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Preface

This book is about a puzzling disease that was first described in 1937 by a Turkish 
dermatologist, Hulusi Behçet. He used the term triple symptom complex consisting 
of aphthous ulcers in the mouth and genitalia, and uveitis. Behçet’s disease may 
involve many organs including the nervous system. Neurological involvement is 
termed as neuro-Behçet’s disease that occurs in 5–10% of patients.

Although many years have passed after its first description, the pathogenesis of 
Behçet’s disease still conserves its enigma. Developments in immunology and clini-
cal trials on Behçet’s disease in the last 15 years facilitated our understanding of the 
pathogenesis of Behçet’s disease. However, the management of neuro-Behçet’s dis-
ease still relies upon data derived from case studies or studies performed on patients 
with systemic involvement.

This book aims to fill a gap caused by the absence of a well-structured textbook 
on neuro-Behçet’s disease. With this book, we hope to ease the clinical decision 
making for clinicians who deal with neuro-Behçet’s disease patients.

First editions of any scientific text may contain errors and this book is no excep-
tion. We welcome suggestions and criticism from readers.

We would like to dedicate this book to patients with this disabling chronic dis-
ease with the hope that their management may be facilitated by this book.

We wish to express our gratitude to the authors; each have immense expertise on 
this filed. We also owe much to Hande Yüceer and the editorial staff at Springer: 
they undertook a demanding task of collecting chapters.

We are indebted to our families and colleagues who encouraged and supported 
us during the implementation of this book.

Istanbul, Turkey  Erdem Tüzün
  Murat Kürtüncü
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Neuro-Behçet’s Disease: Epidemiology 
and Genetics

Hande Yüceer and Erdem Tüzün

 Introduction

Behçet’s disease (BD) is an inflammatory disorder with multisystemic clinic mani-
festations including recurrent oral aphthae, erythema nodosum, genital ulcerations, 
eye lesions (uveitis, retinal vasculitis), and positive pathergy test [1, 2].

In addition to these symptoms, nervous system has been reported to be involved 
in nearly 5–10% of the BD patients, which refers to the neuro-Behçet’s disease 
(NBD) [3]. Neurological involvement mostly occurs after a few years from the 
onset of BD but with more severe outcomes. Therefore, NBD has been reported as 
the main mortality cause of BD [4]. It is mainly seen in two main forms: parenchy-
mal involvement of the central nervous system (CNS) and thrombosis of the cere-
bral venous sinuses [1, 5]. The typical case of CNS parenchymal involvement is 
generally due to brainstem and diencephalon lesions and is characterized by behav-
ioral change, dysarthria, hemiparesis, and ataxia [6]. Also, in cerebral venous sinus 
thrombosis (CVST), increased intracranial pressure, seizures, and headache can be 
encountered [1, 6]. Even though NBD is infrequent in many regions of the world, it 
is highly cross-referred in the context of distinguishing from other demyelinating 
and inflammatory disorders of the CNS [5].

While the highest prevalence of BD is on the ancient Silk Road, which links the 
Far East and the Mediterranean region, it is uncommon in North America and 
Europe [5]. Hence, BD has the highest incidence in countries like Turkey, Korea, 
China, and Japan [7, 8].

The etiologies of both BD and NBD are still unclear, but immune system and 
genetic defects seem to play a causal role in the etiopathogenetic mechanisms of the 
disorder [6, 9]. In this section, the current epidemiology and genetic features such 
as familial aggregation, MHC class genes, genome-wide association studies 
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(GWAS), polymorphisms, and epigenetic studies with regard to both BD and NBD 
will be reviewed.

 Epidemiology

 Prevalence of Neuro-Behçet’s Disease

BD has a global dispersion. Despite that, it is detected more often in the ancient 
trade route (Silk Road), along the path of which, Middle East, Far East, and 
Mediterranean countries are located [8, 10]. In the Silk Road countries, every 14–20 
people among 100,000 is expected to suffer from BD [10]. The prevalence of BD in 
Turkey ranges from 20 to 602/100000, which is considered the most frequent in the 
world [8]. Even only in Istanbul, as a representation of Turkey profile alone, the 
frequency rate reaches 421 per 100,000 people [9]. Israel (50–185/100000), Iran 
(16.7–100/100000), Iraq (17/100000), Japan (7–13.5/100000), and China 
(2.62/100000) are the other countries where BD is relatively more common [9–11]. 
In terms of neurological symptoms, Caucasians (23%) have been observed to suffer 
more from NBD compared to Middle Eastern populations (3–10%) [12].

On the other hand, the prevalence of NBD in BD is only between 3% and 9% 
[13]. However, a postmortem study from Japan has shown that 20% of BD cases had 
neurological pathologies, suggesting that NBD prevalence is higher than clinically 
anticipated [14]. Additionally, the parenchymal involvement of CNS in BD has 
been claimed to be more prevalent compared to other forms of NBD [13]. In a long- 
term follow-up study of Kural-Seyahi et al. [15], the mortality rate has been found 
to be 9.8% for 42 out of 387 BD patients with neurological manifestations.

Through the last decades, the studies related to the epidemiology of NBD have 
expanded due to the increased rate of NBD diagnosis in neurological practice. The 
studies in the literature about BD conflict with each other regarding the percentage 
of the neurological manifestations of the disease. The frequency of NBD in hospital- 
based research studies dramatically varies in the range between 1.3% and 59%, 
which may be due to diverse study designs, the inconsistency in definition of clini-
cal features of NBD, and the variance of geoepidemiology of the disease [15].

 Age

The mean age of onset of BD was around 25, while the mean age of onset of NBD 
was found to be at around 31 in a study from a single Behçet’s disease outpatient 
clinic [13]. Likewise, in other studies, the mean age of onset of NBD has been 
shown to range between 25 and 34 [5] (Table 1). Nevertheless, BD and NBD have 
been reported in children and juveniles, as well [16–18]. However, it is hard to 
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investigate the frequency of the disease in pediatric population due to the uncer-
tainty of neurological symptoms and the unavailability of broad sample size. The 
differential diagnosis of NBD and the determination of negative/positive presump-
tions regarding other neurological disorders are critical especially after 40 years of 
age [19].

 Gender

Although the gender differences have not been reported to be significant in BD, the 
overall outcome of the studies shows that men tend to have NBD almost three times 
more than women [5, 13, 15]. However, severity of neurological symptoms is not 
associated with gender [13].

 Genetic Factors

 Familial Aggregation

BD’s higher prevalence in specific regions indicates the involvement of genetic and 
environmental factors in the etiopathogenesis of the disease. Even though it is not 
an epidemic disorder, the occurrence of familial BD is prominent. The higher rates 
of hereditary distribution of BD are disclosed in various races as Turkish (18.2%), 
Korean (15.4%), and Jewish (13.2%). On the other hand, Chinese (2.6%), Japanese 
(2.2%), and various European populations (0–4.5%) have been reported to procure 
lower familial aggregation. Also, it has been detected that hereditability of BD 
increases when the disease gives its first symptoms in early ages [9].

Major Histocompatibility Complex (MHC).

Table 1 Demographic features of BD and NBD patients [5]

Location Age of onset
Male Female BD NBD

Tunisia 61 14 31 34
Saudi Arabia 42 10 27 –
Turkey 155 45 25·8 31·5
Korea 9 12 – 35·1
West Indies 5 2 – 35·5
France 78 31 – 32
Iraq 14 6 – 34·1
Iran 15 3 – 34·7
Italy 7 20 27·7 34·7
UK 11 11 – 30

Neuro-Behçet’s Disease: Epidemiology and Genetics
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In autoimmune disorders, the major histocompatibility complex (MHC) or 
human leukocyte antigen (HLA) complex is the most vigorous heterogenous genetic 
zone associated with initiation of T-cell response and antigen recognition. The high 
polymorphism rates of MHC genes do not only contribute to the diversification of 
populations but also may predispose individuals to autoimmune and autoinflamma-
tory diseases like BD [20].

 HLA-B51

The most directly colligated element of risk explaining the relationship between 
Silk Road and BD is HLA-B51 placed in chromosome 6p. Some of the early studies 
on the significance of HLA-B51 have arisen from Japan, where the prevalence of 
HLA-B51 has been reported as 57% [21]. In Mediterranean and Middle East 
regions, HLA-B51 is even more common and, for example, is found in 84% of BD 
cases in Turkey [22].

Non-carriers of HLA-B51 are less likely to develop BD in comparison to HLA- 
B51- positive cases [8]. HLA-B51’s rate of predictability for BD has been calculated 
as 59% in a study conducted with 1215 BD patients and 1278 healthy controls [9]. 
While HLA-B51 is also associated with NBD, its prognostic significance is some-
what controversial. HLA-B51 positivity has been reported as high as 90% in an 
early study from Japan.

[23]. HLA-B51 might also serve in differentiation of NBD from other inflamma-
tory disorders such as neuro-Sweet disease, which is strongly associated with 
HLA-Cw1 and B54 [24]. Although HLA-B51-allele-carrying NBD patients were 
reported to have worse prognosis by some authors, others suggested that HLA-B51 
did not have a prognostic role in NBD [25, 26]. The HLA-B5103 allele has been 
indicated as a risk factor for neurological manifestations in BD [27].

The 3D model of HLA-B5101 has been designed by Maenaka et al. [28]. The 
figure has been open for public domain and is obtained from http://commons.wiki-
media.org/ (Fig. 1).

 Other MHC Class I Genes

HLA-B51 is not the only MHC class I allele related with NBD, and there are other 
types of HLA and MHC class I genes, the importance of which has been described 
in NBD etiopathogenesis. In the current literature, HLA-B51, HLA-B15, HLA-B27 
have been shown as the major regions indicating the risk for BD development, while 
the protective role of HLA-A03 and HLA-B49 regions against the emergence of BD 
has been found [29].

MHC class I polypeptide-related sequence A (MICA) is another genetic factor 
with a key role in generating a tendency toward BD development. MICA is a 
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functional gene positioned between the tumor necrosis factor and HLA-B genes 
[30]. The expression of this gene is increased during viral inflammation and stress. 
The expression of MICA is then followed by a cascade of autoimmune response 
cells encompassing NK cells, CD8+ T cells, and gamma delta T cells [9, 30, 31].

 Non-MHC Complex Genes

With the contribution of genome-wide association studies (GWAS) and next- 
generation sequencing methods, non-MHC regions have been acknowledged as the 
probable cause of BD pointing out the multigenic nature of this disease [8].

 Genome-Wide Association Studies

Genome-wide association studies (GWAS) have an efficient provision of impartial 
gene index to anticipate how different individuals gain susceptibility to complex 
diseases like BD through analysis of single-nucleotide polymorphisms (SNPs). 
Approximately 0.1% genetic variants in the human genome are SNPs [32]. 
Numerous common SNPs have been identified in various ethnic groups including 
Turkish, Iranian, Chinese, Japanese, and Korean BD patients [33] (Table 2).

Fig. 1 BD- and NBD- 
associated MHC class I 
gene, HLA-B5101

Neuro-Behçet’s Disease: Epidemiology and Genetics
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 Il-10

Interleukin (IL)-10 is an anti-inflammatory cytokine intercepting the proinflamma-
tory process by preventing the procurement of proinflammatory cytokines tumor 
necrosis factor (TNF)-α, IL-12, IL-6, IL-1, and interferon gamma (IFN-γ) [36]. 
Moreover, IL-10 is one of the first identified non-MHC complex genes implicated 
for BD susceptibility. Early GWAS from Turkey and Japan have shown the genome- 
wide significance of IL-10. Different variants of the IL-10 gene have been associ-
ated with BD.  While the rs1518111 variant identified in Turkish BD patients is 
located in the intronic region, the rs1800871 and rs1800872 variants identified in 
Japanese patients are found in the promoter region of the IL-10 gene [34–36]. The 
majority of the SNP findings mentioned in Table 2 has been reproduced by other 
researchers. The rs1800872 variant has been replicated in Turkish and Korean 
patients; the rs1518111 variant has been reproduced in Iranian, Greek, British, and 
Korean patients; and the rs1800871 variant has been reproduced in Chinese patients 
[34–36]. It has been speculated that the above-mentioned SNPs lead to enhanced 
BD susceptibility through reduced IL-10 expression and subsequently increased 

Table 2 The genome-wide significant SNPs for the susceptibility of BD [33]

SNP Gene Allele Ethnicity

Mizuki et al. [34] rs1495965 IL23R, 
IL12RB2

G Japanese

Remmers et al. 
[35]

rs924080 IL23R, 
IL12RB2

A Turkish, Japanese

Wu et al. [36]
Remmers et al. 
[35]

rs1518111 IL10 A Turkish

Mizuki et al. [34]
Wu et al. [36]

rs1800871 IL10 T Japanese

Li, et al. [37] rs9494885 TNFAIP3 C Han Chinese
Kirino et al. [38] rs7574070 STAT4 A Turkish
Hou, Yang, et al. 
[39]

rs897200 STAT4 A Han Chinese

Kirino, et al. [38] rs7616215 CCR1 T Turkish
Qin et al. [40, 41] rs13092160 CCR1, CCR3 T Han Chinese
Kirino, et al. [38] rs2617170 KLRC4 C Turkish
Kirino et al. [38] M694V MEFV V Turkish
Kirino, et al. [38] rs17482078 ERAP1 TT2 Turkish
Xavier et al. [42] rs681343 FUT2 T Iranian, Turkish
Kirino, et al. [38] rs17810546 IL12A A/G3 Turkish, mixed 

populations
Kirino et al. [38] R381Q, G149R1 IL23R Turkish, Japanese
Kirino et al. [38] D299G, T399I1 TLR4 Turkish, Japanese
Kirino et al. [38] R702W, 

G908RL1007fs1
NOD2 Turkish, Japanese

H. Yüceer and E. Tüzün
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tendency to proinflammatory responses [33]. The polymorphism of the IL-10 gene 
and its role in disease susceptibility have also been shown in NBD patients [43].

 IL23R-IL12RB2

IL12R and IL23R gene regions have been widely studied in BD patients. Notably, 
IL-12 and IL-23 levels are enhanced in BD patients, and these two cytokines con-
tribute to neutrophil, NK cell, and T-cell functions in inflammatory diseases [44–
46]. The significance of the IL23R-IL12RB2 intergenic region in BD has been 
shown by several GWAS. In a GWA study from China including 421 controls and 
407 BD patients, the interrelation between rs11209032, rs924080 SNPs and the 
IL23R-IL12RB2 locus was analyzed, and two IL23R-IL12RB region SNPs 
(rs11209032, rs924080) were detected in BD patients [40, 41]. In rs924080 risk 
allele-carrying individuals, the expression of IL23R is increased in peripheral blood 
cells, and LPS-induced proinflammatory cytokine production is enhanced [47]. 
Moreover, the GG genotype of the SNP rs17375018 in the IL23R gene was associ-
ated with BD, and in rs17375018 GG genotype carriers, increased serum IL-23 
levels were linked to occurrence of neurological symptoms in BD [48]. Intriguingly, 
two missense SNPs of the IL23R gene (Gly149Arg in Japanese and Arg381Gln in 
Turkish cohorts) have been found to have lower prevalence in BD patient groups, 
suggesting that these variants have a protective action against BD development. The 
Arg381Gln variant appears to confer protection via reducing IL-23-dependent 
IL-17 production [38]. In many of these GWAS, although patients with NBD have 
been included, features of BD patients with and without neurological manifesta-
tions have not been signified.

 IL12A

The IL12A gene encodes the IL-12 cytokine, which manages adaptive and innate 
immune responses [49]. The rs1780546 variant, which is located in the intergenic 
part of IL12A, has been suggested to have a connection with BD in a Turkish cohort 
[38]. That suggestion has been approved by a multi-ethnicity GWA study [50]. In 
addition, these results have been repeated in an Iranian GWAS with 973 BD patients 
(61 of them were NBD patients). It has been confirmed that IL12A-AS1 locus has a 
susceptibility role for BD [51]. The SNP rs1874886 was also defined as an assumed 
risk factor in another study for Spanish population [52].

Neuro-Behçet’s Disease: Epidemiology and Genetics
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 ERAP1

Endoplasmic reticulum aminopeptidase-1 (ERAP1) is an enzyme having multiple 
functions for MHC class I alleles such as HLA-B51. The mutation of ERAP1 in 
HLA-B51-positive cases has pointed out the indicative role of ERAP1 in BD [53]. 
The fact that ERAP1 is a biomarker of BD only in HLA-B51-positive patients also 
supports the evident role of HLA-B51 in BD etiopathogenesis [33]. Furthermore, 
the link between ERAP1 and HLA-B51, and how interactions between these two 
molecules might cause BD through peptide binding differences, CD8+ cell activa-
tion, and NK cell inhibition, has been discussed in several studies [38, 54]. Although 
Kirino et  al. also have mentioned the genome-wide significance of rs17482078, 
which is an ERAP1 variant, for BD risk in Turkey, the ample polymorphism for the 
same variant has not been found in Japanese patients [38].

 STAT4

As an immune-related transcription factor, STAT4 (signal transducer and activator 
of transcription 4) is concerned with the formation of Th1/Th17 from T cells and the 
proinflammatory response initiated by IL-12, IL-17, and IL-23 [55]. The STAT4 
variants are associated with alterations in gene expression patterns [56]. BD-related 
STAT4 variants are rs7574070 and rs897200. The rs7574070 variant has an impact 
on STAT4 gene expression. On the other hand, the rs897200 variant is involved not 
only in increased transcription of IL-17 but also augmented expression of the STAT4 
gene. Interestingly, the rs897200 has also been reported to be detected in more 
severe BD cases [38, 39, 57].

 TNFAIP3

The main function of tumor necrosis factor alpha-induced protein 3 (TNFAIP3) 
gene is to code ubiquitin-modifying enzyme A20 and to maintain innate immunity 
primarily by regularizing NF-kappa B and TNF activation [58, 59]. TNF-α is a 
major proinflammatory cytokine implicated in BD pathogenesis. TNF-inhibiting 
reagents have long been used for BD treatment in order to block Th17 differentia-
tion and thus stop inflammation. TNFAIP3 gene rs9494885 polymorphism has dem-
onstrated a genome-wide significance in the Chinese Han population, but this 
finding could not be replicated in European populations [29, 60, 61]. The impact of 
TNF-α polymorphism on disease predisposition has been demonstrated in NBD 
patients indicating the significance of this cytokine in NBD pathogenesis [43].

H. Yüceer and E. Tüzün
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 CCR1-CCR3

Chemotactic cytokine receptor 1 (CCR1) and chemotactic cytokine receptor 3 
(CCR3) codify G-protein-coupled chemokine receptors and take part in inflamma-
tory responses [62]. There has been relatively small number of research on the 
BD-indicative polymorphisms of CCR1 and CCR3 genes. A well-known GWAS 
has claimed that CCR1 and CCR3 loci confer susceptibility to BD [35]. These 
results have been replicated in a Han Chinese GWAS conducted with 1685 healthy 
controls and 653 BD patients. As a result, three SNPs of CCR1 and CCR3 genes 
(rs13084057, rs13092160, and rs13075270) have been found above genome-wide 
significance level [57]. However, none of 653 BD patients in the study showed neu-
rological symptoms. In addition to these SNPs, rs7616215 has also been verified for 
the Turkish ethnicity [38]. These outcomes provide evidence that the SNPs 
(rs13084057, rs13092160, rs13075270, and rs7616215) located intergenically 
between CCR1 and CCR3 genes could have a pathogenic action in BD [38, 57].

 KLR

The KLRK1, KLRC1, KLRC2, KLRC3, and KLRC4 genes, which encode killer 
cell lectin-like receptors, have been identified as susceptibility factors for BD in 
GWAS [38]. Especially, C allele of KLRC4 variant rs2617170 has been related with 
BD pathogenesis in Japanese and Turkish patients [63].

 GIMAP

The family of GIMAP genes controls the encoding of GTP binding proteins espe-
cially in T cells [64]. The expression of GIMAP1 and GIMAP4 mRNAs was lower 
in the peripheral blood mononuclear cells (PBMC) of Japanese and Korean BD 
patients. 11.6% of these patients had central nervous system involvement. In the 
same GWAS, SNP rs1608157 was associated with increased BD risk [37]. Another 
GWA study from Iran, in which 6% of the BD patients had neurological manifesta-
tions, has also mentioned the role of SNP rs1916012 of GIMAP7 for BD suscepti-
bility in Iran [51]. However, the results of these GWAS could not be replicated for 
other nationalities [50]. In this sense, GIMAP genes may be critical to evaluate the 
ethnic differentiation of T-cell mediation in BD pathogenesis.

Neuro-Behçet’s Disease: Epidemiology and Genetics
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 FUT2

FUT2 gene manages the synthesis of ABO antigens through encoding of fucosyl-
transferase 2. These histo-blood group antigens are found in intestinal mucosa or 
bodily secretions, and lack of FUT2 activation may result in enhanced inflammatory 
responses [65]. The SNP rs681343 variant of FUT2 has been shown to have genome- 
wide significance for both BD and NBD patients [42]. The relationship between gut 
microbiome, autoimmunity, and BD etiology has yet to be investigated through FUT2.

 CPLX-1

CPLX (complexin) genes basically mediate the release of neurotransmitters via sta-
bilizing soluble N-ethylmaleimide-sensitive factor attachment protein receptor 
(SNARE) complex and thus have prominent impact on neuron function and survival 
[66]. The CPLX-1 rs936551 SNP has been specified in BD patients in a GWA study 
[35]. Further in another study, rs936551 SNP has been identified in both BD and 
NBD patients and has been associated with raised PBMC CPLX-1 expression levels 
[67]. The exact mechanism of action of CPLX-1 in inflammation is not known and 
needs to be determined by future studies.

 Other Polymorphism Studies

The association between KIAA1529, CPVL, LOC100129342, and BD risk has 
been mentioned in a GWA study. In this study, 7.2% of the patients had neurological 
involvement. The genetic predisposition of the populations on the Silk Road has 
been explained by LOC100129342 polymorphism in the same article. The novel 
genetic susceptible ubiquitination pathway genes UBASH3B and UBAC2 loci have 
also been mentioned [68]. Similarly, SUMO4 (small ubiquitin-like modifier 4) has 
been evaluated as an indicator of BD risk in Chinese patients [69]. Moreover, the 
polymorphism of MBL2–54 gene A allele (mannose-binding lectin) in neurological 
symptoms and genital ulcer has been identified in another study [70]. Intercellular 
adhesion molecule 1 (ICAM-1) and vascular endothelial growth factor (VEGF) 
gene expressions have been linked to the inflammatory pathways of BD [71, 72].

 Rare Non-synonymous Variants

BD-associated rare non-synonymous variants (NSVs) of the Toll-like receptor 4 
gene (TLR4), the nucleotide-binding oligomerization domain 2 gene (NOD2), and 
the familial Mediterranean fever gene (MEFV) have also been analyzed by targeted 
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next-generation sequencing methods [29]. TLR4, NOD2, and MEFV have been 
proposed to be related with innate immune response and inflammatory mechanisms 
in BD [38]. The low frequencies of D299G, T399I1 NSVs of TLR4, R702W, 
G908RL1007fs1 NSVs of NOD2, and the mutation of M694V variant of MEFV 
have been reported for BD susceptibility in Japan and Turkey [38, 53, 73]. Another 
meta-analysis has shown the mutation of M680I and M694V variants of MEFV as 
risk loci for Turkish BD patients; however E148Q NSV of MEFV was not found to 
be genomically significant [74]. In contrast, the heterozygous mutation of E148Q 
variant has been found in one NBD case with periodic fever symptoms [75].

 Epigenetic Studies

The term “epigenetics” defines the modification in gene expression without DNA 
sequential change, and main epigenetic mechanisms are histone remodeling, DNA 
methylation, and miRNA-mediated gene expression regulation [43]. Epigenetic 
studies are believed to be a key to understand the link between distinct geographical 
localization and the genetic mechanisms of BD [48].

The role of activated interspersed repetitive sequences (IRSs) like Alu and 
LINE-1 resulting from hypomethylation has been recently investigated for autoim-
mune disorders including BD. Mainly, extracted DNA from PBMCs of BD patients 
has been analyzed, and the alteration in the IRS methylation has been found as a 
possible risk factor for BD [29, 76].

The relation of several miRNAs with NBD’s inflammatory component has also 
been shown. Firstly, the expression of miR155 in dendrites was found significantly 
lower in BD patients compared to healthy controls. Whether this contributes to 
induction of neurological symptoms in BD needs to be determined. Secondly, the 
decreased expression of miR23b, miR196, miR155, miR638, and miR4488 in CD4 
T cells and the increased expression of miR21, miR182, and miR3591 have been 
observed in BD patients. These up- and downregulations of miRNAs may have an 
impact on immune-related gene functions [48, 77]. Also, in another study, decreased 
PBMC mRNA expression level of miR185, the regulator of CPLX1 expression, has 
been shown in both BD and NBD patients [67].

 Conclusion

The etiology of BD with neurological involvement is complex and yet to be discov-
ered. However, the role of both innate and adaptive immune systems (depending on 
Th1/Th17 differentiation) as well as genetic susceptibilities (mainly HLA associ-
ated) has been shown in recent studies. Since the majority of the researches have 
investigated BD, our knowledge on NBD regarding epidemiologic and genetic data 
is limited. The lower prevalence of NBD compared to BD and the late onset of neu-
rological findings in BD are factors making the investigation of NBD etiology 
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harder to achieve [13]. Nevertheless, due to shared immunological and genetic 
mechanisms, the results of the BD studies might be expected to be correlated with 
NBD studies in the future. Even so, these findings should further be replicated with 
patients having neurological symptoms, and the results need to be verified for NBD.
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Behcet’s disease (BD) is a systemic inflammatory disorder with a diverse spectrum 
of clinical manifestations including mucocutaneous, ocular, vascular, gastrointesti-
nal, musculoskeletal, and central nervous system (CNS) involvement. Neurological 
involvement of BD is relatively rare. According to an epidemiological survey in 
Japan in 1972, neuro-Behcet’s disease (NBD) accounts for 13.7% of 1876 cases of 
BD [1]. There are reports of 5–30% of cases with NBD in the long-term follow-up 
of BD patients.

A complex genetic background leading to a pro-inflammatory, innate immune 
system-derived activation perpetuated by adaptive immune responses against envi-
ronmental antigens and/or auto-antigens is accepted as the main pathogenic mecha-
nism in BD. Immunological mechanisms underlying the inflammation have been 
investigated for infectious agents or inflammatory stimuli and the innate and adap-
tive responses of the patients. In NBD, the specific features of the CNS, but acces-
sibility of the cerebrospinal fluid (CSF) as the local tissue specimen, provided a 
challenge for immunological studies compared to BD.
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 Immune Response in the CSF

 Cellularity of CSF

As a local tissue response, the increased cellularity has been considered as an indi-
cation of immune activation, and differential evaluation of the cell content pointed 
at the etiological agents of the stimulus. In an extended series of parenchymal NBD 
(p-NBD), cellular examination of CSF has revealed normal findings as well as pleo-
cytosis in about half of the cases. If pleocytosis was present, the CSF cell count was 
in the range of 0–400/μl/mm3 (median, 30), and in about half of these patients, 
neutrophilic predominance or both neutrophils and lymphocytes were detected. In 
the other half of the patients’ CSF, higher percentages of mononuclear cells and 
lower percentages of activated lymphocytes were seen. The pleocytosis in NBD 
represented perivascular inflammatory process in the CNS [2, 3].

Considering the neutrophilic pleocytosis in NBD, involvement of the innate 
immune mechanisms in disease pathogenesis is implicated. Typical BD lesions such 
as pustular folliculitis, pathergy reaction, and hypopyon have significant neutrophil 
infiltrates. Therefore, neutrophil function and activation status have been exten-
sively investigated. Conflicting reports of increased, normal, or decreased superox-
ide production, phagocytosis, chemotaxis, and neutrophil-endothelial adhesion are 
available. These might reflect differing clinical activity, the discordance between “in 
vitro” and “in vivo” state of affairs, drug effects, or general methodological prob-
lems [4–6].

Two clinical categories of NBD are differentiated: p-NBD (intra-axial NBD, 
primary-NBD, or “NBD”), which is caused by parenchymal pathology, accounts for 
the majority of NBD. p-NBD is characterized by diffuse brainstem, cerebral, optic, 
and spinal cord symptoms. On the other hand, nonparenchymal-NBD (np-NBD, 
vasculo-NBD, secondary-NBD, or extra-axial NBD) [7–9], which is usually caused 
by occlusion or hemorrhage of the main vascular structures or aneurysm in the 
CNS, is relatively rare. The frequency of this subtype is reported to be 10% to 20% 
of all NBD patients from Turkey [2, 10]. Cerebral venous thrombosis, pseudo- 
tumor- like intracranial hypertension, and acute meningeal syndrome are common 
forms of np-NBD. Hirohata et al. have proposed a clinical-orientated and simple 
classification in which p-NBD is further classified into acute and chronic progres-
sive types, depending on its clinical course [11].

 Immune Mediators as Indications of Activity in CSF

In an early study, serial CSF examinations in a patient with BD involving CNS have 
been performed. CSF indexes (ratios to serum levels) of immunoglobulins (Ig) and 
the third (C3) and the fourth (C4) components of complement were measured, and 
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immune complexes and lymphocyte subsets were quantified in CSF and peripheral 
blood (PB) before and after immunosuppressive treatment. During active encepha-
litis, intrathecal production of IgM and, to a lesser degree, IgG and IgA, presence of 
immune complexes, intrathecal C3 production, and elevated C3 and C4 concentra-
tions in CSF but not in serum were detected. An increased CSF CD8+ T cell percent-
age, in combination with slightly increased PB CD3+ and CD8+ T cell subsets, was 
shown. Further data have also demonstrated an increase of IgG index in 73% of 
patients. After effective immunosuppressive treatment, humoral and cellular CSF 
values were normal. Intrathecally produced Ig, immune complexes, and C3 as well 
as CD8+ T cells are likely to participate in the development of “Behcet encephalitis” 
[2, 12].

 Oligoclonal Bands (OCB)

OCB of Ig in the CSF provides an evidence for a humoral response. As a possible 
indication of intrathecal antibody production, OCB of IgG, A, and M were investi-
gated firstly in 13 BD patients with CNS involvement and in 40 neurologic controls. 
Oligoclonal IgA and IgM bands were detected mainly in CSF samples from patients 
with active NBD and were documented to disappear when neurologic manifesta-
tions remit. High Ig index values were detected in both active and quiescent dis-
eases. Based on these findings, CSF oligoclonal IgA and IgM were recommended 
in monitoring CNS disease activity in NBD [13].

A retrospective study in CSF and serum samples from 12 patients with BD with 
neurological involvement found local synthesis of OCB of IgG using isoelectric 
focusing and immunoblotting in 8% at some stage in their disease. When assessed 
with an albumin ratio of CSF to serum, 42% of patients with BD exhibited an abnor-
mal barrier function at the  same time. Serial CSF analysis showed that clinical 
relapses were associated with worsening barrier function and in some patients the 
development of local oligoclonal IgG synthesis; conversely, steroid treatment led to 
a statistically significant improvement in barrier function and in two patients a loss 
of oligoclonal IgG bands. OCB was less frequent in NBD than sarcoidosis (51%) 
and systemic lupus erythematosus (SLE) (25%) in this series [14].

In more recent and extended series of paired CSF and serum samples from 74 
p-NBD patients, 22 patients with cerebral venous sinus thrombosis (CVST) and 
BD, 18 with primary headache disorders not directly associated with BD, and 7 with 
cerebrovascular event, intrathecal production of IgG (pattern 2 or 3) was considered 
as positive. Totally, 10.8% of patients had OCB in the CSF only (pattern 2). These 
positive cases had p-NBD. All other groups were negative. In the differential diag-
nosis of chronic neurological disorders, the absence of bands was suggested as a 
useful diagnostic clue to differentiate NBD from diseases such as multiple sclerosis 
(MS) [15].
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 Other Markers in the CSF

The presence of myelin basic protein (MBP) from the CNS myelin has been used as 
an indication of myelin damage in the CNS. High levels of MBP were detected in 
the CSF from four patients with NBD and none of the screened other neurological 
diseases. A good correlation between clinical states and the levels of MBP was also 
observed in this small study, albeit the presence of MBP is frequent in many disease 
states [16].

Similarly, another nonspecific marker of immune response, beta2-microglobulin 
(β2MG), has been measured in paired serum and CSF specimens from patients with 
NBD and non-inflammatory neurological diseases (NIND) along with albumin. 
Albumin index (Q albumin as an indicator of blood-brain barrier function) and 
β2MG index (an indicator of intrathecal β2MG synthesis) were significantly elevated 
in patients with NBD compared with the control patients. In about half of the 
patients with NBD, CSF β2MG and Q albumin were significantly decreased when 
the CNS manifestations were improved by successful treatment. The elevation of 
CSF β2MG with the barrier dysfunction has implicated the transudation of serum 
β2MG as well as the increased intrathecal synthesis presumably by infiltrating lym-
phocytes, reflecting CNS disease activity in NBD [17].

 Cytokines

Cytokines and chemokines as the humoral mediators of the immune response have 
also been investigated in paired CSF and serum specimens of patients. As an inflam-
matory cytokine with wide effects, interleukin (IL)-6 has been evaluated in NBD 
firstly. IL-6 and anti-cardiolipin antibodies, especially of the IgM isotype, were 
highly elevated in the CSF of only five patients with NBD. As levels of both dropped 
after disease activity subsided, serial measurements of IgM anti-cardiolipin anti-
bodies and IL-6 in the CSF were suggested as useful in NBD [18]. Emphasizing the 
role of this cytokine, functional IL-6 activity in patients with progressive NBD com-
pared with active BD but lacking progressive CNS disease has shown marked eleva-
tion of IL-6 activity in the CSF, but not in the serum. There was no significant 
correlation of CSF IL-6 activity with serum IL-6 activity, CSF cell counts, CSF total 
protein levels, or the CSF/serum albumin quotient. A role of persistent chronic CNS 
inflammation has been suggested to play an important role in the pathogenesis of 
progressive neuropsychiatric manifestations in BD [19].

Following this observation, a more extensive group of 68 BD patients with acute 
or chronic progressive p-NBD, dural sinus thrombosis, ischemic stroke, or head-
ache were compared with MS, subacute sclerosing panencephalitis, and NIND for 
CSF IL-6 levels. CSF but not serum samples of NBD patients with acute p-NBD 
displayed significantly increased IL-6 levels as compared to other groups. Chronic 
progressive p-NBD patients also showed a less prominent increase in CSF IL-6. 
CSF IL-6 has been demonstrated as a marker of disease activity and long-term 
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outcome for p-NBD along with CSF cell count and protein levels. CSF IL-6 could 
be used in chronic progressive patients who have normal CSF cell or protein levels 
to detect disease activity [20].

A comparison of cytokines (IL-10, IL-12p70, IL-17A) and chemokines (CCL2, 
CXCL10, CXCL8 (IL-8)) included patients with NBD, MS, infectious and/or 
inflammatory neurological diseases (IND), and other NIND. In the CSF, CXCL10 
levels were significantly higher in NBD and IND than NIND and MS, whereas 
CXCL8 was increased in NBD compared to NIND. IL-12 was elevated in the CSF 
of IND compared to NBD and NIND and also in the CSF of MS compared to 
NIND. By these results NBD resembled nonspecific inflammations such as neuro-
infections compared to autoimmune disorders such as MS. An unknown infection 
as a trigger of a vasculitic process in the CNS has been hypothesized [21]. When 
IL-6, IL-8, IL-10, TNF-α, and IFN-γ were measured, patients with viral meningitis 
had significantly higher levels of all investigated cytokines except for IFN-γ in com-
parison with patients with p-NBD, headache attributed to BD (HaBD) and 
HC. Higher CSF IL-6 was confirmed in patients with p-NBD. No analogy between 
CSF cytokine profiles of patients with p-NBD and viral meningitis, but a crucial 
role for IL-6 in immunopathogenesis of NBD has been repeatedly reported [22].

Another value of cytokine measurements as biomarkers has been the evaluation 
of their relationship with disease activity. CSF total cell and polymorphonuclear 
leukocyte counts were significantly lower in the patients with chronic progressive 
NBD than in those with acute NBD. The CSF levels of IL-6 and IL-8 were markedly 
elevated in the NBD patients compared with those measured in the control patients 
with NIND with no significant differences between the patients with acute and 
chronic progressive NBD. There were no significant differences in the CSF levels of 
IL-1β and TNF-α among the control, acute NBD, and chronic progressive NBD 
patients. The CSF levels of IL-6 and IL-8 were significantly decreased following 
successful treatment in both acute NB and chronic progressive NB patients, whereas 
the CSF levels of IL-1β and TNF-α were not changed significantly. The mechanisms 
underlying the elevation of CSF IL-6 and IL-8 might be different in patients with 
acute NB and those with chronic progressive NB [11]. Interestingly, serum IL-23 
levels were significantly higher in patients with NBD among a BD patient group. 
The precise role of IL-23 remains elusive. However, IL-23 receptor is upregulated 
in the presence of IL-6 [23]. Acute p-NBD typically features acute and transient 
symptoms such as fever and hemiparesis accompanied by inflammatory features 
including elevated cell count in the CSF, while chronic progressive p-NBD is char-
acterized by ataxia, dementia, incontinence, and brainstem atrophy.

Several other cytokines with pro-inflammatory activity have also been screened 
in NBD samples mostly in single studies. Macrophage migration inhibitory factor 
(MIF), released by activated T lymphocytes and macrophages, is required for anti-
gen- and mitogen-driven T cell activation and stimulates macrophages to release 
cytokines and nitric oxide. The determination of MIF in the CSF of patients with 
NBD and NIND revealed that in NBD patients, the concentration of MIF was sig-
nificantly elevated compared with control samples and correlated well with cell 
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counts in these samples. With these findings, a role for MIF in immune-mediated 
diseases of the CNS has been introduced, but not further followed in NBD [24].

When IL-15 was measured in serum and CSF samples of patients with BD, IND, 
and NIND, active BD patients have significantly higher serum IL-15 levels com-
pared with BD in remission and HC.  Similar serum IL-15 levels were found in 
active NBD and IND groups. Elevated levels of IL-15 were observed in CSF sam-
ples from NBD patients. IL-15 was involved in BD inflammatory process, particu-
larly in vasculitis foci, as an elevated CSF/serum IL-15 ratio characterizes vascular 
cerebral lesions [25].

IL-33 is released from damaged tissues or necrotic cells and acts as an alarmin in 
the host defense against pathogens. In NBD patients, higher IL-33 levels in CSF and 
higher IL-33 mRNA transcripts in CSF mononuclear cells were shown compared 
with HaBD and NIND patients. IL-33 levels were also remarkably higher in CSF 
than in serum. Relatedly, NF-κB DNA binding activity and expression of IP-10 and 
MCP-1 were high in NBD patients compared to NIND and HaBD patients. 
Considering the hypothesis of an infectious trigger in BD pathogenesis, IL-33, 
together with MCP-1 and IP-10, has been suggested as critically required for fight-
ing the hypothetical pathogen, as IL-33 may act as a potential regulator of innate 
immune responses in the CNS [26].

As inaugural clinical symptoms for both NBD and MS might be similar, possible 
differences in the expression profiles in the blood and the CSF of MS and NBD 
patients at early stages were screened for discriminative markers. Cytokines and 
transcription factors related to Th1, Th2, Th17, and T regulatory populations were 
evaluated simultaneously in PB and CSF, from 40 patients presenting a first episode 
of clinical features related to CNS inflammation and 22 controls with NIND enrolled 
mainly for severe headache. At the follow-up, 21 patients were diagnosed with 
relapsing-remitting MS (RRMS) and 19 had NBD. In initial blood samples, T-bet 
expression was significantly increased in NBD patients only, while IFN-γ was ele-
vated in patients who evolved into RRMS or NBD. IL-17A, GATA-3, and IL-4 were 
significantly lower in RRMS patients than in the NBD group. In the initial CSF 
samples, ROR-γt, IL-17A, and IFN-γ were significantly elevated in patients com-
pared to controls. Most strikingly, a significant increase of CSF IL-10 was observed 
in NBD patients only, and CSF IL-10 was proposed as a predictive marker to dis-
criminate between these two disorders [27]. An inflammatory profiling (MMP9, 
TNFα, IL-6, CXCL13, CXCL10, CXCL8, IFN-γ, IL-10, IL-17, IL-23, and others) 
between NBD with MS-like features and MS in the CSF and serum samples revealed 
that only MMP9 was increased in NBD serum compared to MS and decreased in 
CSF. Furthermore, NBD analysis of circulating natural killer CD56DIM subset sug-
gests their potential involvement in increased MMP9 production [28].

A mainly B cell-related mediator, B cell-activating factor of the tumor necrosis 
factor family (BAFF) and its receptors’ expression were also higher in CSF cells of 
NBD and MS patients compared to NIND patients. Serum BAFF levels were higher 
than CSF levels in NBD patients [29]. The increased levels of CSF BAFF in NBD 
patients were not significantly different from patients with epidemic aseptic menin-
gitis (AM) and MS, but from healthy controls (HC). CSF BAFF levels were 
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significantly increased in patients with a slowly progressive course compared with 
those with an acute course and did not correlate with serum BAFF levels, CSF cell 
counts, or CSF IL-6 levels. BAFF production within the CNS is suggested to be 
associated with a progressive course of NBD [30].

Vascular endothelial growth factor (VEGF) stimulates mainly angiogenesis and 
has pro-inflammatory effects. Significantly increased CSF VEGF levels in NBD and 
MS patients were detected compared to NIND patients. An association between 
CSF NBD-VEGF and leukocyte count and CSF CD4 cells as well as VEGF mRNA 
was demonstrated without further data on its effect [31].

 Candidate Antigens of Possible Autoimmune Response in NBD

BD does not have the classical clinical features of autoimmunity such as female 
dominance or association with other autoimmune diseases such as in Sjogren’s syn-
drome [32, 33]. However, BD has various aspects that deserve to be considered as 
“autoimmune.” Classical, systemic disease-associated autoantibodies are not 
observed; however, various antibodies against specific antigens such as α-enolase, 
α-tropomyosin, kinectin, selenium-binding protein, esterase D, and carboxy- 
terminal subunit of Sip1 have been shown in BD sera [34]. Most of these autoanti-
bodies were demonstrated in uveitis patients, and their role in disease pathogenesis 
is not yet clear. Autoimmune and dysimmune inflammatory mechanisms on a genet-
ically susceptible background are implicated in the etiology of BD.

 Heat Shock Protein (HSP) and Related Responses

For an autoimmune etiology, various candidate auto-antigens have also been inves-
tigated in BD patients for T cell reactivity. Among the antigens, human HSP60 has 
been the one most extensively studied [35].

Systemic immune reactivity to 65-kD mycobacterial HSP65 (m-HSP65) has 
been shown in BD [36]. T cell response to the 65-kDa HSP in patients with BD was 
mapped to four HSP peptides: 111–125, 154–172, 311–325, and 219–233. Higher 
frequency of short-term T cell lines (STCL) in BD did not correspond to any 
HLA-DR. Being a susceptibility marker for BD, HLA-B51 was not a restricting 
element for these T cells. Similarly, higher lymphoproliferative responses were 
stimulated by the human HSP sequence-derived peptides compared with the corre-
sponding mycobacterial peptides supporting the involvement of 65-kDa HSP in the 
pathogenesis of BD. Whereas the high microbial load and associated stress proteins 
found in oral ulceration of BD may initiate an immune response to these conserved 
epitopes, expression of autoreactive T cell clones might be stimulated by immuno-
dominant T cell epitopes of endogenous HSP which may induce immunopathologic 
changes [37]. HSP65 derived from Streptococcus sanguinis was also proposed as a 
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triggering factor based on its homology with human HSP60. Moreover, four 
immunodominant epitopes of HSP60 induced T as well as B cell responses in stud-
ies from UK, Japan, and Turkey. Th1 type, pro-inflammatory cytokine response to 
HSP60-derived peptide 336–51 with IFN-γ, IL-12, and TNF-α production is dem-
onstrated. HSP60 peptide 336–51 also upregulated Txk, a tyrosine kinase expressed 
in Th1 cells and effected IFN-γ gene transcription [38]. B cell epitopes of the 
m-HSP65 were mapped in the sera from patients with BD. Significant increases in 
IgA and IgG antibodies to peptides 111–125, 154–172, and 311–326 and homolo-
gous peptides from the human mitochondrial HSP60 136–150 and 336–351 were 
detected in the sera from BD. Antibodies to each of the peptides represented a small 
proportion of the total B cell epitope repertoire elicited by the 65 or 60 kD HSP. As 
the peptides induced experimental uveitis in Lewis rats, similar to the principal 
manifestation of BD, the response to them has implicated the involvement in the 
immunopathogenesis of BD [39]. However, none of the autoantigens identified so 
far which share common epitopes with bacterial HSP65 has a high prevalence in the 
sera from BD.

Recently, immunoreactivity against filamentous neuronal processes in the mouse 
brain, retina, and scrotal skin was detected in great majority of BD patients’ sera. 
This reactivity was evident in the sera of patients with (75%) and without (64%) 
neurological involvement. Neurofilament medium (NF-M) was identified as the 
probable antigen. Surprisingly, homology between the human NF-M and m-HSP65 
corresponding to peptides 111–126, 213–232, and 304–363 has been demonstrated, 
and sera immunoreactive against NF-M cross-reacted with bacterial HSP65. With 
these findings, molecular mimicry of bacterial HSP65 with NF-M has also been 
implicated in the autoimmunity of BD [40].

Based on the reported importance of anti-HSP immune response in BD, NBD 
was also evaluated for the local response. The comparison of the intrathecal anti-
body production to m-HSP65 in the CSF of p-NBD patients with NIND and MS 
revealed significantly higher CSF IgG responses in p-NBD patients, with an anti-m- 
HSP65 positivity rate of 48%. CSF anti-m-HSP65 IgG ratios of CSF to serum cor-
related with the duration of BD, but not with the duration of neurological 
involvement. Serum IgM and IgA responses were elevated in patients with np-NBD 
with intracranial hypertension, suggesting a different type of involvement than 
p-NBD. With these results, an increased intrathecal humoral response to m-HSP65 in 
the CSF of p-NBD patients was also confirmed [41]. Another small HSP with 
increased tissue expression in demyelination has also been a target for antibodies in 
NBD. Serum and CSF IgG antibody responses to αB-crystallin were significantly 
elevated in NBD patients compared to NIND patients. Serum IgM anti-αB-crystallin 
antibody titers were also higher in NBD as in MS [42].
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 Neuronal and Other Proteins

When antibodies against neuronal antigens were screened by immunochemistry on 
hippocampal and cerebellar molecular layers as well as hippocampal neuron cul-
tures, reactivity was detected in sera and/or CSF of 13 of 20 NBD and 6 of 20 BD 
patients but not in MS or headache controls. Screening with a protein macroarray 
led to the identification of stress-induced phosphoprotein-1 (STIP-1) and mitochon-
drial carrier homolog 1 (Mtch1), an apoptosis-related protein, as potential autoanti-
gens. High-titer STIP-1-antibodies were detected in six NBD patients’ sera but not 
in controls [43]. Serum Mtch1 antibodies in 68 of 144 BD patients with or without 
neurological involvement and in 4 of 168 controls corresponded to a sensitivity of 
47.2% and a specificity of 97.6% for these antibodies. Mtch1 antibody-positive 
NBD patients had more attacks, increased disability, and lower serum nucleosome 
levels. Mtch1 antibody might be involved in pathogenic mechanisms of NBD rather 
than being a coincidental by-product of auto-inflammation [44].

Recently, in two Japanese patients who had been diagnosed with probable NBD, 
myelin oligodendrocyte glycoprotein (MOG) antibody-associated relapsing enceph-
alitis is documented. So, the presence of anti-MOG antibodies has to be differenti-
ated from probable NBD because both disorders can present with brainstem or 
cerebral lesions, CSF pleocytosis, and elevated levels of CSF IL-6 and respond to 
steroid treatment.

 Cellular Immune Response in NBD

There are very scarce data on the pathological findings at the tissue level in NBD. In 
an early study, the presence of scattered foci of necrosis, demyelination, and scars 
throughout the CNS, frequently in close proximity to small arterioles or venules 
infiltrated with inflammatory cells, was described [45]. Immunohistological exami-
nation of biopsied or autopsied brain tissues from three patients with acute NBD, 
chronic progressive NBD, and NBD in a long-term remission was more informative 
and demonstrated the cellular response. Histopathology in acute NBD lesion 
revealed infiltration of mononuclear cells around small vessels, consisting of 
CD45RO+ T lymphocytes and CD68+ monocytes with few CD20+ B lymphocytes. 
Most neurons were undergoing apoptosis in the inflammatory lesion. In chronic 
progressive NBD, similar histopathological changes were noted in pons, cerebel-
lum, medulla, internal capsule, and midbrain with modest degree of mononuclear 
cell infiltration and scattered foci of neuronal apoptosis with formation of a few 
binucleated neurons. The prominent feature of NBD in a long-term remission was 
atrophy of basal pons with formation of cystic or moth-eaten lesions, consisting of 
isomorphic gliosis with viable neurons and scattered foci of perivascular cuffing of 
T lymphocytes and monocytes. The common features throughout the courses of 
NBD were perivascular cuffing of T lymphocytes and monocytes, irrespective of the 
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clinical phenotypes. Based on these observations, soluble factors produced by infil-
trating cells, including IL-6, have been accounted for the induction of apoptosis of 
neurons in NBD [46].

As NBD can present with diverse clinical and pathological manifestations, few 
cases presenting with neurological symptoms preceding other systemic features are 
difficult to be diagnosed. In a case report from Japan, brain biopsy has been sug-
gested as a useful method to differentiate a mass with perivascular infiltration of 
neutrophils in the meninges with intact brain parenchyma as NBD from a tumor [47].

In BD, evidence for the presence and activation of T cells both in the PB and tis-
sue specimens is observed. Both CD4+ and CD8+ T cells producing pro- inflammatory 
cytokines IL-2 and IFN-γ are shown to be increased in the PB and correlated with 
disease activity [48]. IL-12, which drives Th1 response in naive T cells, was ele-
vated in patient sera, in correlation with Th1 lymphocytes [49–51]. Th17 subset 
producing IL-17A, IL-17F, IL-22, and TNF-α [52] and induced by IL-1, IL-6, and 
TGF-β to differentiate is suggested to be involved in organ-specific autoimmunity. 
Active BD is characterized by high levels of IL-6, IL-10, and IL-17 compared to 
remission [53]. Levels of IL-23 and IFN-γ were also elevated in BD patients with 
active uveitis [54]. IL-21 was shown to affect Th1 and Th17 differentiation and lead 
to a decrease of regulatory T cells [55]. In contrast, IL-27 inhibits the production of 
IL-1β, IL-6, and IL-23 but promotes IL-10 production by dendritic cells (DCs), 
which inhibit both Th1 and Th17 cell responses. Decrease in IL-27 expression has 
been shown in active BD with uveitis [56, 57].

In NBD patients, expression of lineage-specific transcription factors of Th cells, 
TBX2/RORC (Th1), RORC (Th17), and FOXP3 (Treg) were increased in the CSF 
compared to HaBD and NIND patients. EBI3 and Th2-associated GATA3 expres-
sions were found to be decreased in NBD patients. Analysis of transcription factor 
ratios revealed an increase in the RORC/FOXP3 and TBX21/GATA3 ratios impli-
cating activation of inflammatory T cell subpopulations and dysregulations of Th1, 
Th17, and Treg cells in CSF-NBD inflammation [58].

Recently, pathway analysis by mRNA profiling has been applied to BD at the 
cellular level. JAK/STAT signaling was identified as activated both in CD14+ mono-
cytes and CD4+ lymphocytes in BD patients, suggesting an activation of both innate 
and adaptive immunity [59]. Interferon-γ, glucocorticoid receptor, and IL-6 signal-
ing was also prominent among upregulated genes in CD14+ monocytes. In another 
study, neuregulin signaling pathway molecules (epiregulin (EREG), amphiregulin 
(AREG), and neuregulin-1 (NRG1)) were overrepresented among the differentially 
expressed genes, suggesting a role of EGF/ErbB signaling pathway in BD patho-
genesis [60]. Finally, in a recent study, Th1 and Th17 cells were again implicated, 
and clusters enriched in T and B cell activation with type I IFN, JAK/STAT, and 
TLR signaling pathways were demonstrated [61]. Genome-wide association study 
(GWAS) data were also used to analyze biochemical pathways and protein-protein 
interaction networks through the single-nucleotide polymorphisms detected in 
BD. Using Turkish and Japanese GWAS data, focal adhesion, MAPK signaling, 
TGF-β signaling, ECM-receptor interaction, complement/coagulation cascades, 
and proteasome pathways were implicated as shared pathways associated with the 
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genetic risks of BD [62]. With a proteomics of PB, tyrosine-protein phosphatase 
non- receptor type 4, threonine synthase-like 2, and β-actin have been demonstrated 
as discriminators between the BD and non-BD groups and were suggested as pos-
sible biomarkers [63].

 Other Mechanisms in BD

 Inflammation, Coagulation, and Fibrinolytic 
Pathway Abnormalities

Vascular involvement in BD is predominantly venous in contrast to what is seen in 
other systemic vasculitides. Dural/sagittal sinus thrombosis is accepted to be a part 
of NBD, but possibly more associated with vascular pathogenic factors. In histo-
pathological specimens, in addition to thrombi, inflammatory infiltrates in vessel 
walls point to a vasculitic process in BD [64]. No specific defect in the coagulation 
cascade has so far been demonstrated [65, 66]. However, both coagulation and fibri-
nolytic pathways seem to be activated with or without thrombosis. Increased levels 
of thrombin-antithrombin (TAT) complex and prothrombin fragment 1 + 2 support 
intravascular thrombin generation in these patients as a result of the activation of the 
coagulation cascade. Various procoagulant conditions associated with an increased 
risk of thrombosis such as deficiencies of protein C, protein S and antithrombin III, 
factor V Leiden, and prothrombin 20210A mutations may also contribute to the 
prothrombotic state of BD.  Severalfold increases in the risk of thrombosis have 
been described in carriers of factor V Leiden and prothrombin gene mutations in 
patients with BD [67].

In a recent study [68], thrombin-catalyzed fibrin formation and fibrin susceptibil-
ity to plasmin-induced lysis were significantly impaired in BD patients. These find-
ings were associated with increased plasma oxidative stress markers and with a 
marked carbonylation of fibrinogen. In the same study, neutrophils displayed an 
enhanced NADPH oxidase activity and increased reactive oxygen species produc-
tion, which significantly correlated with fibrinogen carbonylation level and fibrino-
gen clotting ability. These data suggest an important link between innate immune 
response and thrombosis in BD patients with vascular involvement. The implication 
of these findings in NBD has not been evaluated separately.

 Severity and Gender

One currently underexplored area is the gender differences in BD, a condition pro-
nouncedly more severe among males [69]. Severe complications such as vascular, 
CNS, and pulmonary involvement as well as mortality are related to the male 
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gender. However, serum levels of testosterone and estradiol are not different among 
the male patients. Estrogen is shown to protect against endotoxin-induced uveitis 
(EIU) in Lewis rats. Estrogen decreases E-selectin and IL-6 gene expressions 
through estrogen receptors in vascular endothelium. As another mechanism, fMLP- 
stimulated superoxide generation from neutrophils is decreased in vitro with estro-
gen incubation [70]. Through these mechanisms, estrogens might suppress the 
pro-inflammatory functions of vascular endothelium and neutrophils, explaining the 
milder clinical course in females. Alternatively, it was shown that testosterone aug-
ments the neutrophil functions, especially in male BD patients [71]. Incubation with 
testosterone causes elevated IL-12/IL-2 and decreased IL-10 levels in BD, suggest-
ing that it activates a Th1 phenotype [72].

 Conclusions

It might be too simplistic to describe BD as either an autoimmune or an auto- 
inflammatory disease. An environmental agent is possibly required to trigger the 
inflammation in BD. It might then be linked to innate immune abnormalities which 
predispose to early or more intense neutrophil and monocyte responses [73]. 
However, unlike classical auto-inflammatory disorders, an adaptive response is also 
sustained through bacterial persistence or autoantigen-activated dendritic, T or 
B cells.

CSF studies, mostly performed in p-NBD, suggest that both innate and Th1/
Th17-type adaptive immune responses are present with increased pro-inflammatory 
(IL-6, TNF-α, and IL-1) and adaptive immune cytokine elevations (IL-15, IL-33). 
However, the local specificity of this inflammatory milieu is not clearly defined 
compared to infections or autoimmune CNS disorders. Similarly, autoantibody 
responses against both local (neurofilament medium) and systemic autoantigens 
(HSPs) are present in CSF of p-NBD patients; however, whether these responses are 
pathogenic or just the result of nonspecific tissue injury is not clear as antigen- 
antibody complexes or antigen-specific T-cell responses leading to tissue damage in 
NBD tissue specimens are not demonstrated.

One important issue that needs to be explained is the highly specific brainstem 
involvement in NBD (quite different from demyelinating disorders). As BD is 
accepted to have a vasculitic component, these infiltrations are suggested to have a 
venous venulitis pattern which still needs to be explained for immune pathogenesis 
for all vascular BD manifestations. Nonspecific neutrophil/monocyte infiltrations 
are present in vasa vasorum of venous structures in vascular BD patients, but with-
out a clear immune explanation yet. Although arterial involvement similar to large- 
vessel vasculitides such as aneurysms or occlusions is also observed in BD, it is not 
intra-cranially present, excluding an arterial pathogenesis in NBD.

Clarification of all these local and systemic immune mechanisms might help to 
elucidate how both antimicrobial and immunosuppressant therapies seem to be 

G. Saruhan-Direskeneli and H. Direskeneli



29

effective in BD or NBD and might pave the way for more specific immune 
interventions.
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Autoantibodies in Neuro-Behçet Disease

Yasemin Gürsoy-Özdemir

Behçet disease (BD) is a chronic, relapsing systemic disease that is characterized by 
inflammatory reaction involving mucocutaneous, ocular, joint, vessel, nervous, and 
gastrointestinal system. It is also known as “Silk Road disease,” since its prevalence 
is very high in the Mediterranean and Asia than in Europe and the United States 
[1–4]. Turkey has the highest prevalence with 20–421/100,000  in adult 
population [1, 2].

Neuro-Behçet disease (NBD) is a subform of Behçet disease that mainly affects 
central nervous system. Both parenchymal and extra-parenchymal involvements 
were observed in patients. The most frequent and typical findings include focal 
parenchymal lesions, cerebral venous sinus thrombosis, arterial vasculitis, and 
meningo-encephalitic involvement especially affecting brain stem and extending 
from brain stem to basal structures like thalamus, hypothalamus, as well as internal 
capsule and basal ganglia [5]. In 5–15% of BD cases, neurological involvement 
occurs. Diagnosis is based on the international consensus recommendations [6], and 
there has been no laboratory diagnostic tool yet.

Although its etiology is unclear, Behçet disease is thought to be an autoinflam-
matory disease triggered by exogenous factors in genetically susceptible individuals 
[1, 4, 7–9]. Certain genotypic features like HLA-B51 allele are strongly associated 
with disease occurrence. Especially two alleles of HLA-B51, HLA- B5101 and 
HLA-B5108, have been found in close relation with BD [1, 3]. But genetic associa-
tions are not sufficient to explain the number of BD cases since HLA-B51 carriage 
rate is around 20% for genetic risk. Other than genetic susceptibility, immune mech-
anisms like innate and adaptive immunity triggered by environmental factors may 
have strong influential contribution to BD occurrence. It has been demonstrated that 
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activation of the inflammasome and downstream inflammatory pathways play 
important roles in BD [3, 10].

Although BD is considered as an autoinflammatory disease, there are observa-
tions implying autoimmune etiology as well [1, 4, 7–9]. For example, autoinflam-
matory response to endothelial cells is thought to be one of the main reactions 
leading to vasculitis and other vascular involvement especially in neuro-Behçet dis-
ease patients [11]. But, other studies have also demonstrated the presence of anti-
bodies against α-enolase on endothelial cells of Behçet disease patients. This 
enzyme is located on the surface of streptococci and hence may play a role in the 
induction of autoimmune disease caused by streptococci [12, 13].

BD has been categorized as autoinflammatory-autoimmune disorder, and several 
serologic markers have been studied up to now, and several studies have found an 
association with autoantibodies against the cellular structures that triggers 
inflammation and immune reactions like SIP-1, kinectin, intermediate filament, 
alpha tropomyosin, etc. [14–21].

In one study, Vural et al. detected antibodies against mitochondrial carrier homo-
log 1 (Mtch1) in Behçet disease patients’ serum at a ratio of 47.2%. They have also 
demonstrated that disease severity and apoptotic cell death rates were positively 
correlated with antibody’s association especially in NBD patients. They have argued 
that this finding is not a bystander side effect of auto-inflammation and possibly has 
some pathogenic function [22]. In line with this finding, antibodies against annexin 
V which is involved in apoptosis were significantly higher in BD patients compared 
to controls in another study [23]. In addition to its known role as an indicator of 
apoptosis, it could also be well thought of as a marker of disease activity. Authors 
proposed that anti-annexin antibodies could be considered as a risk for developing 
neurological manifestations in BD patients [20, 21, 23].

In another study, authors searched for anti-neuronal antibodies. They have incu-
bated neuronal culture cells with BD and NBD patients’ sera. They have detected 
the presence of autoantibodies to neuronal cell surface antigens in a proportion of 
NBD patients, greater than in BD controls (70% of NBD patients and 35% of BD 
patients’ demonstrated positivity). They have additionally observed antibodies to 
stress-induced phosphoprotein-1 (STIP-1, 30% of NBD patients studied). 
Interestingly, higher titers of anti-STIP antibodies were detected at NBD patients’ 
sera having parenchymal lesions [24]. Although the results are novel and interest-
ing, authors recommended more detailed investigations, since STIP-1 antibodies 
have also been determined in ovarian cancer and rheumatoid arthritis patients 
[25, 26].

Distinct geographical representation of BD may be a clue for etiopathogenesis, 
and this distribution is proposed as an evidence for a genetic etiology [1–5]. On the 
other hand, this regional distribution may be an indication of the role of environmental 
factors, especially infections that had spread along this famous silk route. Hence, 
triggers of bacterial (mainly Streptococcus sanguinis) [27] or viral (mainly herpes 
simplex virus 1) [28] origin have long been considered in the pathogenesis of BD.

Bacterial etiology is also proposed as a possible mechanism for the BD patho-
physiology [29]. Several studies have demonstrated that the ratio of S. sanguinis in 
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the oral flora of BD is high compared to healthy controls [30, 31]. Interestingly, 
when T lymphocytes of BD patients are incubated with several bacteria, there was 
a general hyperactivity of BD patients’ T lymphocytes against bacterial antigens 
and not only to S. sanguinis.

Cross immunopathology is supported by a mouse model  showing  symptoms 
similar to BD via inoculation of mice with BD serum. Especially, Streptococcus 
sanguinis and other bacteria found in oral mucosa of BD patients are thought to be 
involved in this process via acting through the activation of heat shock and/or 
mechanical stress pathways [32]. Similarly, Streptococcus sanguinis was detected 
and grown in 58% of pustules in BD patients. On the other hand, only in 29% of 
pustules from acne vulgaris patients have contained S. sanguinis supporting the idea 
of bacterial involvement in BD pathogenesis [30].

Viral etiology is also proposed. First claim about viral etiology came from Hulusi 
Behçet. In 1937, he had observations of intracellular inclusion-like forms in smears 
from the hypopyon of the anterior chamber and from oral ulcers suggesting a viral 
etiology to BD [33]. A significant number of studies tried to correlate viral etiology 
with BD, especially herpes simplex virus-1 [34–37]. Later on with the development 
of novel techniques for viral detection, researchers re-examined for a viral etiology. 
Herpes simplex virus type 1 (HSV-1) DNA and RNA were detected in peripheral 
blood mononuclear cells of BD patients, especially patients with eye and joint 
involvement [35–37]. In addition to these observations, an animal model was 
developed by injecting mice with HSV [38]. These induced mucocutaneous 
symptoms include oral, genital, and skin ulcers; eye symptoms like uveitis, 
iridocyclitis, conjunctivitis, and hypopyon; gastrointestinal ulcers; arthritis; and 
skin crusting. However, unresponsiveness to antiviral agents and conflicting results 
with other viral etiologies diminish its direct role in disease pathophysiology [39].

Supporting bacterial and viral etiology, IgA antibodies to mycobacterial 65-kDa 
HSP, which is very similar to human 60-kDa HSP, were detected in high amounts in 
BD patients’ sera when compared to controls [30, 40, 41].

Both bacterial and viral etiologies may be affecting the immune system through 
heat shock proteins (HSP). Bacterial HSP65 is actually very similar to human 
HSP60. This similarity may be causing cross-reactivity and induction of immune 
system, especially activation and proliferation of T lymphocytes in BD. Due to this 
resemblance, heat shock proteins are claimed as one of the main mechanisms for 
autoimmunity reactions [41, 42].

In line with the above-mentioned knowledge and data, it can be speculated that 
the association of infections with various autoimmune and inflammatory conditions 
points out to an altered immune response to infections in BD patients rather than 
active infection itself. Additionally, medical history of BD patients demonstrates 
chronic infection focuses like tonsillitis and dental caries when compared to healthy 
controls [30]. Hence, Streptococcus sanguinis is found as one of the main 
components of oral mucosa in BD patients. Additionally, serum antibody titers to 
S. sanguinis strains 113–20, 114–23, and 118–1 were also found in high amounts in 
BD patients when compared to healthy controls [30].
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Although these studies point to viral or bacterial etiology, there is no direct path-
way demonstrated especially for autoantigen studies. As we discussed, several auto-
antigens were detected in BD patients’ sera, but none of the above-mentioned 
possible antibodies has been reported to have a high prevalence or share a common 
epitope with bacterial antigens like HSP65.

To find an association with HSP65, our group designed a delicate study for a 
novel autoantigen detection in BD sera. The presence of possible antibody was 
demonstrated by incubating mouse tissue sections with patient sera [10]. This 
method is used previously to detect possible autoantigens in other neurological 
diseases. One example is the detection of autoantibodies against aquaporin-4 
channels in neuromyelitis optica.

Sera from 34 BD patients (14 with neurological involvement) were studied as 
well as those from patients with other neurological diseases like multiple sclerosis, 
neuromyelitis optica, and systemic lupus erythematosus. Mouse brain, eye, scrotal 
skin sections, and human hippocampal brain sections as well as primary neuron 
cultures were incubated with patient’s sera and labelled indirectly with fluorescent- 
conjugated (FITC) goat anti-human IgG antibody. In all tissue sections, especially 
brain sections, fine filamentous immunolabelings were observed. These 
immunolabelings were mostly parenchymal, but some vascular involvements were 
also detected. Vascular involvement in all tissues was perivascular (labelling around 
vessels), and it was strongly associated with vascular neural innervations. These 
filamentous labeling by patient sera was highly co-localized with immunolabeling 
obtained by a commercially available anti-neurofilament-medium (NF-M) antibody 
that specifically labels NF-M protein (Fig.  1). Green labelled colon in A on the 
figure is NF-M staining of tissues, and red labelled colon is labelling of same tissues 
with patients’ sera. It can be easily seen that both labelling resides on same areas. 
As the NF-M peptide is also expressed in peripheral axons within several tissues 
other than the CNS, immunoreactivity against filamentous neuronal processes was 
detected in retina and scrotal skin in majority of BD patients. This labelling may be 
a strong evidence for BD systemic involvements through NF-M.  Additionally, 
labelling of perivascular nerves in all tissues examined may implicate that the 
antibodies to NF-M may be playing a role in vascular involvement as well.

All of these data were confirmed with incubation of BD patients’ sera with 
human brain tissues and primary neuron cultures. To further analyze the structure of 
antibodies in BD patients’ sera, we have incubated highly reactive sera with mouse 
brain tissue homogenates and western blot analyses were done. Positive bands that 
are not detected in control sera were analyzed by using matrix-assisted laser 
desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS) and 
peptide mass fingerprinting (PMF). From this analysis, 37 target proteins are 
detected. Among these proteins, only NF-M, a neurofilament expressed in neuronal 
processes, was compatible with the filamentous neuropil staining observed with 
patient sera.

To make a correlation and cross reactivity against HSP65, we have further 
searched for epitope regions of Streptococcus sanguinis BD113–20 strain by 
Immune Epitope Database (IED).
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Since there are lot of studies implying the association of HSPs with BD, we have 
found seven different epitopes of HSP65 as an antigen from IED. Interestingly, the 
8th–18th amino acids (TGEWVNMIEEGIIDPVKV) of one of the antigen sequences 
demonstrated 45% identity with the 674–682nd amino acids of human NF-M 
(P07197) protein sequence as well as 55% identity with the 495–505th amino acids 
of M. tuberculosis HSP65 (P9WPE7) protein sequence. This homology may be the 
leading autoreactivity induced by bacterial HSPs and causing NF-M as target for 
immunological reactions.

Although these results point to an autoimmune etiology, it is evident that Behçet 
disease is a multifactorial disease. Further studies are granted to explain the 
pathophysiology and reactions against possible antibodies. If there will be strong 
indication for autoantibody as causative pathophysiology, then new and novel 
therapeutics can be developed.
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 Introduction

Behçet’s disease (BD) is an episodic, inflammatory, vascular disorder distinctively 
characterized by recurrent uveitis, aphthae, genital ulcerations, and skin and eye 
lesions. It may affect multiple systems in the body including vascular, musculoskel-
etal, gastrointestinal, ocular, and nervous systems (neuro-Behçet disease) [1–3]. 
Inflammation, environmental factors, viral and bacterial infections, and genetics 
have been proposed as major etiological factors leading to BD onset.

Animal models have been developed in order to gain better understanding of BD 
etiopathogenesis and progression as well as to test new therapeutic approaches 
which cannot be applied on human subjects. Although the complex nature of the 
disease makes the ideal experimental design harder to achieve, recent animal studies 
have shown similar disease pathology, symptoms, and treatment response to BD [4]. 
These animal models might be classified as infection-induced, genetic, immuno-
logical, and environmental models depending on the causative etiology. This part 
will focus on these experimental animal designs of BD in the light of recent 
literature.
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 Infection-Induced Models

 Herpes Simplex Virus-Induced Model

Since the first description of BD by Hulusi Behçet in the early twentieth century, 
viral infection has been hypothesized as one of the putative etiological aspects of the 
disease. By providing evidence of research throughout the years, diverse kinds of 
viruses in varied BD cases have been detected. In those studies, human herpesvirus 
types 6 and 7, herpes simplex virus (HSV), human immunodeficiency virus, hepati-
tis virus, cytomegalovirus, varicella zoster virus, parvovirus B19, and Epstein-Barr 
virus have been isolated from bodily fluids or tissues of different BD patients [5]. 
For instance, the virus from hypopyon fluid, which was first doubted but could not 
be named by Hulusi Behçet himself, has been primarily isolated from BD patients 
and transfused to the central nervous system of the mice, the guinea pigs, and the 
rabbits by Sezer in 1953. As a result of that inoculation, symptoms like encephalitis 
and thrombophlebitis (mostly in the mice), roughened coat, immobilization or 
hyperactivity, convulsions, tremor, and eye lesions (especially in the rabbits) have 
been observed [6, 7]. Interestingly, the histopathologic signs of neurodegeneration 
related to BD on mice have also shown as glial nodules [6]. In 1969, another team 
from Istanbul has induced meningoencephalitis and NBD-like symptoms, caused 
by inoculating the cerebrospinal fluid (CSF) of an NBD patient into mice [8].

Many other researchers have tried to detect the genetic material of herpes sim-
plex virus generally in the peripheral blood mononuclear cells (PBMC) of the BD 
patients and focused on the relationship between HSV and the occurrence of differ-
ent BD symptomatology [9–13]. On the grounds of those studies, among all viral 
infectious models, herpes simplex virus (HSV) model has become the most reliable 
method to induce BD in experimental animals [14]. Initially, it has been observed 
by Sohn et al. that HSV-immunized mice had manifestations resembling BD such as 
eye lesions and genital and oral ulcerations [15]. Neurological involvement has also 
been detected in subsequently developed HSV-induced models [16].

Furthermore, as noted by Baharav et al. [4], ICR (Institute of Cancer Research) 
strain mice are frequently preferred in viral infectious animal designs of BD.  In 
addition, the clinical manifestations of BD could be induced in 40–50% of C57BL/6, 
B10.RIII, and B10.BR, whereas only in 2% of BALB/c and C3H/He strains [4, 17].

Even though the mortality rate has been high, HSV-induced model has been vali-
dated in terms of reliability and constancy of mimicking BD-like symptoms and 
histopathological and immunological features of the disease after inoculation as 
well as generating therapeutic response similar to BD patients [5, 14]. However, the 
available evidence suggests that anti-herpesvirus treatment has remained ineffective 
for BD. Therefore, HSV infection has been considered not as a direct cause of the 
disease but as a secondary factor triggering inflammatory dysregulation due to 
immune response to a viral antigen [4]. The ample support for the immunopatho-
logical premise has been provided by disparate therapeutic studies.
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 Streptococcal Infection Model

In addition to viral infection, bacterial infection has also been suggested to be one 
of the etiological factors behind BD. Especially the role of oral hygiene in BD 
symptoms has been debated. Streptococcus genus bacteria have been found signifi-
cantly higher in oral bacterial flora of BD patients. In bacterial infectious animal 
models, the different kinds of Streptococcus genus bacteria (Streptococcus faecalis, 
Streptococcus pyogenes, Streptococcus sanguinis, Streptococcus salivarius) have 
been isolated from BD patients and injected into the experimental animals. As a 
consequence of that model, septic shock, short-term uveitis, and acute multisys-
temic inflammatory reactions have been observed [18]. The most prominent indica-
tion provided by that model has been the eye involvement.

Moreover, lipoteichoic acid (LTA), which is a streptococcal antigen found in the 
oral flora of BD patients, has also been suggested as an animal model for BD 
depending on LTA antibodies’ impact on pro-inflammatory IL-8 cytokine level in 
rats [19]. Nevertheless, bacterial infectious models have never been a prevailing 
technique in BD [4].

 Genetic Models

The current literature on BD pays particular attention to its genetic etiology and the 
determining role of human leukocyte antigen (HLA)-B51 in BD susceptibility. With 
this in mind, preliminary work on transgenic animal model of BD has been under-
taken by Takeno et al. in 1995. Once the HLA-B51 gene has been inserted into C3H/
He mice, the rate of peripheral blood neutrocyte activation and superoxide produc-
tion has gone up. Surprisingly, none of the BD symptoms could have been devel-
oped in that model [20]. Although the results of transgenic model have not supported 
the dominant predisposing function of HLA-B51 in BD, that discrepancy could be 
attributed to insufficiency of HLA-B51 to induce BD-like manifestations or the pos-
sibly counteractive lineage of the mice [4, 17, 20]. Hence, it has also been conceiv-
ably hypothesized by Mizuki et al. that MHC class I polypeptide-related sequence 
A (MICA) could have been a new predisposing gene associated with BD more than 
HLA-B51 [21].

Animal Models of Behçet’s Disease
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 Immunological Models

 Heat Shock Protein Model

Heat shock proteins (HSP) are molecular chaperons regulating immune functions 
under stress condition. As efficacious activators of innate immune system, HSP are 
responsible for pro-inflammatory cytokine production, maintaining Th1/Th2 bal-
ance and inducing CD4+/CD8+ cell responses [22]. In BD, human HSP60 and bac-
terial HSP65 have been found to play a role in increased B and T cell responses [7, 
22]. When HSP-derived peptide is orally or subcutaneously administered to rats, 
clinical symptoms of BD with the inclusion of uveitis, recurrent oral aphthae, 
thrombosis, and neurological manifestations have been observed [4, 22]. CD8+ 
cells have appeared to intercept, while CD4+ cells have interceded uveitis in HSP 
model. Moreover, the CD24+ and CD25+ T cells prevent harmful immune response 
and autoimmunity. The transfusion of CD4+ CD25+ T cells has modified the levels 
of interleukin (IL)-10, IL-6, and IL-17 and ameliorated the BD-mimicking symp-
toms in mice [23]. On these grounds, HSP model could be evaluated as an autoim-
mune model for BD [4, 24].

 Anti-neuronal Antibody Model

Recently, anti-neuronal antibodies have been thought of as a key factor especially in 
NBD cases [25]. Based on that premise, Sprague-Dawley rats have been immunized 
with anti-neuronal immunoglobulin G (IgG) isolated from NBD patients’ sera. The 
most striking result of the experiment has been diminished locomotor activity in the 
open field test. The reason why motor symptoms occurred has been debated to be 
stemming from the neurodegenerative function of neuropil antibodies expressed by 
corticospinal tract fibers [26]. That model has been the first to show NBD-like mani-
festations by anti-neuronal antibody inducement in an experimental animal design.

 Tropomyosin Model

Tropomyosin, a protein regulating actin filaments and contraction of muscle cells, 
has been shown to be another agent for autoimmune BD model. Several studies 
have revealed that when inoculated with alpha-tropomyosin (TPM), Lewis rats have 
begun to suffer from uveitis, arthritis, and other commmon indications of BD [27]. 
It seems probable that these symptoms are due to the auto-antigen role of alpha- 
TPM accompanied by Th1 cytokine profile and increased levels of tumor necrosis 
factor-alpha (TNF-alpha) [4, 27].
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 Retinal S-Antigen Model

One of the most acknowledged proteins for retinal vasculitis and autoimmune uve-
itis of BD has been known as retinal S-Antigen (S-Ag) located in the rod, photore-
ceptor area of the eye. Immunized rats with S-Ag have been reported to develop 
uveitis through increased CD8+ activation. Because of the fact that S-Ag induction 
has caused only inflammatory eye disease, this model might be classified as an 
organ-specific autoimmune BD model [4, 28].

 Environmental Models

The Pitman-Moore miniature swine model has been the historically first described 
animal model of BD. The basis of this model has been to expose experimental ani-
mals to environmental pollutants (inorganic copper, organophosphate, and organic 
chloride) for an extended period. As a result of this exposure, BD-like manifesta-
tions such as oral aphthae, genital ulcerations, and folliculitis have been induced 
[14]. Although Pitman-Moore miniature pig model has created highly similar 
BD-mimicking symptoms, it has never been a preferable practice due to the diffi-
culty of generating the model and the longer time needed (4–10 months) to begin 
seeing the symptoms. Notwithstanding the limitations of that model, it has been an 
enlightening method to become aware of the environmental substances’ crucial role 
in immunological regulation [4].

 Therapeutic Studies of BD Animal Models

In the past two decades, the therapeutics including colchicine, azathioprine, thalido-
mide, cyclosporin, aciclovir, gemcitabine, vitamin D3, and many others have been 
tested mostly on HSV-induced BD animal models [5]. For example, while famciclo-
vir administration in HSV-induced mice model has improved oral, genital, and eye 
lesions and lowered mortality rate with accompanied decreased level of IL-2, tha-
lidomide treatment improved mucocutaneous symptoms by upregulating FasR, per-
forin, and MIP-1a and downregulating TNF-alpha [16, 29]. BD-like symptoms have 
also been reduced when TNF-alpha expression has been decreased by small inter-
fering RNAs (siRNAs) [30]. Besides, pentoxifylline or colchicine has caused the 
fall of microRNA-21 (miRNA-21) level associated with HSV-induced inflammation 
and healed the clinical signs of BD in mice [31]. On the other hand, polycytidylic 
acid (poly I:C), as an immunostimulant, has been reported to improve BD-like 
symptoms in HSV-infected mice by upregulating IL-15R-alpha+ and memory T 
cells while downregulating IL-17A [32].
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In another study, BD-resembling clinical manifestations have been ameliorated 
by the downregulation of Toll-like receptor 2 (TLR2) and Toll-like receptor 4 
(TLR4) expression [33]. Further, galectin-9 (Gal-9), the ligand of T cell immuno-
globulin and mucin domain-containing molecule 3 (TIM-3), has mended inflamma-
tion in HSV-infectious BD model [34]. Additionally, TIM-1 vector  and  TIM-4 
siRNA treatments have upregulated regulatory T cells as well as derogated symp-
tom severity in BD mice [35]. All in all, a growing body of literature has shown that 
BD animal models would help us investigate not only the effectiveness of therapeu-
tic treatments, and the improvement in clinical symptomatology but also dis-
cover new immunopathological mechanisms of the disease.

 Conclusion

Collectively, these infection-induced, genetic, immunological, and environmental 
models provide BD etiopathogenesis with precious insights. However, among all 
experimental animal designs, HSV-induced model has been the most reliable and 
widely used one in terms of producing highly similar multisystemic BD character-
istics [14]. The conclusion can be drawn from all BD animal designs that viral 
infection model has been more determinative to stimulate BD-like manifestations, 
especially in mice, compared to genetic susceptibility models. Since, what we know 
about genetic BD animal models has been greatly based upon HLA-B51; 
MICA model of BD might be developed as an alternative promising animal model 
of the disease. Also, these models should be tested on divergent mice strains includ-
ing B10.BR, B10.RIII, and C57BL/6 in the future [17]. Likewise, the potentiality of 
TPM model as a convenient autoimmune BD animal design due to its significance 
in both innate and adaptive immune systems needs further evaluation [4].

Above all, the generalizability of all these models into NBD has been the major 
limitation. Apart from early viral and bacterial infectious models, a few exceptional 
HSP-derived BD models, and recent anti-neuronal antibody model of NBD, neuro-
logical involvement and NBD-like symptoms are quite arduous to induce in experi-
mental animals [6, 8, 16, 18, 22, 26]. Further NBD animal studies are required so as 
to clarify the exact etiology of neurological manifestations in BD and to advance 
novel efficient therapeutic approaches for both BD and NBD in the future.
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Pathology

Gökçen Ünverengil

Behçet’s disease (BD) is a chronic relapsing inflammatory disease that affects many 
organs. Its major pathologic feature is vasculitis. Neurological involvement in 
Behçet’s disease is relatively rare. Berlin reported the first autopsy case of BD 
involving the central nervous system (CNS) [1]. Almost all known entities about 
neuro-Behçet’s disease (NBD) are based on reports of autopsy cases.

There are two main pathologic subtypes of NBD. The most common form is 
parenchymal NBD, and the second form is non-parenchymal NBD, which is also 
called as neuro-vasculo-BD. Occurrence of these two forms in the same individual 
is so rare [2, 3].

 Parenchymal NBD

Parenchymal involvement is believed to be due to inflammatory small vessel disease 
and is mainly seen at the brain stem, diencephalon, and basal ganglia. Spinal cord, 
hemispheric, cerebellar, or meningeal involvement may also be seen [4–8]. It may 
present as acute disease or may have a chronic progressive form.

Macroscopical Findings.
The gross pathological change in chronic NBD is the atrophy of the brain stem 

with formation of cystic lesions. Especially the cerebral peduncles and the basis 
pontis are usually atrophic. Atrophy of the spinal cord and the discolorations of the 
pyramidal tracts and fasciculus gracilis have also been reported. Fibrous thickening 
of the meninges may be seen [1, 5, 8–11]. There can be cerebral atrophy with mild 
or prominent enlargement of ventricles [12], but brain stem atrophy in the absence 
of cortical atrophy is rather specific for NBD [13]. At the cut surface, there may be 
small softening areas and necrotic foci [1, 4–6, 11, 14].

Intracranial hemorrhage [15] and pseudotumoral presentation [16–18] may be 
seen rarely.
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 Histological Findings

Histopathologically, BD has no pathognomonic features. It has been considered that 
CNS lesions in BD are caused by vasculitis with venous predominance [6, 14]. 
However, since the lesions do not usually have features of fibrinoid necrosis or infil-
tration of inflammatory cells in the vessel walls, it is indicated to be a perivasculitis 
rather than a true vasculitis [8, 9, 19]. However, fibrinoid necrosis was also reported 
to be observed in a few studies [6, 20].

Morphological findings in the acute phase lesions are characterized by infiltra-
tion of lymphocytes and monocytes around small vessels with or without necrosis. 
Polymorphonuclear leukocytes and rarely eosinophils may be seen in the paren-
chyma [5, 8, 21–24]. Immunohistochemical studies have shown that the mononu-
clear cell population consists of predominantly T lymphocytes and histiocytes and 
there were a few B lymphocytes [21, 22]. In chronic progressive lesions, similar 
histopathological changes were noted, although the degree of mononuclear cell 
infiltration was modest. There were also scattered foci of neurons undergoing apop-
tosis with formation of a few binucleated neurons both in acute and chronic NBD. It 
is suggested that soluble factors produced by infiltrating cells, including IL-6, might 
play a role in the induction of apoptosis of neurons in NBD. In late stages, demye-
lination and gliosis are the predominant histopathologic features and small inflam-
matory attacks thought to take place during the remission phase [6, 21].

Perivascular sudanophilic foam-cell infiltration has been described as one of the 
characteristic features of NBD [14]. Hirohata showed that these foam-cells were 
immunohistochemically CD68 positive, so they may be activated macrophages, 
which phagocyte the damaged white matters (myelin) [21].

The histological changes may also be seen in the optic nerves [7, 23].

 Non-parenchymal NBD

Non-parenchymal involvement of NBD is mostly seen as a venous pathology [23] 
which includes dural sinus thrombosis, arterial occlusion, and arterial aneurysms 
[25]. The superior sagittal sinus is the most common site of thrombosis, followed by 
the transverse sinuses, deep cerebral veins, and cavernous sinuses. Arterial involve-
ment is a rare cause of neurovasculo-BD which can present as stenosis, aneurysm 
formation, or dissection of the cerebral arteries. These pathologies may cause intra-
cerebral and/or subarachnoid hemorrhage [23].

 Peripheral Nervous System Involvement

Peripheral nervous system involvement is relatively rare in BD [3, 23]. 
Histopathologically, lymphocytic infiltration within the nerve bundles and nerve 
infarction, axonal degeneration and regeneration, or Wallerian degeneration may be 
seen [23, 26, 27] (Fig. 1).
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Fig. 1 (a) Mononuclear infiltration around a medium-sized vein in the brain parenchyma. There 
is no fibrinoid necrosis, thrombosis, or infiltration of the vessel wall. There are foam cells around 
the vessel wall and in the brain parenchyma (HE×200). (b, c) The infiltration consists of mostly 
CD45RO-positive T lymphocytes (b), and there are very few CD20-positive B lymphocytes (c) 
(×200). (d) Foam cells are immunohistochemically positive for CD68 (×200)
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Fig. 1 (continued)
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Behçet’s Disease: Clinical Features

Fatma Alibaz-Oner and Haner Direskeneli

 Introduction

Behçet’s disease (BD) is a chronic, multisystemic, inflammatory disease character-
ized by recurrent attacks of mucocutaneous, ocular, musculoskeletal, vascular, cen-
tral nervous system (CNS), and gastrointestinal (GI) manifestations. The disease 
was first described by Hulusi Behçet, a Turkish dermatologist, as a triple complex 
with oral, genital ulcers and hypopyon uveitis in 1937 [1]. BD has a disease course 
with remission and relapses; complete remission is observed in at least 60% of the 
patients at 20 years [2] (Table 1).

The course of BD is more severe in males and in patients having a young disease 
onset (<25 years old) [3, 4]. The disease most frequently starts in the second and 
third decades of life. The disease onset can be in pediatric ages, but onset after 
50 years is very rare [5–7]. Some of the manifestations of BD also show regional 
differences. Gastrointestinal findings are common in Japanese and Korean patients, 
but rather infrequent in patients from Turkey and the Middle East. In contrast, vas-
cular disease is rare in East Asia. Pathergy test, the nonspecific hypersensitivity of 
the skin to a needle prick, is less commonly positive in North European and North 
American Caucasian patients [8].
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 Clinical Features

 Mucocutaneous Involvement

 Recurrent Aphthous Ulcers

Recurrent aphthous (oral) ulcers are seen in 95–97% of patients and are usually the 
first disease manifestation of BD, preceding the diagnosis by an average of 
6–7 years. They often present as painful, erythematous, circular, and slightly raised 
areas evolving into oval or round ulcers within 48 h (Fig. 1). Oral ulcers are fre-
quently observed on the mucous membranes of the lips, gingiva, cheeks, and tongue, 
perhaps more posteriorly than ordinary aphthae. They usually heal in about 
10–15 days without scarring [9–12]. In a long-term routine follow-up, oral aphthous 
ulcers were observed to be the main cause of ongoing clinical activity [13].

 Genital Ulcers

Genital ulcers (GU) are another major manifestations of BD. They are also the most 
specific (95%) mucocutaneous sign of BD [14]. The frequency of genital ulcers 
changes between 50 and 85%. They are usually located in the scrotum in males and 
in the major and minor labiae in females (Fig. 2). GU usually begin as papules or 

Table 1 International criteria for classification of Behçet’s disease

Recurrent oral ulceration
  Minor aphthous, major aphthous, or herpetiform ulceration observed by a physician or 

reported reliably by a patient
  Recurrent at least three times in one 12-month period

Plus 2 of:
Recurrent genital ulceration
  Recurrent genital aphthous ulceration or scarring, especially males, observed by a physician 

or reported reliably by a patient

Eye lesions
  Anterior uveitis
  Posterior uveitis
  Cells in vitreous on slit lamp examination or retinal vasculitis observed by a qualified 

physician

Skin lesions
  Erythema nodosum-like lesions observed by a physician or reported reliably by a patient
  Pseudo-folliculitis
  Papulopustular lesions or acneiform nodules consistent with BD

Positive pathergy test
  An erythematous papule,>2 mm, at the prick site after the application of a sterile needle, 

20–22 gauge, which obliquely penetrated avascular skin to a depth of 5 m; read by a 
physician at 48 h

Note: Findings are applicable if no other clinical explanation is present
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pustules that ulcerate after a short time [14–17]. GU usually heal in 10–30 days if 
they are not secondarily infected and leave scars in about 60% of the patients [18].

 Cutaneous Lesions

Other types of cutaneous lesions in BD can be grouped into three categories [19]:

 1. Erythema nodosum (EN)-like lesions and superficial thrombophlebitis
 2. Papulopustular and acneiform lesions
 3. Other lesions such as skin ulcers and Sweet syndrome

Erythema nodosum-like lesions are red, tender, erythematous non-ulcerating 
nodules which are frequently located on the legs and generally resolve with pigmen-
tation [14–16]. EN-like lesions are observed in approximately 50% of BD patients 
and are more frequently present in females [20]. Superficial thrombophlebitis (ST) 
is the most common type of venous involvement [21], and it can be difficult to 

Fig. 1 Oral ulcers in 
Behcet’s disease. (Courtesy 
of Prof. Dr. Tulin Ergun)

Fig. 2 Genital ulcer in 
Behcet’s disease. (Courtesy 
of Prof. Dr. Tulin Ergun)
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differentiate ST and EN in some cases. It presents as palpable, painful subcutaneous 
nodules which are string-like hardenings with reddening of the overlying skin [22].

Papulopustular lesions are frequently indistinguishable from ordinary acne. They 
are seen at usual acne sites such as face, upper chest, and back and additionally on 
the legs and arms [23] (Fig. 3). Other cutaneous lesions such as skin ulcers and 
Sweet syndrome can also be observed in BD.

 Pathergy Reaction

Pathergy test is a nonspecific hyperreactivity in response to minor trauma in the skin 
and is quite specific for BD. It is usually used as a diagnostic test and is performed 
by inserting a 20–22-gauge needle into the dermis of the forearm of the patient 
(Fig.  4a). The presence of a papule or pustule at 48  h is considered positive 
(Fig. 4b) [24].

 Eye Involvement

Eye involvement is one of the main causes of morbidity in BD. It is observed in up 
to 50% of patients. Generally, a chronic, relapsing, bilateral uveitis is present. 
Ocular inflammation is commonly panuveitis and retinitis. However, some patients 
can present with an isolated anterior uveitis. Retinal lesions consist of exudates, 
hemorrhages, papilledema, and macular disease. Post-inflammatory changes such 
as synechia and retinal scars are important determinants of prognosis in eye 

Fig. 3 Papulo-pustuler 
lesions in Behcet’s disease. 
(Courtesy of Prof. Dr. 
Tulin Ergun)
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involvement [8]. In the 20-year Cerrahpaşa Outcome Survey, eye involvement was 
bilateral in 80% of the males and 64% of females at the first visit. At the end of 
20 years of follow-up, 87% of males and 71% of females had bilateral eye dis-
ease [2].

 Musculoskeletal Disease

Arthritis or arthralgia is seen in about 50% of patients with BD. It is usually mani-
fested as a non-deforming, non-erosive peripheral oligoarthritis in decreasing order 
of the knees, ankles, hands, and wrists. It usually resolves in a couple of days to 
weeks [25]. Sacroiliitis is not a prominent part of the clinical picture, but the coex-
istence of acne, arthritis, and enthesopathies suggests that at least a subgroup of 
patients have reactive arthritis-like features [20].

 Vascular Involvement

Vasculitis is a main pathological finding in BD. Vessels of all sizes can be involved, 
both in the arterial and venous systems [26, 27]. Major vessel involvement consists 
of arterial occlusion, arterial aneurysms, and major vein occlusions (Fig. 5). Vascular 
involvement is seen in up to 40% of the patients with BD, especially in young 
males, and is one of the major causes of mortality and morbidity. Venous involve-
ment (80%) is reported to be more common than arterial disease [10]. Lower 
extremity vein thrombosis is the most frequent form of vascular involvement [2] 
(Fig. 6). Although venous thrombosis is seen primarily in the lower extremities, it 
may affect many different sites including inferior and superior vena cava, pulmo-
nary artery, suprahepatic vessels, and cardiac cavities. Up to 17% of the mortality in 

Fig. 4 (a, b) Pathergy test. (Courtesy of Prof. Dr. Tulin Ergun)
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BD is reported to be associated with venous involvement such as pulmonary embo-
lism or Budd-Chiari syndrome [28]. There have been sporadic reports of valvular 
lesions, myocarditis, coronary vasculitis, ventricular aneurysms, and intracavitary 
thrombus formation, but overall cardiac involvement is uncommon in BD.

Fig. 5 A pseudoaneurysm 
in right superficial femoral 
artery in BD

Fig. 6 Lower extremity venous insufficiency and ulcers. (Courtesy of Prof. Dr. Tulin Ergun)
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 Gastrointestinal Involvement

Gastrointestinal involvement is seen in one-third of BD patients in Japan and Korea 
but is rare in Mediterranean countries (<5%). It is characterized by mucosal ulcer-
ations primarily in the terminal ileum and the cecum. The main symptoms are vom-
iting, abdominal pain, and diarrhea. A mass is often palpable in the abdomen during 
exacerbations, and ileocecal perforations may rarely occur. It is sometimes difficult 
to distinguish the findings of gastrointestinal BD from those of Crohn’s disease 
[29]. Younger age at diagnosis is associated with a more severe disease course and 
a poorer prognosis [14].

 Other Clinical Findings

Renal involvement such as glomerulonephritis is rarely reported as sporadic cases 
in BD. AA-type amyloidosis can occasionally be seen [15] As a cause of testicular 
pain, epididymitis can be observed in male patients [16]. A recent study from Turkey 
also reported increased incidence of varicocele in Behçet’s disease [17].
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Neuro-Behçet Syndrome: Differential 
Diagnosis

Ugur Uygunoglu and Aksel Siva

Given that Behçet syndrome (BS) shares features with both autoinflammatory and 
autoimmune diseases, both groups of diseases affecting the central nervous system 
remain in the differential diagnosis of parenchymal neuro-Behçet syndrome 
(p-NBS).

However, the unique magnetic resonance imaging (MRI) pattern of p-NBS facil-
itates the diagnosis of p-NBS, particularly in regions where p-NBS is prevalent [1]. 
The prevalence of BS in Western countries has increased with immigration from 
countries where BS is prevalent; this has raised awareness of p-NBS. The differential 
diagnosis of BS is an important topic in these countries. Although the differential 
diagnosis of p-NBS includes many central nervous system diseases, this chapter 
addresses the most common diseases that might be confused with p-NBS [2]. These 
diseases are summarized in Table 1.

Four major features are used to differentiate p-NBS from other central nervous 
system diseases: clinical features, cerebrospinal fluid findings, pathological findings, 
and MRI patterns. As the clinical features of p-NBS were discussed in the previous 
section, they are not included in this chapter.

 Differentiation of p-NBS from Other Mimickers by 
MRI Patterns

Cranial MRI and magnetic resonance venography (MRV) are of utmost importance 
for the diagnosis of NBS and for differentiating it from the other disorders mimicking 
NBS patterns in MRI. Although venous infarcts may occur rarely in cerebral venous 
sinus thrombosis (CVST), telencephalic lesions may happen due to venous infarcts. 
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In p-NBS, cranial MRI shows an almost stereotypical lesions involving the brain-
stem, mainly the midbrain and upper pons, and extending to the diencephalon and 
basal ganglia, as well as a caudal extension in some. The lesions are hyperintense on 
T2 images and hypo-/iso-hypointense on T1 images; usually, there is a much smaller 
area of enhancement, and occasionally, small hemorrhages can be seen within the 
lesions. After steroid treatment, the lesions regress to punctate T2 hyperintense 
areas and brainstem atrophy develops [1].

When there is spinal cord involvement, it may tend to be longitudinally extensive 
[3, 4]. Although the long lesions are similar to those seen in patients with 
neuromyelitis optica spectrum disorder (NMOSD), BS patients do not fulfill the 
clinical criteria for NMOSD, and to the best of our knowledge, none of the BS 
patients with myelopathy have been reported as positive for the anti-aquaporin 4 
antibody. Regarding the spinal cord involvement in BS, we described two distinct 
MRI patterns according to T2-weighted axial images: (a) “bagel sign” pattern, a 
central lesion with hypointense core and hyperintense rim with or without contrast 
enhancement, and (b) “motor neuron” pattern, a symmetric involvement of the 
anterior horn cells [5].

When considering the parenchymal distribution of lesions in NBS, lesions seem 
to support the hypothesis of small vessel vasculitis, mainly venular involvement. 
The known anatomic arrangement of CNS intra-axial veins explains the predominant 
involvement of the brainstem structures. This pattern of lesion distribution might 
help to differentiate NBS from other vasculitis as well as from the inflammatory- 
demyelinating diseases of the CNS, such as multiple sclerosis (MS) [1, 5, 6].

Table 1 The differential 
diagnosis of intra-axial 
(CNS) neuro-Behçet’s 
syndrome

Primary neurologic disorders

  Multiple sclerosis
  Stroke in young adults
  CNS vasculitis
  Neuro-sarcoidosis
  CNS tuberculosis
  Brainstem glioma
  High-grade astrocytoma
  Primary CNS lymphoma
Systemic disease with neurologic 
involvement

  Secondary CNS vasculitis
  Vogt-Koyanagi-Harada syndrome
  Reiter syndrome
  Eales’ disease
  Cogan’s syndrome
  Susac syndrome
  Neuro-Sweet syndrome

Modified from Siva and Saip [2]
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Rarely, instead of the typical brainstem-diencephalic lesion/s, atypical patterns 
and involvement at other parenchymal sites may occur (Fig. 1) [7].

According to MRI features, we recently described four patterns:

 1. Bilateral cortical-subcortical lesions
 2. Hemispheric tumefactive lesions
 3. Regional or global atrophy
 4. Area postrema involvement

As the treatment options differ, NBS diagnosis should be carefully done in 
patients whose MRIs show lesions other than brainstem-diencephalon. In our clini-
cal experience, we see many patients without any significant neurological complaint 
suggestive of NBS and fulfilling the BS criteria with an MRI showing bilateral 
cortical-subcortical lesions similar to lesions seen in MS. However, from the clini-
cal point of view, MS is more common in women, whereas NBS is seen frequently 
in men, and optic neuritis, sensory symptoms, and spinal cord involvement, which 
are common in MS, are rarely seen in NBS. Nevertheless, in some cases, the clinical 
presentation of NBS may be confused with MS, but the neuroimaging (MRI) find-
ings are clearly different. Together with the clinical differences and MRI features, 
NBS lesions could easily be differentiated from MS. Below are the main differences 
of MS lesions from NBS lesions [6].

 1. The posterior fossa lesions of MS are small and discrete, whereas p-NBS brain-
stem lesions are large and diffuse, may have mass effect, and extend toward the 
diencephalic, thalamic, and basal ganglia regions and only rarely to the optic 
nerve regions.

 2. Periventricular, juxtacortical, and corpus callosum lesions are common in MS, 
but rare in p-NBS.

Fig. 1 Brain MRI of atypical parenchymal patterns during the parenchymal neuro-Behçet syn-
drome episodes are shown. (a) Axial T1 Gd (+) image shows a typical midbrain-diencephalic 
pattern of involvement for NBS but an additional atypical occipital lesion for NBS. (b) Axial 
FLAIR image shows a hemispheric tumefactive lesion. (c) Coronal FLAIR image reveals 
significant global cerebral atrophy. (d) MRI reveals area postrema lesion in a patient having BS for 
10 years. AQP4 antibody was negative
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 3. Hemispheric subcortical regions are rare in p-NBS, and when present, they are 
usually small and asymptomatic, whereas coalescent periventricular lesions are 
more supportive of MS.

 4. Spinal cord involvement rarely extends more than a few vertebral segments in MS.

Besides these differences, Maggi et al. recently published a paper comparing the 
frequency of perivenular lesions between MS and other inflammatory vasculopa-
thies [8]. Although they found that the NBS patients revealed higher frequency of 
venular lesions from the other inflammatory vasculopathies, it was shown that a 
subgroup of BS patients with neurological complaints may have MS-like lesions in 
MRI, and MRI may even fulfill the radiological criteria of MS.

Brainstem lesions extending into the diencephalic region and basal ganglia dur-
ing acute disease may exert mass effects caused by vasogenic edema and thus 
resemble tumors [9]. Brainstem glioma and primary CNS lymphoma should be 
included in the differential diagnosis of NBS in patients presenting with localized 
brainstem findings and whose initial MRI discloses a large brainstem lesion, but the 
presence of systemic findings, location of lesions other than the brainstem and deep 
hemispheric structures such as the frontoparietal or temporal lobe, and the resolu-
tion of the MRI lesion following high-dose steroids may solve the problem [10]. 
Although the inflammatory nature could not be shown in all cases, these lesions are 
likely to be acute inflammatory edematous lesions that following IV 
methylprednisolone (IVMP) show significant resolution. Brainstem and global 
atrophy may provide an important clue of a progressive NBS even if the patient does 
not fulfill the ISG criteria for BS. Cerebellar involvement may rarely happen at 
acute phase, but it is not uncommon during the progressive phase of NBS [11].

Herpes simplex lesions should be considered in the differential diagnosis of gen-
ital ulcers, and cytological or virological examination should be performed as nec-
essary. Tuberculosis may resemble BS because of its similar multisystem 
involvement, including subacute or chronic meningitis. However, hilar 
lymphadenopathy and pulmonary cavities are rare in BS.  Microbiological and 
pathological examination of body fluids or tissue specimens should be able to clarify 
whether the disease is tuberculosis. Some of the systemic features helpful in the 
differential diagnosis of BS are discussed in detail in a recent review by Yazici [12].

Sarcoidosis can be confused with Behçet disease due to uveitis, arthritis, central 
nervous system disease, and increased globulins. The rate of neurologic involvement 
is also around 5% to 10% in sarcoidosis, with facial nerve palsy, optic neuropathy, 
headache, and seizures being the most common symptoms. The clinical, 
cerebrospinal fluid, and imaging features of neurosarcoidosis may mimic NBS; 
however, meningeal involvement is extremely rare in NBS and when seen is more 
likely to be associated with neurosarcoidosis [13]. Hilar lymph nodes on chest 
X-ray, serum angiotensin-converting enzyme levels, Kveim skin test, and 
pathological examination of the granulomatous lesions of sarcoidosis help in the 
differential diagnosis.

An acute stroke-like onset is not common in NBS, and MRI lesions compatible 
with classical arterial territories are also not expected. The absence of systemic 
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symptoms and signs will serve to differentiate the primary CNS vasculitic disorders 
from NBS and the difference in the systemic symptoms and signs from the secondary 
CNS vasculitides, as well as the MRI findings [14]. The inflammatory large 
brainstem lesions occasionally extending to the deep hemispheric and diencephalic 
regions seen in most acute CNS-NBS patients are unlikely to be seen in other 
systemic vasculitic disorders.

In primary CNS vasculitis, cerebral angiography is reported to be abnormal in up 
to 90% of patients, and MRI can detect multiple infarcts, mostly involving cortical 
areas [15], which are unusual in NBS. There is no systemic involvement, and the 
MRI lesions in primary CNS vasculitis are more likely to be hemispheric with 
subcortical and cortical or juxtacortical involvement, not common in NBS [14].

Due to their ophthalmologic and some other systemic manifestations, rare dis-
eases, such as Vogt-Koyanagi-Harada syndrome, Reiter syndrome, Eales’ disease, 
Cogan’s syndrome, and Susac syndrome, are other considerations in the differential 
diagnosis of BS [2]. All may present with nervous system manifestations and there-
fore are also included in the differential diagnosis of NBS. However, a complete 
ophthalmologic examination will reveal the true nature of eye involvement in each 
of these syndromes, which have differences from the eye involvement seen in BS.

In patients who present with symptoms of intracranial hypertension and in whom 
neuroimaging reveals thrombosis in one or more of the cerebral venous sinuses, BS 
needs to be included in the differential diagnosis. The presence of its systemic 
findings is the only clue to the association of CVST with BS, and their absence will 
exclude this possibility. One of the main difference of CVST due to BS from other 
etiologies causing CVST is that hemorrhagic venous infarcts are rarely seen in 
BS-CVST [16].

 Differentiation of p-NBS from Other Mimickers by 
Laboratory Findings

During the acute phase of p-NBS, the CSF shows inflammatory changes in most 
cases of p-NBS with an increased number of cells, up to a hundred and sometimes 
more per ml, neutrophils being mostly the predominating cells and modestly 
elevated protein levels. However, an early lymphocytic pleocytosis is not an 
exception. When the neutrophilic pleocytosis is the case, it is later replaced by 
lymphocytes. As stated above, prominent inflammatory changes with CSF 
pleocytosis and mild to moderate elevation of protein in the CSF are more common 
in p-NBS than in multiple sclerosis. Oligoclonal bands are found in more than 90% 
of multiple sclerosis patients and in less than 20% of NBS patients [17].

As already noted, patients with BS-CVST do not exhibit any remarkable CSF 
finding apart from an increased pressure.

An elevated concentration of IL-6 in the CSF of patients correlating with disease 
activity has also been reported in p-NBS [18–20]. More recently, an increase of CSF 
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IL-10 and CSF/serum matrix metallopeptidase-9 ratio (increase in serum and 
decrease in CSF compared to multiple sclerosis) was reported and suggested to be a 
discriminative marker between NBS and multiple sclerosis [21, 22].

 Differentiation of p-NBS from Other Mimickers by 
Pathological Findings

The main pathological differences between multiple sclerosis (MS) and NBS were 
described in 1957. Still today, MS is considered in the differential diagnosis of NBS 
[23]. The earlier necropsies described precisely what we observe in clinical practice 
and pathology specimens:

 1. NBS does not feature an extensive and varied pattern of demyelination 
(unlike MS).

 2. NBS lacks intense fibrous gliosis.
 3. Cord lesions tend to be peripheral in MS but more central in BS.
 4. Periventricular lesions are expected in MS, but not in BS.

When considering all published autopsy cases together with the clinical and MRI 
findings, the pathogenesis of NBS may be vasculitis, or combined perivasculitis/
capillaritis, accompanied by lymphocytic infiltration, hemorrhage, demyelination, 
axon destruction, oligodendroglial degeneration, migration of fatty granule cells, 
proliferation of activated microglia, occasional glial nodules, and gliomesenchymal 
fibrosis [24].
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Neuro-Behçet Syndrome: Clinical Features

Ugur Uygunoglu and Aksel Siva

Given that there is no existing diagnostic biomarker available, the diagnosis of neuro-
Behçet syndrome (NBS) relies on symptoms, signs, and radiological features sugges-
tive of NBS. Therefore, clinical features and neurological examination play a major 
role in the diagnosis of NBS. In the meantime, NBS is not included in the current 
criteria of International Study Group (ISG). However, considering the rate of 5–10% 
neurologic involvement among BS patients and taking into account the increased 
atypical presentation of neurological involvement particularly over the last years, the 
importance of NBS is increasing [1]. The frequency of neurologic involvement was 
found to reach 13% in males and 5.6% in females when patients were followed longi-
tudinally for up to 20 years [2]. NBS generally presents in individuals in their late 30s, 
is more common in males (3:1), and is characterized by an interval of approximately 
5 years between BS onset and the first neurological episode [3]. Up to 6% of patients 
may present with neurological involvement without fulfilling the ISG classification 
criteria for BS, which is the most challenging factor for clinicians in terms of making 
an accurate diagnosis and deciding when to initiate long-term treatment.

In 2014, the clinical, laboratory, and neuroimaging features of “definite” and 
“probable” NBS were established by a panel of NBS experts [4]. The current criteria 
are slight modifications of the “Cerrahpaşa-NBS criteria” introduced in 2001 [5]. 
These can be summarized as: “The occurrence of neurological symptoms and signs 
in a patient who meets the International Study Group Criteria for BD, when those 
symptoms/signs are not otherwise referable to any other known systemic or 
neurological disease, or treatment thereof, and in whom objective abnormalities 
consistent with NBS are evident either on neurological examination or MRI, or 
upon cerebrospinal fluid (CSF) analysis.” The principal novelty of the new criteria 
is that “probable NBS” is now identifiable by consensus. Probable NBS is defined 
as either of the following conditions when the neurological findings do not indicate 
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another neurological disease: (1) neurological syndrome(s) suggestive of definitive 
NBS, but systemic features that do not meet the International Study Group (ISG) BS 
criteria, or (2) a non-characteristic neurological syndrome within the context of BS 
supported by the ISG criteria. However, neither the International Consensus 
Recommendation (ICR) nor the Cerrahpaşa-NBS criteria have yet been validated. 
Given the increased use of new biological agents and the various comorbidities of 
BS, we more often encounter patients with “probable” than with “definite” NBS [6].

Neurological involvement in BS can be classified into two forms:

1. Primary
2. Secondary

The primary neurological conditions include p-NBS, cerebral venous sinus 
thrombosis (CVST), neuro-psycho-Behçet syndrome, cognitive changes, headache 
(migraine-like, nonstructural), peripheral nervous system involvement, and subclin-
ical NBS (Table 1). However, by reference to clinical/neuroimaging features, pri-
mary BS neurological involvement can be classified into two principal forms:

 1. p-NBS
 2. Neurovascular involvement

Table 1 The neurologic spectrum of Behçet syndrome

Primary neurologic involvement (neurologic involvement directly related to BS)
  Neurovascular BS – involvement of the extra-parenchymal vessels

  Cerebral venous sinus thrombosis (extra-axial NBS)
  Large arterial involvement – i.e., arterial dissection, aneurysms
  Parenchymal NBS – central nervous system involvement

  Post-capillary venular involvement
  Involvement of parenchymal small arteries
  Neuro-psycho-Behçet syndrome (NPBS)

  With CNS parenchymal disease
  Without CNS parenchymal disease
  Cognitive changes

  Isolated headache syndrome (migraine-like, nonstructural)

  Peripheral nervous system involvement

  Subclinical NBS

Secondary neurologic involvement (neurologic involvement indirectly related to BS)
  Neurologic complications secondary to systemic involvement of BS
  (i.e., cerebral emboli from cardiac complications of BS, increased intracranial pressure 

secondary to superior vena cava syndrome)
  Neurologic complications related to BS treatments
  (i.e., CNS neurotoxicity with cyclosporine, peripheral neuropathy secondary to thalidomide 

or colchicine)
  Somatoform neurologic symptoms associated with having a chronic disease

Coincidental – unrelated (non-BS) neurologic involvement
  Primary headaches – as in the general population

  Any coincidental neurologic disorders

Modified and updated from Uygunoglu and Siva [1]
BS Behçet syndrome, NBS neuro-Behçet syndrome, CNS central nervous system
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 Parenchymal NBS

Parenchymal NBS (p-NBS) is one of the most disabling complications of BS and 
develops in approximately 75–80% of adult NBS cases. Presentation is usually either 
acute or subacute; however, in some cases, superimposed exacerbations during pro-
gression may be observed [7]. Considering the subacute progressive presentation of 
the clinical findings, the distribution of the p-NBS lesions prominently in the area 
where the venous anastomosis is few, the significant resolution of the perilesional 
edema with some small residua, and the pathological findings regarding p-NBS, all 
these features support the venous pathogenesis in the development of p-NBS [7–9].

Clinically, neurologic manifestations are usually related to brainstem or cortico-
spinal tract syndromes, with the most common presentation being a subacute brain-
stem syndrome that includes ophthalmoparesis and other cranial nerve findings, 
dysarthria, and corticospinal tract signs with or without weakness and ataxia. The 
presentation may include all or some of these symptoms and signs, and during the 
acute stage, a mild confusion may also be seen [10].

It should be kept in mind that parenchymal NBS (intra-axial NBS) does not 
always present with brainstem signs and symptoms. Cognitive-behavioral changes, 
emotional lability, a self-limited or progressive myelopathy, urinary sphincter 
dysfunction, and to a lesser extent other CNS manifestations such as extrapyramidal 
signs and seizures have been reported. There are also a few cases with isolated optic 
neuritis or recurrent peripheral facial paresis [11].

Isolated progressive ataxia with cerebellar atrophy on MRI has been reported in a 
few patients with BS, and it was suggested that this form of presentation may be 
novel manifestation of NBS [12]. However, since the relationship between the neu-
rological presentation and BS was not clear in those cases and comorbidity could not 
be ruled out, further observation is needed before such a conclusion may be reached.

Aseptic meningitis was reported previously to be a relatively frequent form of 
neurological involvement in patients with BS, in studies, which was based on CT 
scans as the primary imaging modality [13]. Our experience has not been such, and 
we suspect that in some patients, parenchymal disease was misclassified as aseptic 
meningitis due to lack of sensitive imaging data. As a matter of fact, in a more recent 
update from the same institution [14], aseptic meningitis was reported only in one 
out of 200 cases studied. Similarly, in another study of 50 patients from the UK 
[15], four cases were reported to have meningitis symptoms, while two of these 
patients had parenchymal lesions and two had normal MRI. There was no discussion 
of meningeal enhancement, and the CSF findings were within the same range as 
with patients who had brainstem parenchymal involvement. In support of this, we 
have always observed inflammatory findings in CSF together with parenchymal 
disease in MRI. Taken together, we conclude that pure aseptic meningitis is very 
rare within the clinical spectrum of neurological involvement in BS [5].

Regarding the clinical phenotype p-NBS, it may be classified into four subtypes 
similar to multiple sclerosis (MS): (1) single attack, (2) relapsing form, (3) secondary 
progressive, and (4) primary progressive. The onset of p-NBS is usually associated 
with flaring of systemic features of BS. Some patients may only have a single attack, 
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with or without residual neurologic deficits, but most will have recurrences with 
further sequelae, and some will have secondary progression. A small number of 
patients may have a primary progressive course [16]. A recent meta-analysis of a 
Japanese cohort which investigated the distinct clinical features of the acute and 
chronic phases of the progressive forms of p-NBS reported that acute p-NBS 
patients present with more brain stem symptoms, are more likely to have 
meningoencephalitis with high fever, and have elevated CSF cell counts [17]. On 
the other hand, confusion, dementia, dysarthria, and ataxia were found to be more 
common in the chronic progressive phase of p-NBS.

In terms of clinical outcome, although no outcome measures have been vali-
dated, we use Kurtzke’s EDSS to determine the disability in NBS, which was 
originally devised for MS-associated disability [18]. We exclude the visual func-
tion score to avoid the contribution of uveitis to the visual score [5]. The EDSS is 
an ordinal clinical rating scale ranging from 0 (normal neurologic examination) to 
10 (death due to MS) in half-point increments. From the perspective of clinical 
disability, severe relapses having high EDSSs, frequent relapses, and early disease 
progression are the poor prognostic features for NBS. Initiation with severe dis-
ability, primary or secondary progressive course, fever at onset, relapse during 
steroid tapering, meningeal signs, and bladder involvement are possible associa-
tion with poor outcome. Initiation with severe disability, primary or secondary 
progressive course, fever at onset, relapse during steroid tapering, meningeal 
signs, and bladder involvement are possible association with poor outcome 
whereas gender, accompanying systemic features, and age of onset do not have 
impact on the prognosis of NBS [3, 5].

 Neurovascular Involvement

BS is classified as a variable vessel vasculitis [19]. Of the 251 autopsies described 
from 1961 to 1987, 18% were classified as having vascular BS, including whole- 
system vasculitis [20]. In terms of the neurovascular structures involved, two major 
types of vascular pathology are seen in BS patients:

 (a) Venous thrombosis
 (b) Arterial occlusion and/or aneurysm formation

 Cerebral Venous Sinus Thrombosis (CVST)

Cerebral venous sinus thrombosis (CVST) occurs in up to 20% of BS patients with 
neurological involvement. In such patients, the principal clinical features (severe 
headache, papilledema, and sixth nerve palsy on neurological examination) are 
compatible with intracranial hypertension [5]. The overall incidence of CVST in 
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3908 patients with BS was 3.1/1000 person-years. Notably, 30% did not fulfill the 
ISG criteria either at CVST commencement or thereafter; this proportion is much 
higher than that of suspected p-NBS patients [21]. Given that most studies show that 
BS-associated CVST has a good prognosis in contrast to other etiologies causing 
CVST, the systemic features of BS in CVST patients, especially those living in 
endemic regions, should be assessed for BS. CVST is usually subacute or chronic; 
only about 25% of cases exhibit clinical features for more than 1 month [22]. Such 
longer presentation may reflect the time frame of thrombosis and may help clinicians 
to distinguish BS-CVST from other causes of CVST. Hemiparesis, impaired 
consciousness, and epileptic seizures are uncommon in CVST patients with NBS 
which may be explained by the extremely low probability of seeing hemorrhagic 
venous infarcts associated with NBS-CVST [21–23]. It can be speculated that the 
CVST in BS develops gradually and allows sample time for the development of 
efficient collaterals and therefore does not cause manifestations that may be seen 
with acute onset CVST due to other causes. Cranial MRI and magnetic resonance 
venography (MRV) will show that the most commonly involved dural venous 
sinuses are the superior and transverse sinuses, followed by the sigmoid and straight 
sinuses. Single-sinus occlusion is more frequent than multiple occlusions [21, 22]. 
Additionally, clinicians should be aware that cranial MRI and MRV scans may not 
show sinus thrombosis, even if the clinical findings strongly suggest its presence. In 
such situations, MRV of the thoracic and cervical venous structures should be 
evaluated. Irrespective of whether the neuroimaging data are abnormal or normal, 
we generally perform a spinal tap to study CSF pressure and contents in the 
suspected cases. Apart from CVST, extracranial thrombosis of large vessels is 
observed in half of all BS patients, whereas the prevalence of extracranial vascular 
involvement is about 20% in BS patients without CVST [21]. Therefore, BS patients 
with CVST should undergo evaluation for vascular involvement at other locations. 
Two case series found that CVST was more common in younger patients, supporting 
the idea that age is important in terms of NBS presentation [24, 25]. Although an 
elevated opening pressure is observed, interestingly, the CSF is free of inflammatory 
changes in BS-CVST patients.

 Arterial Occlusion and Aneurysm Formation

Arterial involvement affects only 3–5% of BS patients but is unique to BS; aneu-
rysms may occur in the peripheral, visceral, and pulmonary arteries. As the aneu-
rysms are probably attributable to chronic inflammation, vascular involvement may 
be evident in the later phases of the syndrome. The prevalence is probably underes-
timated as autopsy data reveals a significantly higher rate of such arterial lesions 
than the clinically reported ones [20]. Saccular and multiple dissecting aneurysms 
predominated in autopsy series. The cellular infiltrates were predominantly neutro-
phils, lymphocytes, and plasma cells, admixed with histiocytes and eosinophils. 
Intimal thickening of the vasa vasorum was also observed. During the acute phase, 
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inflammatory cells were more common in the media and adventitia than in the 
intima, principally in the proliferating vasa vasorum. Such intense inflammation 
triggers destruction of the media and development of saccular aneurysms [26]. In 
addition, bilateral internal carotid artery occlusion, vertebral artery dissection or 
thrombosis, intracranial arteritis, and intra-axial small arterial occlusion have been 
reported in BS patients [27].

 Primary Neurological Conditions Other than p-NBS 
and Neurovascular Involvement

 (a) Neuro-psycho-Behçet syndrome: A neurobehavioral syndrome, which may be 
expressed with a number of symptoms such as euphoria, loss of insight, 
disinhibition, indifference to the disease, psychomotor agitation or retardation 
with paranoid attitudes, and obsessive concerns, may be seen in a minority of 
patients with BS. This syndrome that is unrelated to glucocorticoid or any other 
therapy is named neuro-psycho-Behçet syndrome [28]. This neurobehavioral 
syndrome may be seen in association with p-NBS but at times may be isolated 
without any structural change.

 (b) Cognitive changes: Cognitive changes consistent with a combination of mem-
ory impairment in the form of delayed recall, abnormalities in verbal and/or 
visual modalities, and impairment in the process of acquisition and storage, in 
addition to attention deficit and deficits of executive function of the frontal sys-
tem, have all been reported in BS [29, 30]. These cognitive changes may be 
observed in patients with BS either unrelated to other forms of neurological 
involvement or in association with p-NBS.

 (c) Headache: Headache is the most common neurologic symptom seen in BS and 
can be due to various causes. It may be the presenting symptom of either form 
of NBS; it can be seen as a symptom of ocular inflammation or may be 
independent of the disease simply being a primary headache of the migraine or 
tension type [1]. Up to 20% of people with BS may report a bilateral, frontal, 
moderately severe paroxysmal migraine-like throbbing pain, which is not true 
migraine and does not uncommonly accompany the exacerbations of systemic 
findings of BS such as oral ulcerations or skin lesions [31–33]. This headache 
that is not related to either p-NBS or CVST is likely to be a toxic-vascular 
headache triggered by the immune-mediated disease activity in susceptible 
individuals [1]. However, BS patients who report a severe headache of recent 
onset in the absence of any neurologic deficit and not consistent with any 
primary headache should be evaluated carefully to rule out the onset of NBS.

 (d) Peripheral nervous system (PNS) involvement: PNS disease with clinical mani-
festations is extremely rare in BS. Mononeuritis multiplex, polyradiculoneuri-
tis, sensorimotor axonal neuropathy, or recurrent episodes of myositis had been 
diagnosed by the clinical manifestations and electrophysiological findings in a 
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handful cases with BS. Probably, more cases of neuropathy as a result of tha-
lidomide or colchicine use have been observed [1].

 (e) Subclinical NBS: The incidental finding of neurologic signs in patients with BS 
without neurologic symptoms has been reported in some series, with a minority 
of these patients developing mild neurologic attacks in due course [10]. The 
presence of cognitive dysfunction that is only apparent on testing is also 
suggestive of subclinical neurologic involvement [30]. Abnormalities detected 
by a number of diagnostic tools such as MRI, SPECT and somatosensory 
evoked potentials in some BS patients who did not have any neurologic 
symptoms and signs were also noted [34].

Neurological complications secondary to systemic involvement of BS, such as 
cerebral emboli due to cardiac complications or increased intracranial pressure 
secondary to superior vena cava syndrome, are indirect causes of neurological 
problems in BS patients but are not generally termed NBS [35].

 Regarding Clinical Features, When Should We Suspect NBS?

The onset of a subacute brainstem syndrome in a young man, especially of 
Mediterranean, Middle Eastern, or Oriental origin, that includes cranial nerve 
findings, dysarthria, unilateral or bilateral corticospinal tract signs with or without 
weakness, ataxia, and mild confusion should raise the possibility of NBS.  The 
patient or his family should be interviewed regarding the presence of systemic 
findings of BS.  In BS, there is likely a history of oral aphthous ulcers and other 
systemic manifestations of the disease.

Many patients may have never consulted a physician because of the mild nature 
of their systemic symptoms or may be missed because they do not develop a full- 
blown picture of the disease.
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The Cerebrospinal Fluid Presentations 
of Neuro-Behçet Disease

Afshin Borhani-Haghighi

As mentioned in previous chapters, the central nervous system (CNS) manifesta-
tions of Behçet disease can be categorized into two main groups:

 1. Parenchymal CNS involvement of NBD: the more common type of presentation, 
which includes brainstem involvement, hemispheral manifestations, spinal cord 
lesions, and meningoencephalitic presentations.

 2. Non-parenchymal CNS involvement (neurovasculo-Behçet disease) which 
includes venous and arterial involvement. The simultaneous parenchymal and 
non-parenchymal manifestations are rare [1, 2].

CSF laboratory changes in NBD are dependent on NBD pathogenesis and pathol-
ogy. Vasculitis is the most probable pathologic presentation of Behçet disease. 
Venules are more affected than the arterioles, but large arteries and cerebral veins 
and sinuses are affected in some patients, as well. Perivascular infiltration of 
Polymorphonuclear (PMN) cells, mononuclear cells, and rarely eosinophilic cells 
has been seen in most pathological reports [3].

 CSF Cells

In Nakamura et al.’s series, the mean CSF cell count was 126/mm3 in the patients 
with NBD. The average percentages of mononuclear and polymorphonuclear cells 
were 67% and 32%, respectively [4].

In Al-Araji et al.’s study, in the patients with parenchymal NBD, the CSF open-
ing pressure was within normal limits, but in pleocytosis with or without raised 
protein, raised protein was only observed in half of the CSF samples. Pleocytoses 
were PMN dominant and lymphocyte dominant equally. The sugar content was 
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normal in all CSF samples. The patients with intracranial hypertension had increased 
CSF opening pressure but normal CSF cytochemistry [5].

In Akman-Demir et al.’s study, CSF analysis was performed in 81 patients with 
parenchymal NBD.  CSF samples were completely normal. Forty-nine patients 
showed pleocytosis and/or elevated protein. Of these CSFs, 54% had either neutro-
philic predominance or both neutrophilic and lymphocytic predominance, and 46% 
showed lymphocytic predominance.

In Kidd et al.’s series, 20 patients with active disease showed a mixed lympho-
cytic and neutrophilic pleocytosis, and there was no evidence for intrathecal synthe-
sis of immunoglobulins.

In Borhani-Haghighi et al.’s study, CSF lymphocytes were between 6 and 30/μL 
(median: 18); CSF PMN was between 1 and 10/μL (median: 5).

CSF pleocytosis was seen in several studies [5–7].
The CSF cell count was prominently elevated in patients with acute NBD, but it 

was normal in about 15% of those with CP NBD. The sensitivity and specificity of 
the CSF cell count for the diagnosis of acute NBD versus non-NBD were 97.4 and 
97.0%, respectively (cut-off: 6.2/mm3) [8].

 CSF Protein

In Hirohata’s study, CSF total cell counts and polymorph nuclear leukocyte counts 
were significantly lower in patients with chronic progressive NB than in those with 
acute NB [9].

In Miller et al.’s case report, CSF analysis revealed elevated protein at 165 mg/
dL [10].

In Borhani-Haghighi et al.’s study, CSF protein was between 41 and 96 mg/dL 
(median: 75).

In Al-Araji et al.’s study, increased CSF protein content was seen with or without 
pleocytosis in parenchymal NBD [5].

 CSF Glucose

In Borhani-Haghighi et al.’s investigation, CSF glucose was between 51 and 79 mg/
dL (median: 65).

 Oligoclonal Bands

In Hirohata et  al.’s (1986) study, CSF IgM index was significantly elevated in 
patients with active neuro-Behçet disease. Moreover, the CSF IgM index was found 
to decrease remarkably when the patients’ neurologic manifestations disappeared 
after successful treatment [11].
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In 1991, in Sharief et al.’s study, oligoclonal IgA and IgM bands were mainly 
detected in CSF samples from patients with active neuro-Behçet disease, and they 
were documented to disappear when neurologic manifestations remitted. Oligoclonal 
IgG bands, however, were not related to disease activity, and they were also found 
in some neurologic controls. High immunoglobulin index values were detected in 
both active and quiescent diseases and were high in some patients with impaired 
blood-CSF barriers [12].

In 1990, Gille et al. reported that immunoglobulin bands disappeared from CSF 
following an acute attack [13].

In 1992, Jongen et al. in a single case found that IgM and IgA bands disappeared 
following recovery from the episodes of meningoencephalitis [14].

In Mclean et al.’s study, local synthesis of oligoclonal IgG was found in 8% of 
NBD patients at some stages in their diseases by using isoelectric focusing and 
immunoblotting techniques. Blood-brain barrier breakdown when assessed with an 
albumin ratio was found in 42% of NBD patients. Reversibility of oligoclonal IgG, 
which is not the case in multiple sclerosis, had also been reported [15].

In Daoudi et al.’s study, oligoclonal bands were seen present in CSF of seven out 
of 40 patients with parenchymal NBD [16].

Oligoclonal bands disappeared or immunoglobulin indices decreased after acute 
attacks. Intrathecal 2-microglobulin synthesis has also been reported in NBD 
patients. In Saruhan-Direskeneli’s study, only eight out of 121 patients with NBD 
showed positive oligoclonal bands (OCBs). All these positive cases had parenchy-
mal neuro-BD [17].

In Miller et al.’s case report, IgG index and oligoclonal banding were all normal 
[18]. In Liu et  al.’s case series with spinal NBD, CSF test was performed in 14 
patients, indicating that the cell numbers and/or protein level were increased. Nine 
out of 14 CSF samples were tested by oligoclonal band and were totally nega-
tive [19].

 Interleukin-6

In 1992, Wang et al. revealed that IL-6 was highly increased in the CSF of patients 
with NBD and decreased with clinical improvement [20].

In Hirohata et al.’s study, the patients with progressive NBD revealed significant 
elevation of CSF interleukin-6 activities in comparison with patients with active BD 
without progressive course. Serum interleukin-6 activities of these groups did not 
reveal a significant difference [11].

In another investigation in the same center, CSF interleukin-6 levels were used as 
a biomarker of therapeutic response to low-dose methotrexate. After 12 months, 
CSF interleukin-6 levels were significantly decreased. However, 6 months after dis-
continuation of methotrexate, all the patients showed significant exacerbation asso-
ciated with the marked elevation of CSF interleukin-6 [12].
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Increased CSF interleukin-6 level has been also shown in patients studied by 
Hatachi et  al. [13], Nakano et  al. [14], Sakuta et  al. [21], Watanabe [22], and 
Hamada [23].

Decreased CSF IL-6 levels with clinical improvement were seen in Sakuta et al.’s 
[21] reports. In Hirohata’s study, the sensitivity and specificity of CSF interleukin-6 
for the diagnosis of CP NBD versus the recovery phase of acute NBD were 86.7 and 
94.7%, respectively [8].

In Akman-Demir’s study, in patients with acute parenchymal NBD, CSF, but not 
serum IL-6, was significantly increased in comparison to other groups. Patients with 
chronic progressive parenchymal NBD showed increased CSF IL-6 levels as well, 
albeit less prominent. Patients with increased CSF IL-6 levels were more possible 
to have increased CSF cell counts and total protein levels, and these three parame-
ters were correlated with long-term 3-year disease outcome. Interestingly, some 
patients with chronic course revealed increased CSF levels despite otherwise nor-
mal CSF studies.

In Hirohata’s study, the CSF levels of IL-6 and IL-8 were significantly elevated 
in the NB patients compared with those measured in the control patients. There 
were no significant differences in the CSF levels of IL-6 and IL-8 between the 
patients with acute NB and those with chronic progressive NB. The CSF levels of 
IL-6 and IL-8 were significantly decreased following clinical improvement in both 
acute NBD and chronic progressive NBD patients. The CSF levels of IL-6 were 
significantly correlated with the CSF levels of IL-8 in patients with acute NB, but 
not with chronic progressive NBD [8].

In Sumita et al.’s study, CSF IL-6 levels were slightly elevated in patients with 
NBD [24].

 Other CSF Studies

In 1992, Wang et al. showed that anticardiolipin antibodies, especially the IgM iso-
type, were highly elevated in the CSF of patients with NBD in comparison to those 
with non-inflammatory neurological diseases. Levels of IgM isotype of anticardio-
lipin antibodies decreased with clinical improvement [20].

In Aoyama et al.’s study, CSF IgA was shown to be increased [25].
In Hamzaoui et al.’s study, a linear correlation was seen between matrix metallo-

proteinase- 9 and CSF-mononuclear cells in neuro-Behçet patients. There was also 
an increased matrix metalloproteinase-9/tissue inhibitor of metalloproteinase-1 
ratio. They concluded that matrix metalloproteinases may be involved in the patho-
genesis of neuro-Behçet by promoting local damage. Matrix metalloproteinases 
seem to be involved in the leukocyte trafficking within the CNS [26].

In Hamzaoui et  al.’s study, the mean CSF vascular endothelial growth factor 
(VEGF) was significantly higher in neuro-Behçet patients compared to those with 
non-inflammatory neurological diseases. There was an association between CSF 
VEGF and leukocyte count in neuro-Behçet patients. A positive correlation was also 
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seen between neuro-CSF vascular endothelial growth factor (VEGF) and CSF CD4+ 
cells. Vascular endothelial growth factor mRNA was also significantly increased in 
patients with neuro-Behçet disease compared to patients with non-inflammatory 
neurological diseases. Increased vascular endothelial growth factor may demon-
strate the disturbance of the blood-brain barrier [27].

In Tasci et al.’s study, 65-kD mycobacterial heat shock protein (hsp65), anti-m- 
hsp65 IgG, and IgM and IgA antibodies in the serum and cerebrospinal fluid of 25 
Behçet patients with cerebral parenchymal involvement, seven Behçet patients with 
intracranial hypertension, eight Behçet patients without central nervous system 
involvement, 30 patients with multiple sclerosis, and 24 patients with non- 
inflammatory CNS disorders were measured. CSF anti-hsp65 antibodies were posi-
tive in 48% of the patients with parenchymal NBD. This was significantly higher 
than the positivity rate found in Behçet patients with intracranial hypertension, 
Behçet patients without CNS involvement, MS patients, and patients with non- 
inflammatory CNS disorders. CSF IgG and IgM antibodies were high in parenchy-
mal NBD. Meanwhile, serum IgM and IgA responses were increased in BD and 
intracranial hypertension. They conclude that pathogenesis of parenchymal NBD 
and non-parenchymal NBD is different [28].

In Hamzaoui et al.’s study, IL-15 levels were increased both in active BD with 
and without neurological manifestations, which implies that this cytokine might not 
be very important for CNS disease in Behçet. CSF IL-15 levels in neuro-BD patients 
and inflammatory neurological disease patients were higher than those of patients 
with non-inflammatory neurological disease. It is assumed that an elevated CSF/
serum IL-15 ratio reflects a local IL-15 production by CNS-infiltrating inflamma-
tory cells. Interleukin-15 is a pro-inflammatory cytokine, produced by activated 
blood monocytes, macrophages, dendritic cells, and activated glial cells. IL-15 pro-
motes the T-cell proliferation and induction of cytolytic effector cells including 
natural killer and cytotoxic cells and stimulates B cell to proliferate and secrete the 
immunoglobulins. IL-15 influences the cellular adhesion and transendothelial 
inflammation-directed migration of activated T lymphocytes [29].

In Vural et al.’s study, high-titer stress-induced phosphoprotein 1 (STIP-1) anti-
bodies were more frequently detected in parenchymal NBD [30].

In Kawai et al.’s study, CSF β2 microglobulin, serum β2 microglobulin, Q albu-
min, and CSF β2 microglobulin index were significantly increased in patients with 
NBD in comparison to the control patients. There were no significant differences in 
these indices between 11 patients with chronic NBD and six patients with acute 
NBD. In nine patients with NBD, CSF β2 microglobulin and Q albumin were sig-
nificantly decreased when the CNS manifestations were improved by successful 
treatment, whereas CSF β2 microglobulin index and serum β2 microglobulin were 
not significantly changed. The results indicate that the elevation of CSF β2 micro-
globulin, which results from the transudation of serum β2 microglobulin as well as 
the increased intrathecal synthesis presumably by infiltrating lymphocytes, is a 
good marker of CNS disease activity of NBD. The data, however, also suggest that 
the intrathecal synthesis of β2 microglobulin might not be parallel to the CNS dis-
ease activity of NBD [31].
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In Hamzaoui et al.’s study, natural killer T (NKT) cells were increased in the CSF 
of the NBD patients compared with patients with non-inflammatory neurological 
disorders. Meanwhile, the reactivity of natural killer T cells in the CSF of the NBD 
patients was not impaired. CSF natural killer T cells of the NBD patients revealed 
an increased expression of interferon-γ producing cells, indicating a Th1 cell immu-
nogenesis of NBD [32].

In Hamzaoui et al.’s study, expression of T-box transcription factor 21 (TBX21), 
RAR related orphan receptor C (RORC), and forkhead box P3 (FOXP3) was 
increased in NBD patients compared to BD patients presenting only with headache 
and patients with non-inflammatory neurological disorders. TBX21, RORC, and 
FOXP3 are related to Th1, Th17, and Treg immune processes, respectively. Epstein- 
Barr virus-induced gene 3 (EBI3), also known as interleukin-27 subunit beta, and 
T-helper 2 associated GATA binding protein 3 (GATA3) expressions were found to 
be decreased in NBD patients. Analysis of transcription factor ratios revealed an 
increase in the RORC/FOXP3 and TBX21/GATA3 ratios in the NBD patients. They 
concluded that both Th1 and Th17 mRNA expressions may have a role in deregula-
tion of Treg cells and activation of pro-inflammatory T cell subpopulations [33].

Hamzaoui et al. investigated B cell-activating factor of the tumor necrosis factor 
family (BAFF) and BAFF-R (BAFF receptor) in NBD, multiple sclerosis, and non- 
inflammatory neurological diseases (NIND). Cerebrospinal fluid level of BAFF 
messenger RNA and BAFF-R mRNA in unfractionated cells was measured. BAFF 
and BAFF-R expression in CSF was increased in NBD and MS patients compared 
to NIND patients. RNA levels of BAFF and BAFF-R were significantly correlated 
in NBD and MS patients. Serum soluble BAFF levels were increased in NBD and 
MS patients, but they did not correlate with BAFF expression in CSF [34].

In Sumita et al.’s study, BAFF levels in patients with NBD were significantly 
elevated compared with healthy controls, but no statistically significant elevation 
was shown compared with patients with epidemic aseptic meningitis and multiple 
sclerosis (MS). CSF BAFF levels did not correlate with the serum BAFF levels, 
CSF cell counts, or CSF IL-6 levels in patients with NBD. Meanwhile, BAFF levels 
were significantly increased in those with a slowly progressive course in compari-
son to patients with acute course. These data suggested that BAFF was produced 
within the central nervous system and may be linked with pathogenesis of NBD, 
particularly with a progressive course [35].

In Kaabachi et al.’s study, interleukin-26 was highly expressed in CSF from BD 
patients in comparison to healthy controls. CSF IL-26 levels revealed linear correla-
tions with IL-17 level and a negative correlation with IL-37. IL-26-stimulated CD4+ 
T cells and monocytes promote the generation of Th17 (IL-17A, IL-23) and sup-
press the Treg (IL-10, TGF-β) cytokines [36].

In Saruhan-Direskeneli et al.’s study, the levels of CSF C-X-C motif chemokine 
10 (CXCL10), also known as interferon gamma-induced protein 10, were signifi-
cantly higher in NBD and infectious and/or inflammatory neurological diseases 
than non-inflammatory neurological diseases (NIND) and MS. Chemokine (C-X-C 
motif) ligand 8 (CXCL8) or interleukin 8 was increased in NBD compared to 
NIND. They conclude that NBD has a mediator pattern similar to neuro-infections 
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compared to autoimmune disorders, such as MS. Accordingly, they speculated that 
currently undetermined infection might be the initiator of the vasculitic process in 
NBD [37].

Hamzoui et  al.’s study showed the expression of proto-oncogene B cell lym-
phoma 2 (Bcl-2) in the peripheral blood and CSF lymphocytes of BD patients and 
healthy controls. In BD patients, a significant percentage of T cells showed enhanced 
expression of Bcl-2, both in peripheral blood and CSF. Mononuclear cells of patients 
with BD showed increased amounts of Bcl-2 messenger RNA. The occurrence of 
circulating T lymphocytes with abnormally high Bcl-2 expression may be explained 
in part by increased in vivo activation levels [38].

In Hamzoui et al.’s study, IL-33 was elevated in the CSF from NBD patients in 
comparison to the controls. At the mRNA level, IL-33 was also highly expressed. 
Likewise, nuclear factor kB (NF-kB), which mediates IL-33 transcription, was also 
increased in comparison to disease controls. Chemokine mRNA (IP-10 and MCP-1) 
was highly expressed in NBD compared with the disease controls [39].
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 Introduction

Neuro-Behçet’s disease (NBD) is usually defined as the occurrence of neurologic 
symptoms in a patient who has been diagnosed with Behçet’s disease (BD), which 
cannot be explained by other systemic or neurologic disease. The prevalence has been 
reported in the literature with a wide range going as high as 50%; however, most 
larger series report the prevalence to be between 3% and 9% [1–3]. Longitudinal fol-
low-up of large cohorts over time shows increase in the prevalence of central nervous 
system (CNS) involvement in BD [4]. Neuroimaging is a crucial part of the diagnosis 
in NBD. Neuroimaging diagnosis is usually not very complicated since imaging find-
ings are well defined and easy to recognize and correlate with the symptoms in a 
patient with known BD. A neurologic onset in BD is not likely, and even in cases 
where the first symptoms seem to be related to the central nervous system, a thorough 
history and examination often reveals oral ulcers or other systemic manifestations of 
BD dating back to months to years before the neurological symptoms [5]. The pres-
ence of abnormal imaging findings suggestive of NBD (imaging evidence) has been 
suggested as one of the diagnostic criteria for NBD, in addition to fulfilling the 
International Diagnostic Criteria for BD and onset of neurological symptoms not oth-
erwise explained by systemic or neurologic disease [6]. Brain stem and/or corticospi-
nal tract syndromes or signs of raised intracranial pressure in a patient with BD often 
call for a cranial magnetic resonance imaging study with contrast medium and mag-
netic resonance venography (MRV) to exclude parenchymal or vascular involvement 
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of the central nervous system. These studies will often provide imaging diagnosis, 
although further studies may rarely be necessary.

 Neuroimaging Tools in NBD

Historically, computed tomography (CT) has been the first diagnostic imaging 
method used in NBD, and CT findings have been reported in a few large patient 
series [7, 8]. Despite advances in CT technology, its sensitivity remains inferior to 
MRI for parenchymal NBD involvement. CT angiography (CTA), on the other 
hand, emerges as a fast, precise, and informative technique in the evaluation of vas-
cular involvement of NBD. CT angiography can be performed rapidly using iodin-
ated contrast medium applied in a bolus fashion intravenously, and excellent axial 
source images, multiplanar reconstructions, and three-dimensional volume- rendered 
images can be generated from the desired region of arterial or venous structures. 
Although MR imaging can provide parenchymal and vascular images at the same 
setting at high resolution without ionizing radiation or use of contrast medium in 
NBD, CTA can still be used in cases where MR angiography or MRV is not diag-
nostic or in patients with claustrophobia or critical illness where a rapid vascular 
diagnosis is necessary [9]. CTA is often considered a more precise technique for 
preoperative or pre-endovascular treatment evaluation of Behçet’s disease-related 
aneurysms because of better delineation of vascular structures and relationship to 
bony and skull base structures. CTA can also be performed via flat detector angiog-
raphy units at the setting of catheter angiography for detailed investigation of brain 
stem or white matter venules which are significant regions of histopathological 
NBD involvement [10].

MRI of the brain with gadolinium contrast agent is the diagnostic imaging 
method of choice in NBD. MR venography (MRV) of the brain (and neck) as well 
as MR angiography (MRA) of the brain (and neck) may be indicated in patients in 
whom there is clinical suspicion for vascular (venous or arterial) involvement. MRI 
offers the highest sensitivity and specificity in the morphologic detection of lesions 
of the neural tissue in NBD and has the capability for functional and biochemical 
analysis with advanced techniques. A standard brain imaging protocol with T1, T2, 
FLAIR (fluid-attenuated inversion recovery) series, and SWI (susceptibility- 
weighted imaging) or gradient echo (GRE) sequences (both sensitive to blood prod-
ucts) often completed with T1 W contrast-enhanced T1 series is often sufficient for 
diagnosis of parenchymal lesions. These sequences can readily identify areas of 
edema, hemorrhage, and contrast enhancement and show subsequent mass effect or 
areas of residual encephalomalacia in chronic cases. More recently, DWI has been 
added to the imaging protocol at most centers. DWI is helpful in detecting areas of 
restricted diffusion due to acute ischemia and distinguishing between types of 
edema in corroboration with imaging sequences. Magnetic resonance spectroscopy 
(MRS) can also be used where differential diagnosis from other diseases (tumor, 
infection, or inflammation) warrants advanced imaging. MRA and MRV are usually 
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performed using time-of-flight (TOF) technique, and contrast injection with gado-
linium contrast agents is used in some centers to enhance the sensitivity of MRV 
and in the acquisition of MR angiography of large neck arteries. Cerebrospinal fluid 
(CSF) flow investigations using cardiac triggered phase contrast (PC) MR sequences 
have also been reported in NBD patients [11].

In NBD cases with spine involvement, T2, T1, and STIR (short tau inversion 
recovery, for fat-suppressed heavily T2-weighted images) sagittal and axial series 
followed by gadolinium enhanced T1 sequences in the axial and sagittal planes 
provide greatest benefit in detecting and characterizing spinal cord lesions. This 
imaging protocol is often sufficient in the delineation of areas of edema and contrast 
enhancement in the spinal cord as well as cauda equina fibers.

SPECT (single-photon emission computerized tomography) and PET (positron 
emission tomography) studies may be utilized in NBD to show changes in regional 
cerebral perfusion as well as blood flow and oxygen consumption in brain stem and 
hemispheric lesions [5, 12].

Catheter angiography is the gold standard of vascular imaging. Therefore, any 
vascular problem not optimally solved with noninvasive vascular imaging calls for 
cerebral (or spinal) digital subtraction angiography (DSA). This technique will not 
only provide unequivocal information about the nature of vascular involvement, 
especially arterial aneurysms, dissections, and arterial or venous occlusions related 
to NBD, but also enable emergent or elective endovascular treatment of some of 
these vascular problems [13]. Since the diagnostic yield of DSA may be lower in the 
elucidation of vasculitic changes in the smaller arteries or venules, it is usually 
reserved for cases where noninvasive vascular imaging has proved inadequate or 
when there is need for endovascular or surgical intervention. Some authors have 
also used DSA for the monitorization of treatment effects [14]. Complications of 
catheter angiography such as rare groin puncture site problems and one case of re- 
bleeding during arteriography have been reported; nevertheless, in the authors’ 
opinion, catheter angiography is a safe and invaluable procedure for the diagnosis 
and endovascular treatment of BD-related vascular problems in the hands of expe-
rienced interventional neuroradiologists [15].

 Histopathology of NBD, Patterns of Central Nervous System 
Involvement, and the Imaging Counterparts

The pathogenesis of BD is globally considered to be an autoimmune vasculitis pre-
disposed by genetic determinants and triggered by exogenous factors [16]. NBD 
shares the same pathological features and has two main forms of involvement in the 
central nervous system:

• Parenchymal involvement (PNBD) which favors brain stem as well as cerebral/
cerebellar hemispheres, spinal cord, and meninges. The most common specific 
sites of PNBD are mesodiencephalic junction, cerebellar hemispheres, and basal 
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ganglia. Periventricular, spinal cord, subcortical cerebral, and optic nerve 
involvement have also been reported.

• Non-parenchymal or vascular involvement (NPBD) which includes dural sinuses 
(thrombosis) and arteries (occlusion and aneurysm formation) [17].

The main pathological feature common to many studies in NBD is perivascular 
infiltration of mononuclear, polymorphonuclear, and rarely eosinophilic cells. Areas 
of focal softening with loss of neurons and myelin are present especially in the brain 
stem. The earliest report came from Berlin in 1944, stating multiple foci of cellular 
infiltration within the meninges and brain parenchyma [18]. Following reports, 
autopsy and some biopsy results were mostly in agreement with these findings; 
however, presence of necrosis, demyelination, and even perivascular cuffing were 
not common to all studies. Some rare case reports described isolated demyelination 
or gliosis without perivascular cellular infiltration [19–24]. Perivascular inflamma-
tion was perivenular, periarterial, and perivenular or periarterial with varying inten-
sities. The prominent involvement of the brain stem was unanimously attributed to 
the lack of collateral venous system in this anatomical region, facilitating local 
venous obliteration and ischemia or even hemorrhage. There is clearly a histopatho-
logical involvement pattern with commonly encountered findings that may prove 
very useful in complicated cases where pathological diagnosis is mandatory due to 
insufficient or confusing clinical and imaging findings. Yamada and colleagues have 
recently reported a patient who presented with neurological involvement and was 
diagnosed with BD and NBD via brain biopsy of the right frontal tumor-like lesion 
[25]. On the other hand, diagnosis of NBD still depends on history, physical exami-
nation, imaging, and CSF studies, probably due to scarcity of potentially high-risk 
brain stem biopsies.

Pathology often shows small vessel thrombosis at areas of perivascular infiltra-
tion, and the same infliction may result in vasa vasorum vasculitis and concomitant 
dural sinus thrombosis [25].

Imaging counterpart of Behçet vasculitis is usually T2, FLAIR, and DWI and 
ADC hyperintensity which is mostly compatible with vasogenic edema. DWI can 
distinguish cytotoxic and vasogenic edema and help differentiate between acute 
infarction and inflammation which may be relevant in NBD. Neuronal “loss” has 
also been implied in a small number of MRS studies by the decreased peak of 
N-acetylaspartate (NAA) which is considered a marker for neuronal integrity. 
Blood-brain barrier is usually disrupted in the involved region, resulting in contrast 
enhancement. The lesions usually resolve with minimal residue. The residue may be 
infarctions which may follow intense perivascular infiltration disrupting flow or 
astroglial proliferation [26]. Atrophy, which is a relatively common finding in path-
ological studies, is easily appreciated on imaging in chronic cases. The meningeal 
cellular infiltration especially in cases with acute meningeal syndrome presents on 
imaging as enhancement in the leptomeninges [27]. In chronic cases, meningeal 
cellular infiltration may change into meningeal fibrosis. Both meningeal cellular 
infiltration and fibrosis may not have significant imaging counterparts.
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Hemorrhage observed in imaging correlates to “diapedesis of red blood cells 
around veins” and not to arterial rupture according to histopathological investiga-
tions. Hemorrhage is detected as areas of low signal on GRE and SWI series and has 
variable signal intensities on T2, T1, and FLAIR sequences depending in the age of 
blood products. In NBD, hemorrhage often presents as focal areas of blood products 
in large edematous regions and rarely as large hematomas; however, frank hemor-
rhagic lesions as initial radiological presentation of NBD have also been reported 
[9, 21].

 Neuro-Behçet’s Disease in Children

BD rarely affects children and adolescents. It usually presents at the beginning of 
the second decade of life. NBD occurs in 20–25% percent of children with BD and 
is related to poor prognosis [28]. Symptoms in children with NBD are similar to 
adults. In a small series, 40% of children with NBD had headache, and another 20% 
had intracranial hypertension [29]. Brain stem involvement in the mesodiencephalic 
junction is the prevalent form in children similar to adults. Edematous lesions, areas 
of punctate and patchy enhancement in the parenchymal and spinal lesions, have 
also been reported in children [30]. The non-parenchymal form of NBD, which 
presents mostly as dural venous sinus occlusion, tends to involve younger BD 
patients, some of whom are children. This form also has a more favorable disease 
progress and prognosis. Uluduz and colleagues have reported dural sinus thrombo-
sis as the most common form of involvement in pediatric NBD [31]. Children with 
BD may be more difficult to diagnose; therefore, a child (especially coming from a 
country located on the Silk Route) diagnosed with intracranial cerebral venous 
thrombosis should be investigated for BD and NBD.

 Patterns of Involvement in NBD 
and Neuroradiological Findings

There are a few larger series of NBD patients reporting CT findings; however, 
almost all contemporary imaging literature is based on MR findings [7, 8].

Two patterns of involvement in the CNS are parenchymal and non-parenchymal 
or vascular. While parenchymal lesions are located in the brain and spinal cord and 
rarely in the peripheral nervous system, non-parenchymal lesions mostly involve 
dural sinuses and infrequently arteries.

Parenchymal lesions mostly present with neurological findings functionally cor-
responding to the area of involvement, whereas dural sinus occlusions manifest with 
signs of raised intracranial pressure. The former should be evaluated with contrast- 
enhanced multi-sequential MR investigation and the latter with an additional MRV 
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study. When there is arterial involvement, presentation depends on the sequelae of 
the arterial injury (occlusion, dissection, aneurysm formation) and may be in the 
form of arterial infarction or intracerebral or subarachnoid hemorrhage. In the 
acutely ill patient with suspicion of intracranial bleeding, the initial exam at most 
centers is a non-enhanced brain CT scan. Depending on the neurological state of the 
patient, the degree of emergency, and the treating institution, noninvasive vascular 
imaging (MRA or CTA) or DSA is immediately performed following initial scan 
showing intracranial bleeding.

 Parenchymal Involvement in Neuro-Behçet’s Disease

The most frequent region of involvement in NBD is the brain stem (midbrain, pons, 
and bulbus), followed by thalami and basal ganglia-internal capsules, white matter, 
and cerebellum. Telencephalon, optic nerves, and the spinal cord (cervical more 
than dorsal) are more rare sites of parenchymal disease. Lesions are usually multi-
ple and multicentric; however, single and atypical lesions are also possible.

Acute and subacute lesions are markedly hyperintense on T2 and FLAIR and 
iso−/hypointense on T1 with hazy borders and become slightly T2 hyperintense and 
T1 hypointense with good demarcations in chronic cases.

Most larger clinical series have reported a unilateral (or more rarely bilateral) 
mesodiencephalic (MDJ) lesion, which is a T2 and FLAIR hyperintense signal 
extending from the midbrain upward into the thalami as well as internal capsule and 
basal ganglia and downward toward the ponto-bulbar area, as the most common 
intracranial lesion (Fig. 1). The downward extension is along the pontine tegmen-
tum and cerebellar peduncles or along the corticospinal tract in more anterior ones. 
Sparing of the red nucleus was reported as a common feature in downward exten-
sions [5, 9, 12]. Involvement of the corticospinal tract in the brain stem and internal 
capsule correlates well with the pyramidal signs commonly encountered in these 
patients [32]. Erdem and colleagues have noted an enhancing lesion in the internal 
capsule as the reason for hemiparesis in their patient [33].

Fig. 1 A right mesodiencephalic junction lesion; note that the lesion originates from the mesen-
cephalon and extends upward into the thalamus, internal capsule, and basal ganglia
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Acute or subacute lesions present with the largest diameter of involvement, hazy 
borders, occasional hemorrhagic signal, and contrast enhancement, which tend to 
resolve with small, well-demarcated T1 hypointense, T2 slightly hyperintense resi-
due. The acute lesion is attributed to vasogenic (interstitial) edema that is common 
in venous problems, also characterized by its reversibility and morphologic features 
on MRI. Hemorrhage is mostly encountered in parenchymal lesions of the brain 
stem and attributed to red cell diapedesis from venules in the affected area which is 
best delineated on SWI sequence that can also show venous collaterals. Brain stem, 
being devoid of collateral longitudinal and transverse collateral venules, is severely 
affected by the venular attacks of Behçet pathology and is the most common area 
showing edematous and hemorrhagic changes in this disease (Fig. 2). Hemorrhage 
signal is permanent on MRI especially on blood product sensitive series such as 
GRE and SWI. Contrast enhancement is due to breakdown of blood-brain barrier 
and mostly a radiologic event of the acute and subacute stage and not present in 
chronic lesions and following treatment. Atrophy, on the other hand, is a frequent 
radiological finding in the chronic cases, especially in the brain stem. Several stud-
ies have reported brain stem atrophy without or more enhanced than cerebral corti-
cal atrophy as a distinguishing feature of NBD [32, 34]. Ventricular enlargement has 
also been reported on MR scans in chronic NBD [35].

The radiological progression of disease from the acute into the chronic stage has 
been well depicted, and the tendency to resolve and decrease in size of the lesions 
over time has been reported by many series (Fig. 3). This has been flanked by MR 
spectroscopy findings in a few series, which showed decrease in the N-acetylaspartate 
(NAA) peak at 2 ppm and increase in the creatine (Cr) and choline (Cho) peaks dur-
ing the acute stage [36, 37]. NAA is a marker for neuronal and axonal integrity, and 
NAA peak decrease has been reported to be reversible by Nussel and colleagues 
after treatment. This may be considered, albeit by very few studies, as biochemical 
data suggesting lesion resolution after therapy or simply remission. This “revers-
ibility” of the lesions is considered a distinguishing feature of NBD useful in the 
differential diagnosis from other inflammatory and tumoral conditions of the CNS.

“Silent lesions” have also been implicated in NBD. In a recent prospective series 
of progressive or relapsing-remitting NBD cases with a mean follow-up of 
29 months, increase in the number of MRI lesions and evolution of black holes have 

Fig. 2 T2 sagittal image in 
a 32-year-old male patient 
with NBD shows a 
hypointense hemorrhagic 
lesion in the ventral 
portion of pons (yellow 
arrow). The patient also 
has an edematous lesion in 
the ponto-medullary 
junction (white arrow)
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been noted [38]. A perfusion MR study has also shown that alongside conventional 
MR lesion sites, other regions in the brain show hypoperfusion, suggesting that 
subclinical vascular and neuronal dysfunction may be more widespread than clini-
cally expected [39].

A “tumor-like” presentation of parenchymal NBD has been reported [40–46]. 
These are usually case reports which have been misdiagnosed as brain tumors 
because of misleading or nonexistent clinical diagnosis of BD/NBD and the imag-
ing appearance suggestion of tumor. Biopsy, open surgery, or advanced MR imag-
ing (MR spectroscopy, diffusion tensor imaging (DTI)) in similar cases with 
“tumor-like presentation” usually provides precise diagnosis; however, the key to 
avoiding unnecessary surgical intervention with such patients is to evaluate the 
patient’s clinical and laboratory findings very carefully to exclude NBD and other 
non-tumoral systemic diseases which may involve the CNS and mimic tumor. These 
patients with isolated large lesions of the brain parenchyma have been shown to 
have worse prognosis and more long-term disability due to disease than patients 
with more “classical” form of NBD [47].

Recurrent meningitis or meningeal syndrome has been reported as one of the rare 
NBD presentations [48, 49]. Although more frequent findings of NBD coexistent in 
these patients facilitate diagnosis, isolated and/or recurrent aseptic meningitis 
should incite investigation for BD/NBD in cases that have not been diagnosed previ-
ously. Kara and colleagues have reported a child with acute meningeal syndrome 
and leptomeningeal enhancement on brain MR, who was subsequently diagnosed 
with BD according to International Study Group of Behçet’s Disease criteria for 
diagnosis. Although leptomeningeal enhancement characteristic for meningitis is 
very rare, as stated before, microscopic cellular infiltration of the meninges is quite 
frequent in histopathological studies. Two studies have reported thickening and 
enhancement in the tentorium and falx in their patients with NBD; therefore, 
“pachymeningitis” can also be considered as a suggestive radiological finding in 
NBD [50, 51].

Fig. 3 Reversibility of lesions in NBD; a 43-year-old male patient with known BD; the image 
shows a confluent central lesion in the brain stem (a, b). Repeat MR scan at 8 months (c) shows 
near total resolution of the lesion except for a small residue
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NBD may present with periventricular and spinal lesions which may suggest 
acute disseminated encephalomyelitis or multiple sclerosis in patients who have not 
been previously diagnosed [52, 53]. The differential diagnosis of diseases which 
may mimic NBD will be discussed below. Optic myelopathy which is a rare finding 
in NBD may also cause misdiagnosis in some cases. Kocer and colleagues have fol-
lowed one patient with optic myelopathy and NBD with optic nerve enhancement 
on the afflicted side in the acute phase and neural atrophy on follow-up [9]. NBD 
may share some clinical and radiological features with neuromyelitis optica which 
should be included in the differential diagnosis.

White matter lesions in NBD are usually small foci of high T2 signal scattered 
everywhere in the white matter without predilection for periventricular and callosal 
septal areas (Fig. 4). They can be extensive and confluent as well. As white matter 
lesions in NBD are rarely encountered in isolation, other lesions are helpful in dif-
ferential diagnosis.

Spinal involvement in NBD is not common but has been reported in many series 
and case reports [9, 52, 53]. Cervical spinal cord is the most common segment to be 
involved. The lesion often causes enlargement in the involved area in the acute 
phase and continues more than two vertebral segments or may ascend into the brain 
stem in a myelitis-like fashion (Fig. 5). In cervical cord lesions, upward extension is 
usually through sensory long fiber tracts. Much like their intracranial counterparts, 
cranial and caudal extensions of spinal cord lesions are most pronounced during the 
acute phase and diminish over time leaving smaller residues. Parenchymal lesions 
of the spinal cord may be single or multiple. Not all lesions extend along long seg-
ments; small and nodular or patchy lesions have also been reported. Nodular or 
patchy enhancement can be seen in spinal cord lesions in the acute and subacute 
phases gradually diminishing over time or during treatment. Recurrent transverse 
myelitis has been encountered in a young male patient treated with infliximab for 
BD [54].

Fig. 4 Multiple white matter lesions in an NBD patient. Note that the lesions are widely distrib-
uted with no propensity for periventricular or callosal septal interphase
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 Non-parenchymal Involvement in Neuro-Behçet’s Disease

Around one-third of BD patients with CNS involvement present with cerebral 
venous sinus thrombosis [4] (Fig. 6). This type of CNS involvement has a more 
insidious course dating back to several weeks to months before admission, is more 
frequent in young male adults with BD, and offers a more favorable prognosis. 
Relapse, on the other hand, is substantial. Concomitant parenchymal and non- 
parenchymal involvement in the same patient is rare [1, 55]. The most common 
sinus to get occluded is superior sagittal sinus, followed by the transverse sinus. 
One or more sinuses may be involved. When the dural sinus thrombosis is 

Fig. 5 Spinal involvement in NBD; T2 W sagittal image of the cervical spine shows mild fusiform 
enlargement of the cord between C4 and C6, caused by a myelitis-like lesion (a). Enlarged sagittal 
T1 W contrast-enhanced study of the same patient reveals homogenous nodular enhancement in 
the center of the lesion (b)

Fig. 6 Extensive sinus thrombosis in an NBD patient; both transverse sinuses are occluded; there 
are also significant collateral venous channels due to long-standing venous occlusion
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propagated into the cortical veins, venous infarctions and hemorrhage may ensue. 
Nevertheless, this is quite rare in NBD. Indolent course, together with the relative 
rarity of venous infarctions, has led to the opinion that cerebral venous thrombosis 
in NBD may not be acute and complete in most patients [5].

MR or CT venography of the brain and neck veins will be sufficient in the defini-
tive diagnosis of cerebral venous thrombosis in the vast majority of cases. It should 
be kept in mind that especially in the diagnosis of acute thrombosis, T1, T2, and 
DWI series are very helpful and should be acquired and consulted in addition to 
venography images in these patients. MR and MRV studies are not only proficient 
in diagnosing thrombosis but also very useful in the monitorization of treatment. 
Neuroimaging follow-up timing and protocol should be tailored according to the 
patient’s characteristics and treatment regimen but is considered safe in this rela-
tively young patient group since it does not entail use of ionizing radiation or con-
trast medium. DSA is rarely necessary in the event of venous thrombosis, except for 
assessment of intracranial hemodynamics in advanced cases, or when endovascular 
treatment is necessary.

Aside from cerebral venous thrombosis, an “arterial form” of NBD has also been 
defined. There have been observations of internal carotid artery or vertebral artery 
occlusions, vertebral artery dissections, and intracranial aneurysms and arteritis in 
BD patients with corresponding neurological sequelae [5] (Fig.  7). Intracranial 
hemorrhage due to these lesions may be seen; however, hemorrhage is much more 
frequently secondary to parenchymal lesions.

In treatment of intracranial aneurysms and major artery involvement, a multidis-
ciplinary approach is important. Post-infectious or mycotic aneurysm in a BD 
patient should be treated by management of the underlying disease; however, an 
incidental saccular brain aneurysm can be treated at an experienced endovascular or 
neurosurgical institution in similar fashion to a non-BD patient (Fig. 8). Management 

Fig. 7 Ischemic stroke in an NBD patient due to internal carotid artery (ICA) occlusion; the 
patient has a left parietal infarction as well as multiple white matter lesions due to small vessel 
disease (a); MRA of the neck vessels shows total occlusion of the left ICA (b)
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of large vessel involvement in the head and neck is also a controversial issue, and 
treatment for underlying disease remission is very important, although endovascular 
treatment with angioplasty and stents or thrombectomy may also be called for. 
Because of disease characteristics and vulnerabilities of the Behçet patient, endo-
vascular or surgical intervention must be undertaken following deliberation by 
experienced teams at reference centers.

 Radiological Differential Diagnosis

Neurological disease is rarely the initial manifestation of BD; even in cases that 
seem so, careful history taking and physical examination often reveal hints about 
the underlying disease. Still, differential diagnosis can be crucial, and neuroradio-
logical findings may be helpful.

A typical patient with NBD is a young individual who often presents with an 
acute/subacute brain stem syndrome as well as hemiparesis; therefore, prompt dif-
ferential diagnosis from multiple sclerosis (MS) and stroke may be warranted.

MS is more likely to be seen in young females, with optic neuritis, sensory symp-
toms, and spinal involvement which are rarer in NBD. Intracranial MS lesions tend 
to involve periventricular white matter with propensity of callosal septal interphase 

Fig. 8 A 58-year-old male BD patient has been admitted with subarachnoid hemorrhage. DSA 
image on the left shows a (ruptured) anterior communicating artery aneurysm which was treated 
by primary coiling
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location as multiple small lesions, while NBD often presents with nonspecific loca-
tions of white matter lesions often in combination with brain stem lesions. While 
brain stem lesions in NBD prefer MDJ or central pons and corticospinal tract, MS 
tends to involve the floor of the fourth ventricle and middle cerebellar peduncle. 
Spinal lesions in MS are small and widely scattered in the cord, but NBD lesions 
involve long segments of the cord in a myelitis-like fashion. On axial images, NBD 
mostly involves central gray matter, while MS creates eccentric, off midline plaques 
[5, 12]. In chronic cases, atrophy in NBD tends to be isolated to the brain stem, 
whereas MS has both cerebral and brain stem atrophy.

An acute stroke-like presentation in a young patient may necessitate a thorough 
clinical and laboratory investigation for vasculitic disorders which may involve the 
CNS. The NBD lesions on cross-sectional imaging are not compatible with arterial 
territories and often present with vasogenic instead of cytotoxic edema, and vascu-
lar imaging of the head and neck arteries is often negative. İschemic stroke at the 
acute phase shows cytotoxic edema compatible with arterial territories, and vascular 
imaging will often provide significant information about the underlying etiology.

Sarcoidosis is a disease which may also present with uveitis, arthritis, and CNS 
involvement and must at times be differentiated from NBD. Cranial neuropathies 
mostly involving the seventh nerve and diabetes insipidus are frequent in sarcoid-
osis. The granulomatous lesions of sarcoidosis may involve the meninges, the 
suprasellar cistern, and the infundibular stalk and produce thick and slightly nodular 
enhancement in these regions. There is also a meningoencephalitic form with paren-
chymal lesions. These are usually quite distinctive from NBD lesions [5].

Brain stem gliomas and primary central system lymphoma may be included in 
the differential diagnosis of pontine or MDJ lesions in NBD. Lymphomas tend to 
restrict diffusion and show more enhancement than NBD vasculitis and show 
remarkable and fast resolution after steroid treatment. Gliomas have varying diffu-
sion and contrast enhancement properties depending on their histopathological 
grade; however, conventional MR characteristics in combination with MRS features 
suggestive of gliomas are often sufficient for diagnosis. Gliomas tend to show 
enhanced myoinositol peak due to their astrocytic origin and heightened choline 
peak due to increased cell turnover. Higher-grade tumors exhibit lactate and lipid 
peaks which are due to anaerobic metabolism and myelin breakdown [32].

Tuberculosis (TB) is a systemic disease like BD and has similar propensity for 
CNS involvement. The two diseases can easily be differentiated on the basis of clini-
cal and laboratory findings. TB’s classical meningoencephalitis produces a thick 
enhancing exudate in the basal cisterns often causing vascular and cranial nerve com-
plications; the second most common form of CNS disease is tuberculomas, which 
are often multiple, ring-enhancing nodular lesions with peripheral edema.

Systemic lupus erythematosus (SLE) and primary antiphospholipid syndrome 
(PAS) may also need to be differentiated from NBD at rare instances, and neuroim-
aging in these diseases often shows arterial infarctions and gray matter changes 
which are rare in NBD. SLE and PAS rarely involve the brain stem which is often 
involved in NBD. The rate of cerebral atrophy is high in SLE due to steroid treat-
ment. NBD causes atrophy in the brain stem more often than cerebral hemispheres.
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Neuropsychiatric Symptoms in Neuro- 
Behçet’s Disease

Tuncay Gündüz and Erhan Ertekin

 Introduction

The central nervous system (CNS) involvement in Behçet’s disease (BD) may cause 
significant disability in both acute and chronic phases. Involvement of predominantly 
brainstem and diencephalic structures and less commonly other regions in neuro- 
Behçet’s disease (NBD) patients may explain the substantially debilitating nature of 
the disease. Among these findings, cognitive involvement and neuropsychiatric 
involvement hold a special place which can cause radical changes in the patient’s 
private, work, and social life in both the acute and chronic phases. Perhaps these 
deficits would be the most significant obstacles in the patients’ lives.

In general, dysfunction of specific cognitive domains, apparent personality 
changes, and psychiatric disorders may occur with different severity and 
combinations in NBD patients. In this chapter, cognitive dysfunction and personality 
changes are presented first, followed by psychiatric symptoms and findings.

BD is associated with a high prevalence of psychiatric symptoms, and the chronic 
nature of the disease and its significant morbidity can cause problems in patients’ 
lives as shown by poor quality of life and diminished life satisfaction in patients 
with BD [8]. The relationship between stress and the immune system also should be 
taken into account when evaluating the psychological aspects of the disease, since 
BD is an immuno-inflammatory disease. Approximately 70% of patients with BD 
reported a stress factor before the occurrence of the disease, while 80% of patients 
also declared stress in the period of relapse [30].
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Therefore, it is important to assess patients with BD in terms of psychopathology 
not only for a better understanding of the psychological aspects of the disease but also 
to develop prevention and/or treatment strategies for this less researched side of BD.

 Pathophysiology

There is not much study and information about the pathophysiology of cognitive 
dysfunction in neuro-Behçet’s disease patients [52]. However, in the last two 
decades, magnetic resonance imaging (MRI) and single-photon emission 
computerized tomography (SPECT) studies and case reports regarding NBD 
patients have been published, and some neuroanatomical data related to the affected 
regions have accumulated.

In the acute phase, mainly ponto-mesencephalic region and diencephalic struc-
tures are  involved as indicated by clinical and MRI findings in neuro-Behçet’s 
patients. During this phase, T2 hyperintense lesions showing partial contrast 
enhancement are encountered which are, in most cases, distinct in morphology and 
distribution. Hyperintense lesions generally disappear entirely within several 
months in most cases; however, unilateral or bilateral atrophy may occur in these 
regions later on (Fig. 1).

Usually, cognitive dysfunction has a chronic course in NBD patients. However, 
MRI may be normal or nearly normal in stable and relapse-free periods. It is evident 
that there is a permanent dysfunction in some relevant brain areas. Therefore, one of 
the best methods for demonstrating cerebral dysfunction, SPECT, was performed in 
patients with NBD.

Mizukami et al. found frontal and temporal hypometabolism in two progressive 
NBD patients with dementia [37]. Arai et al. performed a SPECT, MR, and autopsy 
study in a 50-year-old NBD patient with a frontal syndrome demonstrating disinhibi-
tion, the absence of spontaneity, and memory impairment. They found severe brain-
stem involvement in MRI and severe frontal hypometabolism in SPECT. However, 
an autopsy showed gliosis and perivascular infiltration of the brainstem, internal cap-
sule, and thalamus without involvement of the frontal cortex [4].

A SPECT study of Garcia-Burillo and colleagues found perfusion defects mainly 
in the frontal, temporal, and basal ganglia regions and less commonly in occipital 
regions. Furthermore, of the 21 patients with no neurological findings, nine had 
abnormal SPECT findings [23].

Vignola and colleagues reported that, despite normal brain MRI, SPECT study 
revealed hypoperfusion regions mainly in the basal ganglia and temporal and frontal 
lobes in five boys with NBD demonstrating various neurological signs and symp-
toms. They linked these findings to disseminated cerebral inflammation [55].

Huang and colleagues observed mainly parietal, temporal, and frontal hypome-
tabolism in ten NBD patients with predominantly cognitive complaints without 
brain MR lesions [29].

Mimura detected memory impairment, frontal/executive dysfunction in a patient 
with amnesia, hypoperfusion in bilateral basal ganglia and basal forebrain, and 
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hyperperfusion in posterior cortical regions. Brain MRI showed a  small high 
intensity region  in the left thalamus together with mild dilatation of the third 
ventricle. The authors linked this deranged neuropsychological profile to 
dysfunctioning thalamic, subcortical-frontal circuits [35].

Chuang et al. reported that all patients with NBD in their cohort (n:24) showed 
abnormal SPECT findings in which  temporal lobe and basal ganglia were 
predominantly affected despite normal brain MRI.  However, authors did not 
report  neuropsychological profiles of the patients, precluding the opportunity to 
build a neuroanatomical–cognitive dysfunction correlation [12].

In summary, SPECT studies in NBD patients show that predominantly affected 
areas are the frontal lobe, temporal lobe, and basal ganglia. In accordance with this, 
cognitive dysfunction profiles of these patients are more or less consistent with the 
involvement of these same regions. Interestingly, the brain MRI often can not detect 
an abnormality in these regions.

Fig. 1 MRI samples of NBD patients. (a, b, c) Acute brainstem lesions with a characteristic 
appearance. (d) In chronic term, prominent atrophy in the brainstem and cerebellum is evident
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Normal MRI or sole brainstem atrophy despite the apparent cognitive dysfunc-
tion detected in these patients may suggest that MRI may not detect responsible 
micro- lesions in these patients [25, 41].

Another question that may come to mind is: why do we detect perfusion abnor-
malities in normal MRI regions and despite normal histopathological examination?

Frontal and executive functions are very complicated, and their physiology is 
still waiting to be discovered. On the other hand, some operating mechanisms have 
been introduced so far. As known, basal ganglia, besides the coordination of the 
motion, also take a significant role in the regulation of the movement inducer factors 
(e.g., emotion, motivation, and cognition) [26]. This process is established by 
complex and interrelated circuits between the basal ganglia neurons and various 
frontal cortical regions (cortico-striatal circuits). Through  these circuits, while 
particular behaviors are performed outputs are modified appropriately with internal 
and external stimuli. Also, individual striatal structures exchange extensive 
information with  the brainstem dopaminergic neurons and tegmental nuclei. 
Naturally, one can expect that damage to the basal ganglia and brainstem may 
impair frontal functions. Indeed, dementia in parkinsonism,  and depression and 
emotional instability encountered in brainstem involvement may be taken as suit-
able examples of this proposition [26].

Another modulator of frontal executive functions is considered to be cerebellum. 
The influence of cerebellum on cognitive functions, which is known more as the 
movement regulator, has recently been  suggested [14, 33]. Cortical-cerebellar 
interaction depends mainly on two pathways: the afferent cortico-ponto-cerebellar 
pathway and the efferent cerebello-thalamo-cortical pathway. The afferent fibers 
reach to cerebellar nuclei through middle cerebellar peduncle of the pons and leave 
through the super cerebellar peduncle [43]. In their diffusion tensor imaging (DTI) 
MRI study, Palesi et  al. showed that one of the main relay stations of these two 
pathways was the prefrontal cortex which may reveal the importance of cerebellum 
in cognition [43] (Figs. 2 and 3).

The cognitive impairment caused by cerebellar diseases is notable. Cerebellar 
cognitive affective syndrome (CCAS) caused by cerebellar damage was first 
described in 1990 by Schmahmann and colleagues and the concept  evolved ever 
since. It is characterized by disturbances in executive functions, linguistic process-
ing, spatial cognition, and affect regulation [28, 46]. Likewise, as the heterogeneous 
literature indicates, common picture resembles frontal lobe dysfunction, with altered 
working memory, verbal fluency, and cognitive control [48]. However, the cognitive 
effects of cerebellar damage may not be as evident as cerebral damage because there 
are a number of different cerebello-cortical interactions complicating the clinical 
picture. Additionally, the damage will often extend to other brainstem regions which 
may also complicate the neuropsychological profile [48]. D’Aes and Marien reviewed 
patients with isolated brainstem infarctions and identified 30 patients with suffi-
cient anatomoclinical information. The main cognitive profile was frontal dysfunc-
tion (attention, executive functions, and memory), and SPECT study revealed 
hypoperfusion mainly in the frontal region, followed by parietal and temporal 
regions. The authors suggested that the primary cause of cognitive impairment in 
these patients may be the involvement of the cortical-cerebellar pathways which pass 
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Fig. 2 The cerebello-thalamo-cerebro-cortical circuits (CTCCs). The figure represents schemati-
cally the bidirectional connectivity between the cerebellum and the telencephalon, in particular 
with the cereberal cortex. Telencephalic projections from the cortex and basal ganglia (through the 
subthalamic nucleus, STN) and limbic areas are relayed to the cerebellum through the anterior 
pontine nuclei (APN). The cerebellum in turn sends its output through the deep cerebellar nuclei 
(DCN), red nucleus (RN), and anterior thalamic nucleus (ATN) to various telencephalic areas 
including the motor cortex (MC), the prefrontal cortex (PFC), the parietal cortex (PC), and the 
temporal cortex (TC). These connections, which are supported by anatomical and functional data, 
forming several bidirectional cerebello-thalamo-cerebro-cortical circuits (CTCCs). (Figure is 
reproduced from D’Angelo et al. Front Neural Circuits. 2013;6:116. https://www.frontiersin.org/
articles/10.3389/fncir.2012.00116/full) [14]

Fig. 3 2D rendering of combined CSD technique and probabilistic streamlines tractography in a 
representative subject. Streamlines in (a, b) are color coded according to the diffusion-derived 
fiber direction, while in (c), two solid colors differentiate the left and the right seeded pathways. 
(a) Pathway reconstructed with a seed ROI placed in the left middle cerebellar peduncle. No target 
ROI was used. (b) Pathway reconstructed with a seed ROI in the left middle cerebellar peduncle 
and a target ROI in the contralateral cerebral peduncle. (c) Pathways reconstructed as in (b) using 
both left (blue) and right (red) seed ROIs (Figure is reproduced from Palesi et  al. Sci Rep. 
2017;7(1):12841. https://www.nature.com/articles/s41598-017-13079-8) [43]
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through the brainstem and the impairment of the modulatory effect of the cerebellum 
on higher cortical and limbic functions [13]. Therefore, nonstructural biochemical 
deterioration may also be involved  in the pathological process. Hoffman and col-
leagues studied 16 patients with subtentorial infarction and found at least one of the 
frontal network syndromes in 11 patients. Authors suggested that this may be due to 
the contralateral cortical diaschisis secondary to the cerebellar lesion [56].

 In summary, it is noteworthy that the neuropsychological profile and SPECT 
findings in isolated cerebellar involvement and isolated brainstem involvement are 
more or less similar to that of NBD patients. Consequently, it can be suggested that 
brainstem and diencephalon (thalamus and basal ganglia) involvement, which are 
the predominantly affected regions in NBD, may lead to this distinct cognitive 
impairment profile by disrupting the cortico-striatal and cortico-cerebellar path-
ways in these patients. However, it should be kept in mind that cognitive dysfunc-
tion in these patients may be more complicated and mixed clinical pictures may 
emerge as the pathological process may involve more extensive structures.

 Prevalence

Cognitive dysfunction has been reported in NBD patients with a variable prevalence 
from 30% to as high as 100%. Characteristics of clinical presentations will be dis-
cussed below. As mentioned above, prevalence of psychiatric disorders in patients 
with NBD has not been thoroughly investigated by using structured interviews. In the 
only study that assessed patients with BD to formally diagnose psychiatric disorders, 
Dursun et  al. recruited 73 patients and assessed them with Structured Clinical 
Interview for DSM-IV/Clinical Version (SCID-I/CV). Thirty patients (41.1%) 
reported at least one current psychiatric disorder, and anxiety disorders were more 
common than mood disorders (35.6% and 21.9%, respectively). Major depression 
(17.8%) was the most frequent psychiatric disorder, and it was followed by specific 
phobia (16.4%), generalized anxiety disorder (15.1%), and social phobia (9.6%) [17].

 Clinical Presentations

There are not many studies concerning cognitive impairment in neuro-Behçet’s dis-
ease. However, our experience and few published studies and case reports indicate 
that primarily memory, attention, and executive dysfunction are observed in these 
patients [2, 11, 24, 25, 41]. On the other hand, other cognitive domains may be 
affected to some extent in individual patients. Personality changes may be observed 
with or without dysfunction in these cognitive domains.

Neuropsychological evaluations (NPEs) of these patients are usually performed 
after an acute exacerbation subsided and the patient has been stabilized. Some acute 
exacerbations may require hospitalization and intense immunosuppressive 
treatment.
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Symptoms Prevalence

Secondary memory disorder (especially delayed recall) 30–100%
Frontal executive dysfunction
Impaired learning, impaired self-care, disinhibition, perseverations, apathy
Failure in persistence, category shifting, response inhibition, and mental control
Pseudobulbar affect

60%

Depression and anxiety N/A
Hypomania/mania and psychosis N/A
Kleptomania N/A

N/A: Data not available in neuro-Behçet’s disease patients

 Memory Disorders

Temporolimbic recording process is the mainstay for the acquisition of new infor-
mation and memory. Deterioration of this process, named primary memory disor-
der, is a common finding in some disorders such as Alzheimer’s disease which 
predominantly affect temporolimbic structures in the early phases. On the other 
hand, stored information should be retrieved into consciousness either spontane-
ously/actively (retrieval) or passively by clue (recognition). These processes require 
intact attention and other complex frontal functions to be operational. Therefore, 
patients with these frontal dysfunctions cannot remember spontaneously during 
testing but remember when given a clue (recognition), hence named as secondary 
memory disorders.

Neuro-Behçet’s disease patients frequently complain of forgetfulness. Memory 
profile of affected patients indicates almost always a secondary memory disorder, 
i.e., secondary to frontal dysfunction. These patients demonstrate intact registration 
but impaired retrieval. However, in a small group of patients in which complex 
attention functions deteriorated severely, recording defect, i.e., primary memory 
disorder, is also seen.

The literature review also reveals more or less the same pattern of cognitive 
involvement in these patients. In our center’s cohort, all evaluated NBD patients (74 
patients) showed a memory disorder of which 70% was medium-severe [2]. On the 
other hand, memory scores showed substantial improvement with recognition. Also, 
12 patients’ consecutive NPE revealed preserved registration and storage but 
significant impairment of delayed recall, especially in visual and verbal modalities 
[41]. Memory scores of these patients also improved with recognition trials 
dramatically. Cavaco et  al. found short-term memory and immediate recall 
disturbance with attention deficit in 15 patients [11], while Gökçay et al. reported 
immediate recall dysfunction in 30% of NBD patients [24].

We previously reported that memory and attention deficits were identified in 
both NBD and multiple sclerosis patients, although the findings related to prefrontal 
involvement were more prevalent in NBD patients. Learning and early and delayed 
recall scores were worse in NBD patients, but recognition was preserved [25].
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 Attention and Frontal Executive Dysfunctions

Neuro-Behçet’s disease patients may give a clinical impression that they are easily 
distracted and lacking self-care. Indeed, in the vast majority of patients, it appears 
that there is deterioration at various levels in attention processes. Likewise, 
impaired  frontal executive functions such as deterioration in response inhibition, 
and perseverations with variable severity may be observed. Patients may have long- 
lasting apathy, depression, pseudobulbar affect, and disinhibited behaviors 
influencing every aspect of the social and personal life. Some rare patients may 
exhibit kleptomania behavior. Relatives and household of patients may report a 
personality change, imperviousness, indifference, inadequate self-care, and 
disruption in social life and relationships.

Studies indicate that attention deficit and frontal executive dysfunction may be 
evident in as much as 60% of patients [2]. Oktem-Tanör’s study revealed a 60% 
clinical impression of personality change, 50% displayed disinhibition, and 15% 
displayed apathy. Five patients showed failure in persistence, category shifting, 
response inhibition, and mental control [41]. Comparison of NBD and multiple 
sclerosis (MS) patients revealed worse learning strategies (less semantic clustering) 
and worse performance in Stroop test and frontal behavioral inventory in NBD 
patients. Overall, these findings could be attributed to the more severe involvement 
of the fronto-striatal circuits in NBD as compared to MS [25].

 Cognitive Involvement in Other Domains

Visuospatial functions, which are regulated mainly in the posterior cerebral regions, 
appear to be preserved in general. However, patients may not perform well during 
testing, often due to severe attention deficit. Patients’ language functions are 
generally preserved, and they generally do not have a problem other than dysarthria.

 Cognitive Dysfunction in Patients Without Apparent 
Neurological Involvement

Another proposed pattern is insidious cognitive impairment in patients without any 
neurological symptoms. Conflicting results have been reported in several studies. 
One study reported decreased cognitive event-related potential (p300) in Behçet’s 
patients without neurological involvement [31]. In another study, 26 BD patients 
were compared to healthy subjects. They found deficits in memory, executive 
functions, and attention in 46% of BD patients. However, the lack of MR imaging 
data makes the findings doubtful [38]. On the contrary, there are studies that found 
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no difference in NPE and p300 latency values between Behçet’s disease patients and 
healthy subjects [24]. In conclusion, current evidence does not prove the presence 
of  subclinical neurological/cognitive involvement in Behçet’s disease 
patients without neurological involvement.

 Depression and Anxiety Symptoms

Most studies on psychiatric aspects of BD have been conducted by using rating 
scales that assess psychiatric symptoms, instead of using structured clinical 
interviews to formally diagnose psychiatric disorders. In one of the largest of such 
studies, Bagheri and colleagues evaluated 101 randomly selected patients with BD 
in Iran with the Symptom Checklist-90-Revised (SCL-90-R), which is a widely 
used instrument to assess psychiatric symptoms. They found that somatization 
(91.7%), anxiety (78%), and depression (77.8%) were the most prevalent symptoms 
[7]. High incidences of these psychiatric symptoms were comparable to the ones 
reported in much earlier reports on psychiatric profile of patients with BD [20].

Taner and colleagues compared 120 outpatients diagnosed with BD and 95 out-
patients with chronic plaque-type psoriasis in terms of depression, anxiety, hope-
lessness, and automatic thoughts [49]. The authors found that all four scores were 
significantly higher in the BD group than in the psoriasis group. When they define 
depression with a Beck Depression Inventory score above 12, they found that 45.5% 
of patients with BD were depressed and this rate was significantly higher than that 
of patients with psoriasis as well. They also found a higher rate of depression in BD 
patients with a disease duration of more than 3 years compared to BD patients with 
a shorter duration of illness (75% vs. 20%). In the younger BD group (aged 
18–25 years), the only score which was higher than that in the psoriasis group was 
anxiety. In the light of these findings, the authors suggested that anxiety might be 
the presenting psychiatric symptom in patients with BD, unlike depression which 
might develop later in the course. In patients with BD, men had significantly higher 
rates of depression (57%) than women (36.1%). This finding, which is in contrast to 
the general population where females are more likely to develop depression than 
males, might be a reflection of the worse prognosis of BD in men [50].

In general, Taner et al.’s findings were comparable to that of an earlier study with 
a similar design that used a smaller sample in which patients with BD displayed 
more symptoms of depression and anxiety than both healthy controls and patients 
with psoriasis [10]. Another study that included 25 patients with BD also reported 
higher depression and anxiety symptoms in the BD group than in the healthy control 
group [30]. Other studies confirmed higher depression and anxiety symptoms in 
patients with BD compared to healthy controls [51] or patients with rheumatoid 
arthritis, which is also an autoimmune disease [34].
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 Hypomanic/Manic and Psychotic Symptoms

Compared to the depressive and anxious symptoms, less is known about psychotic 
and/or manic symptoms in patients with BD. The limited literature on psychosis or 
bipolar disorder in BD is mostly based on case reports.

Van Ham and colleagues described the case of a patient diagnosed with Behçet’s 
disease after being admitted to a psychiatric hospital with mania. Despite an atypical 
presentation with no mood elevation or grandiosity, the patient met DSM criteria for 
a manic episode. The patient had neuro-Behçet’s disease with signs of parenchymal 
involvement. The authors presumed that the patient’s psychiatric condition might 
have been caused by parenchymal brain damage [54]. As reports on the relationship 
between neuroinflammatory processes and psychiatric disorders are growing in 
numbers, anti-inflammatory treatment leading to normalization of mood and 
behavior in 3 months’ time is a remarkable data from this case report. Aydin and 
colleagues reported a case of neuro-Behçet’s syndrome with the initial onset of 
affective symptoms. The patient had a large lesion in the pons and was successfully 
treated with corticosteroids [6]. Nakano et al. reported a case whose neuro-Behçet’s 
disease emerged with the onset of bipolar disorder [39]. A case report described a 
patient who developed treatment-resistant bipolar disorder precipitated by BD [3]. 
A more recent case report described a patient who developed bipolar disorder as the 
first presentation of the subsequent NBD [27].

Psychotic symptoms have also been reported in patients with BD. Nkam and 
Cotterau reported an acute psychotic episode in a patient with neuro-Behçet’s 
disease without parenchymal cerebral involvement [40]. Deniz et  al. described a 
patient with neuro-Behçet’s disease who was diagnosed as psychotic disorder due to 
a medical condition and suggested that neuro-Behçet’s disease should be considered 
in psychotic episodes when an organic etiology is suspected [15].

Recently, Otsuka and colleagues reported a case who presented with acute agita-
tion as the initial manifestation of NBD [42].

 Clinical Course of Cognitive Dysfunction 
in Neuro- Behçet’s Disease

Usually, the first presentations of neuro-Behçet’s disease are brainstem, cerebellar, 
sensory, motor, and other rare findings depending on the involved brain region. It is 
known that cognitive impairment is often present from the beginning but may 
improve, remain same, or worsen in time. On the other hand, in a small group of 
patients, cognitive symptoms and signs may be the presenting clinical findings [6, 
15, 22, 35, 47].

Although there is not much information about the time course of cognitive 
impairment, most of the patients’ conditions will worsen over time. Recurrent 
neuropsychological evaluation of 12 patients by Oktem-Tanör et al. showed that the 
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memory performance of seven patients (three with relapse and four without relapse) 
had worsened over time. Other four patients remained unchanged and one patient 
improved. Attention, frontal functions, and other modalities were not changed in 
time [41].

 The Relationship Between Cognitive Impairment 
and Psychiatric Symptoms

Cognitive impairment was investigated in a study that enrolled 26 patients with BD 
and 26 healthy controls. The groups were evaluated with a comprehensive 
neuropsychological battery as well as the Hamilton scales for depression and 
anxiety. In line with the literature reviewed above, patients with BD showed 
significantly higher scores than controls on anxiety and depression scores. 
Cognitively impaired patients with BD were similar to cognitively unimpaired BD 
subjects in relation to anxiety and depression levels [38]. However, anxiety might be 
a risk factor for cognitive impairment in BD. Dutra and colleagues have shown that 
cognitive impairment occurs frequently in patients with BD independently of 
neurological manifestation. In that study, low educational level and anxiety emerged 
as risk factors for cognitive impairment in BD [18].

 The Activity of Behçet’s Disease and Psychiatric Symptoms

In a cross-sectional study, Abdelraheem et al. compared BD with systemic lupus 
erythematosus (SLE) in terms of frequency of psychiatric disorders and brain MRI 
findings. They included 50 patients with SLE, 34 patients with BD, and 44 control 
subjects. As expected, psychiatric disorders were more prevalent in both 
rheumatological  disorders than healthy controls. However, the prevalence of 
psychiatric disorders was higher in SLE patients than in BD patients as well (56% 
and 26.5%, respectively). Although depression was more common in SLE patients 
than in BD patients, no significant difference in the prevalence of anxiety was found 
between the two patient groups. Among patients with psychiatric manifestations, 
significantly more MRI abnormalities were found in BD patients than in SLE 
patients. This might indicate a close association between neuro-Behçet’s disease 
and psychiatric manifestations.

The same study also assessed disease activity for both disorders and reported that 
major psychiatric conditions like psychosis and mania might be associated with 
higher disease activity, whereas the groups with less disease activity showed 
significant accumulation of depression and anxiety. The authors suggested that this 
finding might be linked to the more chance of cerebral vasculitis in higher disease 
activity rendering patients with higher propensity to have more aggressive psychiat-
ric disorders [1].
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 Neuropsychiatric Symptoms Secondary to Medications

For azathioprine, a case with confusion and another with obsessive-compulsive dis-
order and panic disorder were reported as possible side effects [53, 54]. Likewise, 
transient mood disorders secondary to mycophenolate mofetil [5, 16] and psychotic 
symptoms after tacrolimus use [9] have been reported. Kenna et al. reported that 
complications of corticosteroid treatment may cause neuropsychiatric symptoms 
ranging from significant anxiety and insomnia to severe mood and psychotic 
disorders, delirium, and dementia [32]. Infliximab use has been reported to cause 
mood disorders as manic switch and severe depression leading to suicide attempt 
[19, 21].

 Management

No study was conducted to investigate the treatment of cognitive symptoms in 
neuro-Behçet’s patients. However, psychiatric symptoms and signs of the patients 
can be controlled by antidepressants, anxiolytics, and antipsychotics. Cognitive 
rehabilitation is likely to work, but no studies have been done on it. Various 
rehabilitation studies have been carried out for cognitive impairment in multiple 
sclerosis and other chronic CNS disorders. Some of these revealed a lack of efficacy 
[36], while some provided low-level evidence of a positive effect [45]. However, it 
has also been suggested that cognitive neurorehabilitation may have a positive effect 
on isolated brainstem infarcts [13].

Evidence is also very limited regarding the treatment of psychiatric symptoms in 
patients with BD. The psychotic symptoms of the patient reported by Deniz et al. 
did not improve after steroid treatment, and later, they were partially reduced after 
the addition of risperidone [15]. Patel et al. reported an adolescent patient with BD 
presented with psychosis who showed improvement with a combination of 
corticosteroids, anticoagulants, and immunosuppressants [44]. Due to limited 
evidence, it is not possible to determine the best treatment for psychiatric symptoms 
in patients with BD.  The optimal treatment might be corticosteroids and other 
immunosuppressant drugs for some patients, whereas other patients might require 
psychotropic medications such as antidepressants, antipsychotics, and mood 
stabilizers.
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 Introduction

Neuro-Behçet’s disease (NBD) is the most severe complication of Behçet’s disease 
(BD) that requires effective management strategies to prevent long-term disability. 
However, due to the lack of placebo-controlled treatment trials, NBD is usually 
treated empirically based on studies on other immune-mediated central nervous sys-
tem (CNS) diseases, as well as other systemic involvement types of BD.  As 
expected, not all conclusions from other system involvements of BD can be extrapo-
lated to patients with NBD. For example, cyclosporine, which is commonly used for 
uveitis, may provoke cerebral parenchymal lesions in otherwise neurologically 
asymptomatic patients and should be contraindicated in patients with NBD [1, 2].

The aim of the treatment must be focused on rapid suppression of acute inflam-
mation and prevention of further relapses by using an aggressive management strat-
egy depending on the clinical severity of the involvement. Acute inflammation 
should be treated as early as possible with high-dose intravenous (i.v.) corticoste-
roids followed by immunosuppressive agents with prolonged corticosteroid mainte-
nance, depending on the recovery. Oral immunosuppressant drugs should be swiftly 
escalated to more effective treatment regimens such as cyclophosphamide 
(CYC) and anti-TNF-α monoclonal antibodies in relapsing and progressive patients.
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 Treatment of Acute Relapse

The mainstay of treatment of an acute relapse is high-dose (1000 mg/day) intrave-
nous (i.v.) methylprednisolone (MP), which is also the first treatment option in vari-
ous immune-mediated CNS diseases [3]. The favorable effect of a 5–10-day MP 
infusion can usually be seen in 1–4 weeks after treatment. MP treatment should be 
followed by a slow oral steroid taper over several months, depending on the clinical 
severity and pattern of involvement.

At the Istanbul University, our conventional treatment protocol consists of oral 
MP 32 mg/day for at least 4 weeks with intermittent weekly MP 1000 mg i.v. treat-
ments. Oral MP may be gradually decreased to a maintenance dose of 8–16 mg/day 
after 3 months. The biological effects of disease-modifying treatments might not 
peak for as long as 3–6 months after initiation. Therefore, we recommend continu-
ing higher doses of oral MP for a total of 3–6 months for cerebral venous sinus 
thrombosis (CVST) and aseptic meningitis and 6–12 months for parenchymal NBD 
(p-NBD).

Side effects of prolonged corticosteroid use are gastric ulcers, osteoporosis, 
hypertension, diabetes mellitus, Cushing’s syndrome, psychiatric disorders, and ste-
roid myopathy, which may mimic exacerbation of BD.

The prophylactic effect of MP treatment in acute NBD attacks is still uncertain. 
However, MP given at regular intervals may have a beneficial effect in the long 
term, especially according to studies conducted in other CNS autoimmune diseases, 
such as multiple sclerosis (MS) [4].

Intractable cases may be treated with i.v. cyclophosphamide (CYC)  or 
IVIG. (CYC) is a potent immunosuppressive agent that will be discussed in detail. 
Due to its anti-inflammatory activity in various autoimmune diseases, i.v. immuno-
globulin (IVIG) has been proven to be effective in many forms of central and periph-
eral neurological disorders. Unfortunately, the effect of IVIG on BD is uncertain. 
Despite the absence of randomized clinical trials (RCTs) on IVIG, there are case 
reports that IVIG may be beneficial in the prophylactic treatment of patients with 
resistant ocular [5], cutaneous, and even neurological involvements [6]. Therefore, 
it may be a treatment alternative in NBD that can only be used for patients with 
contraindications to corticosteroids.

 Prevention of Relapses

 Basic Concepts

The rate of disability accumulation of relapsing or progressive patients with NBD is 
high, especially in patients with p-NBD.  Additionally, relapses in p-NBD occur 
almost twice as common as CVST [7]. Therefore, all patients should be advised to 
take disease-modifying treatment after the first relapse. However, since there are 
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only scarcely any guidelines based on evidence-based medicine, clinicians may 
undergo challenging clinical decisions, principally in refractory patients with NBD.

Attacks and progression in NBD can be prevented by using first-line immuno-
suppressive agents such as azathioprine, mycophenolate, and methotrexate (Table 1). 
Azathioprine is usually the primary drug of choice, partly due to the cost and ease 
of availability. The immunosuppressants should be started as soon as possible after 
the first clinical attack since their full biological effect may be delayed for up to 
3–6 months. During that period, patients should be kept on corticosteroid mainte-
nance treatment. Other than azathioprine, mycophenolate mofetil can also be used 
as a first-line agent. Another first-line treatment alternative is methotrexate, although 
there is a scarcity of scientific evidence on its use in NBD except for a few case 
reports [8, 9]. It is advised to be used only in patients who cannot tolerate azathio-
prine and mycophenolate.

Second-line treatments should be used in refractory patients. These agents 
include anti-TNF-α drugs and cyclophosphamide. In the last 5 years, anti-TNF-α 
agents have become more popular due to their favorable side effect profile in the 
long term in comparison to cyclophosphamide (Table 1). Despite the absence of 
high-grade scientific data, interferon-α can also be included in this group.

Patients refractory to second-line treatments may receive anti-IL-1 or anti-IL-6 
monoclonal antibodies. However, there is insufficient evidence on these 

Table 1 Treatment algorithm of neuro-Behçet’s disease

Acute relapse First-line Second-line Third-line

Methylprednisolone (MP): 
1 g i.v. 5–10 days ± weekly 
pulses+ p.o. MP with very 
slow taper over months up 
to 1 year

Azathioprine: 
2.5 mg/kg/day 
p.o.

Cyclophosphamide: 
1000 mg/month i.v. 
6–12 months

Anakinra: 100 mg/day 
s.c.

Cyclophosphamide: 
1000 mg i.v. infusion 
or 700 mg/m2 i.v. infusion

Mycophenolate 
mofetil: 2 gr/day 
p.o.

Infliximab: 5 mg/kg 
i.v. 0, 2., 6. weeks than 
every 2 months

Canakinumab: 300 mg 
i.v. loading followed 
by 150 mg i.v. every 
month. Followed by 
150 mg s.c. every 
month

Methotrexate: 
12.5–25 mg/
week p.o.

Etanercept: 25 mg sc. 
two times per week or 
50 mg/week

Tocilizumab: 4–8 mg/
kg i.v. infusion every 
month

Adalimumab: 40 mg 
s.c. every 2 weeks

IFN-α: 6–9 MIU/day 
s.c. for 1 week and 
tapered down to 
3 MIU s.c. three times 
a week
High dose 
chemotherapy with 
autologous stem cell 
transplantation

MP methylprednisolone, i.v. intravenous, s.c. subcutaneous, p.o. oral
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medications in patients with NBD. Interferon-α treatments may also be tried on 
patients. Even though there is some evidence that suggests the efficacy of interferon 
in patients with NBD, the probability of responding to interferon-α in a patient who 
is refractory to second-line agents is very low. Therefore, even when tried, inter-
feron must be given as an add-on treatment in this clinical situation. Autologous 
hematopoietic stem cell transplantation (HSCT) with high-dose chemotherapy is a 
relatively novel treatment option in refractory patients with BD. There are solely 
case reports of patients who responded at least partially to HSCT (Table 1).

 Anticoagulation for Cerebral Venous Sinus Thrombosis

The addition of anticoagulants to steroids is not routinely performed since it is still 
controversial. There are two reasons for this controversy. First, BD patients with 
CVST are more likely to have systemic large vessel disease, including pulmonary 
and peripheral aneurysms that carry a high risk of rupture and bleeding. Second, the 
suppression of inflammation by immunosuppressants usually recanalizes the throm-
botic vessel caused by focal inflammatory cell infiltrate, per se. Therefore, it is 
advised to reserve anticoagulants only for patients who are refractory to corticoste-
roids and immunosuppressants as an add-on option [3, 10].

 Drug Treatments for NBD

 Azathioprine

Azathioprine is a purine analog that is converted to its active metabolite, 
6- mercaptopurine (6-MP). It exerts an immunosuppressive effect by inhibition of de 
novo synthesis of purine nucleotides. Azathioprine has been recommended to use in 
the treatment of mucocutaneous lesions, eye and joint involvement (level of evi-
dence: IB, strength of recommendation: A), deep vein thrombosis (level of evi-
dence: III, strength of recommendation: C), of BD, and p-NBD (level of evidence: 
III, strength of recommendation: C) [11]. There are no RCTs evaluating its efficacy 
in p-NBD or CVST.  There is only a single randomized, double-blind, placebo- 
controlled trial on its efficacy in patients with BD [12]. Another study also showed 
a beneficial effect in the long term [13]. Although these clinical trials cannot accom-
plish a decisive conclusion on the effect of NBD, observational analysis of a large 
number of cases with NBD suggests that azathioprine can control disease activity 
regardless of disease duration [14]. Although there are no RCTs, according to obser-
vational evidence and current European League Against Rheumatism (EULAR) 
recommendations, azathioprine is recommended as first-line preventive therapy for 
both parenchymal and vascular involvement in NBD [11, 15–19].
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The recommended starting dose of azathioprine is 50  mg/day in two divided 
doses. This dose can be escalated stepwise to a maintenance dose of 2.5 mg/kg/day 
in 1 month. Liver function tests (LFT) and complete blood counts (CBC) must be 
followed during the escalation period to prevent toxicity. In patients with genotypic 
variations of the enzyme thiopurine S-methyltransferase, which methylates azathio-
prine, severe bone marrow suppression and gastrointestinal side effects may occur 
that may preclude the use of azathioprine in those patients. The therapeutic effect of 
azathioprine can be monitored with the increase in mean corpuscular volume. In the 
case of leukopenia or thrombocytopenia, the dose of azathioprine should be modi-
fied. If severe leukopenia (WBC < 1000/μL) and thrombocytopenia (platelet count 
<50 × 109/μL) occur, the drug should be discontinued. Additionally, idiosyncratic 
agranulocytosis can be seen in the first few weeks of therapy. Patients showing acute 
hypersensitivity reactions with severe nausea, vomiting, diarrhea, fever, rash, urti-
caria, malaise, myalgia, and arthralgia to azathioprine should be switched to another 
treatment alternative. Azathioprine may increase the risk of malignancies, such as 
lymphoma and skin cancer, particularly after 10 years of treatment. Additionally, 
there are other rare side effects of azathioprine, e.g., pancreatitis, reduced resistance 
to infection, and teratogenesis. Azathioprine is in category D for pregnancy.

 Mycophenolate Mofetil

Mycophenolate mofetil (MMF) is a prodrug of mycophenolic acid, which is a selec-
tive, potent, but reversible inhibitor of the enzyme inosine monophosphate dehydro-
genase (IMPDH). There are several mechanisms of action of MMF; however, the 
immunosuppressive activity is based on de novo synthesis of the guanosine nucleo-
tides, and MMF inhibits mitogen and antigen-stimulated proliferation of B and T 
lymphocytes [20]. Mycophenolic acid is a potent inhibitor of the type II isoform of 
IMPDH, which is expressed in activated lymphocytes; therefore, it has a more 
potent cytostatic effect on lymphocytes than on other cell types. It also inhibits the 
synthesis of glycoproteins and the expression of some adhesion molecules, thereby 
decreasing the recruitment of lymphocytes and monocytes into sites of inflamma-
tion [21]. Besides, MMF inhibits the release of tumor necrosis factor-alpha and 
promotes the production of the anti-inflammatory interleukin-10 [22].

There have been no RCTs of MMF use in BD and NBD. Several reports have 
been published showing steroid-sparing effects in the treatment of uveitis and its use 
for pulmonary involvement of BD. There are only a few case reports on the admin-
istration of MMF in NBD, suggesting MMF is at least as effective as azathioprine 
and has a more favorable side effect profile than azathioprine [3, 23, 24]. According 
to these data, MMF is recommended to use as an alternative option in NBD (level 
of evidence: IIA, strength of recommendation: C) [25, 26].

The recommended starting dose of MMF is 1 gr/day in two divided doses. The 
dose can be increased to a maintenance dose of 2 gr/day in 4 weeks. MMF may 
cause myelosuppression, and long-term use may cause liver dysfunction; therefore, 
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monthly LFT and CBC for 3 months and every 3 months thereafter is recommended. 
Other side effects of MMF are asthma, infections (respiratory tract, herpes simplex 
infections, and oral candidiasis), metabolic acidosis, and pleural effusion. MMF 
may also increase the incidence of skin cancers. These adverse effects, however, are 
more favorable compared to those of other immunosuppressants [23]. MMF is tera-
togenic, and therefore, it is in category D for pregnancy.

 Methotrexate

Methotrexate (MTX) is a folate derivative that inhibits dihydrofolate reductase 
(DHFR). This inhibition results in subsequent depletion of tetrahydrofolate (THF) 
required for purine and pyrimidine synthesis. Therefore, MTX shows its anticancer 
effect by inhibiting cell growth and proliferation and also its anti-inflammatory 
effect by inhibition of lymphocyte multiplication. There has been no RCT on the 
use of MTX in BD and NBD. Administration of MTX has been advocated in ocular 
manifestations of BD in several reports [28–32] and a longitudinal study on poste-
rior uveitis for up to 15 years [33]. MTX has been studied in a small number of 
patients with intestinal BD, suggesting that it may be an option in intolerant/refrac-
tory cases to azathioprine [34]. The first report on NBD showed low-dose weekly 
MTX therapy might have a beneficial effect in the treatment of progressive NBD 
[35]. Likewise, an open trial with a small number of patients showed that MTX 
might prevent the progression of chronic progressive NBD [8]. A retrospective 
study on NBD showed that among various immunosuppressive drugs, only MTX 
significantly improves the outcome of the patients by reducing mortality and dis-
ability [9]. According to these data, MTX is recommended to use as an alternative 
option in NBD (level of evidence: IIA, strength of recommendation: C) [26, 27].

The recommended administration of MTX is 7.5–25 mg once weekly as a single 
oral dose or in divided doses given over 24 hours. Methotrexate can be started with 
7.5  mg/week and increased stepwise by 2.5  mg/week. The remission is usually 
achieved by a dose of 12.5–25 mg/week. Before starting the therapy, CBC, LFT, 
renal function tests (RFT), chest X-ray (CXR), hepatitis B and C evaluation, and 
infectious workup should be done. Significant side effects of MTX are bone marrow 
suppression, hepatotoxicity, opportunistic infections, and mucositis. CBC, LFT, and 
serum creatinine should be monitored every 2–4 weeks for the first 3 months, then 
every 3 months. Minor side effects are malaise, nausea, vomiting, diarrhea, head-
ache, alopecia, fatigue, mood alteration, dizziness, fever, myalgias, and polyarthral-
gia, which are common but usually responsive to folate supplementation. Most 
minor toxic effects are associated with depletion of folate. Folate supplementation 
with 1 mg daily or 7 mg once weekly should be considered for all patients. MTX is 
in pregnancy category X.
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 Cyclophosphamide

Cyclophosphamide (CYC) is a fast-acting alkylating agent that induces apoptosis 
and decreases DNA synthesis. It is a potent immunosuppressive agent acting on 
rapidly dividing cells, including T and B lymphocytes. To date, there has been no 
RCT on its use in BD and NBD. However, several studies recommend the use of 
CYC in NBD. It has been found as a beneficial therapeutic agent in BD mainly for 
refractory retinal vasculitis and uveitis, and systemic vasculitis (arteritis, venous 
thrombosis-superior vena cava or Budd–Chiari syndrome, central or peripheral arte-
rial aneurysm, and neurologic involvement) [36–41]. A retrospective study that 
includes 40 patients with NBD showed significant clinical improvement with 
CYC  treatment [42]. A French study involving 115 NBD patients compared i.v. 
CYC (n = 53) with azathioprine (n = 40) and steroids alone (n = 19) and found a 
trend of longer event-free survival in patients receiving CYC in comparison to 
patients receiving azathioprine [43]. However, in a South Korean study on 22 
p-NBD patients, treatment with CYC together with steroids was found to be as 
effective as treatment with steroids alone in preventing relapses [44]. There are also 
reports demonstrating benefits in p-NBD [3, 45]. CYC is recommended to use as a 
second-line treatment choice for NBD (level of evidence: IIA, strength of recom-
mendation: C) [26]. CYC should be considered only in selected cases with clini-
cally refractory disease due to its severe toxicity.

Conventionally, CYC is administered as a dose of 1000  mg/month i.v. for 
6–12 months or 0.8 g/m2 for the treatment of NBD. It is recommended to administer 
monthly i.v. CYC in combination with glucocorticoids for patients with severe CNS 
involvement. Major side effects of CYC are myelosuppression, pulmonary fibrosis, 
renal toxicity, cardiotoxicity, hemorrhagic cystitis, infertility, and malignancy (espe-
cially bladder cancer). The most common side effects are nausea, vomiting, diar-
rhea, loss of appetite, alopecia, amenorrhea, leukopenia, and hemorrhagic cystitis. 
During i.v. infusions, CYC is generally administered with antiemetics and mesna 
for the prevention of nausea and hemorrhagic cystitis, respectively [46]. Baseline 
infectious workup should be done, including hepatitis B and C and latent tuberculo-
sis. For young patients planning to have a child, referral to a fertility clinic for the 
preservation of sperm or ova should be discussed with the patients. For follow-up, 
CBC and urine analysis before every cycle should be performed. Dose adjustments 
may be required to maintain a WBC count of >3500 cells/μl. Urine cytology every 
6–12  months and cystoscopy of patients with hematuria or abnormal cytology 
should be implemented. CYC is in pregnancy category X.

Treatment of Neuro-Behçet’s Disease



130

 Infliximab

Infliximab (IFX), a chimeric IgG1 monoclonal antibody that binds with high affin-
ity to both soluble and transmembrane forms of TNF. It neutralizes TNF’s biologi-
cal activity, causing cytotoxicity by binding transmembrane TNF on monocytes and 
macrophages. IFX is useful in various manifestations of BD. According to current 
EULAR recommendations, IFX should be considered in selected cases for mucocu-
taneous lesions (level of evidence: IB, strength of recommendation: A), posterior 
segment eye involvement (level of evidence: IIA, strength of recommendation: 
A/B), initial or recurrent episodes of acute sight-threatening uveitis (level of evi-
dence: IIA, strength of recommendation: B), refractory venous thrombosis, refrac-
tory arterial involvement, severe or refractory gastrointestinal involvement, and 
severe or refractory patients with NBD (level of evidence: III, strength of recom-
mendation: C) [11].

There are two observational studies on mucocutaneous lesions [47, 48] and ret-
rospective studies on extra-parenchymal neurologic and vascular involvement [49–
52], showing its efficacy in BD.  The efficacy of IFX has been demonstrated in 
treating BD-related ocular involvement (uveoretinitis and panuveitis) in a large 
number of case reports, open-label clinical trials, and non-randomized comparative 
studies [47, 53–57]. Most of the patients with uveitis treated with IFX showed com-
plete response and improvement in visual acuity. In two recent studies, it has been 
reported that earlier initiation of IFX in uveitis led to a better visual outcome [58, 
59]. Recent retrospective studies substantiate the beneficial effect of IFX in patients 
with refractory gastrointestinal involvement [60–63]. In line with these findings, 
20–61% complete remission rates were observed in patients with refractory gastro-
intestinal disease who received anti-TNF-α treatments [64, 65].

There are 15 case reports [65–79], four case series [80–84], two observational 
studies [85, 86], and a phase III trial (included only three NBD patients out of 18 
with various manifestations) [87] demonstrating the beneficial effects of IFX ther-
apy mainly in parenchymal NBD.  In these studies, a total of approximately 110 
NBD patients were reported, and most of them responded well to first- or second- 
line IFX treatment in terms of clinical and radiological remission rate. Infliximab 
also showed a corticosteroid-sparing effect and a rapid onset of action. Similarly, 
three studies demonstrated long-term remission on IFX treatment for up to 4 years 
[74, 84, 85]. Zeydan et al. reported that other than 15 NBD patients, 74 patients with 
BD without NBD also received IFX within the same study period. At the time of the 
last follow-up, none of these patients had developed NBD. According to the authors’ 
observation, early use of infliximab can be beneficial in the prevention of NBD. No 
significant side effects were seen other than one patient who developed pulmonary 
and CNS tuberculosis [84].

The optimal time for the duration of IFX treatment is still unclear. One study 
reported that the drug-free long-term remission was achieved at the end of the sec-
ond year [88]. IFX is effective and well-tolerated in all major organ involvements of 
BD.  Infliximab is currently recommended for patients refractory to conventional 
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treatments or as first-line therapy in patients with severe disease and poor prognos-
tic factors. It improves clinical and immunological parameters and ameliorates the 
level of disability when initiated early.

IFX is given at a dose of 5 mg/kg by i.v. infusions at 0, 2nd, and 6th weeks and 
then repeated every 8 weeks. The most common side effects of IFX are infusion site 
reactions, elevated liver enzymes, leukopenia, hypertension, hyperglycemia, and 
fever. Major side effects are infections (varicella-zoster infection, reactivation of 
tuberculosis, and other opportunistic infections), lymphoma, osteomalacia, and 
CNS demyelinating disease. Before the administration of IFX, baseline infectious 
workup and, due to the risk of tuberculosis reactivation and hepatitis, screening tests 
(hepatitis B and C, PPD, or QuantiFERON-TB test) are necessary. Isoniazid pro-
phylaxis (300 mg/day) should be prescribed for 6–9 months in patients with latent 
tuberculosis [89]. Live vaccines are contraindicated during the treatment. IFX has 
been categorized as category B for pregnancy.

 Etanercept

Etanercept (ETN) acts as a soluble fusion protein that blocks the interaction of TNF 
with cell surface TNF receptors p55 and p75. Etanercept is an inhibitor of TNF, 
however not an antibody to the molecule that renders TNF biologically inactive by 
preventing binding to both TNF receptors. Etanercept is the only TNF-α agent that 
has an RCT in BD.  A double-blind RCT of etanercept (25  mg twice/week, for 
4 weeks) in 40 BD patients with various manifestations (pathergy, mucocutaneous 
lesions, and arthritis) was effective in decreasing the frequency of oral ulcers and 
nodular and papulopustular lesions. The drug decreased the number of genital ulcers 
and arthritis episodes during the treatment period; however, the difference was not 
statistically significant. Also, no significant changes in the pathergy response could 
be found. The reason for inefficacy on genital ulcers and arthritis could be due to the 
small sample size, short duration of the trial, or the high placebo response rate. In 
this trial, one patient was withdrawn due to infectious colitis, and another patient 
developed gastrointestinal involvement. Interestingly, some patients had worsening 
symptoms 3 months after ETN was discontinued [90]. Additionally, there are many 
case reports of ETN showing a rapid resolution of severe mucocutaneous lesions in 
BD [47, 91–94]. ETN may also have beneficial effects on refractory arthritis [92] 
and ocular manifestations [95]. In an open retrospective study, higher clinical remis-
sion rate and healing of intestinal ulcers were observed with ETN treatment (25 mg 
twice a week) in comparison to conventional treatment (MTX 15 mg/week or pred-
nisolone) without any withdrawals due to toxicity [96]. In NBD, a case report sug-
gests that ETN is beneficial in treating refractory parenchymal neurological 
involvement [97]. Hence, a recommendation was made for ETN as an alternative 
treatment option in refractory NBD [98]. There are also several case reports in pedi-
atric patients reporting favorable results with ETN without any serious adverse 
events [99, 100].
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ETN is administered 25 mg subcutaneously (s.c.) twice weekly or 50 mg s.c. 
once weekly. The most common side effects are injection site reactions, elevated 
liver enzymes, leukopenia, hypertension, hyperglycemia, and fever. Major side 
effects are infections (varicella-zoster infection, reactivation of tuberculosis, and 
other opportunistic infections), lymphoma, osteomalacia, and demyelinating CNS 
disease. Before the administration of ETN, baseline infectious workup and, due to 
the risk of activating latent tuberculosis and hepatitis, screening tests (hepatitis B 
and C, PPD, or QuantiFERON-TB test) should be performed. Isoniazid prophylaxis 
(300 mg/day) should be prescribed for 6–9 months in patients with latent tuberculo-
sis. Live vaccines are contraindicated during the treatment. ETN has been catego-
rized as category B for pregnancy.

 Adalimumab

Adalimumab (ADA) is a recombinant human IgG1 monoclonal antibody specific 
for human TNF-α. It binds to TNF-α and blocks its interaction with the p55 and p75 
cell surface TNF receptors, resulting in lysis of cells with surface TNF in the pres-
ence of complement. In two phase III RCTs, ADA was effective in the treatment of 
non-infectious, non-anterior uveitis in a small subset of BD patients [101, 102]. 
Although the study had limitations such as a limited number of patients and the data 
on BD patients was not reported separately, the growing observational evidence 
confirmed the efficacy of ADA in BD uveitis [103–105]. Based on these studies, 
ADA has been approved by the European Medicines Evaluation Agency (EMEA) 
and the US Food and Drug Administration (FDA) for the treatment of non- infectious 
intermediate, posterior, and panuveitis. In a recent observational study including 
106 patients with uveitis, ADA was associated with amelioration of inflammation 
along with a corticosteroid-sparing effect and good preservation of visual acuity 
even in the absence of concomitant other immunosuppressive treatments [106].

Additionally, two recently published multicenter observational studies [107, 
108] also supported the effectiveness of IFX and ADA in the treatment of BD uve-
itis. Both have significantly improved the outcome of BD patients refractory to clas-
sical immunosuppressives. Not surprisingly, some patients were unresponsive to 
IFX and ADA.

A retrospective study from a single center assessed ADA-based regimens (either 
single or combined with immunosuppressive drugs) compared with immunosup-
pressive therapies (azathioprine, cyclosporine A, CYC, and MTX) and the 
corticosteroid- sparing effect of ADA in 70 patients with recurrent venous thrombo-
sis in BD [109]. ADA-based regimens provided a better rapid vascular response 
compared to other immunosuppressive therapies during a mean follow-up of 
26  months, allowing less exposure to corticosteroids. No differences in efficacy 
were demonstrated regarding anticoagulant use, but there was a lower number of 
patients requiring additional anticoagulants. Another multicenter, retrospective 
study assessed the efficacy of IFX and ADA (either single or combined with 
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immunosuppressives and corticosteroids) in 18 BD patients (IFX = 15, ADA = 3) 
with refractory vascular involvement including arterial aneurysms, arterial occlu-
sions, intracardiac thrombosis, and large vein thrombosis [86]. The vascular 
response was achieved in 16 patients allowing less corticosteroid dependency dur-
ing a mean follow-up of 15 months. According to these results, ADA seems to be 
more effective for venous thrombosis than classical immunosuppressives. Other 
than ocular and vascular involvement, in an open-label study, the efficacy of ADA 
was demonstrated in 20 patients with intestinal BD refractory to corticosteroids and 
standard immunosuppressive therapies. Complete remission was achieved in 20% 
of the patients, and 61% of the patients were able to discontinue steroids in 1 year 
[110]. There are further studies on the use of ADA in the treatment of intestinal BD 
[111, 112]. Several case reports demonstrated that ADA might also be beneficial for 
recalcitrant leg and genital ulcers, cerebral vasculitis, and pulmonary artery aneu-
rysm in patients with BD [113–117].

In NBD, the use of ADA is based on case reports and observational studies. In 
the observational, multicenter study, 17 BD patients with severe and refractory 
parenchymal NBD were treated with an anti-TNF-α (IFX, n = 13; ADA, n = 4). 
Complete clinical and radiological remission at 12  months was achieved in six 
patients, and partial response was observed in ten patients. There are also case 
reports and clinical studies with favorable results about the use of ADA in pediatric 
patients [118–123]. TNF blockade seems to act as an effective therapeutic approach 
for patients with severe onset or refractory NBD, a difficult to treat population [52]. 
ADA can be used alone or in combination with immunosuppressive drugs, which 
might be more effective. ADA seems to be a feasible option for NBD patients who 
are refractory or intolerant to infliximab [124].

ADA is administered at a dose of 40 mg s.c. every 2 weeks. The most common 
side effects are injection site reactions, elevated liver enzymes, leukopenia, hyper-
tension, hyperglycemia, and fever. Major side effects are infections (varicella-zoster 
infection, reactivation of tuberculosis, and other opportunistic infections), lym-
phoma, osteomalacia, and CNS demyelinating disease. Before the administration of 
ADA, baseline infectious workup and, due to the risk of reactivation of latent tuber-
culosis and hepatitis, screening tests (hepatitis B and C, PPD, or QuantiFERON-TB 
test) should be performed. Isoniazid prophylaxis (300 mg/day) should be prescribed 
for 6–9 months in patients with latent tuberculosis. Live vaccines should not be used 
during treatment. ADA has been categorized as category B for pregnancy.

 Anti-IL1 Therapies

IL-1 is one of the major cytokines in the pathogenesis of BD. IL-1α and IL-1β are 
cytokines of the IL-1 family with prominent proinflammatory effects. IL-1α and 
IL-1β bind to the same receptor molecule, which is called type I IL-1 receptor 
(IL-1RI). IL-1α or IL-1β bind to the first extracellular chain of IL-1RI that recruits 
the IL-1 receptor accessory protein (IL-1RAcP), which serves as a coreceptor for 
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signal transduction. Recently, numerous IL-1 blockers were developed, and anakinra 
(ANA), canakinumab (CAN), and gevokizumab (GEV) have been tried in BD.

 Anakinra

Anakinra (ANA) is the recombinant form of the natural IL-1 receptor antagonist 
(IL-1Ra) which acts by preventing the binding of IL-1α and IL-1β to IL-1R1. To 
date, there has been no RCT on its use in BD or NBD. However, there are several 
case reports or case series, one observational cohort study, and a clinical trial on the 
use of ANA in BD. In 2008, the first case report demonstrated that ANA swiftly 
controlled clinical and inflammatory biomarkers in a patient with refractory muco-
cutaneous BD [125]. 

In 2015, the first case series of nine refractory BD patients reported the use of 
ANA  in patients with active mucocutaneous lesions in addition to major organ 
involvements. Eight of those patients improved promptly within 2 weeks; however, 
all experienced at least one relapse during a mean follow-up of 29 weeks. Therefore, 
four patients were switched to another agent eventually (one CAN, one ADA, and 
two CYC) [126]. Another multicenter, retrospective study evaluated the efficacy and 
safety of IL-1 antagonists. Treatment discontinuation during ANA or CAN therapy 
was reported in seven out of 18 subjects [127]. A retrospective cohort study of 30 
BD patients with varied manifestations (mostly ocular involvement, two patients 
with NBD) were  treated with either ANA 100 mg/day (n = 27) or CAN 150 mg 
every 6–8 weeks (n = 3). Both drugs showed a favorable efficacy (13/30 complete 
remission) and safety that is supported by an overall cumulative survival of 67.8% 
at 24 months [128]. A small prospective open-label study evaluated the safety, effi-
cacy, and dose of ANA for the treatment of refractory oral and genital ulcers in six 
patients with BD. The primary outcome was defined as no ulcers for two consecu-
tive months. The dose of ANA had to be increased from 100 mg to 200 mg/day due 
to inadequate response during the first month in all patients. The study demon-
strated partial efficacy on resistant oral and genital ulcers (complete response = 2, 
partial response = 2, treatment failures = 2) [129]. 

Another multicenter, retrospective, observational study assessed the efficacy of 
ANA and CAN in 19 BD patients with uveitis. Thirteen patients received ANA, and 
six received CAN. In 37% of the patients, IL-1 inhibition was used as the first-line 
biological treatment. It is reported that ocular inflammatory flares and frequency of 
retinal vasculitis significantly decreased at month 12 [130]. Interestingly, the use of 
IL-1 inhibitors in combination with any immunosuppressive agent did not add ben-
efit when compared to IL-1 inhibitors alone. In a retrospective observational study, 
the use of ANA or CAN in patients with refractory uveitis was associated with a 
complete response in 25 out of 36 patients. Surprisingly, patients with longer dis-
ease duration had better responses. Steroid dosage was significantly decreased at 
12 months compared to baseline. ANA was discontinued only in three out of 13 
patients due to inefficacy. CAN was stopped in one out of six subjects because of an 
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attack in the CNS [131]. In a case report, a patient with BD-related sacroiliitis who 
is refractory to infliximab and concomitant prednisone (50 mg/day) showed com-
plete remission with ANA within a few days (100 mg/day). The prednisone dose 
was tapered to 5 mg/day without any relapses [132].

To date, there is only one report on the use of ANA in patients with NBD. In this 
report, ANA (100 mg/day) was administered to a 30-year-old female patient with 
NBD and refractory uveitis. Rapid response was seen in clinical and radiological 
findings within a few days, allowing steroid tapering. However, the patient relapsed 
with bilateral uveitis after 18 months of treatment, and ANA was switched to CAN 
(150 mg every 4 weeks). Later, CAN was also discontinued because of poor control 
of the neurological involvement [133]. According to this data, ANA might have a 
potential benefit for ocular, mucocutaneous, and articular manifestations of 
BD. However, unresponsiveness to ANA has also been reported, but increasing the 
dosage to more than 100 mg/day or switching to another anti-IL-1 agent could be an 
option to overcome inefficacy. Also, since IL-1 inhibition does not increase the risk 
of tuberculosis reactivation, IL-1 inhibition can be considered as a treatment option 
where both BD and tuberculosis are prevalent.

ANA is used at a dose of 100 mg/day or 2 mg/kg/day by s.c. injections. The dose 
can be increased to 200 mg/day in case of partial clinical response. The most com-
mon adverse event is injection site reactions. Additionally, ANA was associated 
with diffuse pruritic urticarial lesions. Although ANA is relatively safe compared to 
traditional drugs used in NBD, opportunistic respiratory tract infections are not rare.

 Canakinumab

Canakinumab (CAN) is a highly specific, fully human IL-1b monoclonal antibody. 
It selectively neutralizes the bioactivity of human IL-1b, inhibiting its binding to 
IL-1RI and IL-1RII. In a case report, a single dose of 150 mg of CAN was found 
effective in a 16-year-old patient with Behçet’s uveitis refractory to TNF antago-
nists (IFX, ADA) and ANA in inducing clinical manifestations, even the ocular 
symptoms, and in all inflammation markers within a few weeks. However, the fol-
low- up period was only 8 weeks [134]. In another case report, CAN 150 mg/8 weeks 
was prescribed after the failure of IFX and ADA treatment and accounted for rea-
sonable control of ocular symptoms and the absence of flares in the first 6 months 
of treatment [135]. 

In 2014, three additional patients with mucocutaneous and other various involve-
ments were reported with complete remission during a 6–12-month follow-up. 
However, deep vein thrombosis occurred in a patient who was on CAN treatment 
every 8 weeks. Interestingly, remission of that patient was achieved when CAN was 
administered every 6 weeks [136]. CAN (4 mg/kg every 28 days) was effectively 
used in a 9-year-old boy with mucocutaneous, ocular findings and fever who failed 
previous ANA treatment. Complete clinical and laboratory remission was obtained 
in 4  weeks, and steroid was gradually tapered; the patient remained utterly 
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asymptomatic during a 6-month follow-up [137]. A multicenter, retrospective study 
evaluating the efficacy of both ANA and CAN in a cohort of 30 BD patients showed 
that BD patients with an initial low response to ANA recovered completely follow-
ing an increase in the drug dose. Also, complete response was seen by switching to 
CAN after ANA failure and adjusting the dose of CAN from 8 weeks to 6 weeks in 
patients experiencing a disease relapse while on canakinumab. The median time of 
response to therapy was 6 weeks for ANA and 3 weeks for CAN. Besides, treatment 
survival was acceptable for both IL-1 inhibitors evaluated, and no adverse events 
were recorded [138]. In a report, CAN successfully controlled ocular manifestations 
in a patient discontinuing ANA for adverse events, with complete ocular control at 
36-month follow-up [139]. In another report aforementioned in the ANA section, 
CAN (150 mg every 4 weeks) was given to a 30-year-old woman with NBD also 
with refractory ocular involvement, following ANA ocular failure. In this patient, 
CAN controlled ocular findings; however, it was discontinued because of poor con-
trol of the neurologic involvement [136]. According to these results, CAN has 
shown a potential role in the management of BD. In some patients, the administra-
tion of 150 mg every 6 weeks instead of 8 weeks led to better results.

The starting dose of CAN is 300 mg i.v. The initial dose can be continued as 
150 mg i.v. infusions every 4 weeks for 6 months. Depending on the response in the 
first 6-month period, 150 mg CAN can be administered as s.c. injections or i.v. infu-
sions and every 4 weeks thereafter. CAN has an excellent safety profile with no 
serious adverse effects. It offers a considerable advantage over ANA, which must be 
injected daily and which is often poorly tolerated by patients.

 Anti-IL-6

Interleukin-6 (IL-6) is a proinflammatory cytokine secreted by T and B cells, mono-
cytes, macrophages, and synovial fibroblasts. It mediates a variety of immunologic 
responses. IL-6 has a critical role in the differentiation of CD4-positive T helper 
cells into Th17 cells, antibody production by B cells, and differentiation of macro-
phages, and it also inhibits the differentiation of regulatory T cells. Also, IL-6 
increases vascular permeability and angiogenesis. The IL-6 receptor has a receptor 
and a signal transducer component. The receptor component has transmembrane 
and soluble forms. Interaction between two IL-6 molecules with two IL-6 receptor 
and two signal transducer components induces intracellular signal processing. 
Inhibition of IL-6 signaling reduces inflammation by reducing autoreactive Th17 
and Th1 cells and suppressing autoantibody production. Additionally, anti-IL-6 
therapies reduce hepatic acute-phase proteins and have anti-angiogenic effects. 

IL-6 pathway has a critical role in the pathogenesis of NBD. The serum level of 
IL-6 is elevated in patients with active BD, and it has been shown that IL-6 is the 
major cytokine to be increased in NBD during active disease [140]. Therefore, it is 
rational to target the IL-6 pathway as a therapeutic regimen in the treatment of NBD.
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 Tocilizumab

Tocilizumab (TCZ) is a fully humanized antibody against soluble and membrane- 
bound IL-6 receptors. There has been no RCT of its use in BD and NBD. Hence, the 
clinical evidence comes mainly from several case reports and an observational study 
regarding the use of TCZ in BD. There are several case reports and a small case 
series on the use of TCZ in patients with refractory uveitis to interferon-alpha (IFN- 
α) and IFX, suggesting that this agent may be useful in reducing relapses, protecting 
visual acuity, reducing central macular thickness, and improving angiographic 
lesions [141–146]. In another multicenter, retrospective study, 11 patients with 
severe refractory uveitis were reported. Interestingly, all ocular outcome measures 
in all patients responded rapidly after TCZ [147]. Besides, extraocular manifesta-
tions were improved in three patients, but a worsening of arthritis was seen in one 
patient. Likewise, worsening of mucocutaneous manifestations under treatment 
with TCZ has also been reported [148–150]. Despite the variability of effects of 
TCZ on different organ involvements of BD, TCZ seems to be an option for severe 
refractory uveitis of BD.

A small retrospective study reported the efficacy of TCZ in seven refractory vas-
cular- BD patients with multiple arterial (aneurysms, occlusions, stenosis) and 
venous lesions [151]. In this study, TCZ was used as add-on therapy. After a mean 
follow-up of 19 months, all patients showed improvement in clinical symptoms and 
inflammatory biomarkers. No new onset arterial or venous lesions were observed 
during the follow-up of the patients, and all but one showed either complete or par-
tial response. Treatment with TCZ also allowed a reduction in doses of previous 
therapies, including corticosteroids. These findings, from this small, open-label, 
uncontrolled series, suggest that TCZ might be an alternative to anti-TNF treat-
ments for BD with refractory vascular involvement.

In NBD pathogenesis, CSF IL-6 level is reported as a possible biomarker of dis-
ease activity and long-term outcome [152, 153]. Therefore, TCZ therapy seems to 
be a promising option for CNS involvement. However, there are only case reports of 
refractory NBD that were successfully treated with TCZ [154–156]. According to 
these reports, TCZ was well tolerated without serious adverse events. An increasing 
number of studies suggested TCZ as a feasible therapeutic opportunity in BD. TCZ 
seems to be beneficial mainly for ocular involvement and refractory NBD. Therefore, 
TCZ is currently recommended to use as an alternative treatment choice for NBD 
therapy in clinical practice (level of evidence: IIA, strength of recommendation: C) 
[26]. Also, TCZ might be an alternative to anti-TNF agents for patients with arterial 
involvement refractory to immunosuppressives [157]. However, caution is advised 
for patients with skin and mucosal manifestations since TCZ may even worsen the 
symptoms in those cases.

TCZ is administrated as 4–8 mg/kg i.v. infusion every 4 weeks. Before starting 
the therapy, LFT, CBC, lipid panel, hepatitis B and C, PPD, and QuantiFERON-TB 
tests should be performed. Usually, influenza and pneumococcal vaccinations are 
also recommended. TCZ treatment may exhibit various adverse effects such as 
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infections, gastrointestinal alterations, increased hepatic transaminase levels, hepa-
totoxicity, abnormalities in lipid panel, neutropenia, thrombocytopenia, gastrointes-
tinal perforation, and infusion-related hypersensitivity reactions. On follow-up, 
CBC, hepatic function tests at 4–8 weeks and then every 3 months, and lipid panel 
at 4–8 weeks and then every 6 months should be monitored.

 Interferon-α

Interferons are naturally occurring glycoproteins that have antiviral, antitumor, and 
immunomodulatory actions. Both interferon (IFN)-α-2a and -α-2b are the two 
forms being used in BD; however, IFN-α-2a seems to be more effective. Rapid 
mechanism of action and long-term remission after treatment cessation are the most 
remarkable characteristics of IFNs. IFN-α has been in use since 1986, especially for 
the treatment of BD-related uveitis affecting the posterior segment. There is an RCT 
[158] and an observational study [159] showing efficacy for mucocutaneous lesions. 
There are also studies showing beneficial effects on mucocutaneous, articular, and 
ocular manifestations of BD [36, 160, 161]. In a comparative study, IFX (n = 20) 
was compared with IFN-α-2a (n = 33) in patients with refractory BD uveitis [162]. 
According to the results of the study, both agents were found effective, and no major 
difference between IFX and IFN in controlling intraocular inflammation was noted. 
Although the experience with IFN in NBD is limited to case reports or series, it is 
an available choice in p-NBD, and it may only be considered as an option for 
second- line treatments in patients who cannot receive anti-TNF treatments ([16, 
161, 163, 164]). It is also reported that INF can be used even in refractory NBD in 
combination with cyclophosphamide (CYC)  [165, 166]. A retrospective study 
investigated the efficacy and safety of add-on IFN (together with corticosteroids, 
cyclosporine, AZA, CYC, MTX, or tacrolimus) in 30 BD patients with uveitis 
refractory to steroids [167]. This study did not report any safety issues in addition to 
the beneficial effects. In a retrospective study, 36 patients with BD-related uveitis 
were treated with IFN. Of 36 patients, 31 responded to therapy, and of the 21 patients 
who discontinued IFN therapy, 76% did not have a relapse within 5 years of follow-
 up following discontinuation.

According to the current EULAR recommendations, IFN should be considered 
in selected cases for mucocutaneous lesions (level of evidence: IB, strength of rec-
ommendation: A). Patients presenting with an initial or recurrent episode of acute 
sight-threatening uveitis should be treated with IFN (level of evidence: IIA, strength 
of recommendation: B) [11]. Also, it has been stated that treatment with IFN-α sig-
nificantly reduced the duration and pain of oral and genital ulcers and reduced the 
severity and rate of recurrence of attacks of the eye manifestations.

IFN-α is commonly used as 6–9 MIU/day s.c. for 1 week and tapered to 3 MIU 
s.c. three times a week, according to the patient’s response. The side effects of IFN 
are flu-like symptoms, injection site reactions, mild leukopenia, asymptomatic ele-
vated liver enzymes, alopecia, depression, and thyroid dysfunction. IFN generally 
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has a favorable side effect profile. Nevertheless, tolerability issues can limit its use 
[168, 169].

 Hematopoietic Stem Cell Transplantation

In NBD, hematopoietic stem cell transplantation (HSCT) has been proposed as a 
therapeutic tool for cases with severe and refractory disease course. Currently, there 
have been no RCTs on HSCT in patients with BD. Nevertheless, there is a growing 
body of evidence on the effect of HSCT in BD patients with either refractory dis-
ease course or coexisting hematological diseases. Since 2001, there have been 20 
studies in which 29 HSCT procedures (14 autologous, nine allogeneic, three cord 
blood, three not defined) were performed in 27 BD patients (14 female and 13 male) 
[170–186]. Among these 27 patients, two patients had undergone first an autologous 
HSCT and then allogeneic stem cell transplantation. The mean follow-up period of 
the patients after transplantation was 36 months (range 2–78). The indication for 
transplantation was refractory BD in 13 patients and accompanying hematological 
disorders (myelodysplastic syndrome and acute myeloid leukemia) in 14 patients.

Of 13 patients who received 15 HSCT procedures (13 autologous and two allo-
geneic), eight were transplanted for NBD, four for pulmonary artery aneurysms and 
concomitant intracardiac thrombosis, and one for gastrointestinal involvement. Of 
20 patients who had hematological disorders, ten patients had refractory BD, nine 
had BD-related gastrointestinal involvement, and one had BD-related uveitis. Of 
eight patients who were transplanted for refractory NBD, four had complete remis-
sion. Two patients remained refractory to autologous HSCT and underwent alloge-
neic stem cell transplantation, but both patients relapsed after approximately 2 years. 
One did not achieve full remission after autologous HSCT. Two patients with refrac-
tory pulmonary artery aneurysms had complete remission of aneurysms. However, 
one of the patients continued to have mucocutaneous lesions after transplantation. 
Infections were the most common cause of transplant-related mortality. Significant 
complications of allogeneic HSCT are infections, graft-versus-host disease 
(GVHD), and hepatic, renal, and pulmonary damage. The patients with two trans-
plantations experienced no complications during autologous HSCT, while grade 3 
and 4 gastrointestinal and liver GVHD occurred after allogeneic HSCT. One patient 
died due to an opportunistic infection [177]. Among the 27 patients, three patients 
developed mild gastrointestinal side effects, and four had a neutropenic fever. One 
patient who underwent allogeneic HSCT died of an infection after 2 months.

In conclusion, HSCT may be a therapeutic option for patients with severe or 
refractory BD. Usually, autologous HSCT has been performed because it is rela-
tively safer than allogeneic HSCT. Although HSCT is an effective treatment modal-
ity, it should be performed only in selected cases weighing the possible risks and 
benefits which can differ among transplant centers.
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 How Long Should We Treat?

Of 430 patients followed at Istanbul University, at least one relapse was observed in 
42% of p-NBD patients and 14% of CVST patients after a mean follow-up period 
of 5 years [187]. The number of relapses was more than two in 42% of relapsing 
patients even under treatment. The mean time to relapse was approximately 5 years 
in the p-NBD group and 14 years in the CVST group. Additionally, the decrease in 
the annual attack risk below 5% occurred in the p-NBD and CVST group after 
the second and fifth years and below 2% in the seventh and eighth years, respec-
tively (Fig. 1). Therefore, given the severe side effects of the treatments used in 
NBD and the high rate of disability after relapse, it is advisable to continue the treat-
ments for at least 7 years in patients with p-NBD. For CSVT, on the other hand, it 
is plausible to stop the treatment after 2 years, because of the low rate of disability 
even after the second clinical attack. However, this decision must be done taking the 
presence of other vascular complications of BD into consideration.
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Prognosis of Neuro-Behçet’s Syndrome

Nazire Pınar Acar-Özen and Aslı Tuncer

 Behçet’s Syndrome

Behçet’s syndrome (BS) is a multisystemic and inflammatory vasculitis. The major 
features include skin lesions, recurrent painful oral aphthous ulcers, genital ulcer-
ations, and either anterior or posterior uveitis. Furthermore, patients may also expe-
rience venous and arterial thrombosis, aneurysms, arthralgia, intestinal lesions, or 
epididymitis [38]. The frequency of these symptoms mainly depends on the ethnic-
ity and gender of the patients [39].

 Behçet’s Syndrome Prognosis

Yazici and Kural-Seyahi et al. found that younger age at onset has less favorable 
outcome. In their 20-year outcome study with 387 patients, they observed that the 
major cause of mortality in Behçet’s syndrome is major vessel involvement. They 
reported 50% of the patients with pulmonary artery aneurysm (n=24) deceased 
within one year [9]. While after a 10-year follow-up, 5-year survival was reported 
to be 62%. They stated that earlier onset of treatment can lead to better outcome [21, 
37]. In their series, central nervous system involvement and heart diseases were the 
second leading causes of mortality. Renal involvement and neoplasms were detected 
to be other causes [21, 37]. Studies of the Pediatric Behçet Disease Study Group and 
the Italian investigators stated that the ocular and neurological involvements are the 
major reasons of mortality and morbidity [7, 19].
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 Neuro-Behçet’s Syndrome

Central nervous system (CNS) disease occurs in 5–25% of the patients with Behçet’s 
syndrome. Kural-Seyahi et al. [21] reported the frequency of the neurologic disease 
as 11%. In another series, 5.3% of the 323 patients had neurological symptoms in 
1-year period [29]. The prevalence of the neurological manifestations is 24.2% in 
the Japanese nationwide registration data of the 6627 Behçet patients [14]. In the 
Iraqi prospective study, the prevalence of neuro-Behçet’s syndrome (NBS) is 14% 
[4]. A retrospective French series reported the NBS frequency as 14% [25].

Behçet’s syndrome can affect both central and peripheral nervous systems. 
Central nervous system lesions can be parenchymal or nonparenchymal. 
Parenchymal syndrome can present as brain stem symptoms, cranial neuropathy, 
cerebellar or pyramidal dysfunction, spinal cord involvement, myelopathy, optic 
neuropathy, and cerebral symptoms such as encephalopathy, hemiparesis, hemisen-
sory loss, seizures, dysphasia, and mental changes including cognitive and mood 
disturbances. Nonparenchymal syndrome involves vascular manifestations, espe-
cially cerebral venous thrombosis, intracranial hypertension syndrome, and acute 
meningeal syndrome [16].

Parenchymal disease could be either acute (acute meningoencephalitis) or pro-
gressive according to its treatment response. Acute NBS is usually self-limiting and 
responds well to corticosteroid therapy [30].

Headache is the most common neurological symptom among Behçet patients (up 
to 88.9%) [3]. Nearly 5% of the patients with headache is associated with neurologi-
cal involvement [27]. Approximately half of the patients are referred to neurology 
clinic with motor symptoms [31]. Cerebellar or brain stem findings are not as com-
mon as pyramidal findings on the onset of NBS. Cognitive impairment is relatively 
rare but is a debilitating condition. Psychiatric symptoms are diverse. Common psy-
chiatric symptoms are euphoria, loss of insight, disinhibition, indifference to their 
disease, psychomotor agitation or retardation, psychosis, and obsessive behaviors 
[3, 5, 30].

Adult neurological symptoms usually start after 3–5  years following the sys-
temic onset [2, 3, 18, 31, 33]. Talarico et al. [32] showed in their 117-patient retro-
spective analysis that the onset of CNS involvement was in the first 10 years, with a 
higher incidence rate in the first 5 years.

 Disability Scales for Neuro-Behçet’s Syndrome

Several disability scales are used to define the prognosis of NBS. In their report, 
published in 1999, Akman-Demir et al. stated a disability status. They summarized 
being self-sufficient as “1,” being physically dependent as “2,” being mentally 
dependent as “3,” being both mentally and physically dependent as “4,” and death 
as “5” [2].
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Expanded Disability Status Scale (EDSS) is another disability scale from 0 to 10. 
EDSS 6 represents the moderate disability in which a patient requires assistance in 
walking and daily life activities [23]. EDSS is generally used for multiple sclerosis 
disability evaluation. EDSS covers most of the functional systems in NBS apart 
from the visual disability. Hence, several authors chose EDSS for the prognostic 
evaluation [13, 31]. In NBS, uveitis caused most of the visual symptoms; therefore, 
Siva et al. eliminated visual problems from the original EDS scale [31].

Hirohata et al. evaluated the disability with the Steinbrocker functional classifi-
cation, which is a scale for rheumatoid arthritis. Class 3 defines the patients who 
need assistance for their daily activities; class 4 defines the bedridden state. This 
scale does not include the neuropsychiatric and cognitive symptoms, which cause 
critical dependency [11]. Noel et al. [25], evaluated the disability with Rankin scale 
which defines stroke severity. It is a 0 to 6 scale, where 0 refers to normal examina-
tion, 6 refers to death, 4 represents the need for assistance at some level, and 5 is for 
bedridden patients. In another study, prognosis of neurological status was defined 
by bedridden state, dependency, or death [28].

In some of the studies, authors used specific scoring systems to evaluate Behçet’s 
syndrome prognosis. Clinical severity score (CSS) is one of these scoring systems. 
This system assesses each symptom: 1 point for each mild symptom (oral aphthous 
lesions, genital ulcerations, skin lesions, headaches, etc.), 2 points for each moder-
ate symptom (arthritis, deep vein thrombosis, anterior uveitis, gastrointestinal 
bleeding, etc.), and 3 points for each severe disease manifestation (NBS, posterior 
or panuveitis, major vein thrombosis, arterial involvement, bowel perforation) [20]. 
International consensus recommendations for NBS highlight the use of Neuro- 
Behçet’s disability score (NBDS) [16]. This scoring system is proposed by Kürtüncü 
et al., and it evaluates motor and cognitive functions ranging from 0 to 8 [22].

 Prognosis of Different Subgroups

 Prognosis of Parenchymal Neuro-Behçet’s Syndrome

Akman-Demir et  al. retrospectively evaluated 200 patients with neurological 
involvement. They classified the disease into subgroups as primary progressive, sec-
ondary progressive, and as silent neurological involvement. One hundred sixty-two 
patients had parenchymal CNS involvement, whereas the rest of the patients had 
vascular involvement. Sixty-seven percent of patients had a course with a relapse. 
The rest of them had slowly progressive form. The median number of the attacks 
was 1.5 in 6 years. One-third of the patients had severe sequela. During the relapses, 
19% were dependent on another person either physically or mentally. The median 
time for dependency or death is 115.7 months. The univariate analysis showed that 
brain stem involvement, having two or more attacks, dependency at admittance, 
relapse during corticosteroid tapering, progressive course, and abnormal CSF 
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 findings like elevated protein levels and pleocytosis were related with poor progno-
sis [2]. In another study, this group also reported a 7-year prognosis of 42 patients. 
They stated that 67% of 27 patients initially presenting with headache and normal 
neurological examination had still normal neurological examination. In the follow-
 up, 26% of these patients had no attacks but either minor neurological findings or 
abnormal neuropsychological or electrophysiological test results. The lumbar punc-
tures were performed in the first attack. The CSF findings of all (n = 5) progressive 
NBS patients (33% of all NBS patients) revealed high protein levels and pleocyto-
sis. This could be related with poor prognosis. Uveitis was significantly higher in 
the NBS group than the headache-only group [1] (Table 1).

Siva et  al. reported the characteristics of 107 neuroimaging studies of 164 
patients and 72.1% had parenchymal involvement. After a 10-year follow-up, the 
survival rate was 95.7 ± 2.1%; 45.1% of all NBS patients had an EDSS score of 6 
or more at the end of the follow-up period. They summarized that the duration of the 
neurological disease, progressive disease course, dysarthria, cerebellar symptoms 
other than dysarthria, and motor symptoms at onset were poor prognostic factors. 
Factors with favorable outcome were disease course limited to a single episode and 
headache at onset. Headache at onset was negatively correlated with progressive 
disease. Similar with the data of Akman- Demir, they found headache to be posi-
tively correlated with the course limited to a single episode [31].

In their retrospective analysis of 275 NBS patients, Noel et  al. included 115 
patients with only parenchymal involvement. They classified the group as acute 
(n = 78) and progressive (n = 37) NBS. For acute patients, they formed two sub-
groups as “single episode” and “relapsing-remitting form.” For the progressive NBS 
group, they made a classification as “primary progressive form” and “progressive 
form with further relapses.” They evaluated the disability with Rankin score. In 
acute NBS patients, 47% had only one episode, and 21% had further relapsing 
NBS.  In progressive form, 20% had a primary progressive course, and 12% had 
further attacks [25]. In their series, patients presenting with a progressive neurologic 
course were found to be older at the time of diagnosis for both BS and NBS. Between 
acute and progressive onset, no difference was found either for mucosal or systemic 
symptoms and for geographic origin. Confusion occurred more frequently at the 
onset of progressive course, whereas the frequency of meningitis was similar for 
both groups [25]. In a follow-up of nearly 6 years of these 115 patients, 33% expe-
rienced at least one neurologic relapse. They state that the presence of HLA-B51 
antigen and coma as a presenting symptom can be associated with risk of NBD 
relapse. However, in multivariant analysis, only HLA-B51 antigen was found to be 
related with NBD relapse. Noel et al. defined poor outcome as inability to perform 
activities of daily living and/or death. In univariate analysis, longer time to NBD 
diagnosis, the presence of hemiparesis or paraparesis, sensory symptoms, sphincter 
dysfunction, and poor baseline disability were related with poor outcome. In multi-
variate analysis, the presence of baseline hemiparesis or paraparesis and brain stem 
lesions were independently associated with poor outcome [25].

Hirohata et al. evaluated 37 chronic progressive NBS (CPNBS) cases with their 
clinical data, magnetic resonance imaging, and cerebrospinal fluid findings and with 
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Table 1 Review of the literature of neuro-behçet’s syndrome prognosis

Author Year

Number of 
NBS 
patients

Follow-up 
years 
(median) Better prognosis Poor prognosis

Akman- 
Demir 
et al.

1999 200 6 Abnormal CSF findings like 
elevated protein levels and 
pleocytosis, brain stem 
involvement, having 2 or more 
attacks, dependency at 
admittance, relapse during 
corticosteroid tapering, and 
progressive course

Akman- 
Demir 
et al.

1996 42 7 Initially 
presenting with 
headache and 
normal 
neurological 
examination

High protein levels and 
pleocytosis

Siva et al. 2001 164 10 Disease course 
limited to a 
single episode 
and headache at 
onset

Duration of neurological 
disease, progressive disease 
course, dysarthria, cerebellar 
symptoms other than dysarthria, 
and motor symptoms at onset

Noel et al. 2014 275 6 Longer time to NBD diagnosis, 
the presence of hemiparesis or 
paraparesis, sensory symptoms, 
sphincter dysfunction, and poor 
baseline disability
In multivariate analysis: the 
presence of baseline hemiparesis 
or paraparesis
Brain stem lesions
HLA- B51 positivity related 
with relapse rate

Hirohata 
et al.

2015 37 16 Methotrexate 
use

Brain stem atrophy, higher CSF 
IL-6 levels

Sbai et al. 2003 109 8 Continuous 
treatment

Brain stem and internal capsule 
lesions and rhombencephalitis

Joseph 
et al.

2007 22 10 Repeated attacks, incomplete 
recovery, progressive disease 
course, extensive or spinal 
involvement, early neurological 
involvement, and CSF 
pleocytosis

Farahangiz 
et al.

2012 58 3.6 Initial brain stem atrophy

Houman 
et al.

2013 121 3 Male gender
CNS parenchymal lesions

Gerber 
et al.

1996 12 3.5 New small lesions
Increase in the atrophy

(continued)
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interleukin-6 levels. The patients were under corticosteroid and/or methotrexate 
treatment. After 100 and 200 months of the therapy initiation, the overall survival 
rate was 87.6% and 54.8%, respectively. They analyzed the cumulative ratios of 
either bedridden state or death. After 100 months of treatment, the ratio was 23.9% 
and increased to 65.4% after 200 months. The univariate and multivariate analyses 
revealed that only methotrexate use was associated with better prognosis. The CSF 
IL-6 levels were higher in nine Steinbrocker class 3–4 patients, whereas among the 
19 Steinbrocker class 1 and 2 patients, IL-6 levels were lower. The authors empha-
sized the need for further prospective studies to clarify the relationship of the IL-6 
with the NBS prognosis; 89.2% of the patients had brain stem atrophy in their mag-
netic resonance imaging (MRI) scans, which could be an indicator for the poor 
prognosis of the CPNBS patients [11]. In their retrospective series of 144 patients 
(acute NBS–CPNBS and non-NBS patients), they also highlighted that smoking 
was significantly higher among CPNBS group (91%) [10].

Sbai et  al. included 109 parenchymal NBS cases in their retrospective study. 
They excluded the dural sinus thrombosis cases. Their parameters were relapses, 
attacks of other systems, CSF, imaging findings, and therapeutic choices. After the 
first neurological attack, the median follow-up period was 97  months; 45.8% of 
patients recovered well after their first attack, whereas 11% remained stable and 
5.5% had a progressive course. Dependency ratio was 52% at the beginning of the 
study; after the follow-up period, 19% of the patients were physically and/or men-
tally dependent. Neurological disability was related to brain stem and internal cap-
sule lesions and rhombencephalitis. Continuous treatment was associated with 
better outcomes compared with interrupted treatment. Continuous corticosteroid 
use was associated with less disability [28].

Joseph et al. from a district hospital in Bristol reviewed 22 Caucasian English of 
Welsh NBD patients. The mean follow-up period was 10 years (0.25–29.8 years). 
They regarded repeated attacks, incomplete recovery, progressive disease course, 
extensive or spinal involvement, and early neurological involvement as poor prog-
nostic factors. CSF pleocytosis was also related either with a more severe disease or 
an attack [15].

Table 1 (continued)

Author Year

Number of 
NBS 
patients

Follow-up 
years 
(median) Better prognosis Poor prognosis

Kalra et al. 2014 Diagnosis and management of neuro- 
Behçet’s disease: International consensus 
recommendations

Brain stem and spinal cord 
presentation, frequent relapses, 
early disease progression, high 
CSF pleocytosis, disability and 
dependent status at initial 
presentation, a primary or 
secondary progressive course, 
relapse during steroid dose 
tapering, fever, meningeal signs, 
and bladder involvement
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Farahangiz et  al. [6] from Iran reviewed the MRI characteristics of 49 NBS 
patients. They divided the patients as monophasic (31%), polyphasic (27%), and 
progressive (20%) patients and headache attributed to BS patients (22%). The mean 
follow-up time was 3.6 (0.8–6.9) years. Forty percent of the patients with progres-
sive course had brain stem atrophy on their first MRI evaluation. Thus, they related 
the initial brain stem atrophy with the progressive course.

A Tunisian center evaluated the data of 121 NBS patients among 430 patients 
with BS. Seventy-four patients had parenchymal NBS [12]. They associated male 
gender and CNS parenchymal lesions with a poorer prognosis.

International consensus recommendations in 2014 state brain stem and spinal 
cord presentation, frequent relapses, early disease progression, high CSF pleocyto-
sis, disability and dependent status at initial presentation, a primary or secondary 
progressive course, relapse during steroid dose tapering, fever, meningeal signs, and 
bladder involvement are associated with poor prognosis [16]. Gender, presence of 
other systemic manifestations of BS, and age at onset do not have any influence over 
prognosis [16, 31].

Magnetic resonance imaging follow-up of 12 patients for 1.5–6  years (mean, 
3.5 years) showed that half of the patients had new lesions and nine patients had 
cerebral atrophy [8]. They concluded that new small lesions and the increase in the 
atrophy could be prognostic signs for bad outcome.

 Non-parenchymal Neuro-Behçet’s Syndrome Prognosis

 Prognosis of Cerebral Venous Thrombosis in Neuro-Behçet’s 
Syndrome

Among all cerebral venous thrombosis cases (n = 182), Wasay et al. defined the 
poor prognostic factors as coma at presentation, being older than 60 years, intrace-
rebral hemorrhage, and hypotension on admission and thrombosis of three major 
sinuses. They defined the good prognostic factors as age less than 45 years, throm-
bolytic treatment, and isolated transverse sinus thrombosis. Multivariate analysis 
narrowed the predictors. Poor prognostic factors are coma at presentation and intra-
cerebral hemorrhage [34].

Yesilot et al. compared cerebral venous thrombosis cases under Behçet’s syn-
drome with other etiologies. BS patients were mostly male, and the median age was 
younger. The onset of BS CVT group happened to be subacute or chronic, and they 
had better prognosis [40]. BS CVT group had fewer cortical infarcts, and this could 
be associated with the better prognosis of the BS CVT group. Wechsler et al.’s study 
investigated the MRI lesions among Behçet patients with neurological involvement 
[35] (n = 31, CVT patients: n = 10), and the same group also studied the long-term 
follow-up of 25 CVT patients [36]. Most of the cases had chronic onset. The initial 
symptom was intracranial hypertension. Neurological symptoms improved in 
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4 weeks. Uluduz et al. reviewed the pediatric CVT cases; 88.5% of their patients 
had cerebral venous sinus thrombosis (CVST). None of their CVST cases had corti-
cal infarcts and had generally good outcome [33].

 Prognosis of Pediatric Neuro-Behçet’s Syndrome

Child-onset neuro-Behçet’s syndrome is rarer than adult-onset NBS. According to 
Uluduz et al., 4% of the total NBS cases are child onset [33]. The onset of the first 
neurological symptom is approximately 2 years after the other systemic symptoms 
in the Pediatric Behçet Disease study group cohort [19], and it is 1.25 years in the 
Turkish series of Uluduz et al. [33]. Uluduz et al. evaluated the prognosis according 
to the initial response to treatment, and they stated the residual neurological deficit 
as bad outcome [33]. Their mean follow-up period was 6  ±  5  years. Two of 26 
patients had residual neurologic symptoms after treatment, and one of them was 
independent. They explain this better prognosis with CVST being common in child- 
onset NBS [33].

Mora et al. reviewed 130 cases with neuro-ophthalmological features between 
the years 1971 and 2011 [24]. Eighty percent of the patients recovered after treat-
ment. Seventeen percent of the patients had visual or neurological sequelae, and one 
patient died after the rupture of a cerebral aneurysm [17, 24].

 Gender Effect on Prognosis

Male predominance is a known fact in Behçet’s syndrome. Most of the NBS series 
also emphasized the male dominance. Several studies evaluated the prognostic 
effect of gender. Studies stated male gender does not affect prognosis [11, 25, 31]. 
Akman-Demir et al.’s 7-year follow-up series showed that male-female ratio in the 
headache group was 0.87, whereas it increased to 2.85 in the group with neurologic 
involvement [1].

 Epidemiologic Effect on Prognosis

Epidemiologic data about Behçet’s syndrome reveals that gastrointestinal symp-
toms are more common in the Far East (Japan) and skin findings like pathergy posi-
tivity are more common in Turkey and Mediterranean countries [41]. There is no 
isolated epidemiologic data about the severity of NBS syndrome in the literature.

In an Israeli study (n = 100; 66 Jews, 34 Arabs), no difference was found between 
the two groups with respect to the rate of major oral ulcers, genital ulcers, ocular 
disease, skin lesions, positive pathergy reaction, or vascular or neurological 
involvement.
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 Genetic Effects on Prognosis

Genetic susceptibility to BS has been a study topic for many years. As HLA-B51 
positivity is more common among patients with BS (approximately 60%), some 
authors proposed the disease as an MHC-I-opathy [38].

Hirohota et al. [11] stated that positivity of HLA-B51 was 86% in chronic pro-
gressive NBS. Noel et al. [25] showed HLA-B51 positivity increased the odds of 
relapse by 3.6-fold. Relapse rate was 50% among HLA-B51-positive patients, 
whereas it was 21% among HLA-B51-negative patients [25].

 Mortality–Morbidity in Neuro-Behçet’s Syndrome

Mortality rate of patients with Behçet’s syndrome is higher among younger men 
(14–24 years of age and 25–34 years of age), whereas older men (35–50 years of 
age) and women had a normal life span [26, 38]. Mortality is also increased in ear-
lier phases of the disease (the first 7 years), especially among the ones with major 
organ involvement. Major causes of mortality were large vessel disease and paren-
chymal central nervous system (CNS) disease [38].

A Turkish group collected 20-year follow-up data of 387 patients. The mortality 
rate was 9.8%. Five male patients died due to severe neurological involvement with 
recurrent attacks. At the end of 20 years, 25.8% (n = 57) of male patients and 8.2% 
(n = 10) of female patients (overall 17.3% of patients) were dependent. Visual loss 
(76.1%) and CNS disease (7.5%) caused the dependency in most of the patients 
[21]. In a cohort of 817 patients of a French group, mortality rate was 5% (n = 41). 
Median follow-up period was 8 years; 26.9% of those patients had CNS disease. 
Among the 41 patients, five died (12.2% of the patients who died) because of NBS, 
and the cause of death of one patient was cerebral aneurysm. In their series, multi-
variate analysis found male sex, arterial involvement, genital ulceration, and high 
frequency of BS flares were significantly and independently associated with mortal-
ity [26].

There are a few studies addressing the mortality rates of NBS. In Akman-Demir’s 
15-patient series, the mortality rate was 20% in 7 years [1]. Another study of the 
same group reviewed 200 patients (155 male; 45 female). Akman-Demir et  al. 
reviewed 200 patients, and 110 had a follow-up period of 3 and more years [2]. 
Among those 110 patients, 28 patients became either physically or mentally depen-
dent, and 22 were deceased (mortality rate was 20%).

In Siva et al.’s 15 years of retrospective evaluation, mortality ratio was 5.5%. 
They performed the survival analysis from the onset of BS.  Ten and 15-year 
 survivals were 95.7 ± 2.1% and 88.5 ± 4.5%, respectively. All of the three patients 
who died because of neurological problems had cerebellopyramidal syndrome; 
45.1% of the patients had moderate to severe disability 10 years after the disease 
onset. But the authors stated that due to the short follow-up period, standard error is 
high [31].
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Mortality ratio of a French group was 10.4% among 115 NBS patients. Five of 
those patients died due to central nervous system-related causes [25].
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