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Abstract

Background Although typical findings of familial Mediterranean fever (FMF), such as brief fever episodes and
abdominal or chest pain, have been largely described, little is known about the neurological manifestations of the
disease in childhood.

Methods A systematic search of the literature was conducted in PubMed/Medline, Cochrane, and Web of

Science databases in accordance with the PRISMA guidelines, using MeSH terms related to FMF and neurological
manifestations. Studies involving patients under 18 years of age diagnosed with FMF with neurological manifestations
were included.

Results Sixty-four studies, comprising 4753 children with FMF, were included. Approximately 33.9% of them had
some degree of neurological involvement. Headache was the most common neurological symptom and was

often associated with FMF flares, with frequencies ranging from 4.8 to 58.8%. Febrile seizures were also relevant
manifestations, as expected in children with FMF since they have more and more high fever during childhood, with
frequencies ranging from 1 to 15.2%. Demyelinating disorders, such as multiple sclerosis, were rarely reported, mostly
in female adolescents with the homozygous M694V MEFV genotype. A few studies have shown that cochlear and
retinal involvement due to chronic and recurrent inflammation may contribute to sensorineural hearing loss and
retinal abnormalities.

Conclusion Although causality has not been shown and reporting bias cannot be excluded, neurological
involvement appears relatively common in children with FMF and may lead to long-term disability and reduced
quality of life. These findings support the need for a comprehensive neurological assessment to enable early
detection, appropriate management, and better long-term outcomes.
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Introduction

Familial Mediterranean fever (FMF) often presents
in childhood, with high-grade fever lasting 1-3 days,
abdominal pain, chest pain, and arthritis due to peri-
odic autoinflammatory attacks and/or recurrent sterile
serositis [1-4]. Abdominal pain, thoracic pain, arthritis,
and the fever episodes were incorporated into the cur-
rent EuroFever/PRINTO classification criteria, which
is the first set considering the MEFV genotype for the
diagnosis [2]. Although headaches and other neurologi-
cal symptoms are often reported by patients during clini-
cal practice and in several reports, little is known about
their frequency, characteristics, and management [5-11].
Furthermore, potential impact of the chronic inflamma-
tion on the nervous system remains unclear. There are
also some reports suggesting the association between
EMF and demyelinating disorders such as multiple scle-
rosis, but their frequency is unknown [12-14]. Therefore,
despite the clinical recognition and description of neu-
rological symptoms in FME, there is a lack of systematic
data on their prevalence and nature in the pediatric pop-
ulation, and no comprehensive review has yet addressed
this gap. The aim of this systematic review was to evalu-
ate the neurological involvement in children with FMFE.
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Methods

We conducted a systematic review of the literature
according to the PRISMA guideline (Fig. 1). Prior to
the beginning, the study protocol was registered on the
International Prospective Register of Systematic Reviews
(PROSPERO, registration n. CRD42024512281). To
retrieve all relevant articles, a search was performed
in PubMed/Medline, Web of Science, and Cochrane
databases. The search was structured into two concept
blocks:

— FMF-related terms, including historical and
alternative nomenclatures.

— Neurological terms, encompassing both general
and specific neurological conditions, including
those related to headache, seizures, demyelinating
disorders, sensory system, and others.

The full search strings for PubMed/Medline-Web of Sci-
ence, and Cochrane databases are available as supple-
mentary material S1. The search involved the articles
published in English up to March 1st, 2025, with no
filter set for publication date. After manually remov-
ing duplicates through an online platform (https://w
ww.rayyan.ai), three independent investigators (ADL,
GS, and SLB) screened titles and abstracts for eligibil-
ity to exclude those irrelevant to the topic. Then, three

[ Neurological involvement in children with familial Mediterranean fever (FMF): PRISMA flow chart ]
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Fig. 1 Flow-chart diagram detailing the selection process according to PRISMA guidelines. The *full search string is available as supplementary material
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independent investigators (SLB, MR and YB) assessed
the full-text articles. Controversies were resolved by
a fourth author (DB). The reference list of each article
was also screened for relevant titles. We selected papers
detailing FMF patients with less than 18 years of age with
clinical neurological involvement or assessing neurologi-
cal outcomes. All study designs were considered, includ-
ing case series and case reports. When there was a clear
distinction between patients aged less than 18 years and
adults, only pediatric patients were included in the data-
set. Given the multiple classification criteria available for
EME, all patients diagnosed based on the authors’ deci-
sion were included. Non-peer reviewed content such as
congress abstracts, papers published in languages differ-
ent than English, and papers not distinguishing between
pediatric and adult patients were excluded. The follow-
ing data were extracted from the articles: first author
name, demographic data, study design, FMF classifica-
tion criteria, characteristics of neurological involvement,
MEFYV genotype, diagnostic work-up, treatment, and
outcome. The included studies were analyzed by using
Joanna Briggs Institute (JBI) critical appraisal tools (avail-
able at: https://synthesismanual.jbi.global/). The JBI tools
include 8-10 items according to study type (cohort and
cross-sectional studies were assessed as observational
studies). Scores were: “yes” (meets the qualification), “no”
(do not meet the qualification), “unclear/partial” (some
information, but not enough to considered as a yes), and
not applicable (NA). Tables were created for each study
type (available as Supplementary material S2) and color
codes; yes=green, no=red, unclear =yellow were used;
NA was used if the item was not applicable. In general,
most of the included studies had moderate-high quality.

The primary study endpoint was to detail the frequency
and characteristics of neurological diseases and mani-
festations among children with FME, including those
pertaining to peripheral and cranial nerves, such as sen-
sorineural hearing loss, optic nerve disorders, and retinal
abnormalities. Articles were classified into six categories:
headache, seizures, demyelinating disorders, optic/reti-
nal abnormalities, cochlear/vestibular abnormalities, and
other manifestations [13, 15-22].

Results

Patients and studies

After the screening process, we included 64 studies
reporting neurological involvement and encompassing
4753 children with FMFE. The studies varied in design,
ranging from case reports and case series (14/64 and
24/64, respectively) to case-control studies (9/64), and
observational studies (17/64). Sample sizes ranged from
individual cases to large studies exceeding 600 patients,
with children age ranging from infancy to adolescence.
Among these children, approximately 1610 (33.9%) had
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some degree of neurological involvement. A formal
meta-analysis was not conducted due to substantial het-
erogeneity among the included studies in terms of design,
sample size, outcomes assessed, and the criteria used for
diagnosing FMF and defining neurological involvement.
While some studies focused exclusively on specific symp-
toms, others detailed a broader spectrum of neurological
conditions. In addition, patient populations differed in
age, genetic background, and geographic location. These
variations may influence the reported prevalence and
nature of neurological manifestations and should be con-
sidered when interpreting the findings.

Headache

Headache emerged as the most common neurological
symptom in children with FMEF, affecting 765 (female to
male ratio: 1.28) out of 3142 children (24.3%) from 25
studies (Table 1). Not considering case reports and case
series, the frequency ranged from 4.8 to 58.8% across the
largest studies [6, 8, 15, 16, 18, 23-33]. Reports describe
various headache phenotypes, ranging from primary
headaches, including migraine with and without aura
(107 children diagnosed with migraine and 73 with prob-
able migraine) and tension-type headaches (TTH), to
secondary headache syndromes such as pseudotumor
cerebri and cerebral vasculitis. In some studies, head-
ache occurred exclusively during FMF attacks [24, 29,
34]. However, none of the reports had a disease control
group with a recurrent fever or inflammatory syndrome.
In the aforementioned reports, some patients experi-
ence a reduction in headache frequency with colchicine
and anti-IL-1 drugs, based on observational data [8, 32,
34, 35]. In the study by Giizin et al., headache localiza-
tion differed by age, being more frequently frontal in
patients aged less than 12 years and temporal in older
children (p=0.011). Moreover, according to the authors,
the prevalence of migraine across children with FMF was
higher than that in the general Turkish population [15].
In a large study, Abu Shady et al. reported that headache
was a common symptom, affecting 45.3% of patients, and
that it was associated with FMF disease severity [25].
According to Uluduz et al., the mean duration of head-
ache attacks was longer in children with migraine and
probable migraine compared to children with TTH (24
[1Q-3Q: 9.75-36] months vs. 12 [1Q-3Q: 6—24] months,
p=0.029), with no differences in terms of the frequency
of the episodes [16]. Moreover, the highest localization
of headache for both FMF patients with migraine and
TTH patients occurred in the forehead and occipital
regions [16]. Some authors reported that the prevalence
of migraine/probable migraine in this population was sig-
nificantly higher than the prevalence of TTH (p<0.001)
[5]. Again, these studies failed to provide control groups
or follow-up assessments. Biro et al. reported a greater
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v frequency of headache among patients with FMF than
D among healthy siblings (39.6% vs. 13.8%, p <0.001) [26].
§ 5 Although there was no suggestion for causality, there
£z have been case reports for secondary headaches, includ-
" 33 ing idiopathic intracranial hypertension, cerebral venous
< £ é thrombosis, pseudotumor cerebri, and cerebral vasculitis
E Zs in EMEF [6, 29, 36-38].
8 £ L
g g 5 Seizures
g § é Epilepsy and febrile seizures were reported in 127 (female
g 53 to male ratio: 0.78) out of 1890 patients from 12 stud-
o e & ies (Table 2). Reports describe a spectrum of seizure
9 types that mostly occur during FMF flares and are rarely
9‘;3 5 accompanied by electroencephalographic (EEG) abnor-
223 malities [39]. Depending on the study, febrile seizure
g% (c; rates ranging from approximately 1-15.2%, with some
E £ &; patients experiencing recurrent seizures during FMF
2 5 &£ attacks [6, 17, 18, 24—26, 40, 41]. In three studies, the
w Z 2 Q9
prevalence of febrile seizures in children with FMF was
compared to that in healthy individuals [18, 26, 41]. Kili¢
g et al. reported that the frequency of febrile seizures in
> g EMF children was greater than that in the general Turk-
s §, 92 ish population (8.4% vs. 4.4%; OR: 1.99, 95% CI: 1.4-2.8,
p<0.0001), as well as and Comak et al. (13.4% vs. 5% OR:
@ v 8 2.9; 95% CI: 1-8.5, p=0.04) [18, 41]. Biro et al. reported
g § % § a greater prevalence of febrile seizures in FMF patients
w e = than in both healthy siblings (9% vs. 1%, p=0.041) and
@ the general pediatric population (2-5%) [26]. A few stud-
TS w2 ies investigated the impact of the MEFV genotype on sei-
5 2 % sg, zures [17, 18, 40]. Ertekin et al. reported no differences in
g g i A= seizure occurrence between patients carrying heterozy-
§¥E |J8¢ gous and homozygous M694V variants, whereas Comak
¢ o | et al. reported that, although there was no difference in
8 & _|= the overall allele frequency of MEFYV variants between
E % % E cg febrile seizure positive and negative patients, those with
febrile seizures had a higher frequency of exon 2 vari-
g & '§ = ants and a lower frequency of exon 10 variants compared
=5 e © to patients without febrile seizures [18, 40]. Neverthe-
g% .g =n less, Haytoglu et al. found no differences between MEFV
csv&o == exon 2 and exon 10 variant frequencies in FMF children
c with and without febrile seizures [17]. There is a limited
'% © number of reports on pediatric FMF patients with epi-
° g lepsy and EEG abnormalities, usually including interictal
3 8 discharges, a poorly organized background activity, and
@ © focal slowing over diverse regions; however, the timing
.§ of the EEG, whether performed during or between flares,
E g was generally not specified [29, 39, 42]. When performed,
5 8 S brain magnetic resonance imaging (MRI) was unremark-
g E % L able except for a patient that developed posterior revers-
% =t K ible encephalopathy syndrome [29].
o
Y
: g I Demyelinating disorders
5 g % & Demyelinating disorders were reported in eight children
L $ = with FMF (female to male ratio: 6) across seven studies,
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with a prevalence in large studies ranging from 0.16 to
0.96% (Table 3) [6, 12—14, 29, 43, 44]. Five children were
diagnosed with multiple sclerosis (two children with a
relapsing-remitting course, one child with a secondary
progressive course and two patients with a not speci-
fied course), with a disease onset ranging from 12 to 17
years; notably, four of them (80%) carried the homozy-
gous M694V variant [13, 14, 29, 43]. A female adolescent
who presented with acute quadriparesis and pseudobul-
bar paresis was diagnosed with an unclassifiable demy-
elinating disorder and was treated with high-dose oral
steroids with poor outcomes [12]. A child was diagnosed
with transverse myelitis, and a 13-year-old female pre-
senting with blurred vision and dizziness was classified as
having a clinically isolated syndrome [6, 13]. Treatment
approaches generally consist of high-dose corticoste-
roids and disease-modifying therapies such as glatiramer
acetate.

Retinal and optic nerve involvement

Retinal and/or optic nerve involvement was reported in
six studies (Table 4) [19, 20, 45—48]. Among these, some
reports were on retinal inflammation, and others have
investigated abnormalities in ocular blood flow and reti-
nal or optic nerve structure. Two studies reported bilat-
eral recurrent optic neuritis, both in male toddlers with
the homozygous M694V MEFV genotype [45, 48]. Both
patients presented with a sudden loss of vision and typi-
cal findings on orbital MRI, increased bilateral thick-
ness of the optic nerves, and a prolonged latency at the
visual evoked potential. Good control was obtained
with colchicine, IL-1 inhibitors, and systemic steroids
[45, 48]. Mansour et al. described three cases of bilateral
retinal vasculitis, with underlying disc edema, retinal
hemorrhages, and frosted branch angiitis. Two patients
achieved full visual recovery under immunosuppres-
sive agents, while the third patient did not recover vision
due to no treatment [46]. Eski et al. reported that, FMF
patients had reduced ocular blood flow and choroidal
thinning compared to healthy controls [20]. These altera-
tions were identified via optical coherence tomogra-
phy and color Doppler ultrasonography, with decreased
peak systolic and end-diastolic velocities in the central
retinal, ophthalmic, and nasal posterior ciliary arteries,
alongside increased resistivity indices, suggesting that
chronic inflammation may contribute to these vascular
changes [20]. Abnormal foveal vascular structure was
reported by Yener et al. indicating that patients with FMF
had altered vessel density in different quadrants of the
parafoveal region compared to controls [47]. In a retro-
spective study, Kivrak et al. reported that homozygous
M694V EMEF patients had a reduced peripapillary retinal
nerve fiber layer compared to asymptomatic heterozy-
gous M694V carriers, who were not diagnosed with FMF
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[19]. None of these studies have suggested a causal rela-
tion and the prevalence among the healthy population
was not described in most of them. Furthermore, subse-
quent studies revealed no differences in retinal thickness
between children with FMF and controls [49, 50].

Cochlear and vestibular involvement

Cochlear or vestibular involvement, particularly in the
form of hearing loss and cochlear dysfunction, was
reported in nine studies (Table 5) [6, 21, 22, 31, 51-55].
Sensorineural hearing loss in children with FMF was doc-
umented in many of these reports. Talaat et al. suggested
that children with FMF seemed to have an increased risk
of hearing impairment but documented no significant
correlations between the study demographics, genet-
ics, clinical manifestations, disease severity score, and
audiological tests [21]. Salimov et al. reported that hear-
ing thresholds were greater in patients with FMF than in
controls at most frequencies [22]. Similar results were
obtained in case-control studies [31, 52-54]. Sensori-
neural hearing loss has also been reported in a few series
[51, 53]. Notably, bilateral sensorineural hearing loss was
described in two children with FMF carrying a complex
MEFYV genotype (1692del/E148Q/V726A) in addition to
two different heterozygous variants in the NLRP3 gene
(one with Q703K, the other V198M), classified as vari-
ants of unknown significance according to Infevers (htt
ps://infevers.umai-montpellier.fr/web/search.php?n=4),
making very difficult a clear interpretation of the phe-
notype [55]. Vertigo and dizziness were retrospectively
reported in 38 out of 625 children with FMF from a large
study, with an underlying cause found in four of them as
stroke and cerebral vasculitis [6].

Other manifestations

In addition to the better-defined categories described
above, 249 children were reported to have other neuro-
logical symptoms in 21 reports (Table 6). These miscel-
laneous manifestations included sensory disturbances,
movement disorders, and various neuromuscular impair-
ments, emphasizing the heterogeneous nature of neuro-
logical involvement in children with FMFE. A large study
revealed 26 patients with sensorial disorders, 16 with
muscle weakness, 7 with movement disorders, 2 with
cerebrovascular events, cerebral vasculitis, aseptic/viral
meningitis, and one with idiopathic intracranial hyper-
tension [6]. An additional large study reported a signifi-
cant frequency of paresthesia and tremors (76 and 27 out
of 300 patients, respectively), peaking at 80% in patients
with severe disease [25]. Cognitive impairments, atten-
tion, memory, and executive function fragilities, have
been investigated and reported by a few studies, with
conflicting results [56—58].


https://infevers.umai-montpellier.fr/web/search.php?n=4
https://infevers.umai-montpellier.fr/web/search.php?n=4
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On the other hand, colchicine intoxication resulted in
muscle weakness and atonic falls in an 8-year-old female
due to concomitant intake of grapefruit juice, whereas
colchicine-induced myo-neuropathy was diagnosed in
three patients and improved after colchicine discontinu-
ation [59-61]. There are also rare case reports of children
with FMF developing dystonia, acute brachial plexopa-
thy, small-fiber neuropathy, reflex sympathetic dystrophy,
posterior reversible encephalopathy syndrome, recur-
rent aseptic meningitis, postural hand tremor, recurrent
peripheral facial palsy, hypertensive encephalopathy,
intracranial venous occlusive disease, and cerebrovascu-
lar disease [7, 23, 29, 62-71].

Discussion

Headache

According to our findings, headache is the most common
neurological symptom in children with FMEF, with reports
detailing different prevalence rates, peaking in more than
half of the patients, and diverse headache types, mostly
represented by migraine and TTH. Reports also vary in
terms of headache timing, with acute recurrent head-
ache being more common than chronic headache. More-
over, in several reports headache episodes occurred only
during FMF flares. Interestingly, in a recent study on
300 children with FMF, headaches were more frequent
among patients with compound heterozygous mutation,
severe disease activity, and poor compliance with col-
chicine [25]. Moreover, according to a recent multicen-
tric prospective study including 876 patients with FMF,
largely children (80.4%), headache was detected in 109
(12.4%) patients at enrollment and was more prevalent in
patients with a clinical diagnosis than in those with a sup-
portive MEFV genotype [72]. Higher rates of neurologi-
cal manifestations were described in a large study of 311
children and adults with FMF, with headaches occurring
in 47.3% of them (including migraines in approximately
6.1%) [73]. The authors reported some observational evi-
dence that headache was more common in the MEFV
negative group [73].

Only one study, by Biro et al,, included a disease con-
trol group and reported a higher prevalence of recurrent
headaches in patients with FMF compared with healthy
siblings; however, the small sample size (44/111 patients
vs. 13/94 healthy siblings), the observational nature of
the study and potential biases limit the strength of this
evidence [26]. When comparing the prevalence of head-
ache to that in the general population, Giizin et al. identi-
fied a higher rate in children with FMF in their patients
(12.8%) than that reported in the general population of
children and adolescents, where estimated rates range
from 7.7% (95% CI: 7.6-7.8) to 9.1% (95% CI: 7.1-11.1),
higher in females, with lower rates in children aged less
than 7 years [74—76]. More recent data from a systematic
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review and meta-analysis conducted in healthy children
aged 8-18 years estimated the rate of migraine in this
age group at 11% (95% CIL: 9-14%) and the rate of TTH at
17% (95% CI: 12—-23%). As expected, the overall primary
headache rate was higher, estimated at 62% (95% CIL:
53-70%) [77]. In other studies (not considering reports
with less than 10 patients), migraine rates range from
8.6% [73] to 10.2% [6], and 13.5% [16]. However, data
from the included studies are heterogeneous and insuf-
ficient to support evidence-based comparisons between
children with FMF and healthy controls. Moreover, in
several studies the exact type of headache is not speci-
fied and the numbers of patients with either migraine or
TTH are largely derived by retrospective and monocen-
tric studies. Furthermore, a causal relation has not been
suggested.

Only a minority of patients with headaches had an
underlying cause, mostly represented by intracranial
hypertension, idiopathic hypertension or headaches
caused by pseudotumor cerebri or cerebral venous
thrombosis. This is likely due to high-grade fever or
various degrees of inflammation. Sterile inflammation
occurring during disease flares likely affect the meninges,
resulting in recurrent sterile meningitis and subsequent
headaches of various degrees. However, this has never
been shown. Some authors suggest that FMF patients
should be interrogated about the presence of headache,
and migraine should be considered as a possible diagno-
sis in headache episodes reported by FMF patients [15,
16].

Seizures

Interestingly, febrile seizures have been reported in sev-
eral studies, mostly occurring concomitant to disease
flares, probably because of the frequent fever episodes
experienced in the early years of life. There is some evi-
dence that headaches and febrile seizures may be more
common in FMF patients than in the general popula-
tion. As detailed before, three studies reported that the
prevalence of febrile seizures in children with FMF was
greater than that in the general pediatric population. In
these studies, prevalence of febrile seizures was estimated
at 8.4% [41], 9% [26], and 13.4% [18]. Additional data are
available from other studies, with prevalence ranging
from 1% (Bektas et al.) to 15.2% (Haytoglu et al.) [6, 17,
24, 25, 40]. Notably, the prevalence of febrile seizures in
healthy children is estimated to range from 2 to 5%, with
a recurrence rate of approximately 25-40%, and varia-
tions observed across different ethnic groups [78-81].
Conversely, only one observational report assessed a
greater prevalence of febrile seizures in children with
EMEF than in a control group of healthy siblings (9% vs.
1%, p=0.041) [26]. However, these data may not pro-
vide sufficient evidence, mainly due to the observational
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nature of the studies and differences in the prevalence of
these manifestations across countries, ethnic groups, and
ages [18, 26, 82]. Febrile seizures, however, are expected
to be more frequent in children with FME, since they
experience recurrent episodes of high fever during child-
hood. Furthermore, their fever is often more severe and
more resistant to antipyretics.

Epilepsy with EEG abnormalities is rarely reported,
often with limited details, and it does not seem to be
directly related to FMF in pediatric patients.

Demyelinating disorders

Demyelinating disorders have been rarely reported in
children with FMF, mostly occurring in female adoles-
cents with the M694V homozygous MEFV genotype. It
is possible but still unclear whether a pathogenic geno-
type and a high severity of recurrent and/or chronic sub-
clinical inflammation may trigger the immune system
and demyelinating disease onset. Indeed, some inflam-
matory diseases such as juvenile idiopathic arthritis, IgA
vasculitis, polyarteritis nodosa, and spondyloarthritis,
have been associated with FMF [83-85]. However, due to
the limited number of pediatric FMF patients with mul-
tiple sclerosis, further studies are needed to better clarify
this phenomenon. Notably, studies with also adult FMF
populations have suggested a possible, though not con-
clusive, link between innate inflammation in FMF and
other inflammatory diseases, including multiple sclero-
sis. However, this relation appears not to be strictly influ-
enced by the MEFV genotype [12, 13, 85].

Retinal/optic nerve and cochlear/vestibular involvement

A few studies investigated cochlear and retinal involve-
ment in affected patients, with some evidence that
inflammation may cause abnormalities in retinal struc-
ture, ocular blood flow, and sensorineural hearing loss.
However, there was no suggestion of a causal relation in
these reports. Furthermore, these reports may represent
simple reporting bias since these patients have FMF and
they may be just coincidental findings. There are also
additional studies not confirming such results and find-
ing no differences in hearing thresholds between children
with FMF and healthy controls [86—88].

Other manifestations

A number of case reports detailed a wide range of addi-
tional neurological manifestations in children with FMF.
There is a lack of data supporting cognitive involvement
in affected patients, with studies reporting conflicting
results in differences among cognitive abilities compared
with healthy controls [26, 56, 57].
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Potential role of IL-1f in neuroinflammation of FMF

One of the key mechanisms in the pathogenesis of FMF
is the uncontrolled activation of the pyrin inflammasome
and the subsequent release of pro-inflammatory cyto-
kines such as interleukin (IL)-1f, which contributes sub-
stantially to systemic inflammation [3, 89, 90]. It is also
descripted that, beyond FMEF, IL-1f plays a role in neu-
roinflammation and in various neurological disorders,
including multiple sclerosis and autoimmune encepha-
lomyelitis [91, 92]. This cytokine is also produced by
microglia and may modulate synaptic activity and blood-
brain barrier permeability by promoting a pro-inflam-
matory environment within the nervous system [91-96].
To date, the role of IL-1p in migraine remains debatable,
whereas stronger evidence supports its involvement in
febrile seizures [96—99]. However, although a range of
neurological manifestations have been reported in chil-
dren with FMF, and some observational data suggest
a higher prevalence of conditions such as migraine and
febrile seizures compared to the general pediatric popu-
lation, even if somewhat expected given the high num-
ber of fever episodes, a direct causal association remains
unconfirmed. Therefore, caution is warranted in dis-
tinguishing true causal relationships from mere clinical
co-occurrences.

Knowledge gaps, limitations and future directions
According to our findings, key knowledge gaps emerged.
These include the lack of prospective controlled studies
assessing the prevalence and causality of neurological
involvement in children with FMEF, limited data on MEFV
genotype correlations, particularly regarding neurologi-
cal outcomes, and insufficient exploration of underly-
ing pathophysiological mechanisms. To address these
gaps, future research should incorporate standardized
neurological assessments into both clinical practice and
research protocols. Moreover, strengthened collabora-
tion through multicenter prospective cohort studies and
international registries aimed at harmonizing data and
standardizing neurological assessments is essential to
advance our knowledge on the topic.

This study has several limitations. First, some patients
were classified as having FMF without specifying the
classification criteria used, potentially resulting in a lack
of specificity and generalizability of our findings. A major
limitation of this review is the absence of disease control
groups in the included studies, which limits our abil-
ity to attribute the observed prevalence of neurological
manifestations specifically to FMFE. Therefore, causality
cannot be established, and the findings should be inter-
preted with caution. We excluded non-English articles,
which may have led to the omission of relevant data and
potentially introduced a geographic and cultural bias,
underrepresenting regional differences in neurological
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manifestations and reporting practices. Moreover, it is
important to consider potential reporting and publica-
tion bias, particularly for rare neurological manifesta-
tions, which are often described in isolated case reports
and may not reflect their broader relevance. In several
studies, it has not been possible to examine variables
such as the onset age of neurological manifestations,
other comorbidities and their MEFV genotype, especially
in older reports. Lastly, neuropsychiatric and autonomic
manifestations such as anxiety, depression, and cardiac
rhythm abnormalities were not included in this review,
and additional studies are needed to better elucidate
these aspects.

Conclusion

Children with FMF may present with a heterogeneous
range of neurological manifestations, including more
common headaches and seizures and rarer demyelinating
disorders, cochlear or vestibular or retinal abnormalities.
Febrile seizures and headaches may be more common in
children with FMF than in the general pediatric popula-
tion, particularly in those with poorly controlled disease.
However, evidence mostly comes from observational
data. A causal relationship has not been established, and
a reporting bias cannot be excluded. Clinicians should
investigate neurological symptoms in these patients,
especially migraines and febrile seizures, as these symp-
toms may be underreported yet significantly impact qual-
ity of life. Multicenter prospective studies employing
standardized neurological assessments are essential to
better characterize these manifestations and their burden
in children with FMF.
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