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ABSTRACT: Objective. Prediction of coronary atherosclerosis
in patients with stable angina based on non-invasive examinations.
Methods. Pro-inflammatory markers, heme oxygenase-1 (HO-1)
polymorphism, lipid levels, Framingham risk score (FRS), and carotid
ultrasound were analyzed and compared to grayscale and virtual his-
tology intravascular ultrasound (VH-IVUS). Results. A total of 101
patients were included, and genetic analysis was performed on 81
patients (80.2%). The HO-1 risk polymorphism was more frequent
in patients post-myocardial infarction (61.3% vs 32%; P=.0097),
or with diabetes (68.4% vs 35.5%; P=.011) or a higher FRS (21.5
vs 15.7; P=.014). Plaques in patients with the HO-1 risk polymor-
phism contained less fibro-fatty tissue (17.1% vs 23.2%; P=.005) and
more necrotic core (NC; 17.1% vs 12.7%; P=.02) and calcification
(10.2% vs 5.7%; P=.035) compared to patients without the HO-1
risk polymorphism. Carotid intima media thickness (P=.05) and ca-
rotid bulb plaque (P=.008) predicted plaque burden. The level of Apo
A inversely correlated with NC (P=.047; r = -0.27) and was lower in
patients with VH-thin-cap fibroatheroma (VH-TCFA; 1.19 mmol/L
vs 1.3 mmol/L; P=.04). FRS correlated with NC (P=.007; r = 0.2),
with angiographic disease severity (P=.032; r = 0.21) and was higher
in patients with VH-TCFA (9.1 vs 7.8; P=.03). Conclusion. Carotid
ultrasound and HO-1 polymorphism improve coronary atherosclero-
sis prediction.
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Acute coronary syndrome (ACS) is the first manifestation of
coronary artery disease (CAD) in more than 50% of patients.
Traditional risk stratification is limited. Many myocardial in-
farctions (MIs) occur in patients in the intermediate-risk group.
Risk stratification can be improved by assessment of non-coro-
nary atherosclerosis like carotid intima media thickness (IMT)"
and markers of inflammation and oxidative stress.?

We recently published a study® of 107 patients, 70 of whom
were genetically studied, that focused on the relationship be-
tween a genetic polymorphism for endothelial nitric oxide syn-
thase and heme oxygenase-1 (HO-1) versus atherosclerosis de-
velopment. The most interesting finding of this study was the
correlation between the HO-1 polymorphisms and the extent
of coronary atherosclerosis. The aim of the present study is to
extend our initial results to examine how the analysis of genetic
polymorphisms for HO-1 can improve prediction of the extent
and risk profile of atherosclerosis based on traditional risk fac-
tors, pro-inflammatory markers, and carotid ultrasound.

HO is a microsomal enzyme that catalyzes heme degrada-
tion to iron, carbon monoxide (CO), and biliverdin, which
is subsequently converted to bilirubin. CO and bilirubin are
substances with vasodilatory, antioxidative, angiogenic, and
anti-inflammatory properties. Iron is a potentially pro-oxidant
agent, but is sequestrated by ferritin.* The enzyme HO exists as
isoenzymes HO-1 (inducible), HO-2 (constitutive), and HO-3
(probably only a pseudotranscript of HO-2).5¢ The activity of
the HO-1 gene is determined by the number of guanosine-
thymidine (GT) dinucleotide repeats in the gene promoter. As
the number of GT dinucleotide repeats increases, transcrip-
tion of the gene, and thus its enzymatic activity, decreases.®
Increased risk for CAD development was found in patients
with an HO-1 gene polymorphism demonstrating a higher GT
repetition.” Conversely, gene variants with a reduced number
of GT repeats react to oxidative stress with increased transcrip-
tional activity and thus act to protect against the development
of atherosclerosis.?

The present study examined non-invasive predictors of the
following coronary angiographic (CAG), intravascular ultra-
sound (IVUS), and virtual histology (VH-IVUS) parameters:

(1) Angio score (angio) from CAG — a parameter of total
atherosclerotic burden of coronary arteries.
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Figure 1. The relationship between type of polymorphism in HO-1 gene and plaque composition.

merase chain reaction (PCR). We have
divided alleles according to the number of
GT repeats into two subclasses: promoters
with less than 25 (GT)n — class S (short)
alleles and promoters with 25 or more
(GT)n — class L (long) alleles. Homozy-
gous class S and heterozygous class S were

grouped together (referred as protective

(2) Percent atheroma volume (PAV) from IVUS — relative
volume of selected non-culprit plaque.

(3) Necrotic core (NC) from VH-IVUS — amount of ne-
crotic core in selected non-culprit plaques.

(4) Thin cap fibroatheroma (TCFA) from VH-IVUS —
rupture-prone high-risk type of plaque’ and a predictor
of future cardiac events.'

Methods

Study patients. Because the objective of our study was to
identify features of unstable plaques before the onset of ACS,
only patients with stable angina pectoris (SAP) were included.
All patients signed informed consent, and the study was ap-
proved by the local ethical committee.

Framingham risk score (FRS). This risk score predicts a
10-year risk of coronary events according to a gender-specific
model using age, diabetes mellicus (DM), total cholesterol or
low density lipoprotein cholesterol (LDLc was used in this
study), systolic and diastolic blood pressure, and smoking. Risk
score was calculated using B-coefficients to compute the linear
function as described by Wilson et al.!

Ultrasonographic examination of the carotid arteries.
Carotid IMT measurement was performed using B-mode ultra-
sound with an 8 MHz linear probe on the outlying wall of the
common carotid artery (ACC) and the internal carotid artery
(ACI — on both sides) in longitudinal sections during end-dias-
tole. For purposes of CAD prediction, we used IMT ;¢ (sum of
IMT in ACC and ACI for both sides) and IMT,,,x (maximum
of all IMT measurements in every patient). Experienced ultra-
sonographers adjudicated carotid plaque presence in the carotid
bulb if two of the following three criteria were met: (1) abnormal
wall thickness (defined as IMT >1.5 mm); (2) abnormal shape
(protrusion into the lumen, loss of alignment with adjacent ar-
terial wall boundary); and (3) abnormal wall texture (brighter
echoes than adjacent boundaries)."

Pro-inflammatory cytokines. We analyzed the following pro-
inflammatory markers: vascular cellular adhesive molecule (VCAM),
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type HO-1 polymorphism) and compared
to the homozygous class L carriers (referred as high-risk type of
HO-1 polymorphism in the Results and Discussion sections).
This group classification was used because both homozygous
and heterozygous carriers of the class S allele show a reduced
inflammatory response and thus are protective.® All patients
signed informed content for genetic analysis.

Catheterization and grayscaler and VH-IVUS. The fol-
lowing angiographic score was used to assess the atherosclerotic
burden in the coronary arteries. We calculated the sum of the
numeric indices (1, 2, or 3 points as stated below) associated
with all lesions exhibiting more than 20% diameter stenosis:

(1) 3 points: stenosis >50% in proximal third of a coro-
nary artery.

(2) 2 points: stenosis <50% in proximal third of a coronary
artery or stenosis >50% in the mid or distal third of a
coronary artery.

(3) 1 point: stenosis <50% in the mid or distal third of a
coronary artery.

After performing coronary angiography, the operator se-
lected a target vessel for IVUS imaging. Only 1 native coro-
nary artery with stenosis 20%-50% by angiography with no
indication for either percutaneous coronary intervention (PCI)
or coronary artery bypass grafting (CABG) was investigated
in each patient. Plaque length >20 mm was suitable for study.
Plaque length was defined as the length of a continuous arterial
segment with plaque burden >20% based on IVUS assessment.

In case of similar findings in more than 1 coronary artery, the
artery with the largest plaque burden was selected for the analysis.

The IVUS phased-array probe (Eagle Eye, 20 MHz, 2.9 Fr
monorail), IVUS console, software, and motorized pullback de-
vice (research pullback, model R-100) were used for the studies
(Volcano Corporation). After administration of 200 pg of in-
tracoronary nitroglycerin, the IVUS probe was introduced into
the selected coronary artery at least 10 mm distal to the plaque.
Motorized pullback at 0.5 mm/s was performed through the
rest of the coronary artery all the way to the ostium. Plaque
volume was expressed as a percent atheroma volume (PAV),
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Table 1. Overall patient demographics, type of therapy, lipid levels, pro-inflammatory markers,
type of gene polymorphisms, carotid ultrasound, CAG, IVUS, and VH-IVUS.

Results
Patient population. Be-

‘ . November 2005 and
A 64.6 9.8 | HO-1 risk polymorph 35 (43.2% tween

ge (years) . S poymoTnen ( b) April 2009, a total of 107
Female 27 (265 /0) IL-6 23.6 +29.2 patients Wlth SAP were in-
Family history of CAD 50 (49.5%) | VCAM 7319 £265.6 | cluded in the study. Data
Arterial hypertension 85 (84.2%) | ICAM 3289+ 136.2 | from 6 patients were unsuit-
Diabetes mellitus 25 (24.8%) | TNF alpha 101278 | 2blefor VH-IVUS. Genetic
analysis was performed in
Hyperlipidemia 73 (72.3%) | CD 40 ligand 9.1+49 81 patients (80.2%). Da-
Smoking 62 (61.4%) | hsCRP 48 +5.8 tient  demographics are
Previous myocardial infarction 42 (41.6%) | IMTmass (mm) 2.6 +0.4 summérized in.Table 1. The
Beta-blockers 69 (68.3%) | IMTmax (mm) 0.7+0.1 following arterlf:s were ana-
lyzed: left anterior descend-
ACEI 68 (67.3%) | Plaque in the carotid bulbus 41 (41.8%) ing artery in 64 patients
Statins 62 (61.4%) | Angio score 7.8 +4.0 (63.4%), right coronary ar-
Total cholesterol (mmol/1) 4.79 + 1.2 | Percent atheroma volume (%) 47.0+ 6.3 teré' linfS% patiegts @3 1'7%)>
- X 5 and left circumflex artery in

LDLc (mmol/l) 2.9+ 1.1 | Fibrous tissue (%) 56.4 + 8.7 4 patients (4%).
Triacylglycerides (mmol/1) 1.55 + 1.1 | Fibro-fatty tissue (%) 209 £9.7 Angio score. The highest
HDLc (mmol/l) 1.25 + 0.5 | Dense calcification (%) 7.9 + 6.0 angio scores were found in
Apolipoprotein A (mmol/l) 1.23 £ 0.2 | Necrotic core (%) 13.8+8.5 pfments with the f.oll(.)wmg:
: : : s history of myocardial infarc-
Apolipoprotein B 100 (mmol/l) 0.94 + 0.3 | VH-TCFA (patients) 56 (55.4%) don (MI) (9.5 + 3.9 vs 6.5
Framingham risk score (LDLc) 85+3.2 + 3.6; P=.0001), risk type of
ACEI = angiotensin-converting enzyme inhibitors; LDLc = low-density lipoprotein cholesterol; HDLc = high-density lipo- | HO-1 polymorphism 9.1
protein cholesterol. Data given as n (%) or mean + standard deviation. + 4.2 vs 6.9 £ 3.1; P=.008),

which was calculated as £ (EEM, — Lumen CSA) divided
by £ (EEMcgs) x 100, where EEM g, was the external elastic
membrane cross-sectional area and Lumen CSA was the lu-
minal cross-sectional area in the IVUS frames of the pullback
sequence. Frames for IVUS analysis were taken from VH-IVUS
mode, and all frames were analyzed.

Technical details of VH-IVUS as well as the analysis recom-
mendations have been well-published.” VH-IVUS uses spectral
analysis of IVUS radiofrequency data to classify plaques into
four components: fibrotic tissue (F), fibrous-fatty tissue (FF),
calcification (DC), and necrotic core (NC)." VH-IVUS analy-
ses are reported in relative amounts (percentages of plaque).
The definition of VH-derived TCFA (VH-TCFA") was as fol-
lows: NC comprising more than 10% of the plaque in at least
three consecutive cross-sections and direct contact of the NC
with the vessel lumen.

Statistical analysis. Mean values + standard deviation or per-
centages were calculated for all variables. Differences between the
groups were compared by the ? test. Statistical significance was
calculated by Fischer’s exact test for alternative variables. The sta-
tistical significance for continuous variables was determined by
the Student’s t-test. Data were analyzed using JMP 3.2 statistical
software (SAS Institute). A P-value of <.05 was considered statis-
tically significant. Multivariate statistical analysis was performed
using IBM SPSS software version 17.0. Linear regression analysis
was used for three dependent variables: angio, PAV, and NC. Lo-
gistic regression was used for the dependent variable VH-TCFA.
Optimal groups of predictors were chosen for achieving the best
prediction of dependent variables.
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patients with LDLc <2.6
mmol/L on therapy (8.8 + 3.8 vs 6.9 + 4.0; P=.018), statin thera-
py (8.8 £3.8 vs 6.9 £ 4.0; P=.018), and past history of hyperlip-
idemia (8.3 + 4.2 vs 6.4 + 3.0; P=.03). The FRS significantly cor-
related with the angio score (P=.032; r = 0.21). Predictors of the
angio score from multivariate analysis are summarized in Table 2.

Prediction of PAV. Higher levels of PAV were found in pa-
tients with a risk type of HO-1 polymorphism (48.6 + 6.6% vs
45.8 + 5.8%; P=.04) and in patients with plaque in the carotid
bulb (48.6 + 5.7% vs 44.7 + 6.8%; P=.008). PAV correlated
with IMT .. (P=.05; r = 0.22). Predictors of PAV from multi-
variate analyses are summarized in Table 3.

Prediction of NC. The percentage of NC measured using
VH-IVUS analysis correlated with FRS (P=.007; r = 0.2), PAV
(P=.04; r = 0.2) and inversely with the level of apolipoprotein A
(Apo A; P=.047; r = - 0.27). Higher content of NC was found
in patients with risk type of HO-1 polymorphism (17.1 + 8.9%
vs 12.7 + 7.8%; P=.02) and with HDLc less than 1.6 mmol/L
(15.1 £ 8.5% vs 10.4 + 7.4%; P=.02). Besides the NC percent-
age, the PAV also correlated with DC (P=.02; r = 0.23) and
inversely with FF (P=.05; r = -0.19). Predictors of NC from
multivariate analyses are summarized in Table 4.

Prediction of VH-TCFA. Patients with VH-TCFA lesion
phenotype more often had an LDLc <2.6 mmol/L on treatment
(58.9% vs 34.9%; P=.018), lower level of Apo A (1.19 = 0.16
mmol/L vs 1.3 + 0.26 mmol/L; P=.04), higher FRS (9.1 + 3.1
vs 7.8 = 3.1; P=.03), and higher angio score (8.9 + 4.2 vs 6.4 +
3.2; P=.001) compared to patients without VH-TCFA. A trend
was observed for a more frequent occurrence of VH-TCFA lesion

phenotype in patients with the risk type of HO-1 polymorphism

mass

The Journal of Invasive Cardiology®



Table 2. Predictors of angio score from multivariate analysis. The

model contained the following predictors: LDL <2.6, FRS, MI his-

tory (overall model, R=0.458; P<.001).

Non-Invasive Prediction of Coronary Atherosclerosis

type of polymorphism in the HO-1 gene. The relationship
between the specific type of HO-1 polymorphism and the
plaque composition is shown in Figure 1.

Parameters Included | Unstandardized | Significance 95% CI . .
in Model Coefficients - B for B D l;iuSSI?nﬁ " ; 4 ol

e main findings of our study are as follows:
(Gl 1 000 (1) High-risk type polymorphism of HO-1 gene was
LDLc <2.6 1.335 119 -0.348-3.019 found more frequently in high-risk patients (MI in
FRS 0.115 .005 0.036-0.193 past, DM, higher FRS).
MI history 2813 001 | L1gos4asr | @ P;ighjf}isk (ype polymorphism of HO-1 Comla;
FRS = Framingham risk score; MI = myocardial infarction. ¢d with extent of atheroscierosis (anglo score an

PAV) as well as plaque risk profile (larger NC and

Table 3. Predictors of PAV from multivariate analysis. The model (3)
contained the following predictors: VCAM, hsCRP, IMT pass, carotid

plaque, MI history (R=0.491; P=.004).

more frequent VH-TCFA).

Carotid ultrasound and Apo A level can improve
the prediction of coronary atherosclerosis PAV (ca-
rotid ultrasound) and plaque risk profile (Apo A).

Parameters Included | Unstandardized | Significance 95% CI “) Qomp lex. rlsk’assessr'nent is necessary for predic-
i Model Coofficients - B for B tion of high-risk patients and the extent of coro-
nary atherosclerosis.
(Constant) 31.970 000 22.098-41.842 Polymorphism in HO-1 gene and high-risk pa-
VCAM 0.004 .104 -0.001-0.01 tients. We found a higher occurrence of a high-risk
hsCRP 0214 081 .0.454-0.027 | polymorphism in HO-1 gene in patients with a past
history of MI, in patients with DM, and in patients
MT o Sl 020 BT with higher FRS. 1Phe common factor for cardiivascu—
Carotid plaque 3.540 015 0.711-6.369 | [ar disease and DM is an increased activity of reactive
MI history -0.837 566 -3.732-2.059 | oxygen species (ROS)." Low activity of HO-1 increases
VCAM = wascular cellular adhesive molecule; hsCRP = high-sensitivity C reactive levels of intracellular ROS that is associated with insulin
protein; IMT = intima media thickness; MI = myocardial infarction. resistance in adipocytes.'® The HO-1 system has been

Table 4. Predictors of NC from multivariate analysis. The model
contained the following predictors: HO-1 risk polymorphism, carotid

plaque, and Apo A (R=0.540; P=.002).

shown to suppress insulin resistance'” and enhance insu-
lin sensitivity. Hemin, an inducer of the HO system, is
effective against streptozocin-induced diabetes.’® Oda et
al” have shown a negative association between bilirubin
level and glycosylated hemoglobin (HbAlc) in healthy
Japanese men and women.

Parameters Included | Unstandardized | Significance 95% CI1 In animal studies, the absence of HO-1 renders ani-
in Model Coefficients - B for B mals more susceptible to myocardial ischemia/reperfusion
(Constant) 23.741 .001 10.330-37.152 | damage,” while induction of HO-1 can act protectively
HO-1 risk 4.788 031 0.463-9.113 against cardiac ischemia/reperfusion iz vivo.?' Induction
Carotid plaque 3972 067 02787821 of HO—I increases adult cardlf)myocyte tolerance to isch-

emia after 77 vivo transplantation.” Furthermore, CO has
Apo A -11.039 033 21.157-0.922 | peen shown to inhibit platelet aggregation.?® These find-
MI history -0.837 .566 -3.7132-2.059 | ings are consistent with the higher occurrence of MI in
HO-1 risk = risk type of polymorphism for heme-oxygenase 1; Apo A = apolipoprotein A; patients with the high—r isk type of HO-1 polymorphism.
MI = myocardial infarction. The activity of HO-1 plays an important protective

(51.1% vs 30.3%; P=.06). However, the important role of the
HO-1 polymorphism in the prediction of VH-TCFA was con-
firmed by multivariate analyses. The predictors of VH-TCFA
from the multivariate analysis are summarized in Table 5.

The polymorphism of HO-1 gene. The risk type of poly-
morphism in the HO-1 gene was found more frequenty in
patients with a history of MI (61.3% vs 32%; P=.0097) and in
patients with diabetes (68.4% vs 35.5%; P=.011). In addition,
patients with the high-risk type of polymorphism in the HO-1
gene had a higher FRS (21.5 + 12.5 vs 15.7 + 8.0; P=.014), higher
angio score (9.1 £ 4.2 vs 6.9 £ 3.1; P=.008), and also a higher PAV
(results are mentioned above) than patients with the protective

Vol. 25, No. 1, January 2013

role not only in development of DM and MI, but also
in the development of arterial hypertension. The HO-1
system serves as a negative control mechanism to the pressor
activity of angiotensin II*' while CO regulates blood pressure
cooperatively with NO.?* The higher frequency of DM and
arterial hypertension are consistent with the higher FRS in pa-
tients with the risk polymorphism in the HO-1 gene.
Polymorphism in HO-1 gene and prediction of coronary
atherosclerosis. We found higher angio scores, greater PAV,
more NC together with DC, and lower FF tissue percentages
in patients with the risk type of HO-1 polymorphism. Great-
er PAV and necrotic core are known risk features of unstable
plaques. On the other hand, the role of calcifications inside
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Table 5. Predictors of VH-TCFA from multivariate analysis. The model con-
tained the following predictors: HO-1 risk polymorphism, plaque in carotid bulb,

Apo A, angio and FRS, correct prediction rate of 80.9%.

These results confirm the role of Apo A in the
process of plaque stabilization. The necessity to
implement Apo A assessment among classical

risk factors was reiterated in the study by Wall-

Parameters Included Regression Significance | Exp(B) 95% CI di L4
in Model Coefficient B for Exp(B) tus et al. . .
Complex risk assessment is necessary for
(Constant) LiL aty L2 prediction of high-risk plaque profile. FRS, age,
HO-1 risk 1.760 .034 5.815 | 1.144-29.567 | and angio score correlated with occurrence of
Carotid plaque 1.599 044 4947 | 1.046-23.392 | VH-TCFA. Rodriguez-Granillo et al*! did not
find a significant correlation between the occur-
Apo A 148 138 0.043 0.001=2.739 rence ongH—TCFA and separate atherosclerotic
Angio 0.184 146 1202 | 0938-1539 risk factors; more complex risk assessment using
FRS -0.159 .266 0.853 0.644-0.644 the FRS was a predictor for VH-TCFA in the
HO-1 risk = risk type of polymorphism for heme-oxygenase 1; Apo A = apolipoprotein A; angio study done by Marso,* and higher FRS was as-
= angio score; FRS = Framingham risk score. sociated with a higher occurrence of VH-TCFA

plaque remains unclear. Calcified plaques are thought to be sta-
ble; however, microcalcifications increase plaque vulnerability,
ie, they increase risk of plaque rupture for higher plaque stiff-
ness.” Thus, carriers of the high-risk type of HO-1 polymor-
phism developed more pronounced coronary atherosclerosis
with a higher-risk profile. Li et al** found higher expression of
HO-1 in patients with CAD and levels of HO-1 protein were
highest in those with a greater disease burden. It seems that
HO-1 expression is a consequence of the disease process and so
may be a defense mechanism.” The mechanism of anti-athero-
sclerotic effects of HO-1 is the reduction of ROS, reduction of
inflammatory mediators, and a reversion of decreased activity
of endothelial NO synthase caused by oxidized LDLc and TNF
alpha.?® It was found that CO has an anti-apoptotic effect” and
induction of HO-1 prevents cell death.®® These pathways are
probably responsible for transforming the plaque composition
from primarily fibrous and fibro-fatty to containing increas-
ingly more necrotic tissue with calcifications.

Carotid ultrasound and Apo A level. We did not find a
robust correlation between carotid IMT and CAD; rather, we
found only borderline correlation between IMTumass and plaque
volume. A similar finding was published in the study done by
Kranjec.?" It is known that carotid IMT is an independent but
relatively modest predictive factor for CAD.** Moreover, Wald
et al®® published a large meta-analysis of 18 studies including
44,861 patients that found a detection rate lower than 65% for
CAD based on carotid IMT or carotid plaque.

In contrast, patients with plaque present in the carotid bulb
had higher PAV. The presence of carotid plaques seems to be a
better predictor for coronary atherosclerosis* and cardiac event
than elevated IMT.?*%7 Nicholls et al described in more than
4000 patients the relationship between increasing burden of
coronary atherosclerosis, as determined by IVUS, and subse-
quent clinical outcomes.?

Apo A inversely correlated with amount of NC (better than
HDLc). Furthermore, Apo A and the high-risk type of HO-1
polymorphisms were identified as independent predictors of NC
using multivariate analysis. We found correlations between VH-
TCFA and levels of ApoA. Van Craeyld et al*’ found in an exper-
imental mouse model that increased HDLc following ApoA-1
gene transfer elevates collagen content in atherosclerotic lesions.
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in the PREDICT study.” FRS also correlated
with NC content in plaques and with angio score. These data
underline the necessity of more complex assessment of athero-
sclerotic risk factors such as FRS for plaque risk profile and
extent of coronary atherosclerosis.

The more frequent occurrence of VH-TCFA and higher
angio score in patients with LDLc <2.6 mmol/L was problem-
atic. However, these patients were in the well-treated high-risk
group where we found more diabetics (68% vs 41.3%; P=.02),
more smokers (55.7% vs 35.9%; P=.05), and more patients
with a prior MI (69.1% vs 32.8%; P=.0003). It is not surpris-
ing that lipid levels in well-treated patients with DM or a his-
tory of an MI were lower compared to patients with “only”
hyperlipidemia. However, lipid-lowering therapy successfully
decreased the level of LDLc, but unfortunately failed to change
plaque composition in terms of reducing NC as it was demon-
strated in the IBIS-2% and HEAVEN® trials.

The presence of VH-TCFA in 56.4% of patients with stable
angina agrees with a study done by Hong et al, which ana-
lyzed all three coronary arteries with VH-IVUS and found 1.7
VH-TCFAs per patient with stable angina.

Conclusions

The main finding of this study is the correlation between
the HO-1 risk type polymorphism and high-risk plaque fea-
tures (higher plaque volume, larger NC). These types of plaque
together with more frequent DM can probably explain the
higher number of MIs in patients with risk HO-1 polymor-
phism. Based on our results, we can recommend implementa-
tion of genetic polymorphism for HO-1 screening in addition
to the traditional risk assessment of CAD. HO-1 GT repeat
genotyping and the subsequent distribution of patients based
on the presence of high-risk HO-1 polymorphisms (generally,
the presence of more than 25 GT repeats in the HO-1 gene
promoter) and protective HO-1 polymorphisms (generally, the
presence of less than 25 GT repeats in the HO-1 gene promot-
er, as described in the Methods section) is currently relatively
easy to perform. Analysis of these polymorphisms may improve
the prediction accuracy of the plaque risk profile, especially the
prediction of necrotic core and VH TCFA. We expect that in-
ducers of HO-1 or CO-donors may represent a new treatment
approach for patients with CAD.
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Additional non-invasive parameters were shown to further
improve CAD prediction. The presence of plaque in carotid
bulb correlated with plaque volume and was a better predic-
tor than carotid IMT. Low level of Apo A was a predictor for
high-risk plaque features, such as a large NC and the finding
of a VH-TCFA.

The presented study indicates that genetic risk factors are
likely to play an important diagnostic and eventually treatment
role in the comprehensive management of cardiovascular disease.

Study limitations. A limitation of the present study is
the relatively small number of patients enrolled, especially
considering the assessment of possible correlation between
the atherosclerotic risk factors and plaque composition. Ad-
ditionally, only 80.2% of patients underwent genetic analy-
sis; however, the study sample size is sufficient to generate
statistically significant results and thus allow initial conclu-
sions to be drawn. Finally, the study allowed detailed VH-
IVUS assessment of only one plaque in a single coronary
artery per subject.
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