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Abstract

As a mechanism compensating for obstructive coronary artery disease, coronary collateral circulation (CCC) has attracted
cardiologists for a long time to explore its potential impact. In the present study, Chinese patients suffering from >95% coronary
stenosis, as diagnosed by angiography, have been investigated for the correlation between CCC and lipoprotein(a) [Lp(a)]
levels. A cohort of 654 patients was divided into four categories according to Rentrop grades 0, 1, 2, and 3. Lp(a) levels were
divided into model 1, discretized with critical values of 33 and 66%, and model 2, discretized with a cutoff value of 30.0 mg/dL.
Furthermore, we evaluated the correlation between CCC and serum Lp(a) levels. The four groups had significantly different
Lp(a) levels (25.80 £ 24.72,18.99 £ 17.83, 15.39 £ 15.80, and 8.40 £ 7.75 mg/dL; P <0.001). In model 1, concerning RO, the risk
in the third Lp (a) tertile (OR=3.34, 95%CI1=2.32—4.83) was greater than that in the first tertile. In model 2, concerning RO, the
risk in Lp(a) >30.0 group (OR=6.77, 95%CI|=4.44-10.4) was greater than that of Lp(a) <30.0 mg/dL. The worst condition of
CCC can be predicted independently by Lp(a) levels. In addition to clinical usage, Lp(a) levels can also be utilized as biological

markers.
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Introduction

Lipoprotein(a) [Lp(a)] is a combination of low-density
lipoprotein (LDL) and a glycoprotein [apolipoprotein(a)],
a homolog of plasminogen, linked to each other by a sulf-
hydryl bridge (1). A high concentration of serum Lp(a) has
been identified as a risk factor for atherosclerosis, restenosis
after angioplasty, ischemic heart disease, and stroke (2-5).
Although not yet clearly understood, the putative mecha-
nism of atherothrombosis mediated by Lp(a) is multifactorial
including endothelial dysfunction (6-8).

Coronary artery disease (CAD) is one of the most common
causes of morbidity and mortality in developed countries.
Coronary collateral growth is a major process in patients
with CAD. Moreover, the development of collateral vessels
is a physiological adaption to severe coronary artery narrow-
ing and/or occlusion for myocardium to circumvent ischemia
(9,10). Thus, the coronary collateral circulation (CCC) can
protect and preserve the myocardium from episodes of
ischemia, enhance residual myocardial contractility, and
reduce angina symptoms and cardiovascular events (11—-15).
Previous studies have suggested that the severity of coronary
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artery stenosis and myocardial hypoxia are the potential
causes of CCC development (16,17). However, the under-
lying physiological and pathological factors influencing the
development of CCC remain unclear. Thus, to improve the
survival following coronary narrowing/occlusion, we must
gain further insight into these factors.

Previous studies show that intact vascular endothe-
lium and endothelial function are essential for coronary
collateral growth (18). Therefore, factors that contribute
to vascular dysfunction should theoretically lead to poor
CCC. However, the correlation between Lp(a) and collateral
circulation is yet an enigma. Aras et al. (19) observed a
strong negative correlation between Lp(a) and vascular
endothelial cell growth in only 60 CAD patients. Therefore,
the current study was undertaken to assess whether
the Lp(a) concentration was associated with the extent
of angiographically visible coronary collateral vessels
in patients with high-grade coronary artery stenosis
or occlusion in a large Chinese cohort treated for the
disease.
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Inclusion criteria 1

Consecutive suspected CAD

Exclusion criteria 1

patients screened

@ Completed coronary angiography N=2100

4 Did not meet inclusion criteria 1

@ Men and women over
18 years old, less than 75 years old

S

Coronary angiography
collection

@ Three major coronary occhisions or
stenosis <95%

Inclusion criteria 2
(clinical characteristics):

@ Completed medical
history collection

Eligible sample
N=1045

Exclusion criteria 2

@ With significant hematologic disorders and
infectious or systematic inflammatory disease

@ Written informed consent

S

@ With thyroid dysfunction, severe liver and/or
renal insufficiency

Medical history
collection

4 With malignant disease

@ Other personal reasons

Eligible sample

N=806
Inclusion criteria 3 Exclusion criteria 3
(clinical characteristics): TR S (clinical characteristics):
@ Chronic stable coronary disease @ Did not meet inclusion criteria 3

@ Completed laboratory data collection
N=654

Included sample

4 With ACS, CABG, PCI in 3 months,
cardiomyopathy, valvular heart
disease, heart failure (LVEF< 50%), COPD

Figure 1. Flow diagram of patient recruitment. CAD: coronary artery disease; ACS: acute coronary syndrome; CABG: coronary artery
bypass grafting; PCl: percutaneous coronary intervention; LVEF: left ventricular ejection fraction; COPD: chronic obstructive pulmonary

disease.

Material and Methods

Study population

All patients who underwent coronary angiography
at our institution (Renmin Hospital of Wuhan University,
Hubei, China) from March 2012 to July 2015 and were
found to have at least one major coronary occlusion or
a stenosis of >95% with thrombolysis in myocardial
infarction (TIMI) grade 1 anterograde-flow were screened
for eligibility. Exclusion criteria included: 1) any known
inflammatory or infectious disease, confirmed or suspected
cancer, 2) treatment with steroids, immune suppressive
drugs or non-steroidal anti-inflammatory drugs except
low-dose aspirin, 3) acute coronary syndrome within the
previous 6 months, 4) percutaneous coronary intervention
within the previous 3 months, 5) history of coronary artery
bypass operation, 6) chronic heart failure (EF <50%),
cardiomyopathy, valvular heart disease, 7) pulmonary
heart disease, 8) age >75 years, 9) severe liver and
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kidney dysfunction. The study protocol was approved by
the Renmin Hospital of Wuhan University Ethics Com-
mittee, and written consent was obtained from all the
subjects (Figure 1).

Coronary angiography and collateral scoring
Routinely, Judkin’s method that did not use nitroglyc-
erin was applied to perform coronary angiography. The
biplane-mode computerized quantitative angiography was
employed to measure the percentage stenosis diameter
(Philips DCI, The Netherlands). Two cardiologists, who
were blind to the patients’ features, reviewed the angio-
grams and ranked the coronary collaterals in accordance
with the Rentrop classification (20) (Rentrop scoring
system: 3 = complete collateral filling of the epicardial
artery; 2 = partial collateral filling of the epicardial artery;
1 = filling of the small side branches; 0 = no visible filling
of any collateral channels. Fifty coronary angiograms were
selected by random sampling to determine the intra- and
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inter-observer agreements of coronary collateral grades;
joint reading was applied to resolve disagreements.

Risk factor assessment

Patient data, including physical activity status, alcohol
consumption, and smoking, were collected through direct
interview. In the current study, daily alcohol consumption
referred to the patient consuming minimally one drink per
day, and smoking referred to at least one cigarette daily.
Furthermore, their medical records were ascertained for
previous Ml and PCI reports. The experiment followed
the guidelines from the American Diabetes Association to
define diabetes (21). Hypertension was defined as using
anti-hypertensive medication in the previous 2 weeks or
displaying a diastolic blood pressure of 90 mmHg and a
systolic blood pressure of 140 mmHg, and the weight (kg)
divided by height® was used to calculate the body mass
index (BMI, kg/m?).

Laboratory measurement

Before coronary angiography, all participants were
subjected to a 12-h overnight fast, followed by collection
of venous blood samples. Proteolysis was minimized
with ethylene-diamine-tetra-acetic acid (EDTA). Under
such conditions plus sodium azide, venous sera from
a peripheral vessel were collected and stored at —70°C,
for further analysis. Triglyceride (TG), Lp(a), total choles-
terol (T-chol), and high-density lipoprotein (HDL) choles-
terol (HDL-C) were measured. Friedewald equation
was used to calculate the serum levels of low-density
lipoprotein (LDL) cholesterol. To refrain from possible
variations caused by long-term storage, we gathered
the blood sample and immediately estimated the Lp(a)
parameters. One-step sandwich enzyme-linked immuno-
sorbent assay (ELISA) commercial test kits (Immuno
GMBH, Germany) were used to confirm Lp(a) concentra-
tion. All samples were analyzed twice to obtain their mean
value.

Statistical analyses

SPSS 19.0 for Windows (SPSS Inc., USA) was
employed for the statistical analyses. The continuous
variables are reported as means + SD, and the cate-
gorical variables are reported as percentages. The non-
normally distributed continuous variables were compared
by Mann-Whitney U test while normally assigned vari-
ables were compared by Student’s t-test for two groups
and ANOVA for three groups or more. Chi-square test
was employed to compare categorical data among
groups. Univariate analyses were carried out to identify
the possible predictors of CCC, with a threshold of
P <0.05. Predictors were then used as independent
variables in regression models. The correlation between
the coronary collateral scoring and independent vari-
ables was tested by conducting multivariate logistic
regression analysis.
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Results

Baseline characteristics

Baseline data are summarized in Table 1. A cohort
of 654 patients who fulfilled the eligibility criteria was
included in the study. The four groups showed no signifi-
cant difference concerning gender. When the Rentrop
grade increased gradually, the Lp(a) values declined
(P<0.001). Compared with Rentrop 0, and 1, the fre-
quency of diabetes was lower in Rentrop 2 and 3
(P=0.001). At different collateral levels, the cardiovascular
medications had similar applications, and all other cardio-
vascular risk factors had similar prevalence.

Coronary angiographic and logistic regression
analysis

The coronary angiographic results of patients are sum-
marized in Table 2. The diseased vessels did not display
a significant difference regarding number among the four
groups. The frequency of the right coronary artery (RCA)
increased with increasing Rentrop grade (P <0.001).

The models below had been applied to categorize
Lp(a) levels: in model 1, Lp(a) group was discretized
with critical values of 33 and 66%; in model 2, it was
discretized with the cutoff value of 30.0 mg/dL. The
association between Rentrop grades and different Lp(a)
levels was assessed by multiple-factor and single-factor
logistic regression. The multiple-factor logistic regression
was applied to correct RCA, BMI, DM, gender, age,
smoking, and NDV (number of diseased vessels). As
displayed in model 1 of single-factor logistic regression,
for the poor collateral circulation group, the risk in the third
Lp(a) tertile (OR=3.38, 95%, Cl=2.36—4.85) was greater
than that in the first Lp(a) tertile. Nevertheless, its dif-
ference was not significant in the second tertile. As shown
in Table 3, the single-factor analysis outcomes were similar
to those of the multiple-factor analysis, and model 1
displayed results similar to model 2.

Discussion

In the present Chinese cohort of 654 patients with
coronary artery occlusion or a stenosis of >95% TIMI
grade 1 anterograde-flow on their angiograms, we assessed
the association between the Lp(a) concentrations and
angiographically visible coronary collateral formation. Our
findings indicated that 1) elevated Lp(a) levels were
associated with a significant impairment in coronary
collateralization, and 2) the baseline serum Lp(a) level
was found to be an independent predictor of poor collat-
eral development in CAD patients.

Previous studies have proposed several factors to be
related to coronary collateral development, such as genetic
factors, age, degree of coronary artery stenosis, the
presence of total occlusion, myocardial ischemia, physical
exercise, smoking, body mass index, hyperlipidemia,
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Variables Rentrop collateral classification P
0 (n=44) 1 (n=91) 2 (n=232) 3 (n=287)

Clinical characteristics
Age (years) 58.82+£9.57 56.21+£9.66 57.01+£9.83 55.32+9.40 0.064
Male (n, %) 32 (72.73%) 69 (75.82%) 188 (81.03%) 236 (82.23%) 0.321
BMI (kg/m2) 26.54 £2.96 26.05+3.12 25.78 £3.32 26.13+£3.03 0.393
Current smokers (n, %) 13 (29.55%) 30 (32.97%) 84 (36.21%) 102 (35.54%) 0.819
Drinking (n, %) 7 (15.91%) 5 (16.48%) 58 (25.00%) 8 (20.21%) 0.247
Hypertension (n, %) 32 (72.73%) 9 (64.84%) 152 (65.52%) 182 (63.41%) 0.682
Diabetes mellitus (n, %) 20 (45.45%) 8 (41.76%) 68 (29.31%) 3 (21.95%) 0.000
Previous MI (n, %) 13 (29.55%) 1 (23.08%) 67 (28.88%) 7 (26.83%) 0.740
Previous PCI (n, %) 13 (29.55%) 6 (28.57%) 47 (20.26%) 9 (20.56%) 0.215

Laboratory findings
LP(a) (mg/dL) 25.80+£24.72 18.99+17.83 15.39+15.80 8.40%7.75 0.000
LP(a) (Lg) 5.13+£0.95 4.81+0.98 442+1.22 3.931£1.12 0.000
Total cholesterol (mg/dL) 420+1.23 4.08+1.01 417 +1.21 416+1.23 0.926
HDL 1.05+0.32 1.00+£0.24 1.02+0.34 1.03+£0.34 0.881
LDL 2.52+1.05 2.4910.88 2.50%£0.95 2.54+1.04 0.952
Triglycerides (mg/dL) 1.95+1.20 1.80+0.94 1.91+1.10 1.97+1.30 0.668
C-reactive protein (mg/L) 81.23+15.66 78.41+16.32 77.02+14.62 75.48+15.84 0.082
Fasting glucose (mg/dL) 6.05+2.07 5.7311.42 5.87+1.78 5.83+1.71 0.778

Cardiovascular medication
Aspirin 42 (95.45%) 9 (97.80%) 224 (96.55%) 280 (97.56%) 0.482
Beta-blockers 40 (90.91%) 2 (90.11%) 202 (87.07%) 237 (82.58%) 0.203
ACE-Is or ARBs 21 (47.73%) 6 (28.57%) 82 (35.34%) 103 (35.89%) 0.185
Calcium channel blockers 15 (34.09%) 5 (38.46%) 76 (32.76%) 103 (35.89%) 0.797
Nitrates 41 (93.18%) 6 (94.51%) 209 (90.09%) 264 (91.99%) 0.765
Statin 31 (70.45%) 4 (59.34%) 129 (55.60%) 157 (54.70%) 0.238

Data are reported as means + SD or the number (%) of patients. BMI: body mass index; MI: myocardial infarction; PCI: percutaneous
coronary intervention; LP(a): lipoprotein(a); Lg: logarithm; HDL: high-density lipoprotein; LDL: low-density-lipoprotein; ACE-Is: angiotensin
converting enzyme inhibitors; ARBs: angiotensin receptor blockers. Statistical analysis was done with ANOVA or the chi-square test.

Table 2. Coronary angiographic findings of the patients.

Variables Rentrop classification P
0 (n=44) 1 (n=91) 2 (n=232) 3 (n=287)

LAD 19 (43.18%) 43 (47.25%) 88 (37.93%) 93 (32.40%) 0.058
LCX 17 (38.64%) 42 (46.15%) 88 (100%) 90 (96.05%) 0.065
RCA 11 (25%) 34 (37.36%) 118 (50.86%) 195 (67.94%) <0.001
One-vessel disease 41 68 179 210

Two-vessel disease 3 20 45 69

Three-vessel disease 0 3 8 8 0.149

Data are reported as number (%). LAD: left anterior descending artery; LCX: left circumflex artery; RCA: right coronary artery. Statistical

analysis was done with the chi-square test.

hyperhomocysteinemia, diabetes, and inflammation (17,20-23).  However, the underlying physiological and pathological
In the present study, we found that diabetes and the factors influencing the development of CCC have not yet

number of diseased vessels were associated with CCC.  been completely described.
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Table 3. Multivariate logistic regression for the presence of coronary collaterals according to lipoprotein(a) levels.

n Rentrop Univariate Multivariate
0 1 2 Odds ratio (95%Cl) P Odds ratio (95%Cl) P

Lp(a) - Model 1

<717 218 13 (5.96) 20 (9.17) 70 (32.11) 115 (52.75) 1 1

7.17-13.50 218 6 (2.75) 19 (8.72) 72 (33.03) 121 (55.50) 0.85 (0.59-1.22) 0.377 0.84 (0.58-1.21) 0.349

>13.50 218 25 (11.47) 52 (23.85) 90 (41.28) 51(23.39) 3.38 (2.36-4.85) <0.001 3.34 (2.32-4.83) <0.001
Lp(a) - Model 2

<30.00 571 30 (5.25) 63 (11.03) 191 (33.45) 287 (50.26) 1 1

>30.00 83 14 (16.87) 28 (33.73) 41 (49.40) 0 (0.00) 6.87 (4.41-10.7) <0.001 6.77 (4.44-104) <0.001

Data are reported numbers (%). The final models were adjusted for age, gender, body mass index, current smoking, diabetes mellitus,
and number of diseased vessels. Lp(a): lipoprotein(a); Cl: confidence interval.

Recent studies have demonstrated that the collateral
response of a patient is a complex mixture of two closely
linked processes, angiogenesis and arteriogenesis. Angio-
genesis involves the coordinated migration, proliferation,
and differentiation of endothelial cells and pericytes from
existing vascular beds. On the other hand, arteriogenesis
is the growth of muscular arteries requiring similar events
regulated by endothelial cells and smooth muscle cells
from pre-existing arteries (24). Angiogenesis or arterio-
genesis, an intact vascular endothelium, and endothelial
function are vital for the process of collateral growth
adaptation, as well as vascular endothelial dysfunctions
are speculated to be one of the major factors disturbing
this process (25).

Hitherto, few studies found that the high serum Lp(a)
concentration was associated with endothelial dysfunc-
tions. Morishita et al. (26) demonstrated that high serum
Lp(a) concentration affected the collateral formation in the
Lp(a) transgenic mouse hind limb ischemia model. In their
study, in addition to the inhibition of activation of trans-
forming growth factor (TGF-B), Lp(a) inhibited angio-
genesis, as it stimulated the proliferation of vascular
smooth muscle cells. Aras et al. (19) established a strong
negative correlation between Lp(a) and vascular endothelial

References

1. Loscalzo J. Lipoprotein(a). A unique risk factor for athero-
thrombotic disease. Arteriosclerosis 1990; 10: 672-679,
doi: 10.1161/01.ATV.10.5.672.

2. Schaefer EJ, Lamon-Fava S, Jenner JL, McNamara JR,
Ordovas JM, Davis CE, et al. Lipoprotein(a) levels and risk
of coronary heart disease in men. The lipid Research Clinics
Coronary Primary Prevention Trial. Jama 1994; 271: 999-
1003, doi: 10.1001/jama.1994.03510370051031.

3. Budde T, Fechtrup C, Bosenberg E, Vielhauer C, Enbergs A,
Schulte H, et al. Plasma Lp(a) levels correlate with number,
severity, and length-extension of coronary lesions in male
patients undergoing coronary arteriography for clinically

Braz J Med Biol Res | doi: 10.1590/1414-431X20175979

cell growth factor (VEGF). High level of Lp(a) negatively
affects the formation of coronary collateral vessels in
humans by reducing the production or bioactivity of VEGF;
however, this was found only in 60 patients. In the pres-
ent Chinese cohort of 654 patients, we found an inverse
graded association between Lp(a) and the presence of
coronary collaterals. When Lp(a) was grouped into two
types of models, the risks of RO were higher in the third
Lp(a) tertile than in the first Lp(a) tertile in both the single-
and multiple-factor logistic regression analyses. Taken
together, these data suggest that the high degree of
inflammation might be associated with impaired CCC
vessels.

However, there were several limitations in our study.
First, CCC formation was assessed by coronary angio-
graphy only, while intravascular strategies might be more
precise. Second, because this was an observational
study, potential mechanisms were not elucidated. Third,
the diameter of the CCC connection was not analyzed to
evaluate its function and the outcomes of the patients.

In conclusion, the present data demonstrated that
serum Lp(a) level was a valuable and independent
predictor of poor CCC as assessed using the Rentrop
grading system.

suspected coronary atherosclerosis. Arterioscler Thromb
1994; 14: 1730-1736, doi: 10.1161/01.ATV.14.11.1730.

4. Enas EA. Rapid angiographic progression of coronary artery
disease in patients with elevated lipoprotein(a). Circulation
1995; 92: 2353-2354.

5. Bostom AG, Cupples LA, Jenner JL, Ordovas JM, Seman
LJ, Wilson PW, et al. Elevated plasma lipoprotein(a) and
coronary heart disease in men aged 55 years and younger.
A prospective study. Jama 1996; 276: 544548, doi: 10.1001/
jama.1996.03540070040028.

6. Tsurumi Y, Nagashima H, Ichikawa K, Sumiyoshi T, Hosoda
S. Influence of plasma lipoprotein (a) levels on coronary


http://dx.doi.org/10.1161/01.ATV.10.5.672
http://dx.doi.org/10.1001/jama.1994.03510370051031
http://dx.doi.org/10.1161/01.ATV.14.11.1730
http://dx.doi.org/10.1001/jama.1996.03540070040028
http://dx.doi.org/10.1001/jama.1996.03540070040028
http://dx.doi.org/10.1590/1414-431X20175979

Lp(a) and collateral circulation in CAD

10.

1.

12.

13.

14.

15.

16.

vasomotor response to acetylcholine. J Am Coll Cardiol
1995; 26: 1242-1250, doi: 10.1016/0735-1097(95)00321-5.
Wu HD, Berglund L, Dimayuga C, Jones J, Sciacca RR, Di
Tullio MR, et al. High lipoprotein(a) levels and small apolipo-
protein(a) sizes are associated with endothelial dysfunction
in a multiethnic cohort. J Am Coll Cardiol 2004; 43: 1828—
1833, doi: 10.1016/j.jacc.2003.08.066.

Schlaich MP, John S, Langenfeld MR, Lackner KJ, Schmitz
G, Schmieder RE. Does lipoprotein(a) impair endothelial
function? J Am Coll Cardiol 1998; 31: 359-365, doi: 10.1016/
S0735-1097(97)00497-X.

Meier P, Gloekler S, Zbinden R, Beckh S, de Marchi SF,
Zbinden S, et al. Beneficial effect of recruitable collaterals:
a 10-year follow-up study in patients with stable coronary
artery disease undergoing quantitative collateral measure-
ments. Circulation 2007; 116: 975-983, doi: 10.1161/
CIRCULATIONAHA.107.703959.

Traupe T, Gloekler S, de Marchi SF, Werner GS, Seiler C.
Assessment of the human coronary collateral circulation.
Circulation 2010; 122: 1210-1220, doi: 10.1161/CIRCU
LATIONAHA.109.930651.

Billinger M, Kloos P, Eberli FR, Windecker S, Meier B, Seiler
C. Physiologically assessed coronary collateral flow and
adverse cardiac ischemic events: a follow-up study in 403
patients with coronary artery disease. J Am Coll Cardiol
2002; 40: 1545-1550, doi: 10.1016/S0735-1097(02)02378-1.
Habib GB, Heibig J, Forman SA, Brown BG, Roberts R,
Terrin ML, et al. Influence of coronary collateral vessels on
myocardial infarct size in humans. Results of phase |
thrombolysis in myocardial infarction (TIMI) trial. The TIMI
Investigators. Circulation 1991; 83: 739-746, doi: 10.1161/
01.CIR.83.3.739.

Hansen JF. Coronary collateral circulation: clinical signifi-
cance and influence on survival in patients with coronary
artery occlusion. Am Heart J 1989; 117: 290-295, doi:
10.1016/0002-8703(89)90771-0.

Smith RD, lisley CD. Clinical contribution of the collateral
circulation to myocardial protection. Coron Artery Dis 2004;
15: 393-398, doi: 10.1097/00019501-200411000-00005.
Tayebjee MH, Lip GY, MacFadyen RJ. Collateralization and
the response to obstruction of epicardial coronary arteries.
Qjm 2004; 97: 259-272, doi: 10.1093/qjmed/hch053.
Cohen M, Sherman W, Rentrop KP, Gorlin R. Determinants
of collateral filling observed during sudden controlled coronary

Braz J Med Biol Res | doi: 10.1590/1414-431X20175979

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

6/6

artery occlusion in human subjects. J Am Coll Cardiol 1989;
13: 297-303, doi: 10.1016/0735-1097(89)90502-0.

Pohl T, Seiler C, Billinger M, Herren E, Wustmann K, Mehta
H, et al. Frequency distribution of collateral flow and factors
influencing collateral channel development. Functional col-
lateral channel measurement in 450 patients with coronary
artery disease. J Am Coll Cardiol 2001; 38: 1872-1878,
doi: 10.1016/S0735-1097(01)01675-8.

Abaci A, Oguzhan A, Kahraman S, Eryol NK, Unal S, Arinc
H, et al. Effect of diabetes mellitus on formation of coronary
collateral vessels. Circulation 1999; 99: 2239-2242, doi:
10.1161/01.CIR.99.17.2239.

Aras D, Geyik B, Topaloglu S, Ergun K, Ayaz S, Maden O,
et al. Serum level of lipoprotein (a) is inversely associated
with the development of coronary collateral circulation.
Coron Artery Dis 2006; 17: 159163, doi: 10.1097/00019501-
200603000-00010.

Kurotobi T, Sato H, Kinjo K, Nakatani D, Mizuno H, Shimizu
M, et al. Reduced collateral circulation to the infarct-related
artery in elderly patients with acute myocardial infarction. J Am
Coll Cardiol 2004; 44: 28-34, doi: 10.1016/j.jacc.2003.11.066.
Kornowski R. Collateral formation and clinical variables
in obstructive coronary artery disease: the influence of
hypercholesterolemia and diabetes mellitus. Coron Artery
Dis 2003; 14: 61-64, doi: 10.1097/00019501-200302000-
00007.

Fujita M, Tambara K. Recent insights into human coronary
collateral development. Heart 2004; 90: 246250, doi: 10.1136/
hrt.2002.007989.

Hochberg I, Roguin A, Nikolsky E, Chanderashekhar PV,
Cohen S, Levy AP. Haptoglobin phenotype and coronary
artery collaterals in diabetic patients. Atherosclerosis 2002;
161: 441-446, doi: 10.1016/S0021-9150(01)00657-8.
Lindner V, Maciag T. The putative convergent and divergent
natures of angiogenesis and arteriogenesis. Circ Res 2001;
89: 747-749.

Komaru T, Kanatsuka H, Shirato K. Coronary microcircula-
tion: physiology and pharmacology. Pharmacol Ther 2000;
86: 217-261, doi: 10.1016/S0163-7258(00)00057-7.
Morishita R, Sakaki M, Yamamoto K, Iguchi S, Aoki M,
Yamasaki K, et al. Impairment of collateral formation in
lipoprotein(a) transgenic mice: therapeutic angiogenesis induced
by human hepatocyte growth factor gene. Circulation 2002; 105:
1491-1496, doi: 10.1161/01.CIR.0000012146.07240.FD.


http://dx.doi.org/10.1016/0735-1097(95)00321-5
http://dx.doi.org/10.1016/j.jacc.2003.08.066
http://dx.doi.org/10.1016/S0735-1097(97)00497-X
http://dx.doi.org/10.1016/S0735-1097(97)00497-X
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.703959
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.703959
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.930651
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.930651
http://dx.doi.org/10.1016/S0735-1097(02)02378-1
http://dx.doi.org/10.1161/01.CIR.83.3.739
http://dx.doi.org/10.1161/01.CIR.83.3.739
http://dx.doi.org/10.1016/0002-8703(89)90771-0
http://dx.doi.org/10.1097/00019501-200411000-00005
http://dx.doi.org/10.1093/qjmed/hch053
http://dx.doi.org/10.1016/0735-1097(89)90502-0
http://dx.doi.org/10.1016/S0735-1097(01)01675-8
http://dx.doi.org/10.1161/01.CIR.99.17.2239
http://dx.doi.org/10.1097/00019501-200603000-00010
http://dx.doi.org/10.1097/00019501-200603000-00010
http://dx.doi.org/10.1016/j.jacc.2003.11.066
http://dx.doi.org/10.1097/00019501-200302000-00007
http://dx.doi.org/10.1097/00019501-200302000-00007
http://dx.doi.org/10.1136/hrt.2002.007989
http://dx.doi.org/10.1136/hrt.2002.007989
http://dx.doi.org/10.1016/S0021-9150(01)00657-8
http://dx.doi.org/10.1016/S0163-7258(00)00057-7
http://dx.doi.org/10.1161/01.CIR.0000012146.07240.FD
http://dx.doi.org/10.1590/1414-431X20175979

	title_link
	Introduction
	Material and Methods
	Study population
	Coronary angiography and collateral scoring

	Figure 1.
	Risk factor assessment
	Laboratory measurement
	Statistical analyses

	Results
	Baseline characteristics
	Coronary angiographic and logistic regression analysis

	Discussion
	Table  Table 1. Baseline characteristics of the patients
	Table  Table 2. Coronary angiographic findings of the patients

	REFERENCES
	References
	Table  Table 3. Multivariate logistic regression for the presence of coronary collaterals according to lipoproteinlpararpar levels


