lipoprotein cholesterol.

of plaque and lumen volumes.

Statistical analysis

Data were analyzed using Stata software (Stata 11.2, Stata-
Corp LP, College Station, TX, United States). For two-
group compatisons, Student’s # test was used after check-
ing for normal distribution; Mann-Whitney rank-sum
test was used for non-normally distributed continuous
variables. Distributional differences between categorical
variables were assessed by a y” test and Fisher’s exact test.
The P value for a trend across age groups was calculated
using linear regression. In the regression model, age was
analyzed as tertile. For all statistical comparisons, a P
value < 0.05 was considered significant.

RESULTS

Baseline characteristic are shown in Table 1. Mean age
was 59.4 + 10.7 years with a range from 20.5 to 83.7
years. Hypertension, dyslipidemia and diabetes were in-
creasingly prevalent with increasing patient age. Fewer
patients in the highest age tertile were current smokers
as compared to younger patients. Prevalence of CAD in-
creased with increasing patient age, whereas patients with
ACS were similarly prevalent in all age tertiles (Table 1).
Overall, 691 vessel segments in LAD, CX and/or RCA
were imaged by IVUS in the 390 participating patients.
The LAD was imaged in 319 patients, the CX in 214 pa-
tients, and the RCA in 158 patients. All three vessels were
depicted in 84 patients (21.5%), two vessels in 133 pa-
tients (34.1%), and only one vessel in 173 patients (44.4%).
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0618 vessels (89.4%) contained non-culprit lesions and 73
vessels (10.6%) contained culprit lesions of patients with
ACS. Age- and gender-related differences of plaque com-
ponents in vessels containing non-culprit or culprit lesions
are summarized in Table 2 and in Figure 1.

Age- and gender-related differences in non-culprit
vessels

In non-culprit vessels plaque burden as well as fibrous
and necrotic core volumes were higher in young men
than in young women (Table 2). The plaque burden in
men increased significantly with age; however, the plaque
component characteristics of young age were preserved
until old age. Women also had a significant increase in
plaque burden during aging, but plaque burden remained
generally lower than in men. In contrast to men, plaque
composition of non-culprit vessels in women altered dur-
ing aging with increasing volumes of fibrous and necrotic
tissue, so that differences in plaque composition between
women and men disappeared in the elderly. Old women
had a plaque composition that was similar to men, even
compared to young men. Interestingly, the most impoz-
tant change of plaque composition in women occurred
between the lowest and middle age tertile (7.e., after men-
opause).

Age- and gender-related differences in culprit vessels

Table 2 summarizes plaque burden and composition of
culprit vessels. The plaque composition of culprit ves-
sels in young men and women presenting with ACS was
very similar. In contrast to women, plaque composition
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Table 2 Age- and gender-related differences of plaque burden and plaque components in vessels containing non-culprit or culprit

lesions (mean + SD)

Plaque component Patients in the lowest age tertile Patients in the middle age tertile Patients in the highest age tertile 2 value' P value®

Male Female P value Male Female Pvalue  Male Female P value
Non-culprit vessels
Segments available for analysis  n =154 n=44 n =159 n=>54 n =140 n =67
Plaque burden, % 3712 309 <0.001 42+11 3512 <0001 4610 40+11 <0.001 <0.001 <0.001
Fibrous volume, % 53+12  44+20 <0.001 51£12 5413  0.161 52+11 53+12 0947 0949  0.005
Fibro-fatty volume, % 13+£11 17+19 0.966 11+9 17+15  0.053 13+9 12£10 0365 0992  0.060
NC volume, % 18£8 15£10 0.033 21+9 16+10 <0.001 20+8 19+£9 0.646 0.13 0.017
DC volume, % 17 £14 24 +£22 0.324 17+£12 13+14  0.003 15£10 16£12 0814 0323 0.028
Lumen volume, mm’ 398+182 342+115  0.053 348+133 308+130 0.057 310+133 332+£127 0267 <0.001 0.815
Culprit vessels
Segments available for analysis 1 =22 =B n=19 n=3 n=16 n=8
Plaque burden, % 48+6 44 +18 0.376 43+11  47+14 0578 51+9 49+8 0724 0523  0.449
Fibrous volume, % 57+9 58+8 0.795 51+10 67+12  0.026 44 +12 57 +11 0.024 <0.001 0.727
Fibro-fatty volume, % 13+9 13+6 0.683 9+5 8+2 0.562 7+5 11+7 0.069  0.006  0.561
NC volume, % 19+8 19+7 0.930 23+9 17+8 0.285 28+7 207 0.018  0.003  0.697
DC volume, % 11+8 10+8 0.851 17+8 8+7 0.113 22+12 13+12  0.040  0.001  0.655
Lumen volume, mm’ 340+144 398+340 0541 385+171 236+133 0.168 271+82 307+116 0394 0201  0.505

1 . 1 . . . 2 .
P value for trend across age groups in men. P value was calculated using linear regression; “P value for trend across age groups in women. P value was

calculated using linear regression. DC: Dense calcium; NC: Necrotic core.

in culprit vessels of men changed significantly during ag-
ing with increasing volumes of necrotic core and dense
calcium (Ze., old men need a rupture-prone plaque mos-
phology to present as ACS). Plaque composition in old
women was similar to that in young women, therefore
leading to significant differences in plaque composition
between men and women in the highest age tertile. Old
women also presented as ACS with less necrotic core and
dense calcium than men. Plaque burden remained similar
between men and women and also between the three age

groups.

Differences between non-culprit and culprit vessels

In the lowest and middle age tertiles, differences between
non-culprit and culprit vessels were similar for men and
women. In the lowest age tertile, plaque burden in culprit
vessels was significantly higher than that in non-culprit
vessels (P < 0.001 for men and P = 0.004 for women),
but no significant differences in plaque composition
were found between non-culprit and culprit vessels. In
the middle age tertile of men and women, there were no
significant differences of plaque burden and composition
between non-culprit and culprit vessels. In men of the
highest age tertile, plaque composition in non-culprit and
culprit vessels differed significantly with more necrotic
core (P < 0.001), more dense calcium (P = 0.012), less
fibrous (P = 0.003) and less fibro-fatty (P = 0.004) vol-
ume in the culprit vessel, whereas plaque burden was
not significantly (P = 0.110) different. In women in the
highest age tertile, plaque burden in culprit vessels was
significantly higher than in non-culprit vessels (P = 0.017),
whereas no significant differences in plaque composition
were found.

Analysis of combined non-culprit and culprit vessels
If non-culprit and culprit vessels are combined for analy-
sis, plaque burden increased significantly in men (P <
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0.001) and women (P < 0.001). Men had more plaque
burden than women in every age tertile (P < 0.001 for
lowest, middle or highest age tertile). Percentages of
necrotic core increased with increasing patient age in both
men (P = 0.019) and women (P = 0.016). Plaque compo-
sition significantly differed between men and women in
the lowest and middle age tertile, whereas in the highest
age tertile no significant differences were found.

DISCUSSION

This study provides evidence that age- and gender-related
differences in plaque burden and plaque composition
significantly depend upon whether the vessel contained a
non-culprit or culprit lesion. Effects of pathophysiologic
processes during aging are presumably better observ-
able in non-culprit lesions where acute processes play a
minor role. In non-culprit vessels of men, plaque burden
increases with increasing age, but plaque composition
remains constant during aging. Compared with men,
young women have a significantly lower plaque burden
and lower amount of necrotic core which may reflect
protective effects of female hormones. After menopause
the plaque composition in non-culprit vessels of women
approximates that of men. The plaque burden of women
increases during aging like men, but it remains lower than
in men until old age. In culprit vessels the situation is
different. Culprit lesions reflect an acute stage of disease
and influencing factors other than the long-term patho-
physiologic processes which occur during aging presum-
ably come to the fore. Thus, culprit vessels of young
women and men exhibit similar rupture-prone plaque
morphology with a high percentage of necrotic core and
a relatively high plaque burden. In men, a significant in-
crease of necrotic core and dense calcium is required to
result in a rupture-prone morphology at old age. In old
women, morphology similar to young women and men is

March 26,2013 | Volume 5 | Issue 3 |



Schoenenberger AW et a/. Age and gender-differences of coronary plaques

Men Women

100 Non-culprit vessels 100
%0 [ Fibrous volume %r
80 [ Fibro-fatty volume 80 -
70 B Necrotic core volume 70
60 W Dense calcium volume 60 -
& 50 & 50 -
40 40 -
30 30 -
20 20 -
10 10 +

0 @ ) @ 0 ) @ e

<, ), S, ), <, ),

\9\&3@& © @b&zé& ¢ Q‘\\é&é\ & d o o*@é‘é& ¢ {\\c&zé& ¢ \é\\é\z"&é&z
100 Culprit vessels 100 ¢
90 90
[ Fibrous volume

8 @ Fibro-fatty volume 80 -
70 W Necrotic core volume 701
60 B Dense calcium volume 60 -
& 50 & 50 -
40 b 40
30 30 +
20 - 20 +
10 10 |

0 @ @ 0 e @ e

<, , &, , O ,

\9&%‘@{&@ @b&(})x@{&@ \é\\é@é & ﬁ\@é@@@ ®c&®xz@® Q@@é«&@

Figure 1 Plaque composition in men and women during aging in non-culprit and culprit vessels.

sufficient to result in a rupture-prone culprit lesion.

Qian e a/"” reported that both women and men had
an increase in plaque with increasing age, that at any age,
men had more plaque than women, that percentages of
dense calcium and necrotic core increased with age in
both men and women, and that gender differences were
lowest in the oldest tertile. Our study confirms these
findings, if non-culprit and culprit lesions are analyzed
together. However, if non-culprit and culprit lesions are
analyzed separately, then age- and gender-related differ-
ences are more complex.

Our study is in accordance with previous pathologic
studies although comparability of IVUS and pathologic
studies is limited due to several reasons'®”. Dollar e @/
reported that young women had more fibrous and fibro-
fatty tissue and less necrotic core than old men. Our
study confirms this finding, Burke e a/* reported that
plaque erosion, the major substrate for thrombosis in
premenopausal women, does not appear to be inhibited
by estrogen. Presumably this could explain why we did
not find any differences in the plaque composition of
culprit vessels between young men and women.

The present study has limitations. First, study partici-
pants underwent coronary angiography for stable angina
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or ACS. This might restrict extrapolation of our findings
to a more healthy general population. Second, this was
not a lesion-specific analysis; rather, LAD, CX and/or
RCA were imaged in a proximal 4 cm segment. However,
it has been shown that vessel-based measurements corre-
late well with lesion-specific analysis[zq. Third, the number
of culprit vessels available for analysis in women was too
low to exclude type II error. Fourth, in culprit vessels it
may be difficult to differentiate plaque from thrombi by
20 MHz IVUS. Therefore, plaque composition in culprit
vessels may be affected by thrombi. Fifth, hormone re-
placement therapy was not assessed in women.

In conclusion, the present study has revealed that age-
and gender-related differences in plaque burden and plaque
composition significantly depend upon whether the vessel
contained a non-culprit or culprit lesion. More research is
needed to understand the pathophysiology of plaque mor-
phology changes during aging in women and men.

COMMENTS

Background
Only few studies so far characterized age- and gender-related differences in
coronary plaques in vivo with the use of virtual histology (VH) intravascular
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ultrasound (IVUS). In these studies the compositional differences of non-culprit
and culprit vessels were not distinguished. The present study therefore exam-
ines age- and gender-related differences in non-culprit versus culprit coronary
artery vessels assessed with VH-IVUS.

Research frontiers

Differences in the plaque composition of non-culprit and culprit vessels accord-
ing to age and gender have not been described so far.

Innovations and breakthroughs

The present study shows that age- and gender-related differences in plaque
burden and plaque composition significantly depend on whether the vessel
contained a non-culprit or culprit lesion. More research is needed to understand
the pathophysiology of plaque morphology changes during aging in women and
men.

Applications
The present study has research implications. More research is needed to un-
derstand the pathophysiology of plague morphology changes during aging in
women and men.

Terminology

Vessel containing a culprit lesion: To classify as vessel containing a culprit le-
sion, the patient had to present with an acute coronary syndrome, and the VH-
IVUS had to be performed in a vessel segment containing the culprit lesion
according to conventional coronary angiography.

Peer review

The authors showed the characteristics of coronary disease according to gen-
der and age and different patterns of plaque composition between culprit and
non-culprit vessels. However, several issues should be considered and clarified
more (e.g., lesion inclusion criteria and the definition of culprit/non-culprit ves-
sels should be clarified).
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