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Combination of High-Density Lipoprotein Cholesterol
and Lipoprotein(a) as a Predictor of Collateral Circulation
in Patients With Severe Unilateral Internal Carotid Artery
Stenosis or Occlusion

Shl.‘l.ym Ma Background and Purpose Collateral circulation is considered an important factor affect-
Me.”uan Zhang ing the risk of stroke, but the factors that affect collateral circulation remain unclear. This
Huiyang Qu study was performed to identify the factors associated with collateral circulation, especially
Yuxuan Cheng blood lipids.
Shuang Du Methods The study involved patients who had undergone digital subtraction angiography
Jiaxin Fan and were confirmed as having severe unilateral stenosis or occlusion of the internal carotid
Qingling Yao artery (ICA). We classified the collateral circulation status of each patient as good (Grade 3
Xiaodong Zhang or 4) or poor (Grade 0, 1, or 2) according to the grading system of the American Society of
. Interventional and Therapeutic Neuroradiology/American Society of Interventional Radiol-
Mengying Chen ogy. We collected data on patients’ characteristics and identified the factors that affect collat-
Nan Zhang eral circulation.
Kaili Shi Results This study included 212 patients. The multivariate logistic regression analysis
Yizhou Huang showed that the high-density lipoprotein cholesterol (HDL-C) concentration and a complete
Shugin Zhan anterior half of the circle of Willis were independent protective factors for good collateral cir-

culation, whereas elevated lipoprotein(a) [Lp(a)] and serum creatinine concentrations were
Department of Neurology, . . : . . .
The Second Affiliated Hospital of Xian independent risk factors for good collateral circulation. The area under the receiver operating
Jiaotong University, Xi'an, China characteristics curve (AUC) was 0.68 (95% confidence interval [CI], 0.61-0.76) for HDL-C
and 0.69 (95% CI, 0.62-0.76) for Lp(a). A binary logistic regression model analysis of the
joint factor of HDL-C and Lp(a) yielded an AUC of 0.77 (95% CI, 0.71-0.84).

Conclusions In patients with severe unilateral ICA stenosis or occlusion, the combination
of HDL-C and Lp(a) is a useful predictor of collateral circulation.

Keywords internal carotid artery stenosis; cerebrovascular occlusion; collateral circulation;
high-density lipoprotein cholesterol; lipoprotein(a).

INTRODUCTION
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sidered an important factor affecting the risk of stroke and the heterogeneity of the severity

The compensatory ability of collateral circulation is mainly determined by the integrity of
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the circle of Willis and changes in blood flow dynamics.>®
Some studies have suggested that age,” the blood creatinine
concentration,’ metabolic syndrome,” hyperuricemia,’ blood
lipid levels,® and the use of statins” affect the prevalence of col-
lateral circulation, and that angiogenic factors'® and microR-
NAs'! are related to cerebral angiogenesis. Although some re-
searchers have studied the relationships between blood lipids
and collateral circulation, they have focused only on triglyc-
erides (TG), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cholesterol
(LDL-C), while ignoring the functions of apolipoprotein and
lipoprotein(a) [Lp(a)]. Increasingly more attention has been
given to the function of apolipoprotein and Lp(a). One meta-
analysis found that an elevated Lp(a) concentration was an
independent risk factor for ischemic stroke.'> Apolipoprotein
A-I (apoA-I) and apolipoprotein B (apoB) are also considered
to be related to the risk of atherosclerotic cardiovascular and
cerebrovascular disease (ASCCVD)."* Moreover, it is believed
that apoB can replace LDL-C as a clinical marker for risk pre-
dictions of ASCCVD."

The present study was performed to clarify the factors af-
fecting the compensatory ability of patients with severe ICA
stenosis or occlusion induced by atherosclerosis, and to de-
termine the role of blood lipids in collateral circulation, es-
pecially apoA-I, apoB, and Lp(a). Knowledge of the risk fac-
tors that can be changed will help clinicians to predict the
occurrence of collateral circulation and determine whether
interventions are available to improve the compensatory abil-
ity in patients with severe ICA stenosis or occlusion. More-
over, such findings could help clinicians to enhance collateral
circulation in patients before or after the onset of stroke, thus
improving the prognosis of patients with severe ICA steno-
sis or occlusion.

METHODS

Study population

This study retrospectively included patients confirmed as hav-
ing severe stenosis (=70% stenosis) or occlusion of the ICA
by digital subtraction angiography (DSA) at the Department
of Neurology, The Second Affiliated Hospital of Xian Jiao-
tong University from May 2017 to April 2021. The degree
of stenosis was determined according to the definition in the
North American Symptomatic Carotid Endarterectomy Tri-
al."® The exclusion criteria were 1) >50% stenosis of the con-
tralateral ICA, bilateral common carotid arteries, vertebral
artery, external carotid artery, anterior cerebral artery (ACA),
middle cerebral artery (MCA), posterior cerebral artery (PCA),
or basilar artery found in DSA; 2) no history of carotid ath-
erosclerosis and <7 days from a transient ischemic attack or
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acute cerebral infarction to DSA; 3) absence of atherosclerot-
ic occlusion and stenosis, including arterial dissection, vas-
cular disease caused by radiation, and arteritis; 4) atrial fibril-
lation; 5) a history of endovascular treatment; or 6) Moyamoya
disease.

The flow chart of patient inclusion is shown in Fig. 1. This
study was approved by the Ethics Committee of X{an Jiaotong
University (NO. 2020060), and all patients provided informed
consent.

DSA and collateral circulation

The imaging device used was a Philips Allura systems (Phil-
ips Medical limited company, Suzhou, Jiangsu, China) or Sie-
mens Artis Q Biplane large-scale DSA machine (Artis Q; Sie-
mens Medical Systems limited company, Shanghai, China).
The modified Seldinger method was used to puncture the
femoral artery, and a high-pressure injection gun (Medrad
Stellant CT double-barrel syringe; Medrad Inc., Indianola,
PA, USA) was used to inject iomeprol or iodixanol so that an-
atomical images of the aortic arch and supra-arch artery could
be obtained. Whole-brain angiography was performed, and at
least three neuroradiologists blinded to the clinical informa-
tion of the patients jointly evaluated the results.

Collateral circulation in the patients was rated according
to the collateral circulatory grading system of the American
Society of Interventional and Therapeutic Neuroradiology/
American Society of Interventional Radiology (ASITN/SIR)"
as follows: Grade 0, no collateral blood vessel on the ischemic
side; Grade 1, low collateral blood flow around the ischemic
side but no blood flow in some areas; Grade 2, high collateral
blood flow around the ischemic side but only partial contin-
uous blood flow without collateral flow and only partial blood
flow in the ischemic focus; Grade 3, low but complete blood
flow in the ischemic focus in the late stage of the venous phase;
and Grade 4, high collateral blood flow supplying the entire
vascular area. Grades 3 and 4 were considered good collateral
circulation, and Grades 0 to 2 were considered poor collat-
eral circulation.

The circle of Willis was divided into four types: Type I, com-
plete circle of Willis; Type II, complete anterior half and in-
complete posterior half of the circle of Willis; Type III, incom-
plete anterior half and complete posterior half of the circle of
Willis; and Type IV, incomplete anterior half and complete
posterior half of the circle of Willis."” The blood vessels in the
anterior half of the circle of Willis include the anterior com-
municating artery, bilateral ACA Al, and the end of the ICA.
The blood vessels in the posterior half include the bilateral
posterior communicating artery, the PCA P1, and the basi-
lar artery.

This study used DSA to assess the presence of leptomen-
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3,369 patients underwent DSA in our hospital
from May 2017 to April 2021

615 patients had severe stenosis
or occlusion of the ICA

»| 244 patients had moderate-to-severe

A

1 patient had moderate stenosis of the BA

64 patients had moderate-to-severe stenosis |

stenosis or occlusion of the VA

or occlusion of the ACA, MCA, or PCA

A,

4

»| 45 patients had moderate-to-severe
stenosis or occlusion of both ICAs

261 patients

| 13 patients had ICA stenosis or occlusion

1 patient had moyamoya disease <

due to arterial dissection

9 patients received endovascular treatment [«

14 patients had atrial fibrillation

» 12 patients had time <7 days from the first

Y

Y

appearance of TIA or stroke to DSA

212 patients included in our study

Fig. 1. Flow chart of patient inclusion. ACA, anterior cerebral artery; BA, basilar artery; DSA, digital subtraction angiography; ICA, internal carotid
artery; MCA, middle cerebral artery; PCA, posterior cerebral artery; TIA, transient ischemic attack; VA, vertebral artery.

ingeal collateral circulation based on whether the M3 seg-
ment of the MCA was anastomosed with the leptomenin-
geal arteries of the ACA or PCA, and the collateral area was
the blood supply area of the ICA on the diseased side. In pa-
tients with severe ICA stenosis, the late stage of ICA angiog-
raphy on the diseased side showed reverse blood flow in the
leptomeningeal collateral circulation.

Risk factor assessment

Hypertension was defined as a history of hypertension or treat-
ment with antihypertensive medication and a systolic blood
pressure (SBP) of 2140 mm Hg or a diastolic blood pressure
of 290 mm Hg measured in the morning on 3 consecutive
days after admission. Diabetes was defined as a history of di-
abetes or use of insulin or oral glucose-lowering medications
and a measured fasting blood glucose level of 27.0 mmol/L
or random blood glucose level of 211.1 mmol/L. A history
of coronary atherosclerotic heart disease was defined as =250%
stenosis measured in a major coronary blood vessel. A history
of stroke was defined as the presence of at least one infarcted
lesion with a diameter of >1.5 cm visible on magnetic reso-
nance imaging with or without neurological deficits. Smok-
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ing was defined as self-reported current smoking or any his-
tory of smoking regardless of the amount. A drinking history
was defined as consuming =50 g of alcohol per week. A histo-
ry of antiplatelet drugs was defined as having taken antiplate-
let drugs regularly for >3 months. A history of statin medica-
tion was defined as having taken statin drugs regularly for
>3 months.

Laboratory parameters

Early in the morning on the day after admission, 5 mL of pe-
ripheral venous blood was drawn from all patients in a fast-
ed state. The blood samples were centrifuged for 5 min in a
centrifugation machine at a centrifuge radius of 10 cm and
rotating speed of 3,000 revolutions/min. An automatic bio-
chemical analyzer (Beckman AU5800; Beckman Coulter, Inc.
Brea, CA, USA) was used to determine the serum levels of
TC, TG, LDL-C, HDL-C, apoA-I, apoB, and Lp(a). The se-
rum levels of TC, TG, LDL-C, and HDL-C were also mea-
sured using an enzyme-linked immunosorbent assay, while
those of apoA-1, apoB, and Lp(a) levels were also measured
using an immunoturbidimetric method. The kits were pur-
chased from Shanghai Langdon Company (Blood Lipid Bio-



chemical Test Kit; Shanghai, China), and the measurements
were carried out strictly in accordance with the manufactur-
er’s instructions.

Statistical analyses

Standard statistical software (SPSS version 20.0; IBM Corp.,
Armonk, NY, USA) was used for the statistical analyses of the
data, and all data were tested for whether they conformed to
a normal distribution. There were missing values for the lab-
oratory parameters due to the retrospective nature of the anal-
yses; however, the proportion of missing values was <3% for
all variables, and expectation-maximization imputation was
used to assign missing values. Measurement data not con-
forming to a normal distribution are presented as median and
interquartile-range values, and the Mann—Whitney U test was
used for comparisons between two groups. Categorical vari-
ables are presented as number and percentage values, and the
chi-square test was used for comparisons between groups.

We conducted univariate analyses followed by a multivar-
iate logistic regression analysis that included variables for
which p<0.1 in the univariate analyses. The variance inflation
factor was calculated before the regression analysis, with a
value of <10 taken to indicate that multicollinearity was not
present between the variables. Moreover, variables that were
independent and with similar research significance were se-
lected for inclusion in the final multivariate logistic regres-
sion model.

A receiver operating characteristics curve was used to an-
alyze the predictive effects of HDL-C and Lp(a) on collateral
circulation, and the area under the receiver operating char-
acteristics curve (AUC) was used to indicate the probability
of a prediction being accurate. Delong’s test was performed
using MedCalc software (version 19.4.1; https://www.med-
calc.org) to assess differences in the AUC values. A two-sided
test was used, and a p-value of <0.05 was used as the crite-
rion for statistical significance.

RESULTS

Baseline characteristics

This study included 212 patients: 123 with good collateral cir-
culation and 89 with poor collateral circulation. Their base-
line characteristics are listed in Table 1. The univariate analyses
revealed statistically significant differences between patients
with good and poor collateral circulation in the HDL-C level,
apoA-I level, Lp(a) level, white blood cell count, blood cre-
atinine level, SBP on admission, and the integrity of the cir-
cle of Willis. There were no statistically significant differences
between patients with good and poor collateral circulation in
the blood glucose level, history of diabetes, history of smok-
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ing, history of statin use, degree of ICA stenosis, sex, age, or
TC, LDL-C, and blood uric acid levels.

Binary logistic regression analysis

Sex, SBP on admission, history of diabetes, history of smok-
ing, history of statin use, degree of ICA stenosis, integrity of
the circle of Willis, blood creatinine level, white blood cell
count, and HDL-C, apoA-1, and Lp(a) levels were included in
the multivariate logistic regression analysis. As indicated in
Table 2, the HDL-C level and a complete circle of Willis or a
complete anterior half of the circle of Willis were associated
with good collateral circulation, while the Lp(a) and blood cre-
atinine levels were associated with poor collateral circulation.

HDL-C, Lp(a), and ASITN/SIR grading system
Rank-sum tests were applied to the HDL-C level, Lp(a) level,
and ASITN/SIR grade. For patients with different ASTTN/SIR
grades, the distributions of HDL-C and Lp(a) among the sub-
groups were analyzed to detect statistically significant differ-
ences. The relationships among the HDL-C level, Lp(a) level,
and ASITN/SIR grade are presented as box plots in Fig. 2.

Prediction of collateral circulation using the
combination of HDL-C and Lp(a)

As shown in Fig. 3, the AUC was 0.68 (95% confidence in-
terval [CI], 0.61-0.76) for HDL-C and 0.69 (95% CI, 0.62—
0.76) for Lp(a). Using a cutoft value of 0.96 mmol/L for the
HDL-C level to predict good collateral circulation provided
a sensitivity of 69.11% and a specificity of 65.17%. Using a
cutoff value of 19.55 mg/dL for the Lp(a) level to predict poor
collateral circulation provided a sensitivity of 62.92% and a
specificity of 71.54%. A binary logistic regression model anal-
ysis that calculated the joint factor of HDL-C -0.026%
Lp(a)/3.737 yielded an AUC of 0.77 (95% CI, 0.71-0.84). Us-
ing a cutoft value of 0.80 for the joint factor to predict good
collateral circulation provided a sensitivity of 72.36% and a
specificity of 74.16%. There was no significant difference be-
tween the AUC values for the HDL-C and Lp(a) levels, where-
as the AUC value for the joint factor differed significantly
from those for the HDL-C level and the Lp(a) level.

DISCUSSION

This retrospective study included 212 patients with severe
unilateral ICA stenosis or occlusion, and performed DSA to
determine the status of their collateral circulation. We collect-
ed clinical information and laboratory parameters on the
patients to identify the predictive factors for collateral circu-
lation. We found that the HDL-C level and a complete circle
of Willis, and especially a complete anterior half of the circle
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Table 1. Baseline characteristics of the patients with good or poor collateral circulation included in the study

Variables Good collateral circulation Poor collateral circulation p
(ASITN/SIR Grade 3/4) (n=123) (ASITN/SIR Grade 0/1/2) (n=89)
Age (yr) 63 [14] 63 [16] 0.807
Sex, male 90 (73.2) 74 (83.1) 0.087
SBP (mm Hg) 137 [29] 145 [26] 0.030
DBP (mm Hg) 79 [18] 82 [18] 0.154
Premorbid risk factors
Hypertension 65 (52.8) 56 (62.9) 0.144
Diabetes 35(28.5) 35(39.3) 0.097
Coronary arterial disease 22 (18.0) 16 (17.9) 0.986
Previous stroke* 22(17.9) 17 (19.1) 0.822
Time from stroke onset (days) 35 [32.5] 30 [40.0] 0.279
Previous TIA* 16 (13.0) 12(13.5) 0.920
Smoking 61 (49.6) 55 (61.8) 0.078
Drinking 38(30.9) 31(34.8) 0.546
Medication history
Antiplatelet drugs 23(18.7) 13 (14.6) 0.433
Statins 22(17.9) 8(9.0) 0.067
Laboratory parameters
Blood glucose (mmol/L) 5.25 [1.85] 5.48 [2.50] 0.075
Hemoglobin (g/L) 143.00 [24.00] 144.66 [23.00] 0.865
White blood cell count (% 10°/L) 6.31[2.47] 6.86 [3.29] 0.026
Platelet count (X 10°/L) 198.50 [82.00] 191.00 [83.00] 0.720
Total bilirubin (mmol/L) 13.03 [6.66] 13.70 [7.28] 0.378
Blood creatinine (mmol/L) 59.85[17.63] 62.00 [23.60] 0.022
Blood uric acid (mmol/L) 300.00 [103.80] 282.00 [106.20] 0.152
TC (mmol/L) 3.72[1.48] 3.79[1.82] 0.661
TG (mmol/L) 1.30 [0.80] 1.26 [0.86] 0.601
HDL-C (mmol/L) 1.05[0.29] 0.90 [0.25] <0.001
LDL-C (mmol/L) 2.30 [1.04] 2.40 [1.34] 0.440
apoA-I (g/L) 1.18 [0.24] 1.04 [0.27] <0.001
apoB (g/L) 0.68 [0.29] 0.76 [0.41] 0.165
Lp(a) (mg/dL) 12.70 [18.80] 31.00 [45.25] <0.001
Homocysteine (mmol/L) 15.50 [12.80] 17.10 [8.75] 0.559
Angiography
Stenosis in extracranial segment 90 (73.2) 73 (82.0) 0.131
Occlusion or Stenosis 69 (56.1) 39 (43.8) 0.078
Circle of Willis
Type | 53 (43.1) 12 (13.5)
Type I 53 (43.1) 27 (30.3)
Type IlI 8 (6.5) 14 (15.7)
Type IV 9(7.3) 36 (40.4) <0.001
Ophthalmic artery 25(20.3) 12 (15.6) 0.195
Leptomeningeal collateral 30 (24.4) 14 (15.7) 0.125

Data are median [interquartile range] or n (%) values. Stenosis, patients with severe stenosis (>70% stenosis) or occlusion according to the definition
in the North American Symptomatic Carotid Endarterectomy Trial. p<0.05 indicates that the difference is statistically significant.

*Previous stroke and TIA were related to internal carotid artery disease.

apoA-l, apolipoprotein A-I; apoB, apolipoprotein B; ASITN/SIR, American Society of Interventional and Therapeutic Neuroradiology/American Society
of Interventional Radiology; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
Lp(a), lipoprotein(a); SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; TIA, transient ischemic attack.
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Table 2. Logistic regression analysis results

Variable OR 95% Cl p
Male 1.56 0.49-4.92 0.451
History of diabetes 1.86 0.84-4.11 0.128
History of smoking 0.66 0.28-1.58 0.354
History of statin use 0.62 0.20-1.89 0.396
Stenosis or occlusion 1.42 0.63-3.19 0.394
HDL-C 21.61 2.12-219.92 0.009
Lp(a) 097 0.96-0.99 <0.001
apoA-| 3.77 0.50-28.53 0.199
Blood creatinine 0.96 0.93-0.99 0.003
White blood cell count ~ 0.91 0.77-1.07 0.231
SBP on admission 1.00 0.98-1.02 0.744
Type IV circle of Willis 1.00 Reference Reference
Type Ill circle of Willis 2.14 0.53-8.68 0.288
Type Il circle of Willis 10.50 3.57-30:91 <0.001

Type | circle of Willis 2263 6.25-81.96 <0.001

p<0.05 indicates that the difference is statistically significant.

apoA-|, apolipoprotein A-I; Cl, confidence interval; HDL-C, high-densi-
ty lipoprotein cholesterol; Lp(a), lipoprotein(a); OR, odds ratio; SBP,
systolic blood pressure.

of Willis, were protective factors for good collateral circula-
tion, whereas increased Lp(a) and serum creatinine levels were
independent predictors of poor collateral circulation.

The specific mechanism underlying how HDL-C exerts a
protective effect on collateral circulation is unclear, but we
consider that it may be related to the antiatherosclerotic and
vascular protection effects of HDL-C. Numerous epidemio-
logical studies have confirmed that HDL-C and its main apo-
lipoprotein (apoA-I) exert direct antiatherosclerotic effects,
and that reduced levels of these two indices are risk factors
for atherosclerosis.'® There are two main mechanisms under-
lying how HDL-C exerts its antiatherosclerotic effect. The first
involves HDL-C playing a role in lipid metabolism by trans-
porting cholesterol and oxidized cholesterol from extrahepat-
ic tissues to the liver tissue for metabolism, thereby reducing
the serum cholesterol level and inducing an antiatheroscle-
rotic effect. The reverse transport function of HDL-C to cho-
lesterol makes it imperative to the formation of atherosclerosis
and the instability of plaques. The second possible mechanism
is via HDL-C playing an anti-inflammatory role. In the early
stage of atherosclerosis, leukocytes in the blood adhere and
migrate to the vascular intima, where they promote endothelial
cells to express vascular cell adhesion molecule-1 (VCAM-1),
intercellular adhesion molecule-1 (ICAM-1), E-selectin, and
P-selectin, thereby promoting the occurrence and development
of atherosclerosis. Numerous studies have confirmed that
HDL-C attenuates the expression levels of VCAM-1, ICAM-1,
and E-selectin," and reduces the synthesis of interleukin 6.%°
One study also found that the plasma HDL-C level was in-
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versely proportional to the C-reactive protein level.* HDL-C
can increase the vasodilation function of the vascular endo-
thelium by increasing the production of nitric oxide.”” At the
same time, HDL-C can inhibit the production of platelet-ac-
tivating factor in endothelial cells so as to inhibit platelet ag-
gregation and smooth-muscle contraction.” It has also been
shown that HDL-C can promote the migration of endothe-
lial cells after vascular injury.??

The concentration of Lp(a) in plasma is mainly determined
by variants of LPA.** The Lp(a) concentration differs mark-
edly between individuals, is not affected by environmental
factors, and tends to be stable throughout the lifetime. There-
fore, we believe that Lp(a) is more suitable than other blood
lipid parameters as a predictor of the risk and prognosis of
ASCCVD. Several decades of research has confirmed that
Lp(a) is related to the risk and prognosis of ASCCVD.'>*>?
These study findings are mainly due to researchers increas-
ingly recognizing the role of Lp(a) in promoting the occur-
rence and development of atherosclerosis. In the early stage of
atherosclerosis, Lp(a) can interact with the 32-integrin Mac-1
to promote the adhesion and migration of mononuclear mac-
rophages.” Lp(a) can also induce vascular endothelial cells to
produce monocyte chemotactic protein, thereby promoting
the migration of monocytes to endothelial cells that differen-
tiate into macrophages and subsequently absorb lipids to form
foam cells.”® Lp(a) can cause blood neutrophil infiltration in
atherosclerotic plaques, which decreases plaque stability.” It
has also been shown that Lp(a) can promote endothelial dys-
function, increase phospholipid oxidation, and destroy the
anticoagulant function of the vascular endothelium. More-
over, collateral circulation is established via a joint effect of
angiogenesis and arterial formation, and the integrity of en-
dothelial cell function is an important factor affecting angio-
genesis and arterial formation. Therefore, the effect of Lp(a)
on the function of vascular endothelial cells can at least par-
tially explain its association with poor collateral circulation.
In experimental animal models of peripheral vascular disease,
high serum Lp(a) concentrations inhibited the activation of
transforming growth factor f, thereby inhibiting angiogen-
esis.” One study also showed that in patients with coronary
atherosclerotic heart disease, Lp(a) had a strong negative cor-
relation with vascular endothelial growth factor via inhibition
of the formation of collateral circulation by affecting the pro-
duction and activity of vascular endothelial growth factor.”

While the clinical hazards of high LDL-C and TC levels are
well recognized, and although statins are widely administered
to patients with hyperlipidemia, drugs that can affect blood
lipid levels are still not widely used to increase HDL-C or re-
duce Lp(a). Moreover, meta-analyses’* found that the use of
statins increased the Lp(a) level by 8.5%-19.6% and that ator-
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Fig. 2. The distributions of HDL-C and Lp(a) in patients. A: HDL-C distribution according to ASITN/SIR grade. B: HDL-C distributions in groups with
good and poor collateral circulation. C: Lp(a) distribution according to ASTIN/SIR grade. D: Lp(a) distributions in groups with good and poor collat-
eral circulation. ASITN/SIR, American Society of Interventional and Therapeutic Neuroradiology/American Society of Interventional Radiology;

HDL-C, high-density lipoprotein cholesterol; Lp(a), lipoprotein(a).

vastatin at 10 mg/day increased the Lp(a) level by 18.7%-
24.2%. There has been a lack of independent research on the
risk and prognosis of ASCCVD in patients with an increased
Lp(a) level after the use of statins, but this does not prevent
clinicians from carefully choosing statin therapy or replacing
lipid-lowering drugs when managing patients with an elevat-
ed Lp(a) level in whom the LDL-C or TC level increases. Two
proprotein convertase subtilisin/kexin type 9 inhibitors are
currently available for clinical use. Alirocumab has been found
to significantly reduce the concentration of Lp(a) by 23%-29%
regardless of whether or not it is combined with statins.* Evo-

20 J Clin Neurol 2022;18(1):14-23

locumab was reported to decrease the LDL-C level by 60.7%
and the Lp(a) level by 13.9%.% Niacin can also effectively re-
duce the Lp(a) level. Studies have shown that when used alone
or in combination with statins, niacin can reduce the Lp(a)
level by 12%—-28%. Niacin is also the oldest and most effective
drug for increasing the HDL-C level, but it has not been pro-
moted because serious adverse reactions can occur after ex-
cessive doses.” Cholesteryl ester transfer protein (CETP) in-
hibitors can reduce the transfer of the cholesterol in HDL-C
to apoB by inhibiting the activity of CETP, thus reducing LDL-
C while increasing HDL-C; CETP inhibitors have also been
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Fig. 3. Receiver operating characteristics curves for HDL-C, Lp(a),
and the joint factor in predicting good, poor, and good collateral cir-
culation, respectively. AUC, area under the receiver operating charac-
teristics curve; HDL-C, high-density lipoprotein cholesterol; Lp(a),
lipoprotein(a).

found to reduce the Lp(a) level. Administering evacetrapib
alone at 100 mg/day or 500 mg/day reduced the Lp(a) level
by 32% and 40%, respectively.”® Evacetrapib has also been
found to increase HDL-C in a dose-dependent manner; daily
evacetrapib at 100 mg or 500 mg increased HDL-C by 94.6%
and 128.8%, respectively”” Many compounds that inhibit CETP
are still in the clinical research stage, but their future appears
promising.

In the present study, 30.77%, 36.92%, 9.74%, and 22.56% of
patients had a type I, II, III, and IV circle of Willis, respective-
ly. This is roughly equivalent to the distribution of the types
of circle of Willis found previously in another study.”® We
found that patients with a complete circle of Willis or at least
a complete anterior half of the circle of Willis had better com-
pensatory ability than did other patients with severe ICA ste-
nosis or occlusion, which is consistent with previous results."®
The compensatory ability of the circle of Willis is related to
the integrity and variation of the composition of the circle.
Previous studies have shown that the ACA is the main com-
pensating vessel when one ICA is stenosed or occluded, and
that its compensatory ability exceeds that of the PCA."”

The present study has also revealed that an increased blood
creatinine level is an independent risk factor for good collat-
eral circulation. Another study® also showed that a low se-
rum creatinine level was an independent protective factor for
better leptomeningeal collaterals, those authors did not ex-
plore the mechanism. Our study did not include patients with
severe renal insufficiency, but some patients with mild renal
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insufficiency still underwent DSA, and the blood creatinine
level may be a sensitive indicator of renal function. No stud-
ies have focused on the direct correlation between mild renal
insufficiency and collateral circulation, but this did not pre-
vent us from exploring possible mechanisms. First, the accu-
mulation of toxic substances in the blood of patients with re-
nal insufficiency can damage endothelial cells and reduce the
production of nitric oxide by inhibiting the function of nitric
oxide synthase.” Second, the renin-angiotensin-aldosterone
system is activated in patients with chronic kidney disease, and
aldosterone can stimulate the oxidative activity of NADPH
so as to damage endothelial cells.* Third, patients with chron-
ic kidney disease often have chronic microinflammatory states
manifested by increased levels of interleukin-6, C-reactive
protein, and tumor necrosis factor-a,* and these inflamma-
tory reactions can also damage the function of endothelial
cells. These changes are not conducive to the formation of
collateral circulation.

This study is the first to suggest that Lp(a) can affect the
compensatory ability of cerebrovascular collaterals, but it was
subject to some limitations. First, it had a single-center ret-
rospective design with strict inclusion and exclusion criteria
that resulted in a small sample. Second, we were only able to
draw conclusions based on clinical data, and so certain as-
sumptions needed to be made to postulate the specific mech-
anism underlying how HDL-C, Lp(a), and serum creatinine
influence the cerebrovascular collateral circulation. Finally,
missing laboratory parameters meant that we could not an-
alyze data on the levels of C-reactive protein, cytokines, and
other related inflammatory indicators to further clarify the
mechanism underlying how HDL, Lp(a), and blood creati-
nine affect the compensation of cerebrovascular collaterals.

In conclusion, in patients with severe unilateral ICA ste-
nosis or occlusion, the HDL-C level and a complete anterior
half of the circle of Willis were found to be independent pro-
tective factors for good collateral circulation, while elevated
Lp(a) and serum creatinine levels were independent risk fac-
tors for good collateral circulation. Additionally, the combi-
nation of HDL-C and Lp(a) can be considered a useful pre-
dictor of collateral circulation.
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