


White Matter Specifications in Different Secondary Vasculitic Lesions
Abstract 
Background: Vasculitis is characterized by vessel wall inflammation leading to a beaded appearance of the arteries with variable degrees of stenosis and ectasia. The aim of this work was to clarify a systemic approach to differentiate some secondary vasculitic diseases through their white matter distribution and morphology.
Methods: This cross-sectional prospective study was carried out on 30 systemic vasculitis patients aged 18 years or more, of both sexes. All patients underwent detailed history taking, complete general and neurological examination, laboratory workup, rheumatoid factor when indicated, serological tests for vasculitis [antinuclear, anti–double stranded DNA, anti-Ro, anti–cyclic citrullinated peptide, anticardiolipin, anti-neutrophil cytoplasmic, and lupus anticoagulant antibodies], brain imaging [Magnetic resonance imaging (MRI) of the brain, with magnetic resonance venography and magnetic resonance angiography].
Results: Total WMH volume showed a moderate negative correlation with disease duration (r = -0.398, P = 0.029), indicating that longer disease duration was associated with slightly lower total WMH burden. Similarly, deep WMH volume was negatively correlated with disease duration (r = -0.393, P = 0.032), and periventricular confluent WMH volume demonstrated the strongest negative correlation (r = -0.480, P = 0.007).
Conclusions: MRI findings alone may not be specific enough to distinguish different secondary vasculitic lesions, and further clinical correlation and investigations are often required.
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Introduction 
[bookmark: _4yy3a55m1hrv]Vasculitis is a term used to describe a diverse spectrum of diseases characterized by inflammation of the blood vessels that may progress to ischemic injury of the central nervous system (CNS) resulting in a myriad of focal and generalized neurologic symptoms [1]. 
Vasculitis is characterized by vessel wall inflammation leading to a beaded appearance of the arteries with variable degrees of stenosis and ectasia [2].  
Within the CNS, the vasculitis may be primary when it is restricted to the CNS, or secondary when it is associated with systemic disorders [3]
This category includes CNS vasculitis secondary to systemic lupus erythematosus (SLE), rheumatoid arthritis [RA], and  Behcet’s disease [4].
SLE is a multifactorial systemic autoimmune disease caused by loss of tolerance to self-antigens, mainly nuclear antigens (DNA, RNA, and nuclear proteins) [5]. 
SLE is distinctly more common in women and involves the CNS (neuropsychiatric SLE) in 14–75% of cases. On imaging, sub-cortical and parenchymal white matter lesions are seen in about 60–86% of the patients [6]. 
RA is a chronic disease,  which causes activation of proinflammatory pathways, resulting in joint and systemic inflammation [7].  
Cerebral vasculitis in RA is rare but may be seen in about 1–8% of patients [8]. 
CNS involvement in neuro-Behcet’s disease (NBD) can be divided into two main categories: parenchymal involvement including brainstem, hemisphericsl, spinal, and meningoencephalitic presentations; and non-parenchymal involvement [9].  
The diagnosis of central nervous vasculitis is a challenge for clinicians; the most sensitive noninvasive imaging study for cerebral vasculitis is magnetic resonance imaging [MRI] and there were few studies done on the role of brain MRI to clarify white matter changes in different secondary vasculitic lesions [10].
White matter abnormalities are increasingly recognized as a significant component of CNS involvement in systemic inflammatory diseases. In conditions such as SL, Behçet’s disease, and RA, secondary vasculitic processes can lead to structural and functional alterations in the brain, particularly affecting the white matter {Nystedt, 2018 #1062}.
The similarity of image manifestations requires careful screening and early judgement by clinicians, which is crucial to early treatment and long-term management of patients [11].
The aim of this work was to clarify a systemic approach to differentiate some secondary vasculitic diseases through their white matter distribution and morphology. 
Patients and Methods
This cross-sectional prospective study was carried out on 30 systemic vasculitis patients aged 18 years or more, of both sexes.
An informed written consent was obtained from all the patients. The study was done after approval from the Research Ethical Committee. It was carried out in the Department of Neurology and Psychiatry and Center of Psychiatry, Neurology and Neurosurgery, and the Internal Medicine Department, Tanta University Hospitals during the duration from June 2024 until June 2025.
Exclusion criteria were patients below the age of 18 years, and patients with primary CNS vasculitis, idiopathic demyelinating disorders, or small artery disease.
All patients were subjected to the following: a full history taking, including demographics (age, gender, occupation, marital status, and special habits) and a detailed presenting complaint with description of neurological symptoms (Headache, visual disturbances, weakness, sensory changes, and cognitive impairment), their onset, duration, progression, and impact on daily life. Past medical history was obtained with emphasis on the diagnosis and details of the underlying secondary systemic vasculitis disease (e.g., SLE, RA, Behcet's disease), as well as other associated medical conditions such as hypertension, diabetes, cardiovascular disease, and other autoimmune disorders. Family history of autoimmune diseases, vasculitis, or neurological disorders among first-degree relatives was recorded, in addition to a social history covering residence, occupation, lifestyle factors (smoking, alcohol consumption, drug use), and the patient’s support system. 
All patients underwent a detailed general examination and a complete neurological examination. Laboratory investigations included routine tests such as random blood sugar, fasting glucose, HbA1c, complete blood count, INR, PTT, kidney function tests, liver function tests, rheumatoid factor in patients with RA, ESR, CRP, and lipid profile (cholesterol, LDL, HDL, triglycerides). Additional investigations for hypercoagulability and vasculitis were performed when indicated, including antinuclear (ANA), anticardiolipin antibodies (AC), lupus anticoagulant (LA), antineutrophil cytoplasmic (ANCA), anti–double stranded DNA (anti–dsDNA), anti–cyclic citrullinated peptide (anti-CCP), and anti-Ro autoantibodies. Imaging studies included MRI of the brain, with MR venography (MRV) and MR angiography (MRA) performed when indicated.
MRI protocol:
Brain MRI was performed on a 1.5 Tesla scanner using a standardized protocol. Imaging sequences included the following sequences; T1-weighted imaging (T1WI); axial, sagittal, and coronal views were acquired pre-contrast to assess structural anatomy and chronic lesions, T2-weighted imaging (T2WI) was performed where axial sequences provided sensitivity to parenchymal abnormalities, including edema and chronic white matter changes, fluid-attenuated inversion recovery (FLAIR); the axial FLAIR was used to suppress cerebrospinal fluid (CSF) signal and enhance the detection of white matter hyperintensities (WMHs), particularly in periventricular and subcortical regions, diffusion-weighted imaging (DWI) was conducted to identify acute ischemic changes and differentiate cytotoxic edema from vasogenic edema, apparent diffusion coefficient (ADC) maps which are complementary to DWI for quantifying diffusion restriction. 
Image analysis:
White matter lesions were assessed for:
· Distribution: Periventricular, deep, juxtacortical, and infratentorial regions.
· Morphology: Confluent vs. punctate lesions.
· Signal characteristics: Hyperintensity on FLAIR and T2, with or without contrast enhancement.
· Additional findings: Cortical or leptomeningeal enhancement, infarcts, hemorrhages, or diffusion abnormalities were documented.
· Lesions suspicious for vasculitis were identified based on multifocal, asymmetric involvement of white matter, often extending to gray-white junctions and associated with other signs such as enhancement or diffusion restriction. The presence of microinfarcts or microhemorrhages further supported a vasculitis process.
Quantitative analysis of WMH volume in CNS vasculitis was pergormed, using software tools to allow for segmentation, volumetric measurement of white matter hyperintensities (WMHs), primarily from FLAIR and T1-weighted MRI images. (see appendix)
Shape measurement of white matter lesions in secondary vasculitis:
In secondary CNS vasculitis, there is no single standardized universal scale for assessing the shape of white matter lesions (WMLs) or white matter hyperintensities (WMHs). However, quantitative morphometric parameters are commonly used to describe WMH shape, especially in research. These parameters provide insight into lesion complexity, irregularity, and likely pathophysiological processes [12]. Table 1

[bookmark: _7v2cvoqnelbn]Table 1: Shape measurement of white matter lesions in secondary vasculitis:
	Shape Parameter
	Meaning / Use

	Solidity
	Ratio of WMH area to its convex hull. Lower values suggest more irregular borders.

	Convexity
	Describes how convex the lesion is. Higher convexity = smoother, rounder shape.

	Fractal dimension (FD)
	Measures complexity of shape. Higher FD = more irregular and complex border.

	Elongation/ Eccentricity
	Measures how stretched or oval-shaped the lesion is.

	Circularity
	How closely the shape resembles a perfect circle.


WMH volume scales in CNS vasculitis: Volumetric measurement (Quantitative MRI Analysis):
WMH volume was quantitatively assessed using MRI—especially FLAIR sequences—with results expressed in milliliters (mL) [13]. Key measures included:
· Total WMH volume.
· Deep WMH volume.
· Periventricular WMH volume.
Scales used for assessment:
1. Scale for Cognitive Function Assessment:
Mini-Mental State Examination (MMSE) (see appendix)
•	Purpose: Screening for cognitive impairment (e.g., dementia)
•	Domains: Orientation, attention, memory, language, visuospatial
•	Score: 0–30; <24 often suggests cognitive impairment
•	Use: Quick and widely used (5–10 min)
2. Scale for Autonomic Function Assessment: 
COMPASS -31 scale for assessment of autonomic function. (see appendix).
•	Purpose: To provide a standardized, quantitative score of autonomic symptom burden).
•	Domains: orthostatic intolerance, vasomotor, Secretomotor, gastrointestinal, bladder, pupillomotor.
•	Score: 0–100; (0-10) minimal dysfunction, (11-30) mild dysfunction (31-60) moderate dysfunction, (more than 60) severe dysfunction.
•	Use: Quick and widely used. 
Statistical analysis 
Statistical analysis was done by SPSS v27 (IBM©, Armonk, NY, USA). Shapiro-Wilks test and histograms were used to evaluate the normality of the distribution of data. Quantitative parametric data were presented as mean and standard deviation (SD) and were analysed by ANOVA (F) test with post hoc test (Tukey). Quantitative non-parametric data were presented as median and interquartile range (IQR) and were analysed by Kruskal-Wallis test with Mann Whitney-test to compare each group. Qualitative variables were presented as frequency and percentage (%) and were analysed utilizing the Chi-square test. Correlation coefficient (r) was used for detection of correlation between two quantitative variables in one group A two tailed P value < 0.05 was considered statistically significant.
[bookmark: _o5g2sivfju6i]Results
[bookmark: _d3ru7dnlp1z9]The cohort comprised predominantly females (70%) with a mean age of 44.5 ± 12.8 years and an average BMI of 29.5 ± 4.95 kg/m², with slightly more patients residing in urban areas (56.7%). The mean disease duration was 10.4 ± 6.23 years, with RA being the most common diagnosis (46.7%), followed by SLE (30%) and Behcet’s disease (23.3%). Table 2
Systemic involvement was most frequently manifested as joint involvement (90%), followed by oral ulcerations (33.3%) and skin lesions (26.7%). Neurological features were observed in varying frequencies, with headache being the most common (43.3%), while cognitive dysfunction, autonomic disorder, hemispherical syndrome, and seizure disorder were each noted in 6.7% of patients. Table 2
Laboratory assessment revealed generally normal hemoglobin and platelet counts, with mild elevations in inflammatory markers (ESR and CRP). Dyslipidemia was present in a subset of patients, with mean total cholesterol of 220.1 ± 30.3 mg/dL. Serological testing demonstrated positivity for ANA in 63.3% of patients, anti-CCP antibodies in 43.3%, anticardiolipin antibodies in 36.7%, and anti-dsDNA antibodies in 30%, reflecting the underlying autoimmune and vasculitic processes. Table 2
MRI evaluation showed white matter hyperintensities in 63.3% of patients, predominantly affecting periventricular and subcortical regions, with variable involvement of the basal ganglia and brainstem. Volumetric analysis indicated a mean total WMH volume of 2.7 ± 6.1 mL, with deep and periventricular confluent lesions contributing variably. WMH distribution differed among disease subtypes, with periventricular lesions predominating in all three groups. Shape analysis of WMH revealed mean solidity of 0.5 ± 0.22, convexity of 1 ± 0.14, concavity index of 1.1 ± 0.08, and fractal dimension of 1.4 ± 0.16, indicating heterogeneity in lesion morphology. Table 2
Table 2: Baseline Characteristics, Clinical Features, Laboratory Findings, Serology, and MRI White Matter Hyperintensities of the Studied Patients (n = 30)
	Category
	Variable
	N=30

	Demographics
	Age (years)
	44.5 ± 12.78

	
	Gender
	Male
	9 (30%)

	
	
	Female
	21 (70%)

	
	Weight (kg)
	82 ± 12.84

	
	Height (m)
	1.7 ± 0.04

	
	BMI (kg/m²)
	29.5 ± 4.95

	
	Residence – Urban
	17 (56.7%)

	
	Residence – Rural
	13 (43.3%)

	Disease Characteristics
	Disease duration (years)
	10.4 ± 6.23

	
	Diagnosis –
	SLE
	9 (30%)

	
	
	RA
	14 (46.7%)

	
	
	Behcet’s
	7 (23.3%)

	Clinical Systemic Features
	Joint involvement
	27 (90%)

	
	Genital ulcers
	6 (20%)

	
	Oral ulcerations
	10 (33.3%)

	
	Renal involvement
	4 (13.3%)

	
	Skin lesions
	8 (26.7%)

	Neurological Features
	Headache
	13 (43.3%)

	
	Psychosis
	4 (13.3%)

	
	Peripheral polyneuropathy
	4 (13.3%)

	
	Hemispherical syndrome
	2 (6.7%)

	
	Seizure disorder
	2 (6.7%)

	
	Autonomic disorder
	2 (6.7%)

	
	Cognitive dysfunction
	2 (6.7%)

	
	Cranial neuropathy
	1 (3.3%)

	Laboratory Findings
	Hb (mg/dL)
	11.1 ± 0.97

	
	Platelet count (×10⁹/L)
	283.2 ± 35.1

	
	Random blood sugar (mg/dL)
	115.2 ± 29.8

	
	ALT (U/L)
	33.4 ± 7.7

	
	AST (U/L)
	47.1 ± 17.5

	
	Creatinine (mg/dL)
	1.4 ± 0.46

	
	Urea (mg/dL)
	47.1 ± 17.5

	
	Total cholesterol (mg/dL)
	220.1 ± 30.3

	
	Triglycerides (mg/dL)
	178.9 ± 59.2

	
	HDL (mg/dL)
	46.9 ± 8.1

	
	LDL (mg/dL)
	137.4 ± 25.5

	
	INR
	1.2 ± 0.2

	
	PTT (sec)
	12.6 ± 0.97

	
	ESR (mm/hr)
	67.6 ± 15.1

	
	CRP (mg/L)
	64.8 ± 14.8

	Serological Findings
	ANA positive
	19 (63.3%)

	
	Anti-dsDNA antibodies
	9 (30%)

	
	Anti-Ro antibodies
	8 (26.7%)

	
	Anti-CCP antibodies
	13 (43.3%)

	
	Anticardiolipin antibodies
	11 (36.7%)

	
	ANCA
	4 (13.3%)

	
	RF (IU/mL)
	Mean SD
	67.6 ± 56.3

	MRI White Matter Hyperintensities (WMH)
	
	Median (IQR)
	62.1 (29.3–83.3)

	
	WMH presence
	19 (63.3%)

	
	WMH Distribution
	Subcortical WM
	5 (16.7%)

	
	
	Periventricular WM
	8 (26.7%)

	
	
	Basal ganglia
	2 (6.7%)

	
	
	Brainstem
	4 (13.3%)

	
	WMH Volume
	Total (ml)
	Mean SD
	2.7 ± 6.1;

	
	
	
	Median (IQR)
	0.39 (0.22–0.87)

	
	
	Deep (ml)
	Mean SD
	0.7 ± 0.42

	
	
	
	Median (IQR)
	0.72 (0.41–1.02)

	
	
	Periventricular confluent (ml)
	Mean SD
	3.4 ± 6.46

	
	
	
	Median (IQR)
	0.265 (0.24–0.3)

	WMH Sites by Disease
	SLE (n=9)
	Periventricular
	4 (44.4%)

	
	
	Periventricular+Deep
	3 (33.3%)

	
	
	Confluent+Deep
	1 (11.1%)

	
	
	Deep
	1 (11.1%)

	
	RA (n=14)
	Periventricular
	7 (50%)

	
	
	Periventricular+Deep
	4 (28.6%)

	
	
	Confluent+Deep
	2 (14.3%)

	
	
	Deep
	1 (7.1%)

	
	Behcet’s (n=7)
	Periventricular
	4 (57.1%)

	
	
	Periventricular+Deep
	1 (14.3%)

	
	
	Confluent+Deep
	1 (14.3%)

	
	
	Deep
	1 (14.3%)

	WMH Shape Markers
	Periventricular confluent WMH solidity
	Mean SD
	0.5 ± 0.22

	
	
	Median (IQR)
	0.54 (0.38–0.74)

	
	Periventricular confluent convexity
	1 ± 0.14

	
	Concavity index
	1.1 ± 0.08

	
	Fractal dimension
	1.4 ± 0.16


Data are presented as mean ± SD, frequency (%), or median (IQR). WMH: white matter hyperintensities, SLE: systemic lupus erythematosus, RA: rheumatoid arthritis, ANA: antinuclear antibody, Anti-dsDNA: anti–double stranded DNA antibody, Anti-CCP: anti–cyclic citrullinated peptide antibody, ANCA: anti-neutrophil cytoplasmic antibody, RF: rheumatoid factor, ALT: alanine aminotransferase, AST: aspartate aminotransferase, HDL: high-density lipoprotein, LDL: low-density lipoprotein, INR: international normalized ratio, PTT: partial thromboplastin time, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein.
The three patient groups differed significantly in disease duration, with Behcet’s disease patients showing the longest mean duration (18.3 ± 5.06 years) and rheumatoid arthritis patients the shortest (5.4 ± 1.91 years) (P < 0.001). Gender distribution also differed significantly, with males predominating in the Behcet’s group (71.4%) compared to the SLE (11.1%) and RA groups (21.4%) (P = 0.020). Clinical features such as genital and oral ulcerations were significantly more frequent in Behcet’s disease, while joint involvement was universal in RA (P < 0.001). Serological markers showed disease-specific patterns: ANA, anti-dsDNA, anti-Ro, and anticardiolipin antibodies were significantly higher in SLE, whereas anti-CCP and RF were elevated in RA (P < 0.001). Table 3
No significant differences were observed among the groups regarding age, BMI, residence, comorbidities (smoking, DM, HTN, dyslipidemia), routine laboratory parameters (Hb, platelet count, liver and kidney function tests, lipid profile, coagulation parameters, ESR, CRP), or overall frequency and volume of white matter hyperintensities (P > 0.05). WMH distribution showed some regional differences, with basal ganglia involvement and brainstem lesions significantly more frequent in Behcet’s disease (P = 0.007 and P < 0.001, respectively). Shape markers of WMH (solidity, convexity, concavity index, fractal dimension) did not differ significantly among the groups. Table 3
Table 3: Baseline Characteristics, Clinical Features, Laboratory Data, Serology, and MRI Findings of Studied Groups Regarding Diagnosis
	Category
	Variable
	SLE (n=9)
	RA (n=14)
	Behcet’s (n=7)
	P value

	Demographics
	Age (years)
	45.2 ± 11.41
	46.1 ± 14.1
	40.4 ± 12.62
	0.633

	
	Gender
	Male
	1 (11.1%)
	3 (21.4%)
	5 (71.4%)
	0.020*

	
	
	Female
	8 (88.9%)
	11 (78.6%)
	2 (28.6%)
	

	
	Weight (kg)
	81.9 ± 12.33
	84.1 ± 13.33
	77.9 ± 13.4
	0.595

	
	Height (m)
	1.7 ± 0.05
	1.7 ± 0.04
	1.7 ± 0.04
	0.952

	
	BMI (kg/m²)
	29.3 ± 4.78
	30.2 ± 5.09
	28.1 ± 5.32
	0.676

	
	Residence
	Urban
	5 (55.6%)
	8 (57.1%)
	4 (57.1%)
	0.081

	
	
	Rural
	4 (44.4%)
	6 (42.9%)
	3 (42.9%)
	

	Comorbidities
	Smoking
	2 (22.2%)
	3 (21.4%)
	4 (57.1%)
	0.683

	
	DM
	3 (33.3%)
	5 (35.7%)
	2 (28.6%)
	0.426

	
	HTN
	4 (44.4%)
	6 (42.9%)
	3 (42.9%)
	0.081

	
	Dyslipidemia
	6 (66.7%)
	7 (50%)
	5 (71.4%)
	0.261

	Disease Duration
	Duration (years)
	12 ± 3.91
	5.4 ± 1.91
	18.3 ± 5.06
	<0.001*

	Clinical Features
	Joint involvement
	8 (88.9%)
	14 (100%)
	5 (71.4%)
	0.840

	
	Genital ulcers
	1 (11.1%)
	0 (0%)
	5 (71.4%)
	<0.001*

	
	Oral ulcerations
	3 (33.3%)
	1 (7.1%)
	6 (85.7%)
	<0.001*

	
	Renal involvement
	1 (11.1%)
	2 (14.3%)
	1 (14.3%)
	0.972

	
	Skin lesions
	2 (22.2%)
	3 (21.4%)
	3 (42.9%)
	0.541

	Neurological Features
	Headache
	4 (44.4%)
	6 (42.9%)
	3 (42.9%)
	0.997

	
	Psychosis
	2 (22.2%)
	1 (7.1%)
	1 (14.3%)
	0.581

	
	Peripheral polyneuropathy
	1 (11.1%)
	1 (7.1%)
	1 (14.3%)
	0.868

	
	Hemispheric syndrome
	0 (0%)
	1 (7.1%)
	1 (14.3%)
	0.521

	
	Seizure disorder
	1 (11.1%)
	0 (0%)
	1 (14.3%)
	0.379

	
	Autonomic disorder
	0 (0%)
	1 (7.1%)
	1 (14.3%)
	0.521

	
	Cognitive dysfunction
	2 (22.2%)
	0 (0%)
	1 (14.3%)
	0.226

	
	Cranial neuropathy
	1 (11.1%)
	0 (0%)
	0 (0%)
	0.299

	Laboratory Data
	Hb (mg/dL)
	11.1 ± 0.93
	11.2 ± 0.95
	11.2 ± 1.19
	0.633

	
	Platelet count (×10⁹/L)
	271.8 ± 35.6
	283.1 ± 26.9
	298.1 ± 47.4
	0.340

	
	Random blood sugar (mg/dL)
	112.4 ± 35
	121.1 ± 28.8
	106.9 ± 26.3
	0.570

	
	ALT (U/L)
	33.2 ± 7.87
	34.4 ± 8.14
	31.7 ± 7.32
	0.757

	
	AST (U/L)
	48.4 ± 17.6
	48.8 ± 19.3
	41.9 ± 15
	0.687

	
	Creatinine (mg/dL)
	1.5 ± 0.52
	1.5 ± 0.51
	1.2 ± 0.18
	0.375

	
	Urea (mg/dL)
	48.4 ± 17.6
	48.8 ± 19.3
	41.9 ± 15
	0.417

	
	Total cholesterol (mg/dL)
	224.1 ± 18
	208.1 ± 30.7
	239 ± 34.6
	0.074

	
	Triglycerides (mg/dL)
	168.2 ± 49.8
	178 ± 67.8
	194.4 ± 56.9
	0.693

	
	HDL (mg/dL)
	48.9 ± 8.88
	45.3 ± 6.8
	47.7 ± 10.1
	0.578

	
	LDL (mg/dL)
	141.6 ± 21.7
	127.2 ± 24.2
	152.4 ± 26.9
	0.082

	
	INR
	1.16 ± 0.21
	1.15 ± 0.22
	1.19 ± 0.15
	0.975

	
	PTT (sec)
	12.4 ± 0.88
	12.8 ± 1.05
	12.7 ± 1
	0.678

	
	ESR (mm/hr)
	59.9 ± 12.4
	70.3 ± 13.7
	72 ± 18.9
	0.185

	
	CRP (mg/L)
	67.5 ± 10.7
	63.2 ± 17.0
	64.4 ± 16.1
	0.795

	Serology
	ANA
	9 (100%)
	10 (71.4%)
	0 (0%)
	<0.001*

	
	Anti-dsDNA
	9 (100%)
	0 (0%)
	0 (0%)
	<0.001*

	
	Anti-Ro
	7 (77.8%)
	1 (7.1%)
	0 (0%)
	<0.001*

	
	Anti-CCP
	0 (0%)
	13 (92.9%)
	0 (0%)
	<0.001*

	
	Anticardiolipin
	8 (88.9%)
	3 (21.4%)
	0 (0%)
	<0.001*

	
	ANCA
	2 (22.2%)
	2 (14.3%)
	0 (0%)
	0.426

	
	RF (IU/mL)
	–
	67.6 ± 56.3
	–
	–

	MRI WMH
	WMH presence
	6 (66.7%)
	8 (57.1%)
	5 (71.4%)
	0.426

	
	Subcortical WM
	2 (33.3%)
	3 (37.5%)
	0 (0%)
	0.401

	
	Periventricular WM
	4 (66.7%)
	4 (50%)
	0 (0%)
	0.119

	
	Basal ganglia
	0 (0%)
	0 (0%)
	2 (40%)
	0.007*

	
	Brainstem
	0 (0%)
	0 (0%)
	3 (60%)
	<0.001*

	
	Cortical regions
	0 (0%)
	1 (12.5%)
	0 (0%)
	0.532

	
	Total WMH volume (ml)
	2.8 ± 6.35
	2.5 ± 5.33
	3.3 ± 7.96
	0.962

	
	Deep WMH volume (ml)
	0.7 ± 0.47
	0.8 ± 0.42
	0.7 ± 0.41
	0.971

	
	Periventricular confluent WMH volume (ml)
	4 ± 7.42
	2.6 ± 5.96
	4.1 ± 6.97
	0.893

	WMH Shape Markers
	Solidity
	0.5 ± 0.2
	0.5 ± 0.24
	0.6 ± 0.19
	0.971

	
	Convexity
	0.99 ± 0.1
	0.99 ± 0.14
	0.91 ± 0.17
	0.458

	
	Concavity index
	1.1 ± 0.08
	1.1 ± 0.07
	1.2 ± 0.1
	0.059

	
	Fractal dimension
	1.4 ± 0.17
	1.5 ± 0.15
	1.4 ± 0.11
	0.064


Data are presented as mean ± SD or frequency (%). WMH: white matter, hyperintensities, SLE: systemic lupus erythematosus, RA: rheumatoid arthritis, DM: Diabetes mellitus, HTN: hypertension, ANA: antinuclear antibody, Anti-dsDNA: anti–double stranded DNA antibody, Anti-CCP: anti–cyclic citrullinated peptide antibody, ANCA: anti-neutrophil cytoplasmic antibody, RF: rheumatoid factor, ALT: alanine aminotransferase, AST: aspartate aminotransferase, HDL: high-density lipoprotein, LDL: low-density lipoprotein, INR: international normalized ratio, PTT: partial thromboplastin time, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, *: significant as P value < 0.05.
HTN and dyslipidemia were more frequent in patients with subcortical WM, basal ganglia, and brainstem lesions compared to those with no lesions or periventricular WM (P = 0.021 and P = 0.016, respectively). Among neurological features, headache was significantly associated with subcortical WM lesions, where all patients with subcortical involvement reported headache (P = 0.040). Other comorbidities (smoking, DM) and neurological features (psychosis, peripheral polyneuropathy, hemispheric syndrome, seizure disorder, autonomic disorder, cognitive dysfunction, and cranial neuropathy) showed no statistically significant association with WM distribution (P > 0.05). Table 4
Table 4: Relation between White Matter Distribution and Comorbidities and Neurological Features of the Studied Patients
	Variable
	No lesion (n=19)
	Subcortical WM (n=5)
	Periventricular WM (n=9)
	Basal ganglia (n=2)
	Brainstem (n=3)
	P value

	Comorbidities

	Smoking
	2 (18.2%)
	2 (40%)
	2 (22.2%)
	1 (50%)
	2 (66.7%)
	0.473

	DM
	3 (27.3%)
	1 (20%)
	4 (44.4%)
	0 (0%)
	2 (66.7%)
	0.466

	HTN
	2 (18.2%)
	5 (100%)
	4 (44.4%)
	0 (0%)
	2 (66.7%)
	0.021*

	Dyslipidemia
	6 (54.6%)
	5 (100%)
	2 (22.2%)
	2 (100%)
	3 (100%)
	0.016*

	Neurological Features

	Headache
	3 (27.3%)
	5 (100%)
	4 (44.4%)
	1 (50%)
	0 (0%)
	0.040*

	Psychosis
	3 (27.3%)
	0 (0%)
	0 (0%)
	0 (0%)
	1 (33.3%)
	0.253

	Peripheral Polyneuropathy
	3 (27.3%)
	0 (0%)
	1 (11.1%)
	0 (0%)
	0 (0%)
	0.489

	Hemispheric syndrome
	1 (9.1%)
	0 (0%)
	0 (0%)
	1 (50%)
	0 (0%)
	0.118

	Seizure disorder
	0 (0%)
	0 (0%)
	1 (11.1%)
	0 (0%)
	1 (33.3%)
	0.287

	Autonomic disorder
	0 (0%)
	0 (0%)
	2 (22.2%)
	0 (0%)
	0 (0%)
	0.228

	Cognitive dysfunction
	2 (18.2%)
	0 (0%)
	1 (11.1%)
	0 (0%)
	0 (0%)
	0.893

	Cranial neuropathy
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	1 (33.3%)
	0.202


Data are presented as frequency (%). DM: Diabetes mellitus, HTN: hypertension, *: significant as P value < 0.05.
Total WMH volume showed a moderate negative correlation with disease duration (r = -0.398, P = 0.029), indicating that longer disease duration was associated with slightly lower total WMH burden. Similarly, deep WMH volume was negatively correlated with disease duration (r = -0.393, P = 0.032), and periventricular confluent WMH volume demonstrated the strongest negative correlation (r = -0.480, P = 0.007). Table 5
Table 5: Correlation between disease duration and WMH volume
	
	Disease duration (years)

	
	r
	p

	Total WMH volume (ml)
	-0.398
	0.029*

	Deep WMH volume(ml)
	-0.393
	0.032*

	Periventricular confluent WMH volume
(ml)
	-0.480
	0.007*


R: correlation coefficient, WMH: white matter, *: significant as P value < 0.05.
Discussion
[bookmark: _3v9fnxvcula4]The white matter of the CNS is primarily constituted of myelinated axons (tracts) and myelin-producing glial cells, connecting and communicating between disparate regions of grey matter, which is composed of bodies of neurons. In the human brain, white matter occupies approximately 4×105 mm3, which comprises 45% of the total volume [14]. 
Damage or microstructural alterations to the white matter frequently detected by brain CT or MRI scans are designated as white matter diseases (WMD). With the popularization and application of imaging technology, more and more symptomatic or asymptomatic white matter lesions have been found clinically. The two common causes of WMD are vascular diseases, which are especially common in northern China, and inflammatory demyelinating causes like multiple sclerosis (MS) [15].
Regarding the disease duration of the studied patients ranged from 3 to 24 years with a mean of 10.4 ± 6.23 years.
Regarding the clinical features, 27 (90%) patients had joint involvement (21 patients had arthralgia and 20 patients had arthritis), 6 (20%) patients had genital ulcers, 10 (33.33%) patients had oral ulcerations, 4 (13.33%) patients had renal involvement and 8 (26.67%) patients had peripheral lesions.
These results are in accordance with Chrabaszcz et al., [16] explored that systemic vasculitis frequently involves the kidneys. This renal involvement can manifest in various ways, from mild proteinuria to severe glomerulonephritis, and significantly impacts prognosis.
About neurological features, 13 (43.33%) patients had headache, 4 (13.33%) patients had psychosis, 4 (13.33%) patients had polyneuropathy, 2 (6.67%) patients had hemispherical syndrome, 2 (6.67%) patients had seizure disorder, 2 (6.67%) patients had autonomic disorder, 2 (6.67%) patient had cognitive dysfunction, and 1 (3.33%) patient had neuropathy cranial.
Regarding the diagnosis, 9 (30%) patients had SLE, 14 (46.67%) patients had rheumatoid arthritis and 7 (23.33%) patients had Behcet’s disease.
Among the studied patients, 19 (63.33%) patients had white matter hyperintensities.
In accordance to our study, Guo et al., [17] reported that white matter hyperintensities (WMHs)were a common finding on brain MRI, particularly in older individuals. In systemic vasculitis, WMHs can be associated with the disease process, but their prevalence varies depending on the specific type of vasculitis, the age of the patient, and the presence of other risk factors. As they found that among the 273 SLE patients with available cerebral MRI scans, 35.9% (98/273) had hyperintense WM lesions associated with SLE.
Regarding the WMH sites, in patients with SLE, 4 (44.44%) patients had periventricular WMH, 3 (33.33%) patients had periventricular with deep WMH, 1 (11.11%) patient had confluent with deep WMH, and 1 (11.11%) patient had deep WMH.
In patients with rheumatoid arthritis, 7 (50%) patients had periventricular WMH, 4 (28.57%) patients had periventricular with deep WMH, 2 (14.29%) patients had confluent with deep WMH, and 1 (7.14%) patient had deep WMH.
In patients with Behcet’s disease, 4 (57.14%) patients had periventricular WMH, 1 (14.29%) patient had periventricular with deep WMH, 1 (14.29%) patient had confluent with deep WMH, and 1 (14.29%) patient had deep WMH.
Our outcomes are assured by Cox et al., [18] who noted that in Rheumatoid Arthritis (RA), white matter hyperintensities (WMH) are commonly observed on brain MRI scans, and they tend to be more extensive and prevalent compared to healthy controls. These lesions are frequently found in the periventricular and deep white matter regions.
Moreover, Uygunoglu et al., [19] reported in Behcet's disease, white matter hyperintensities (WMH) on MRI scans were a common finding, particularly in the parenchymal form of NBD. These hyperintensities, appearing bright on T2-weighted and FLAIR images, typically involve the brainstem, basal ganglia, cerebral white matter, and other areas.
Regarding the WMH shape markers, the periventricular confluent WMH solidity ranged from 0.2 to 0.9 with a mean of 0.5 ± 0.22 ml and periventricular confluent convexity ranged from 0.78 to 1.2 with a mean of 1 ± 0.14. The concavity index ranged from 0.96 to 1.29 with a mean of 1.1 ± 0.08 and the fractal dimension ranged from 1.2 to 1.71 with a mean of 1.4 ± 0.16. 
Based on the diagnosis, the gender was significantly different among studied groups (P= 0.020), as Behcet’s disease group had male predominance whereas SLE and rheumatoid arthritis groups had female predominance.
In support to our results, Angum et al., [20] found that rheumatoid arthritis and SLE are both more common in females than males. RA affects women in a ratio of approximately 3:1 compared to men, while SLE affects women in a ratio of 7-9:1.
There was no significant difference among studied groups regarding age, weight, height, BMI and residence.
Regarding the associated comorbidities, 9 (30%) patients were smokers, 10 (33.33%) patients had diabetes mellitus, 13 (43.33%) patients had hypertension, and 18 (60%) patients had dyslipidemia.
On explanation of results of this current study, DM and systemic vasculitis are linked, particularly through their shared association with inflammation and the effects of some treatments. Patients with systemic vasculitis, especially those treated with glucocorticoids, may be at increased risk of developing new-onset diabetes. Conversely, diabetes itself can increase the risk of developing cardiovascular disease and atherosclerosis, conditions that can be exacerbated by the inflammation associated with vasculitis. [21]
So, the associated comorbidities (smoking, HTN, DM and dyslipidemia) were insignificantly different among the studied groups.
Regarding  the disease duration,  it was significantly longer in Behcet’s disease group compared to systemic lupus erythematous and rheumatoid arthritis groups (P2=0.014, P3<0.001), and was significantly longer in systemic lupus erythematous group compared to rheumatoid arthritis group (P1<0.001).
in favor to our results, Elnady et al., [22] showed in sixty-two female patients with active RA and 34 female patients with active SLE fulfilled that duration of SLE (17.1 ± 6.8 months) was longer than RA (15.3 ± 6 months). However, the study showed no significance difference as P value <0.05.
Regarding clinical features, genital ulcers and oral ulcerations were significantly different among the studied groups (P<0.001, P<0.001), being higher in Behcet’s disease group compared to SLE and rheumatoid arthritis groups.
These results were supported by Kara & Düşmez Apa, [23] who declared that genital and oral ulcerations were significantly more common in Behçet's disease than in other forms of vasculitis. Behçet's was characterized by recurrent, painful ulcers in both the mouth and genital area, often serving as key diagnostic indicators. While other vasculitides can involve these ulcers, they were not the defining feature to the same extent as in Behçet's.
There was no significant difference among the studied groups regarding the joint involvement, renal involvement and skin lesions.
Regarding the joint involvement, there were 5 patients in SLE group, 14 patients in rheumatoid arthritis group and 2 patients in Behcet’s disease group had arthralgias, and 3 patients in SLE group, 14 patients in rheumatoid arthritis group and 3 patients in Behcet’s disease group had a In context with our findings, Dawa et al., [24] included Seventy-four BD patients and found that regarding joint involvement , 27% of patients had Arthralgia and 13.5%had Arthritis.
In accordance to our study, there was no significant difference among the studied groups regarding the incidence of associated neurological features (headache, psychosis, peripheral polyneuropathy, hemispherical syndrome, seizure disorder, autonomic disorder, cognitive dysfunction, and cranial neuropathy).
Shehata et al., [25] found that the most salient neuropsychiatric symptom was headache with 93.3% in NBD.
Regarding laboratory investigations, there was no significant difference among studied groups regarding laboratory investigations including (Hb, platelet, random blood sugar, ALT, AST creatinine and urea,), lipid profile including total cholesterol, triglycerides, HDL and LDL, ESR and CRP and the coagulation profile (INR and PTT).
Regarding serological laboratory investigation, based on the results of this current study, ANA, anti-dsDNA, anti-Ro, anti-CCP and anticardiolipin were significantly different among the studied groups (P<0.05), with no significant difference among the studied groups regarding the anti-neutrophil cytoplasmic antibodies and combination of serological tests.
ANA, anti-dsDNA, anti-Ro, and anticardiolipin, and anti-neutrophil cytoplasmic antibodies were higher in Systemic lupus erythematous group, while anti-CCP was higher in rheumatoid arthritis group.
Behcet’s disease group was negative for ANA, anti-dsDNA, anti-Ro, anti-CCP, anticardiolipin and anti-neutrophil cytoplasmic antibodies.
These results are in consistent with Moxey et al., [26] who showed that antibodies are frequently elevated in SLE, including ANA, anti-dsDNA, anti-Ro, anticardiolipin, and anti-neutrophil cytoplasmic antibodies (ANCA). These autoantibodies play a significant role in the diagnosis and understanding of SLE's diverse manifestations.
In patients with RA, the RF ranged from 11.86 to 237.1 IU/mL with a mean of 67.6 ± 56.32 IU/mL.
Regarding WM distribution, in this study a significant difference was observed in the distribution of white matter lesions among the studied groups, particularly in the basal ganglia and brainstem, where Behçet’s disease patients showed a markedly higher frequency compared with SLE and RA patients (p=0.007 and p<0.001, respectively). This finding is in line with previous reports indicating that neuro-Behçet’s disease commonly affects the brainstem and deep gray matter structures, which are considered characteristic sites of involvement due to the predilection of the disease for small- and medium-sized vessel inflammation in these regions.
On the other hand, white matter lesions in SLE and RA groups were more frequently observed in the subcortical and periventricular regions, although the difference did not reach statistical significance. These findings were consistent with earlier studies suggesting that white matter hyperintensities in SLE were mainly related to small vessel vasculopathy, antiphospholipid antibody–mediated ischemic changes, and chronic inflammatory processes, whereas in RA they were likely secondary to systemic inflammation and vascular risk factors.
The absence of significant involvement of the corpus callosum, cortical regions, cerebellum, and thalamus across the studied groups suggests that these sites are less commonly affected in systemic autoimmune vasculitis.
Taken together, the current findings emphasize that the pattern of lesion distribution may help differentiate Behçet’s disease from other systemic autoimmune diseases such as SLE and RA, where deep gray matter and brainstem involvement are highly suggestive of neuro-Behçet’s, while periventricular and subcortical WMH are more common but nonspecific in SLE and RA.
Our outcomes were assured by Asma et al., [27] who proved that neuro-Behçet’s disease commonly affects the brainstem and deep gray matter structures, which were considered characteristic sites of involvement.
This study examined the relationship between white matter lesion distribution and vascular comorbidities, including HTN, DM, dyslipidemia, and smoking. The results showed a significant association between white matter lesions and both HTN (p = 0.021) and dyslipidemia (p = 0.016), while no significant relationship was found with DM or smoking.
These findings align with Debette & Markus et al., [28] research, which indicates that HTN contributes to white matter damage, especially in periventricular and subcortical regions. Similarly, dyslipidemia is known to impair vascular integrity, potentially affecting deep brain structures like the basal ganglia and brainstem, which was reflected in our data.
On the other hand, the lack of significant association between DM and white matter lesion distribution contrasts with Schweitzer et al., [29] that identified DM as an independent risk factor for WMHs.
Regarding the relationship between white matter lesion distribution and neurological manifestations, findings demonstrate a statistically significant association between white matter lesion distribution and the presence of headache (P = 0.040). Notably, all patients with subcortical white matter lesions reported headaches, compared to only 27.3% of those without lesions. This suggests that subcortical white matter involvement may play a role in headache development in this population.
This result was supported by earlier studies linking white matter hyperintensities (WMHs) to headache, particularly migraine. Hagen et al., [30], in the HUNT MRI study, reported a significant association between headache and increased white matter changes in a large population-based cohort.
However, other research presents conflicting evidence. Malik et al., [31], using Mendelian randomization, found no causal relationship between WMHs and migraine, suggesting that the observed association may be non-causal or influenced by shared risk factors.
For other neurological features such as psychosis, seizures, and cognitive dysfunction, no statistically significant associations with lesion distribution were observed. This may reflect the complex and multifactorial nature of these symptoms. Similar conclusions have been noted by Pantoni et al., [32].
Morever, there was insignificant difference among studied groups regarding white matter hyperintensities. There was insignificant difference among studied groups regarding total WMH volume, deep WMH volume and 
periventricular confluent WMH volume.
There was no significant difference among studied groups regarding WMH shape markers (periventricular confluent WMH solidity, periventricular confluent convexity, concavity index and fractal dimension).
This current study was in the same side of Dobrynina et al.,[33] and Ota et al., [34] who reported that white matter hyperintensities (WMH) in various vasculitis conditions and showed that, there was no definitive evidence suggesting a significant difference in the pattern or severity of WMH across different types of vasculitis. WMH were frequently seen in both primary and secondary vasculitis, and their presence is more strongly linked to factors like age, cerebrovascular risk factors, and disease duration rather than the specific type of vasculitis.
Data of this study identified a significant negative correlation between disease duration and white matter hyperintensity (WMH) volumes, including total WMH (r = –0.398, p = 0.029), deep WMH (r = –0.393, p = 0.032), and periventricular confluent WMH (r = –0.480, p = 0.007) in patients with vasculitis. These findings indicate that longer disease duration is associated with reduced WMH burden.
Our results supported by Sachdev et al., [35] who noted that WMH progression was not invariably linear and can plateau or reduce in some populations and this explained by various factors. One possibility was that disease-modifying treatments or lifestyle changes adopted by patients over time.
While Debette and Markus et al., [28] were against as noted that WMH progression correlates positively with disease chronicity, potentially serving as a marker for cumulative vascular injury.
We recommend that further investigations with larger and stratified sample size is recommended for more accurate results, multi-center study is recommended, using Advanced Imaging and Quantitative Methods, and use diffusion tensor imaging (DTI), functional MRI, or other advanced neuroimaging techniques to assess microstructural white matter integrity, and possibly detect early damage not visible via conventional MRI sequences.
Limitations: Small sample size Having only 30 patients limits generalization of our findings to all people with vasculitis and lowered the statistical power of the analysis, cross sectional design We only looked at one point in time, so we cannot tell which came first - vasculitis, risk factors, or white matter changes,  single center study All patients were recruited from one hospital/ university center, which may limit how representative they are of patients elsewhere, and imaging modality restrictionThe current study based on conventional MRI only with absence of advanced imaging modalities.
Conclusions
MRI findings alone may not be specific enough to distinguish different secondary vasculitic lesions, and further clinical correlation and investigations are often required. Behçet’s disease showed a significant predilection for brainstem and deep gray matter involvement, consistent with neuro-Behçet’s pathology.SLE and RA exhibited WMHs predominantly in the periventricular and subcortical white matter, although these patterns were less specific. Lack of Significant Differences in WMH Volumes: No statistically significant differences were found in total WMH volume, deep WMH volume, or periventricular confluent WMH volume across the disease groups. A significant negative correlation was identified between disease duration and WMH burden, suggesting that longer disease duration may be associated with reduced WMH volume, possibly due to treatment effects or natural disease plateauing. Morphological features such as solidity, convexity, concavity index, and fractal dimension of WMHs did not differ significantly among the disease groups, indicating limited diagnostic utility. Clinical features such as genital and oral ulcerations were significantly more prevalent in Behçet’s disease, supporting the radiological distinction of neuro-Behçet’s from other autoimmune vasculitides.
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  1   White Matter Specifications in Different Secondary Vasculitic Lesions   Abstract    Background:   Vasculitis is characterized by vessel wall inflammation leading to a beaded  appearance of the arteries with variable degrees of stenosis and ectasia. The aim of this work  was to clarify a systemic approach to differentiate some secondary vasculitic diseas es through  their white matter distribution and morphology.   Methods:   This cross - sectional prospective study was carried out on 30 systemic vasculitis  patients aged 18 years or more,   of  both sexes. All patients underwent detailed history taking,  complete general and neurological examination, laboratory workup, rheumatoid factor when  indicated, serological tests for vasculitis [antinuclear, anti – double stranded DNA, anti - Ro,  anti – cyclic ci trullinated peptide, anticardiolipin, anti - neutrophil cytoplasmic, and lupus  anticoagulant  antibodies ], brain imaging [Magnetic resonance imaging (MRI) of the brain, with  magnetic resonance venography and magnetic resonance angiography].   Results:  Total WMH volume showed a moderate negative correlation with disease duration (r  =  - 0.398, P = 0.029), indicating that longer disease duration was associated with slightly lower  total WMH burden. Similarly, deep WMH volume was negatively correlated with di sease  duration (r =  - 0.393, P = 0.032), and periventricular confluent WMH volume demonstrated the  strongest negative correlation (r =  - 0.480, P = 0.007).   Conclusions:  MRI findings alone may not be specific enough to distinguish different  secondary vasculitic lesions, and further clinical correlation and investigations are often  required.   Keywords:   White Matter Specifications; Secondary Vasculitic Lesions; Systemic Lupus  Erythematosus; Rheumatoid Arthritis; Neuro - Behcet’s Disease      

