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Background: Immunological disease-related chronic cerebrospinal venous insufficiency (CCSVI) is
rarely reported. This study aimed to analyze clinical characteristics, inflammation, and coagulation status in
patients with immunological disease-related CCSVI.

Methods: Patients with CCSVI were enrolled from 2017 to 2019 and divided into three cohorts based
on their immunological disease backgrounds, including groups with confirmed autoimmune disease,
with suspected/subclinical autoimmune disease, and with non-immunological etiology. Immunological,
inflammatory, and thrombophilia biomarker assay in blood samples were obtained. Mann-Whitney U test
or Fisher’s exact test was used to compare continuous variables or categorical variables between the CCSVI
patients with or without the immunological etiology. Spearman’s correlation analysis was conducted among
age, baseline neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), interleukin-6
(IL-6), C-reactive protein (CRP), and neuron-specific enolase (NSE) in the three groups.

Results: A total of 255 consecutive patients with CCSVI were enrolled, including three subgroups: CCSVI
with confirmed autoimmune disease (n=41), CCSVI with suspected/subclinical autoimmune disease (n=116)
and CCSVI with non-immunological etiology (n=98). In the first subgroup, a series of 41 cases was confirmed
with eight different autoimmune diseases including antiphospholipid syndrome (n=18), Sjogren’s syndrome
(n=8), immunoglobulin G4-related disease (n=7), Behget’s disease (n=2), autoimmune hepatitis (n=2), Wegener's
granulomatosis (n=2), systemic sclerosis (n=1) and AQP4 antibody-positive neuromyelitis optica spectrum disorder
(n=1). Groups with immunological etiology did not show a higher incidence of thrombophilia or increased pro-
inflammatory biomarkers (e.g., neutrophil, IL-6). However, patients with non-immunological etiology had a
higher baseline level of CRP. Additionally, baseline PLR was moderately correlated to NLR and CRP in CCSVI
patients with non-immunological etiology and suspected/subclinical autoimmune disease.

Conclusions: The formation of CCSVI may be based on the inflammatory process, facilitated by multdple risk
factors, among which medical history of immunological diseases may play a significant role due to the intricate
relationship between inflammation and coagulation. Moreover, CCSVI may also cause an independent inflammatory

injury in venous walls, leading to focal stenosis or thrombus, without attacks from autoimmune antibodies.
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Introduction

Chronic cerebrospinal venous insufficiency (CCSVI),
as a state of impaired intracranial or extracranial venous
drainage, has been heatedly discussed over its role in the
pathogenesis of multiple sclerosis (MS) in the last decades
(1-4). However, with the increasing evidence of CCSVI
not unique to MS (5-7), the relationship between CCSVI
and other autoimmune diseases has emerged. Given that
autoimmune diseases are associated with hypercoagulation
state due to elevated autoimmune antibodies, venous
thromboembolism (VTE) is one of the most common
complications. Nevertheless, studies on autoimmune
disease-mediated cerebral venous sinus thrombosis (CVST)
are rather rare. Only a few cohort studies of patients with
systemic lupus erythematosus (SLE) (8-11) or Behcget’s
disease (BD) (12,13) were reported to have CCSVI as
well. Moreover, several case series presented patients with
the antiphospholipid-antibody syndrome (APS) (14,15),
inflammatory bowel disease (IBD) (16), or Wegener's
granulomatosis (17,18) with the coexistence of CVST.

The clinical features of autoimmune disease-mediated
CCSVI are still unclear. Moreover, we also found a number
of patients with CCSVI had positive tests of immunological
biomarkers, such as decreased complement 3 (C3) or
complement 4 (C4), increased erythrocyte sedimentation
rate (ESR), immunoglobulin G (IgG), or immunoglobulin
E (IgE), despite negative findings of antinuclear bodies or
antineutrophil cytoplasmic antibodies. Thus, we aimed to
enroll CCSVI patients with confirmed autoimmune disease
or suspected/subclinical autoimmune disease and provided
comprehensive clinical features of CCSVI with or without
immunological etiology. Furthermore, thanks to the
intricate relationship between coagulation, inflammation
(adaptive immune system), and complement pathway (innate
immune system), we evaluated relevant biomarkers in this
study. The following article is presented in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4201).

Methods
Population

A total of 255 consecutive patients with confirmed CCSVI
were enrolled, with admission in the Department of
Neurology, Xuanwu Hospital, Capital Medical University,
from 2017 to 2019. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
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study was approved by Ethics Committee of Xuanwu
Hospital, Capital Medical University (2019-006), and
informed consent was taken from all individual participants.

Inclusion criteria were as follows: (I) patients with
CCSVI, including internal jugular vein stenosis (IJVS),
cerebral venous sinus stenosis (CVSS), or CVSS combined
with IJVS were confirmed by contrast-enhanced magnetic
resonance venography (CE-MRV) or digital subtraction
angiography (DSA); (II) patients did not have parenchymal
lesions due to CCSVI; (ITI) the course of the disease was at
a subacute or chronic stage, defined as an interval of more
than 4 weeks; (IV) patients with autoimmune diseases were
confirmed by the Department of Rheumatology, Xuanwu
Hospital, Capital Medical University.

We excluded patients with definite acute or chronic
infection; use of anti-inflammatory medication within
4 weeks prior to blood collection; intracranial hypertension
(IH) resulting from other reasons: (I) drug-induced IH;
(IT) cerebrospinal fluid shunt history; (III) intracranial mass
occupation; (IV) arteriovenous malformations.

Clinical and demograpbic data

Age, gender, course of the disease (from onset to admission),
treatments, and presumable risk factors known before
hospitalization or discovered during hospitalization were
recorded. The common risk factors included hypertension
(use of antihypertensive medications or systolic blood
pressure >140 mmHg or diastolic blood pressure >90 mmHg
before hospitalization diastolic blood pressure >90 mmHg
before hospitalization), diabetes mellitus (use of antidiabetic
therapies or fasting blood glucose >7 mmol/L on two
occasions during hospitalization), hypercholesterolemia (use
of lipid-lowering medications or low-density lipoprotein
cholesterol >1 g/L), a history of myocardial infarction or
angina, overweight (body mass index >25 kg/m’), anemia
(hemoglobin <12.5 g/dL), hepatitis B virus (HBV) infection
(use of anti-HBV therapies or positive hepatitis B core
antibody/antigen or hepatitis B e antibody/antigen),
hyperhomocysteinemia (>15 mmol/L), hyperuricemia
(>416 pmol/L), chronic rhinosinusitis, history of otitis media/
mastoiditis, suspected thyroid disorders (including either
abnormal thyroid ultrasound results or abnormal thyroid
function results), autoimmune disease, thrombophilia
(including protein S deficiency, protein C deficiency,
antithrombin-III deficiency, hyperfibrinogenemia, primary
thrombocythemia or increased D-dimer level), and history
of ischemic or hemorrhagic stroke. We also collected
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clinical signs, such as papilledema and IH. The severity
of papilledema was evaluated by the Frisen papilledema
grade criteria. Intracranial pressure (ICP) was detected by
lumbar puncture, and IH was defined as ICP more than
200 mmH,O.

Subgroup analysis was conducted based on etiology.
CCSVI patients with immunological etiology were defined
as the coexistence of confirmed autoimmune disease or
suspected/subclinical autoimmune disease, while CCSVI
patients with non-immunological etiology included CVST-
related CCSVI or bone/vessel/lymph node-compression-
related CCSVI.

Immunological, inflammatory, and thrombophilia
biomarkers assay in the blood sample

Immunological biomarker assay included autoimmune
antibody tests in serum samples, including antinuclear
antibodies (ANAs), anti-neutrophil cytoplasmic antibodies
(ANCAs), and antiphospholipid antibodies (APLAs), as well
as other immunological markers, such as C3, C4, IgG, IgE,
ESR, and rheumatic factor (RF).

Inflammatory biomarker assay consisted of neutrophil-
to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) in plasma EDTA samples, as well as interleukin-6 (IL-6),
C-reactive protein (CRP), and neuron-specific enolase
(NSE) in serum samples. Baseline levels were measured on
admission. NLR was computed using the absolute neutrophil
count divided by the absolute lymphocyte count. PLR was
calculated using the absolute platelet count divided by the
absolute lymphocyte count. Baseline inflammatory markers
were considered as continuous variables.

Thrombophilia biomarker assay evaluated both antigens,
including platelet, fibrinogen, d-dimer, antithrombin-
III, protein C, and protein S, as well as activity, such as
thrombin time, partial thromboplastin time (PTT) and
activated PTT (aPTT) in plasma sodium-citrate sample
without platelet depleted. Cutoff values were based on the
referential interval in the Laboratory of Xuanwu Hospital,
Capital Medical University.

All blood samples were collected in VACUETTE®
Blood Collection Tubes (Greiner Bio-One, Kremsmiinster,
Austria). Detailed information on coagulation and
inflammatory kits and instruments is presented in Table S1.

Statistical analysis

Bartlett’s test for equal variances and the Shapiro-Wilk
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normality test for distribution were conducted for each
continuous variable. We then used the Mann-Whitney U
test or Fisher’s exact test to compare continuous variables or
categorical variables between patients with immunological
etiology CCSVI and non-immunological etiology CCSVI.
Difference between levels of baseline inflammatory markers
[NLR, PLR, and red blood cell distribution width (RDW)]
and that at discharge was tested by Wilcoxon signed-
rank test. Correlation coefficients were calculated with
Spearman’s test among age, baseline NLR, PLR, RDW,
IL-6, CRP, and NSE. Quantitative variables with a normal
distribution were specified as mean + standard deviation,
and those with abnormal distribution were expressed as
median with interquartile range (IQR). Differences were
considered significant at a two-sided P<0.05 level. Analyses were
performed with Stata software (version 15.0 SE, Stata Corp., LP,
"Texas, USA) and R software [version 3.6.2 (2019-12-12)].

Results
Baseline clinical features

A total of 255 patients (104 males and 151 females) with
CCSVI were enrolled in this retrospective study, of which
more than 95% had a disease course over 1 month (chronic
stage), and followed up with 18.13+5.58 months. Patients
most likely presented with sleep disturbances (60.4%), eye
discomfort (58.4%), head noise (53.7%), tinnitus (51.8%),
headache (45.1%), and hearing loss (32.2%). Combined risk
factors were commonly seen, for instance, thrombophilia
state, overweight, hyperlipidemia, hypertension, anemia,
and suspected thyroid disorders. Based on locations of
CCSVI, IJVS, CVSS, and CVSS combined with IJVS
were found in 68.2%, 16.9%, and 14.9% of enrolled
patients, respectively. Treatments for CCSVI patients were
antiplatelet drugs (60.0%), anticoagulants (32.2%), and
endovascular therapy (12.5%). Details were displayed in
Table 1.

Difference between CCSVI with or without immunological
etiology

Immunological disease-related CCSVI was defined as
confirmed autoimmune disease or suspected/subclinical
autoimmune disease. The prevalence of autoimmune
disease-related CCSVI was relatively low as 16.1% (n=41),
while CCSVI was rather common in suspected/subclinical
autoimmune disease (45.5%, n=116). A total of 41 cases
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Table 1 Demographic and basic clinical features

Immunological etiology (n=157)

Non-immunological

Variables All (n=255) Confirmed autoimmune  Suspected/subclinical etiology (n=98) P value
disease (n=41) autoimmune disease (n=116)
Personal data
Age, years 53.47+15.04 50.88+18.77 56.42+14.14* 51.05+13.81 0.017
Gender (M:F) 104:151 14:27 54:62 36:62 0.223
Course of disease 0.543
Subacute (within 1 month) 11 4.3) 3(7.3) 4 (3.4) 4(4.1)
Chronic (more than 1 month) 244 (95.7) 38 (92.7) 112 (96.6) 94 (95.9)
Follow-up time, months” 18.13+5.58 18.27+5.52 18.46+5.31 17.69+5.94 0.656
mRS on admission 0.43+0.68 0.60+0.60 0.42+0.61 0.39+0.77 0.110
Symptoms and signs
Sleep disturbances 154 (60.4) 22 (53.7) 79 (68.1) 53 (54.1) 0.078
Eye discomfort 149 (58.4) 23 (56.1) 71(61.2) 55 (56.1) 0.716
Papilledema 49 (19.2) 16 (39.0) 17 (14.7) 16 (16.3) 0.004
Frisen scale 1.08+1.31 1.56+1.47 0.82+1.23 1.03x1.21 0.139
Head noises 137 (53.7) 18 (43.9) 72 (62.1) 47 (48.0) 0.045
Tinnitus 132 (51.8) 21(51.2) 61 (52.6) 50 (51.0) 0.985
Headache 115 (45.1) 20 (48.8) 43 (37.1) 52 (53.1) 0.055
Neck discomfort 77 (30.2) 9 (22.0) 42 (36.2) 26 (26.5) 0.152
Hearing loss 82 (32.2) 11 (26.8) 39 (33.6) 32 (32.7) 0.738
Anxiety 45 (17.6) 4 (9.8 20(17.2) 21 (21.4) 0.266
Nausea/vomiting 47 (18.4) 4 (9.8 19 (16.4) 24 (24.5) 0.097
Memory loss 21 (8.2) 0(0.0) 11 (9.5) 10 (10.2) 0.078
IH 44 (17.3) 8(19.5) 2118.1) 15 (15.3) 0.368
Presumable risk factors
Obesity 93 (36.5) 13 (31.7) 35 (30.2) 43 (43.9) 0.172
Type 2 diabetes mellitus 22 (8.6) 4(9.8) 11 (9.5) 7(7.1) 0.794
HBP 83 (32.5) 15 (36.6) 35 (30.2) 33 (33.7) 0.727
Hyperlipidemia 90 (35.3) 11 (26.8) 47 (40.5) 32 (32.7) 0.236
Anemia 57 (22.4) 13 (31.7) 26 (22.4) 18 (18.4) 0.234
Stroke 20(7.98) 2 (4.9) 10 (8.6) 8(8.2) 0.821
Hemorrhage 6 (2.4) 0(0.0) 3 (2.6) 3(3.1) 0.747
Hyperuricemia 18 (7.1) 5(12.2) 4 (3.4) 9(9.2) 0.075
Hyperhomocysteinemia 20 (7.8) 70171 7 (6.0) 6 (6.1) 0.082
CAD 27 (10.6) 7(17.1) 12 (10.3) 8(8.2) 0.264
Previous otitis media/mastoiditis 7 (2.7) 3(7.3) 2(1.7) 2 (2.0) 0.175
Chronic rhinosinusitis 14 (5.5) 4(9.8) 6 (5.2) 44.1) 0.431

Table 1 (continued)
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Table 1 (continued)

Immunological etiology (n=157)

Non-immunological

Variables All(n=255)  Confirmed autoimmune  Suspected/subclinical etiology (1=98) P value
disease (n=41) autoimmune disease (n=116)
HBV infection 47 (18.4) 9 (22.0) 24 (20.7) 14 (14.3) 0.383
Suspected thyroid disorders
Abnormal thyroid ultrasound 34 (13.3) 7(17.1) 15 (12.9) 12 (12.2) 0.707
Abnormal thyroid function test 66 (25.9) 12 (29.3) 17 (14.7) 27 (27.6) 0.681
Pregnancy/postpartum 2(0.8) 1(2.4) 0 (0.0 1(1.0 0.149
Thrombophilia
Protein S deficiency 65 (25.5) 11 (26.8) 36 (31.0) 18 (18.4) 0.385
Protein C deficiency 25(9.8) 5(12.2) 11 (9.5) 9(9.2) 0.191
Antithrombin I deficiency 27 (10.6) 8 (19.5) 13 (11.2) 6 (6.1) 0.213
Increased D-dimer level 22 (8.6) 7017.1) 7 (6.0) 8(8.2) 0.192
Hyperfibrinogenemia 27 (10.6) 6 (14.6) 10 (8.7) 11 (11.2) 0.498
Primary thrombocythemia 25(9.8) 5(12.2) 11 (9.5) 9(9.2) 0.100
Autoimmune disease
APS 18 (7.1) 18 (43.9) NA NA NA
Sjogren’s syndrome 8 (3.1) 8(19.5) NA NA NA
IgG4-related disease 7(2.7) 7(17.1) NA NA NA
Behcet’s disease 2(0.8) 2(4.9) NA NA NA
Autoimmune hepatitis 2(0.8) 2 (4.9 NA NA NA
Wegener’s granulomatosis 2(0.8) 2(4.9) NA NA NA
Others 2(0.9) 2(4.9 NA NA NA
Suspected autoimmune disease
Increased IgE 5(2.0) NA 5(4.3) NA NA
Increased IgG 10 (3.9) NA 10 (8.6) NA NA
Decreased C3 76 (29.8) NA 76 (65.5) NA NA
Decreased C4 38 (14.9) NA 38 (32.8) NA NA
Positive RF 4(1.6) NA 4(3.4) NA NA
Increased ESR 21 (8.2) NA 21 (18.1) NA NA
Inflammatory markers
NLR on admission® 1.81+£0.77 1.78+0.70 1.82+0.80 1.79+0.75 0.961
NLR at discharge 2.91+2.56" 2.16+1.09 2.53+1.29" 3.88+4.03 0.581
Delta-NLR 1.12+2.15 0.66+0.97 0.81+1.16 1.83+3.38 0.912
PLR on admission 124.13+46.94 120.31+41.89 122.47+41.78 127.54+54.31 0.878
PLR at discharge® 151.32+100.88 125.39+33.03 132.91+46.55 192.51+£160.72 0.592
Delta-PLR 26.75+103.07 25.07+33.10 4.09+75.83 59.84+151.17 0.580
RDW on admission (%) 13.14+1.43 13.25+1.16 13.10+1.63 13.14+1.26 0.685

Table 1 (continued)
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Table 1 (continued)

Immunological etiology (n=157)

Non-immunological

Variables All(n=255)  Confirmed autoimmune  Suspected/subclinical etiology (1=98) P value
disease (n=41) autoimmune disease (n=116)
RDW at discharge (%)* 13.49+2.28 12.77+0.43 13.52+2.37 13.92+2.84 0.637
Delta-RDW (%) 0.44+2.37 0.28+0.95 0.42+2.09 0.95+3.30 0.462
IL-6 (pg/mL) 4.70+5.71 6.36+7.51 4.65+5.91 4.12+4.48 0.391
CRP (mg/L) 2.80+3.69 2.44+1.07 2.38+1.89* 3.45+5.50 0.015
NSE (ng/mL) 12.95+2.72 13.56+3.33 12.82+2.26 12.88+2.95 0.734
Localization of CVSS/IJVS 0.026
CVSS 43 (16.9) 7(17.1) 13(11.2) 23 (23.5)
SSS 15 (5.9) 2 (4.9) 5(4.3) 8(8.2) 0.523
LTS 34 (13.3) 7(17.1) 9(7.8) 21(21.4) 0.013
RTS 36 (14.1) 10 (24.4) 11 (9.5) 15 (15.3) 0.063
SS 2(0.8) 0(0.0) 0(0.0) 2 (2.0) 0.445
LSigS 22 (8.6) 6 (14.6) 5(4.3) 11(11.2) 0.058
RSigS 19 (7.5) 8 (19.5) 5(4.3) 6 (6.1) 0.011
IJVS 174 (68.2) 24 (58.5) 90 (77.6) 60 (61.2)
LIJV-J1 segment 16 (6.3) 5(12.2) 7 (6.0 4 (4.1) 0.218
RIJV-J1 segment 11 (4.3) 4 (9.8) 4 (3.4) 3(3.1) 0.195
LIJV-J2 segment 26 (10.2) 5(12.2) 13(11.2) 8(8.2) 0.667
RIJV-J2 segment 12 (4.7) 2 (4.9) 5(4.3) 5(5.1) 1.000
LIJV-J3 segment 144 (56.5) 21(51.2) 71 (61.2) 52 (53.1) 0.530
RIJV-J3 segment 122 (47.8) 18 (43.9) 61 (52.6) 43 (43.9) 0.397
CVSS combined with IJVS 38 (14.9) 10 (24.4) 13(11.2) 15 (15.3)
Treatment
Antiplatelet drugs 153 (60.0) 22 (53.7) 77 (66.4) 54 (55.1) 0.133
Anticoagulants 82 (32.2) 14 (34.1) 33 (28.4) 35 (35.7) 0.526
Endovascular therapies 32 (12.5) 8 (19.5) 10 (8.6) 14 (14.3) 0.138
Stenting 25(9.8) 8 (19.5) 9(7.8) 8(8.2) 0.096
Balloon dilation 5 (2.0) 0(0.0) 2(1.7) 3(3.1) 0.592
Intrasinus thrombolysis 4 (1.6) 0 (0.0) 0(0.0) 4(4.1) 0.035
ONSD 8(3.1) 4 (9.8) 1(0.9) 3(3.1) 0.026

Data were presented as mean + standard deviation or n (%). *, compared with group of non-immunological etiology group, statistically
significant at P<0.05; % the number of patients who had complete blood count (CBC) test at discharge (n=36); ~, time from discharge to
follow-up (months); *, compared with group of NLR tested on admission, statistically significant at P<0.05. P=0.001 in general groups
(n=255), P=0.008 in group with suspected/subclinical autoimmune disease (n=116). mRS, modified Rankin scale; HBP, high blood
pressure; CAD, coronary artery disease; HBV, hepatic type B virus; APS, antiphospholipid syndrome; C3, complement 3; C4, complement
4; RF, rheumatic factor; ESR, erythrocyte sedimentation rate; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio;
RDW, red blood cell distribution width; IL-6, interleukin-6; CRP, C-reactive protein; NSE, Neuron-specific enolase; CVSS, cerebral venous
sinus stenosis; IJVS, internal jugular vein stenosis; SSS, superior sagittal sinus; TS, transverse sinus; LTS, left transverse sinus; RTS, right
transverse sinus; SigS, sigmoid sinus; LSigS, left sigmoid sinus; RSigS, right sigmoid sinus; ONSD, optic nerve sheath decompression;
NA, not applicable.
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with confirmed autoimmune disease-related CCSVI (14
males and 27 females, mean age 50.88+18.77 years) were
collected, among which, APS (n=18), Sjogren’s syndrome
(SS) (n=8), and IgG4-related disease (IgG4-RD) (n=7) were
highly prevalent in our cohort. Apart from specific elevated
autoantibodies, such as ANAs or ANCAs or APLAs,
abnormal levels of nonspecific immunological markers
were also coexisted within the CCSVI cohort of confirmed
autoimmune disease, for instance, a decreased level of C3
(n=16) or C4 (n=9) as well as an increased level of ESR (n=9)
or IgG (n=8). Tuble 2 presented the case series of 41 cases
with confirmed autoimmune disease-related CCSVI in
detail.

There was a significant difference between CCSVI with
or without immunological etiology in terms of symptoms
and signs (Table 1). CCSVI patients with suspected/
subclinical autoimmune disease presented at an older age
on admission (P=0.017) and had a higher prevalence of head
noises (P=0.045), while those with confirmed autoimmune
disease were more prone to have papilledema (P=0.004).
Intriguingly, the groups with immunological etiology did not
show a higher incidence of thrombophilia or increased pro-
inflammatory factors (e.g., neutrophil, IL-6) as we previously
expected than the group with non-immunological etiology.
However, patients with non-immunological etiology had
a higher baseline level of CRP (P=0.015), which further
predicted that an independent inflammatory process might
involve in the pathogenesis of CCSVI.

Subgroup analysis in CCSVI with immunological etiology
We further conducted a subgroup analysis between CCSVI

with confirmed autoimmune diseases and suspected/
subclinical autoimmune diseases, particularly focusing
on the difference of inflammatory biomarkers between
these two subgroups (7able 3). CCSVI patients with APS
and IgG4-RD had a relatively younger age than that with
SS and a higher CRP level than that with decreased C3.
The gender difference was also remarkable. The group
of CCSVI with confirmed autoimmune diseases was
female-dominated while that of CCSVI with suspected
autoimmune diseases (e.g., group of increased ESR and
IgG) was male-dominated.

Correlations between inflammatory cells and inflammatory

cytokines

Correlation coefficients were calculated with Spearman’s test
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among age, baseline NLR, PLR, RDW, IL-6, CRP, and NSE
in groups with non-immunological etiology (Figure 1A4),
with suspected/subclinical autoimmune disease (Figure 1B),
and with confirmed autoimmune disease (Figure 1C).
As shown in Tible 4, baseline PLR level was moderately
correlated to NLR and CRP in the group of CCSVI
patients with non-immunological etiology and suspected/
subclinical autoimmune disease, indicating CCSVI itself
may relate to the inflammatory process (Table 4, a and b).
However, the level of IL-6 was only positively associated
with CRP and age in the group of CCSVI patients with
confirmed autoimmune disease (Tiable 4, c).

Discussion

To our knowledge, this is the first study evaluating
the comprehensive clinical features of CCSVI with
immunological disease background. In this study, a case
series with 41 patients with confirmed autoimmune disease-
related CCSVI was presented. Eight different immune-
complex diseases, including APS, SS, IgG4-RD, BD,
autoimmune hepatitis, Wegener’s granulomatosis, systemic
sclerosis, and AQP4-antibody (AQP4-IgG)-positive
neuromyelitis optica spectrum disorder (AQP4" NMOSD)
were analyzed. CCSVI cases combined with IgG4-RD, SS,
and AQP4" NMOSD-related CCSVI were never reported
before. Furthermore, we explored the inflammatory and
coagulation status in CCSVI patients with immunological
etiology.

Groups with immunological etiology (including CCSVI
patients with confirmed autoimmune disease and suspected/
subclinical autoimmune disease) did not show a higher
incidence of thrombophilia or increased pro-inflammatory
factors (e.g., neutrophil, IL-6). However, patients with non-
immunological etiology had a higher baseline level of CRP.
Besides, baseline PLR level was moderately correlated to
NLR and CRP in CCSVI patients with non-immunological
etiology and suspected/subclinical autoimmune disease.
Due to these findings, we postulated that an independent
inflammatory process might involve in the pathogenesis
of CCSVI, facilitated by multiple risk factors, among
which autoimmune disease background could play a
major role. In the subgroup analysis of CCSVI patients
with immunological etiology, patients with confirmed
autoimmune disease had a higher prevalence of thyroid
dysfunction and HBV infection. Apart from having elevated
autoimmune antibodies, they were also correlated with

decreased C3 or C4 and increased ESR or IgG. These

Ann Transl Med 2021;9(3):236 | http://dx.doi.org/10.21037/atm-20-4201



Song et al. Immunological disease-related CCSVI

Page 8 of 15

(ponurzu0) g 31qe],

(w/nyd set)

siIpIIAy} s,0l0WIySEH

JopIosip dss|s pue POoJWODSIP

1d-nuy lav Ldozd-nue tlaa €r/er-Arr pue ‘qyQ ‘elwsouniadAH sieak G| ofe ‘sesiou peay ‘snyuul] 4/69 Gl @seD
Bunuels (lw/nyd vev) lay
pue uolenBeod-HuY LdDed-hue (1¢D ‘Od ‘Sd er-ArIT BUON sieek G| sso| Buueay pue ‘snyuul] IN/09 7| oseQ
(Qw/nd 80t) Hojwoosip afe pue
BUON lav Ldozd-nue M-y er-Arld ‘er-Ari Auseqo syeem ¢ ‘Buiwon/essneu ‘eyoepesH N/6 k- €l osen
JapJosip des|s
1d-nuy (w/nd zv) 110e er-Arld avo daH syjuow g pue sso| Buuesy ‘snyuul] 4/95 gl eseD
.[] BWwepa)ided pue ‘Jepiosip
Bunuels (lw/nd 09) lav Ldoezd daa|s ‘LOJWODSIP 308U
pue uoieNBeoo-HuY -pue iteD ‘vO L vblHlaa  er-Ari ‘sbisy ‘s1d SHIPI0JAU} S,010WIySeH syeem g ‘Buiwon/essneu ‘eyoepesH 4/e¢ LI esen
Bunuels pue (lw/NY 69)
uonenbeoo-ue ‘Id-iuy  lay LdDed-nue laa EP-AMIT ‘S1d dgH siesk g s9sIou pesy pue syoepesH 4/€9 0} @seQ
Bunusls pue (lw/nd 1S1) er-Arld avO PUE ‘SiHpIoIAY} s,030wWIyseH Jepiosip des|s
uonenbeoo-ue ‘[d-uy  lav LdDzd-nue 4s3 ‘eM-Ar ‘sld ‘eiwapidipedAy “Auseqo sieak pue pojwoosip 84s ‘snyuul /7S 6 oseD
(w/ny 19)
lav Ld9zd-nue tl1nd - er-ArIT ‘er/2r-Arid HI pue ,[g]
SPI0I9}S00IH0D ‘9-711 ddO-sy ‘0aM ‘SBIS ‘sl [eserelg elwsue ‘wnpedisod uuow | ewspsjjided ‘eyoepesy Uens4 4/ze g @seD
Japlosip des|s
avo pue ‘dgH ‘elwspidipadAy PpUE UOISIA ANn|g ‘HOJWOooSIPp
11d-huy (Qw/nd oy) I10e LP-APTT ‘INa g 8dAy “AuseqO syjuow g 08U ‘sesjou pesH 4/29 1 8se)
BIpaW s[}30 snoinaid
(w/ny 59) pue ‘siIpIoJAy} S,010WIyseH
1d-uy lav Ldozd-nuy LP-API [e83EIIg dgH ‘elwepidiuedAy ‘AuseqQ  siesh g SNjuul} pue sssuizziqg 4/62 g esen
AdSNO ‘Bunusis (Tw/Nd 09) uonosul
‘uolye|nBeoo-nue ‘| d-nuy lav LdDzd-nuy S1d AGH juawnd pue Auseqo syow g ,[g] ewepajided pue syoepesH /€€ G osep
HI pue ,[g] ewspajjided
dsNoO (w/ny 09) lav BlWAUR puB “LIOJLIODSIP 308U ‘ayoepesy
‘uolenbeod-ue ‘INd-Iuy  LdDzd-hue {lH4s3 ‘ad sbisy ‘sid ‘elwaurelshoowoyledAy ‘Auseqo siesh G| ‘snyuun ‘sso| Bupesy 4/0¢ ¥ eseD
(lw/nd oy) lay elwsue JopJosip des|s pue sesiou peay
1d-nuy LdDzggd-nue :1e0 ‘b0 er/LP-ArIY ‘€M-APTT puE ‘uonoBUI AgH JusLND  syuow g ,[|] ewspsjided ‘eyoepesH N/62 g ose
Japlosip des|s
pue AjaIxue ‘LojwoasIp 3o8u
(w/nd 2v) lay ‘[1] ewepayided ‘snyuun
SUON Ld9zgd-nue 1¢0 136 er-Arld elweue pue dgH ‘N0 ¢ @dAL  siesk og  ‘sesiou pesH ‘sso| BuuesH 4/62 g ose
Kousroyep |||-1y pue ‘uonosjul
(Qw/nd g1 1) lav Ldoed AGH snoinaid pue ejwsouniadAy Jopiosip des|s
11d-huy -lue 1190 ‘€0 ‘llI-lY er-APIT ‘elwep|dipedAy “Auseqo syuow £  pue AjeIxue ‘Lojwoosip eA3 IN/SS | @seD (81=u) Sdv
6
Juswiyeal| 1S9} ge| [ewouqy 10 c_o\_/mmNu__Wuo._ S10]0B} YSlU 8|qewnsald %MMMMHVO subis pue swojdwAg , AwH__MMMVm oby JaquinN so|qeuen

AM.THCV IASDD —uwuﬂﬁu.ﬁlvmmwmm—u sunuuroine .«O SOLI9S 9se]) T U—JNF

Ann Transl Med 2021;9(3):236 | http://dx.doi.org/10.21037/atm-20-4201

© Annals of Translational Medicine. All rights reserved.



Page 9 of 15

, Vol 9, No 3 February 2021

icine

Annals of Translational Med

(ponurzu0) g 31qe],

(+) ws/dNy-nue

HI pue AjaIxue 4spiosip
daals ‘sso| Buneay ‘sasiou

11d-huy EP-ArId ‘er-Ar daH sieak § pesy ‘snjuul} ‘ayoepesH 4/81 0€ 8sed
“(1/6w 099°1) HI pue [¢] ewspajjided
asNo Lwnies) yHB) 11€0 ‘9-11 Yopiosip deays ‘Bunion/easneu
pue uope|nbeoo-juy ldv ‘rigl ‘nga ‘gl sbisy ‘sid sniploAy; s,010wWiyseH SYIUOW ¢ ‘SSSiou pesy ‘SNiuUR ‘@yoepeeH /€2 62 eseD
(/6w
adsNO 09/°1) | (wniss) yoB) ejwaouniadAy pue syjuow ,[2] ewspajded pue
pue uoie|nbeos-iuy {136] ‘10d ‘sd ‘1614 SSS ‘sid ‘elwaulsisAoowoyladAy ‘Ausaqo Sl ‘Burywion/easneu ‘eyoepesH 4/S1 8z 9se)
(+) (4S0) 2VIANd HI pue Japiosip desls ‘sso| (£=u) esessip
11d-huy -nue {44 ‘10 ‘€0 er-AP SIPIoJAY} s.010WIyseH pue dgH sieed y  Buuesy ‘sesiou peay ‘snyuull  4/€G lzese)  pejeel-pob)|
(++) 2G-0Yy-lue ‘(++) Japlosip
V-SS-1ue {Bb| 4y ‘1%0 uonoajul AgH snoiaaud des|s pue ‘pojwoosIp
uone|nBeoo-Huy ‘€0 -y ‘laa ‘bi4 shIsT pue 4gH ‘elwepidiledAH Yuow | 308U “UojwoosIp 843 4/95 9z 8seD
Kiabins (++) 02-04 HI pue
uoissaidwoosp anlsu odo -IJUB ‘(++) Y-SS-uy SbIS ‘gl [eseieg Blwaue pue Alsaqo sieah QL ,[g] ewaps|ided ‘syoepesH 4/vv Gg @se)D
‘(+++) gg-oy-ue ‘(+)
g-SS-1UE ‘(+++) V-SS HojwoosIp
uolje|nbeood-iuy -nue ‘laq ‘vs3 ‘vb) er-ArIY elWaue pue 4gH ‘elwepidijedAH siesh g oke pue sesiou peaH 4/95 2 esen
(w/ny ov) lav Ld9zd siploIAy} s,030wiyseH
-I}Ue ‘Z2G-0Y-IUe ‘Y-SS ‘@ 04}s olwayos! snoiraid Jopiosip desjs
suoN -ue {10d ‘Sd ‘-l er/LP-APIT ‘elweuleiskoowoyiedAy ‘Auseqo sieek QL pue ‘ssoj Buuesy ‘snyuull IN/89 gz eseD
(++) 02-04-1ue uoI08juUl AgGH Snoinaud pue ‘QyD  syluow HI pue
1d-nmuy ‘(++) v-SS-hue €D ‘'sd  EM-ArI ‘SM-ArIT  daH ‘elwepidiiedAy ‘NQ g 9dAL ge Japiosip dasys ‘sasiou pesaH /2L ge ose
(+++) gg-oy-nue ‘(+)
g-SS-UE ‘(+++) V-SS  €P-AlIY ‘€r/2r-Ari uoiosjul AgH sso| Buiesy pue snyuun
11d-huy -nue {1sd ‘| Hb| ‘Big ‘sbisY ‘SId snoireid pue ‘elwisue ‘Qy) dgH SYUow ¢ ‘sesiou pesy ‘eyoepesH 4/19 Lg 8seD
(+++) 2G-0y-Nue ‘(+++) SP-ArIY .[1] ewspajided pue Jspiosip
uolye|nbeoo-iuy V-SS-hue 4y ‘140 ‘€D ‘eP-API ‘S1T SIHpI0JIAY} s,0j0wIyseH pue dgH siead gz dea|s ‘sesiou pesy ‘ayoepesH 4/€9 0z @sep
(++4) g-dN3D-1ue 9041S OlWBYOs| snoiraid pue [1] Bwepa)ided pue ‘snyuun
11d-huy ‘(+++) gg-oy-nue 11sd LP-ArIY ‘siploJAy; s,010Wiyse ‘elweuy  siesh ¢ ‘sasiou peay ‘syoepesH /YL 61 8seD (8=u) SS
(qw/ny 29) lav Ldozd er-Arid siploJAyy Jdplosip
BUON -hue {|4s3 “1eD LBy ‘SP-ArIT ‘S1 S,0]0WIYSBH PUE BlWauy syuow ¢ desls pue ‘snjuul ‘eyoepesH 4/19 8| esen
Japlosip des|s
(w/ny 18) lay pue ‘sso| Buiiesy ‘HojwoosIp
17d-uy LdDzgd-ue (1eD ‘0d ‘Sd €P-API ejWwaue pue ejwaduniedAH sieak 0z 08U ‘sesiou pesy ‘snyuul] IN/29 L1 8se)
(lw/Ny €9)
auoN lay doed-nuy er/zr-Arid SIIpIoJAY} S,010WIyseH sieah 0g ayoepesH 4/6€ 9} esen
INSDD aseas|p Jopuab
A
juswiyeal| 1s9} ge| [ewJouqy 10 UONEZIES0T sJ0}0B} sl a|qewnsald 10 68In00 subis pue swoydwAs /(s1e0k) 0By JaquinN sa|qenen

(ponuizu0) g 31qe],

Ann Transl Med 2021;9(3):236 | http://dx.doi.org/10.21037/atm-20-4201

© Annals of Translational Medicine. All rights reserved.



Song et al. Immunological disease-related CCSVI

Page 10 of 15

‘eHd-nue ‘esereydsoyd suIfes[e Jy UIgnuiig 10841pul ‘ITigl {Uignuiig 108.1p “Igad fuign

JepJosip wnJioads eondo siijAwoinau aAisod-Apogiue ydoy ‘v-utiodenbe 4oy ‘sBnip jeere|diue ‘| d-iue ‘seipogiue g eseuleloid-iue

[B10} ‘Iig1 ‘pIny} [euidsoigalsd 4SO ‘snuis [epibes Jopadns ‘SSS “I0joe) dllewNays 4y ‘g uabiue payelal

-aWwoIpUAs-s,uaibolg-llue ‘g-SS-llue ‘7 uabijue paje|al-awoipuAs-s,ualbolg-nue ‘v-gS-nue ‘usbouuqly ‘B4 ‘saipoqiue g uielold a1awoijusd-ljue ‘g-dNID-1lue seipogiiue 0/0Y-1ue ‘0/-0y-ljue
{se|poqiiue gGoy-NIue ‘gg-oy-liue ) uejoid ‘Od ‘g uelold ‘Sd ‘snuis plowbis ‘SBIS ‘saipoqnue uidijolpied-iue Qe (9-unnajialul ‘9-T| ‘uieloid aAnoeal-O ANAINISUSS-UBIY ‘dYD-SY (|90 Poo|q alym
‘OgM ‘esessip Aiele Aleuolod ‘qyD ‘snijjew salegelp ‘NQ einssaid poolq ybiy dgH ‘uoissaidwooep yieays aateu ondo ‘QSNO ‘erel uonejuswipas 91400iyihie ‘4s3 Lewip-1p ‘gq ‘snuis plowbis
6L ‘ShISY ‘snuis plowbis Ya| ‘SBIST ‘snuis astaasuel) YBL ‘S1Y SnuIS aslaAsuel} Y| ‘ST ‘SNuUIS 8sIdAsUBl) ‘S ‘uoisuauadAy [elueioeiiul ‘H) ‘snuia g 8dAy oireday ‘AgH ‘seipoqiiue suiejoidooA|b
2-Blag-nue ‘qy Ldoggd-iue eereld ‘1d ‘v wewsldwod ‘v ‘g wswaldwod ‘€] ‘uleA Jeinbnl [eusaul ya| ‘Ar|] ‘UteA Jeinbnl feussiul wybu ‘ALY ‘[ UIquIoyl-ue |||-1Y ‘@woipuAs pidijoydsoydiiue
‘Sdy ‘Aousionsul snous [euldsolqeied dluoIyd IASDD ‘snijjew sajeqelp ‘NG ‘[e[eos uesli4] ewepslided se pajusseld ‘e|eos uasii4 Aq pejenjeas sem ewepasl|ided jo Ajuenss ay) ¢,

(+) (wnuas)

er Aebawous|ds

elwsodAy *,[z]
ewapa||ided ‘108}0p UOISIA

(1=u)

SPI0I8}S00IH0D rdov ‘L (480) 0am  /er-Ar ‘sbisT ‘s1 ‘SiIsnuls [eseu dluoIyD Jeak | ‘uolsin Aunjq enissaiboid /ey L 8seD  ASOWNN .7dOV
Zr-ArId “LP-APTT SIHpI0JAY} s.030WIyseH (L=u) sisousjos
Bunusys pue |1d-nuy (+++) g-dNIO-1uy ‘SPisY ‘s1y ‘INa g @dA} dgH ‘AuseqQ sypow g ayoepesH N/e8 0t eseD olwelsAg
(w/nd ozt) LIOJWODSIP Yo8u
BuUON edd-nue 1140 ‘€D EP-APIY ‘€P-ArIT AuseqQ siesk g pue ‘sesiou pesy ‘snjuul] IN/SS 6€ 9seD
uo98jul AgH snoinaud Japlosip
pue ‘siiploJAyl s,03o0wiyseH doa|s pue ‘pojwoosip (zg=u)
‘siploisew snoinaid ‘siysnuis ahe ‘sso| Buleay ‘sesiou sisojewo|nuelb
1d-uy ledd-nue 110 i~y er-APIY [eseu o1uoIyd ‘AuseqQ siesk 0z peay ‘snyuul ‘syoepesH 4/29 8¢ 9seD s Jousbap
L(wnies)
96| ‘(450) BB HldTV uonoajul AgH snoiaeid pue ‘avo
11d-huy ‘gl ‘1ga ‘naL e LP-AIY daH ‘elwepidiiedAy ‘AuseqO  SUUOW g HOJWODSIP 848 pue snjuul] /LG /g oseD
(+++) dNFO-nue
‘(+++)gg-oy-nue 1l4s3
44 ddO-SH ddO ‘6| uonosul AgH snolraid pue Jepiosip
‘Db ‘Tsd ‘-1 ‘laa ‘b4 ShIploJAu} s,010WIYSeH ‘SiISNuIS das|s pue ‘HojwoosIp (¢=u) sieday
1d-nuy 1dv ‘HA1AsY 1V er-APIT [eseu oluoiyo ‘elwepdiiedAy  siesk g afs ‘snjuul} ‘sesiou pesH d/v. ggesey  aunwwioiny
uolne|nbeoonue pue
(nesow ayejouaydooAw
+SPl048]1S021102) SBnIp SI1IpI0JAY}L HI pue ,[g] ewsps||ided
Aiorejnpowounuiw| w0 ‘sd SbIS ‘gl [eseieg S,0]0WIYSEH pue elwauy sieah g ‘snyuul} ‘eyoepesH 4/€2 Gg esen
elwsue JapJlosip des|s pue LojWoosIp (g=u) aseasip
1d-uy 1361 11%0 ‘€D ‘Od ‘Sd AP pue ‘elwsuielshoowoytedAy  sieak oz 9hs ‘sesiou pesy ‘ayoepesH IN/82 7€ aseD sjeoyeg
Bunuels (/6w 055°2) siHpIoAy} s.oj0wiyseH HI pue ‘,[g] ewsps|jided
‘uoije|nBeoo-iue ‘d-nuy (wnuss) yHB| ‘1HS3 sbis ‘s [eserelg ‘SIjIsnuIs [eseu oluoIyD sieak g| ‘HUojwoosip ahks ‘ssaulzziq N/2E €¢ osen
(/6w £9g) | (wnues)
ASNO pue Buiusys OB {(1/6w 081 1)! LP-SAP HI
‘uorye|nfeoo-nue ‘| d-nuy (wnues) BB] (TgD ‘S [esereng SuoN sieak g'|  pue ‘[g] ewopajjided ‘snyuur] 4/9¢ ge oseD
shiplojsew snojneid HI pue *,[¢]
er/er-Arid Le-ARIT pue ‘ejwauleisAoowoyadAy ewaps||ided Yaplosip dosls
uope|nbeoo-Huy (/6w 020°2) (4S2) ¥OBI  ‘SPIST ‘S17 ‘SSS ‘ejwopidipodAH siesk g ‘LOJWODSIP 308U ‘eyoepesH N/S2 Lg oseD
INSDD osessIp Japuab
A
Juswiyeal| 1S9} ge| [ewouqy T S10]0B} ¥SU 8|qewnsald 10 88109 subis pue swoldwAg /(s1e0k) 0By JaquinN so|qelen

(ponuizu0) 7 31qe],

Ann Transl Med 2021;9(3):236 | http://dx.doi.org/10.21037/atm-20-4201

© Annals of Translational Medicine. All rights reserved.



Annals of Translational Medicine, Vol 9, No 3 February 2021

Page 11 of 15

Table 3 Inflammatory biomarkers in subgroup analysis of autoimmune diseases and suspected autoimmune diseases-related CCSVI

. IgG4-related Decreased C3 Decreased C4 Increased ESR Increased IgG Increased IgE Positive RF

Variabl APS (n=18 =8| P val

anables S(0=18)  SS(=8)  ease (n=7) (n=76) (n=38) (n=21) (n=10) (n=5) (n=4) value
Age 49.61+£3.75" 61.75£3.48  43.00+9.73" 57.17+1.49*A 53.71+2.75A 58.61+2.65" 58.90+5.62 47.00+6.17" 70.75+1.75 0.009
Gender (M:F) 8:10 3:5 1:6 40:36 23:15 4:17 2:8 4:1 2:2 0.021
NLR on 1.81+0.16  2.20+0.36 1.48+0.12 1.80+0.09 1.76+0.12 1.97+0.24 1.74+0.17 1.81+0.45 1.70+0.16  0.865
admission®
NLR at NR 1.98+0.79 1.90+0.45 2.59+0.49 2.76+0.49 2.41+0.38 NR NR NR 0.350
discharge
PLR on 112.13+9.27 148.78+16.02 104.96+13.76 121.59+5.36 117.43+7.57 123.45+6.41 108.23+8.73 139.56+25.72 116.68+8.80 0.472
admission
PLR at NR 143.48+21.89 99.46+4.44 126.27+16.43 151.60+12.82 121.41+29.79 NR NR NR 0.695
discharge®
RDW on 13.15+0.34  13.2+0.23 12.83+0.14 13.06+0.17 13.0+0.17 13.35+0.53 15.3+1.44 13.2+0.14  13.08+0.33 0.513
admission (%)
RDW at NR 12.77+0.27 12.90+0.29 12.69+0.13  12.62+0.12 15.52+1.72 NR NR NR 0.373
discharge (%)*
IL-6 (pg/mL) 4.66+1.26 8.72+5.42 5.80+2.13 4.82+0.90 4.99+1.67 4.75+1.02 5.30+1.29 2.66+0.66 3.57+0.81 0.291
CRP (mg/L) 2.44+0.225  2.29+0.43 2.46+0.65° 1.78+0.10 1.89+0.16 4.39+0.76 3.30+£0.85° 2.66+0.69  2.08+0.33 <0.001
NSE (ng/mL)  12.70+0.47 14.75+1.58 14.97+2.35 12.57£0.79  11.58x0.61 12.82+0.37  11.58+0.61 12.57+0.79 13.39+1.01 0.536

& the number of patients who had complete blood count (CBC) test at discharge (n=36); *, compared with group of APS, statistically
significant at P<0.05; /A, compared with group of SS, statistically significant at P<0.05; §, compared with group of decreased C3,
statistically significant at P<0.05. CCSVI, chronic cerebrospinal venous insufficiency; APS, antiphospholipid syndrome; SS, Sjégren’s
syndrome; C3, complement 3; C4, complement 4; ESR, erythrocyte sedimentation rate; RF, rheumatic factor; NLR, neutrophil to
lymphocyte ratio; PLR, platelet to lymphocyte ratio; RDW, red blood cell distribution width; IL-6, interleukin-6; CRP, C-reactive protein;

NSE, neuron-specific enolase.
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Figure 1 Spearman’s correlations between age and inflammatory biomarkers in CCSVI with non-immunological etiology (A), with

suspected/subclinical autoimmune disease (B), and with confirmed autoimmune disease (C). CCSVI, chronic cerebrospinal venous

insufficiency.

results were consistent with former clinical studies (19-21).
Moreover, groups with APS and IgG4-RD presented in a
relatively younger population than that with SS and had a
higher CRP level than that with decreased C3.

© Annals of Translational Medicine. All rights reserved.

The intricate relationship between inflammation
(adaptive immune system) and complement pathway
(innate immune system) and hemostasis (coagulation and
thrombolysis) in immune-complex-mediated autoimmune

Ann Transl Med 2021;9(3):236 | http://dx.doi.org/10.21037/atm-20-4201
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Table 4 Spearman correlations among inflammatory markers and age

Song et al. Immunological disease-related CCSVI

Variables Age PrePLR PreNLR PreRDW IL-6 CRP
(@) CCSVI with non-immunological etiology (n=98)

PrePLR -0.094

PreNLR -0.008 0.306*

PreRDW -0.091 -0.005 0.175

IL-6 0.090 0.105 0.324* 0.107

CRP 0.062 0.213* 0.196 0.224* 0.339*

NSE -0.028 -0.245* -0.084 0.070 0.201 0.004
(b) CCSVI with suspected/subclinical autoimmune disease (n=116)

PrePLR 0.139

PreNLR 0.137 0.465*

PreRDW 0.008 -0.231* -0.045

IL-6 0.202 0.061 0.275* 0.161

CRP 0.166 0.249* 0.144 -0.019 0.291*

NSE -0.124 -0.029 -0.090 -0.002 -0.101 0.118
(c) CCSVI with confirmed autoimmune disease (n=41)

PrePLR -0.194

PreNLR 0.188 0.148

PreRDW 0.049 -0.045 0.055

IL-6 0.388* -0.117 0.241 0.163

CRP 0.069 -0.268 -0.031 0.108 0.477*

NSE 0.095 -0.188 -0.197 -0.065 0.005 0.083

*, statistically significant at P<0.05. PreNLR, neutrophil to lymphocyte ratio on admission; PrePLR, platelet to lymphocyte ratio on
admission; PreRDW, red blood cell distribution width on admission; CRP, C-reactive protein; NSE, neuron-specific enolase; IL-6,

interleukin-6.

diseases was reviewed in several studies (22-24). Based
on their common points, we preferred to explain the
mechanism from two perspectives: on a physiological
level, the coexistence of hemostatic and inflammatory
mediators is served as the first line to protect the body
from self-antigens and non-self antigens, also termed
as “immunothrombosis” or “thromboinflammation” in
recent years (22,24). The common structural characteristic
of consisting serine proteinases with trypsin-like
activity contributes to the precise interplay between the
complement system, the coagulation, and fibrinolytic
cascade (25). Certain coagulation factors (FXa, thrombin,
plasmin) have C3 and C5 convertase activity, contributing
to an additional pathway of complement activation
(21,26). Complement-derived inflammatory mediators

© Annals of Translational Medicine. All rights reserved.

(anaphylatoxin), such as C3a, C4a, and C5a, could increase
vascular permeability, activate neutrophils, promote the
release of tumor necrosis factor (TNF) from monocyte,
upregulate tissue factor (TF), then initiating extrinsic
coagulation pathway (27). Platelet can also be activated
by the deposition of C4d split fragments, resulting in
the facilitation of the coagulation process (20). While
on the pathological level, hypocomplementemia is
frequently prevalent in patients with APS and SLE, which
predominantly relates to the chronic inflammatory process
with the basis of the pathophysiology of immune complex-
mediated diseases. The overly activated immune system
causes the production of self-antigens with unbalanced
consumption of complements. With the inverse relationship
between complements and their derivatives, anaphylatoxin
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(C3a, C4a, and C5a) would further cause hypercoagulation
state and even thrombotic events. Meanwhile, complement
regulatory factors also decrease due to either attack from
autoimmune antibodies, or increased consumption or
lower expression of relevant genes (28,29). For example,
during the pathogenesis of APS, beta-2 glycoprotein-I (B2-
GPI) undergoes a conformational change from a circular
form to an elongated form that can bind C3; then, C3
exposes its binding sites, which is more susceptible to
degradation by complement factor H (CFH) and factor
I (30). Moreover, B2-GPI shares structural similarity to
CFH so that antibodies could also combine with CFH (31).
With the growing appreciation of complement activation
and thrombosis in immune-complex-mediated autoimmune
diseases, novel therapies would be fostered, including
antiplatelet, anticoagulants as immunomodulators, and
targeted molecular therapy toward complements (25,26).

There are several limitations in our study. This is
a real-world case-control study of patients with well-
defined CCSVI. Patients with a history of autoimmune
diseases usually underwent long-term standardized
immunomodulation treatment prior to their enrollment,
so that the inflammatory biomarker assay tended to be
normal despite positive findings of autoimmune antibodies.
Therefore, further studies on acute thrombotic events of
autoimmune disease are needed. Moreover, our findings
indicated the difference in the inflammatory activity among
immunological diseases. Based on the complementary
relationship between inflammation and thrombosis,
we further raised a question on whether the severity of
immunological diseases was correlated with increased
inflammatory activity and elevated risk of thrombotic
events.

Conclusions

Groups with immunological etiology did not show a higher
incidence of thrombophilia or increased pro-inflammatory
biomarkers. However, patients with non-immunological
etiology had a higher baseline level of CRP. Besides,
baseline PLR was moderately correlated to NLR and CRP
in CCSVI patients with non-immunological etiology and
suspected/subclinical autoimmune disease. Therefore,
an independent inflammatory process may involve in the
pathogenesis of CCSVI. For those with immunological
etiology, autoimmune antibodies-mediated vessel wall
damage and hypercoagulation state may also play a
major role.
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