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Abstract Paroxysmal crises of fever and systemic in-
flammation herald familial Mediterranean fever (FMF),
considered as the archetype of all inherited systemic
autoinflammatory diseases. Inflammatory bouts are char-
acterized by short-term and self-limited abdominal, tho-
racic, and/or articular symptoms which subside sponta-
neously. Erysipelas-like findings, orchitis, and different
patterns of myalgia may appear in a minority of pa-
tients. In recent years, many non-classical manifestations
have been reported in the clinical context of FMF, such
as vasculitides and thrombotic manifestations, neurolog-
ic and sensory organ abnormalities, gastrointestinal dis-
eases, and even macrophage activation syndrome. As
FMF left unrecognized and untreated is ominously com-
plicated by the occurrence of AA-amyloidosis, it is
highly desirable that diagnosis of this autoinflammatory
disorder with its multiple clinical faces can be contem-
plated at whatever age and brought forward.
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Introduction

Familial Mediterranean fever (FMF, OMIM 249100) is an
autosomal recessive disorder characterized by recurrent self-
limited bouts of fever and sterile inflammation mostly con-
fined to serosal membranes, joints, and/or skin [1]. Febrile
attacks, sometimes induced by trivial triggers, are accompa-
nied by a strong acute phase response, and the most ominous
potential complication is secondary multi-site amyloidosis [2].
The disease occurs most commonly among people originating
from the Mediterranean basin, Turks, Arabs, Armenians, and
non-Ashkenazi Jews, but has been recognized in every coun-
try of the world [3]. The causative gene of FMF is named
MEFV and was first identified by two independent groups in
1997: it is located on the chromosome 16p13.3, displays 10
exons, and encodes a 781-amino acid protein known as pyrin
or also marenostrin to recall the ancient name of the Mediter-
ranean sea, Bmare nostrum^ [4, 5]. Pyrin is expressed in neu-
trophils, eosinophils, monocytes, and to a lesser extent in skin
and synovial fibroblasts, and MEFV mutations lead to dys-
functional pyrin with downregulation of neutrophil activation:
as a result, pyrin cannot control inflammation, leading to
lengthened inflammatory responses with a final overload of
interleukin-1β [6, 7]. It has been proposed that pyrin regulates
the inflammatory process at the level of leukocyte cytoskeletal
organization, and indeed, the therapeutic effect of colchicine
in FMF is dependent on this specific interaction [8]. To date,
over 300MEFV sequence variants have been identified, most-
ly in exon 10, followed by exons 2, 3, and 5. The five founder
mutations, M694V, V726A, M680I, M694I, and E148Q, ac-
count for 74 % of cases living around the Mediterranean basin
[9]. Four of these mutations, M694V, V726A, M680I, and
M694I, are located in exon 10 (E148Q is located in exon 2),
while M694V is the most common in North African Jews and
V726A predominates in Arabs, Armenians, and Iraqi Jews
[10]. FMF symptoms are seen by the age of 10 in 60 % of
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patients and by age of 20 in 90 % [11], but diagnosis remains
only clinical since there are no specific laboratory tests for a
definite diagnostic confirmation (see Table 1). AA-
amyloidosis is the most frequent complication of FMF left
untreated or overlooked, involving a host of different organs,
as kidney, heart, respiratory and gastrointestinal tracts, and
even central nervous system with a host of potential variable
and uncanny phenotypes [12].

A protean clinical spectrum

The majority of patients with FMF have painful episodes lo-
calized to the abdomen, which are usually the dominant clin-
ical manifestations, but children and a minority of adults can
also present unusual phenotypes with less clinical signs or
symptoms, which make diagnostic identification more puz-
zling [13]. FMF attacks typically involve serous membranes,
and the tunica vaginalis is also one of the sites involved, giv-
ing unilateral self-limited orchitis with no apparent sequelae
[14], though complications characterized by testicular necro-
sis and requiring orchiectomy have been reported [15]. Joint
manifestations are really typical in most FMF attacks, but in
some cases, they may show some peculiarities. For instance,

peripheral entheses, frequently involved in different rheuma-
tologic diseases like ankylosing spondylitis and Behçet’s dis-
ease, have been studied by Tufan et al., who investigated the
possible relationship between FMF and enthesopathy, reveal-
ing a peculiar association with theM694VMEFV variant [16].
Furthermore, Erten et al. first reported the association between
Gitelman syndrome and FMF (which share their genes on
chromosome 16) in an adult patient with recurrent knee arthri-
tis and heel pain, in whom laboratory investigations disclosed
hypokalemia, hypomagnesemia, urinary magnesium wasting,
increased plasma renin level, and the FMF-related heterozy-
gous E148Q MEFV variant, all successfully managed with
potassium, magnesium, spironolactone, and colchicine [17].
Cutaneous manifestations have been well described in both
children and adults with FMF: the most typical lesion is the
erysipelas-like dermatitis, usually localized on the lower ex-
tremities, which is self-remitting within 24–48 h. However,
several skin lesions other than erysipelas-like pictures have
been reported, including non-specific rashes, diffuse erythema
of the face and/or trunk, angioedema, Raynaud’s phenome-
non, Sweet’s syndrome-like lesions, chronic panniculitis,
lichenified erysipelas-like plaques, and severe recurrent pyo-
derma, all variably responding to colchicine administration,
proving that skin involvement is integral part of FMF [18].
Uncommon pigmentation patterns have also been noted, and
vitiligo reported in a 24-year-old woman [19]. In these last
years, there have been many reports of clinical sceneries at-
tributed to FMF or associated with FMF, and Table 2 lists the
prominent diverse heterogeneous manifestations and disor-
ders described in young patients with FMF.

Vasculitides

The association of FMF with systemic non-granulomatous
vasculitides, namely Henoch-Schönlein purpura, polyarteritis
nodosa, and Behçet’s disease, has been intensely documented:
there have been several reports of vasculitic syndromes in
children with a definite diagnosis of FMF as well as in chil-
dren with an ambiguous genetic diagnosis of FMF, revealing
that the environment might interplay with genetic factors in
the pathogenesis of vascular inflammation [20]. Ozdogan
et al. evaluated the frequency of Henoch-Schönlein purpura
and polyarteritis nodosa in FMF, finding that they occur with a
frequency of 7 and 1 %, respectively; moreover, diagnosis of
FMF was made after the onset of Henoch-Schönlein purpura
in 9 and after polyarteritis nodosa in 1 patient [21]. The ap-
pearance of vasculitis can preexist or sometimes follow a typ-
ical FMF attack, suggesting primarily that FMF should be
considered in the evaluation of children with recurrent
Henoch-Schönlein purpura, even in the absence of FMF pe-
culiar clinical sceneries or a negative family history, and, in
fact, occult FMF cases are much more numerous than

Table 1 Diagnostic criteria for familial Mediterranean fever

Tel-Hashomer criteria

Major Minor

Recurrent febrile episodes
associated with serositis or
synovitis

Recurrent febrile episodes

Amyloidosis of AA-type without
any causing or predisposing
disease

Erysipelas-like erythema

Favorable response to daily
colchicine prophylaxis

Positive history of familial
Mediterranean fever in a first
degree relative

Phenotype I is diagnosed by the positivity of 2 major or 1 major and 2
minor criteria.

Phenoytype II is related to AA-amyloidosis before the clinical onset of
the disease.

Phenotype III is defined by the confirmation of two MEFV mutations
without any clinical manifestations of the disease.

Yalçinkaya-Ozen pediatric criteria

Clinical criterion Required description for the
criterion

Fever Axillary temperature >38 °C, 6
to 72-h duration, ≥3 attacks

Abdominal pain 6 to 72-h duration, ≥3 attacks

Chest pain 6 to 72-h duration, ≥3 attacks

Oligoarthritis 6 to 72-h duration, ≥3 attacks

Family history of familial
Mediterranean fever

The diagnosis can be established in the presence of 2 or more of the 5
clinical criteria.
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expected among children with Henoch-Schönlein purpura.
Such children should be closely monitored for renal compli-
cations, and treatment with colchicine considered [22]. Dogan
et al. investigated the prevalence of MEFV mutations in

children with Henoch-Schönlein purpura but without FMF
to define whether FMF-related mutations might have any ef-
fect on the disease course and on the risk of potential compli-
cations: a total of 76 children with Henoch-Schönlein purpura

Table 2 Heterogeneous non-canonical manifestations and associated disorders in young patients with familial Mediterranean fever (FMF)

Clinical studies

Disorder or specific organ
involvement

Number
of patients

Observations First author, year of
publication

Henoch-Schönlein purpura 76 MEFV genotype in children with Henoch-Schönlein purpura revealed
that 14.4 % of patients had 1 mutated allele and 9.2 % had 2 mutated
alleles

Dogan CS et al., 2013 [23]

Polyarteritis nodosa 17 Younger age at the onset of polyarteritis, overall better prognosis, and
more frequent occurrence of perirenal hematomas for patients with a
concomitant FMF

Ozen S et al., 2001 [24]

Behçet’s disease 24 Twenty-one (out of a cohort of 54) patients with Behçet’s disease
carried a single MEFV mutation and 3 were compound heterozygotes

Rabinovich E et al., 2007 [40]

Multiple sclerosis 12 Median age of 26.8 years at the onset of the neurologic disease
(with multifocal white matter lesions and oligoclonal IgG bands
in the cerebrospinal fluid) in mutated MEFV carriers

Akman-Demir G et al., 2006 [52]

Creutzfeldt-Jakob disease 3 Rapid progression and earlier onset of the neurologic disease in
patients with a concomitant FMF

Appel SA et al., 2010 [55]

Sleep disturbance 51 Poor sleep quality associated with number of FMF attacks Makay B et al., 2014 [63]

Depression 43 Increased depression scores negatively influenced by FMF
severity score and overall number of FMF attacks

Makay B et al., 2010 [64]

Ocular manifestations 6 Posterior uveitis in 2 FMF patients, anterior uveitis in 2, posterior
scleritis in 1, intermediate uveitis in 1; the course has been recurrent
in 50 % of patients

Yazici A et al., 2014 [66]

Cochlear involvement 34 Increased hearing thresholds at frequencies 8000, 10,000, 12,500,
and 16,000 in children with FMF

Koybasi S et al., 2012 [68]

Small bowel disease 41 Small bowel mucosal defects in half of FMF patients evaluated
by capsule endoscopy

Demir A et al., 2014 [71]

Liver involvement 58 Observed in 18.9 % of FMF cases (abnormal liver enzymes in 2, acute
hepatitis in 2, Budd-Chiari syndrome in 2, chronic hepatitis or cirrhosis in 5)

Unal F et al., 2012 [77]

Recurrent aphthous stomatitis 100 Significant difference of the mutatedMEFV carrier rate in patients
with recurrent aphthous stomatitis

Kalkan G et al., 2013 [72]

Case reports

Manifestations Age (years) Clinical details First author, year of publication

Gitelman syndrome 46 Recurrent arthritis of right knee, heel pain, muscle weakness,
hypomagnesemia, hypokalemic metabolic alkalosis, increased
plasma renin level

Erten S et al., 2012 [17]

Vitiligo 24 Generalized depigmentation patches on the skin in a 10-year period Melikoglu MA et al., 2009 [19]

Pulmonary embolism 43 History of recurrent serositis, occurrence of right-sided
pleuritic chest pain which disclosed pulmonary embolism and FMF

Ruiz XD & Gadea CM, 2011 [28]

Budd-Chiari syndrome 9 and 8 Two children with hepatic venous outflow obstruction, ascites,
hepatomegaly (normal liver microanatomy in one case,
inactive cirrhosis in the other)

Sari S et al., 2009 [29]

Cerebral vasculitis 10 Henoch-Schönlein purpura, behavioral changes, irritability,
repeated generalized tonic-clonic seizures

Ozkaya O et al., 2007 [38]

Reversible posterior
leukoencephalopathy
syndrome

16 Headache, nausea, generalized tonic-clonic seizures, parieto-occipital
cortical and subcortical edematous lesions on the brain magnetic
resonance imaging

Ozyurek H et al., 2005 [41]

Stroke 13 Right lateral medullary syndrome (aphonia, dysarthria, nystagmus,
diplopia, hypoesthesia over the left side of the body and right side
of the face, ataxia, right-sided Horner’s sign)

Aoun EG et al., 2009 [42]

Acute infarction of the right
dorsolateral
medulla oblongata

34 Right-sided Horner’s sign, gaze nystagmus, right-sided
glossopharyngeal paresis, left-sided hypoesthesia

Luger S et al., 2013 [43]

Recurrent aseptic meningitis 33 Six episodes of aseptic meningitis improving within 24 h after
spinal tap, leukocytic pleocytosis

Collard M et al., 1991 [45]

Right peripheral facial palsy 14 Three episodes in a 9-month period Yilmaz U et al., 2013 [50]

Macrophage activation
syndrome

11 Association with Crohn’s disease treated with immunosuppressants Uslu N et al., 2010 [79]
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who had no classic symptoms of FMF were screened for
MEFV mutations in exons 2 and 10, and 14.4 % were hetero-
zygous, 6.6 % homozygous, and 2.6 % compound heterozy-
gous; no significant differences in joint, gastrointestinal, renal
involvement, subcutaneous edema, and also abnormalities of
acute phase reactants, including leukocyte count, erythrocyte
sedimentation rate, and C-reactive protein, were noted in both
groups. The prevalence of the two allele-MEFV mutations in
children with Henoch-Schönlein purpura was higher (9.2 %)
than in the general Turkish population (1 %): however, it
seemed that MEFV mutations did not exert significant effects
on the clinical expression of vasculitis [23]. The relationship
between FMF and polyarteritis nodosa was explored by Ozen
et al. in 2001 through a questionnaire sent to 7 referral centers
for FMF from Turkey and Israel: 17 patients with an age
ranging from 3.5 to 37 years who were diagnosed with FMF
and who developed polyarteritis nodosa were included; diag-
nosis of polyarteritis nodosa was indeed confirmed by renal
angiography in 8 patients, renal biopsy in 6, and muscle and/
or nodule biopsies in 6. When compared with other patients
with polyarteritis nodosa, those with FMF tended to have a
younger onset age of the vasculitic process and an overall
better prognosis [24]. Furthermore, a large Turkish study by
Tasliyurt et al. found that the frequency of MEFV mutations
was significantly higher in patients with Behçet’s disease, an
enigmatic syndrome marked by idiopathic inflammation of
blood vessels, in comparison with the healthy control group
originating from an area of Turkey where both diseases are
frequently encountered [25].

Thrombotic manifestations

An increased inflammatory milieu in patients with FMF may
predispose to develop abnormal coagulation tests as a result of
subclinical chronic inflammation. Aksu et al. reported de-
creased prothrombin time and protein C activity, and in-
creased levels of factor I and II in a cohort of FMF patients
without other factors predisposing to thrombosis [26].
Demirel et al. found prolongation of prothrombin time and
differences in tissue plasminogen activator and P-selectin
levels in 34 FMF patients who were classified as attack-free
patients (aged 3–19 years, all on colchicine prophylaxis) and
30 newly diagnosed patients (aged 3–21 years) during a fe-
brile attack, suggesting that increased cytokine levels may
signify an ongoing subclinic inflammation between the attack
periods, and that hypercoagulability may have a role in the
clinical progression and severity of attacks [27]. Heterozygos-
ity for the M694V MEFV mutation was found in an adult
Turkish patient who suffered from recurrent serositis and pre-
sented pulmonary embolism, which led to the identification of
FMF [28]. FMF has been also regarded as a possible addition-
al thrombotic risk after the observation of two pediatric cases

of hepatic venous outflow obstruction, framed in the context
of Budd-Chiari syndrome [29]. Although a tendency to hy-
percoagulability has been observed in different cohorts of pa-
tients with FMF, only anecdotal reports of thrombotic mani-
festations in the absence of amyloidosis and nephrotic syn-
drome have been reported. Different studies have suggested
that FMF can be even associated with an increased risk of
atherosclerosis [30]. However, the evaluation of carotid
intima-media thickness, which is a parameter used to define
preclinical atherosclerosis, has revealed conflicting results in
FMF patients [31]. Sari et al. showed non-significant differ-
ences regarding markers of early-onset atherosclerosis be-
tween adult FMF patients and healthy controls [32]. Mean
platelet volumes, a marker of platelet activation, considered
a crucial determinant of atherosclerosis, and platelet counts
have been found significantly higher in FMF patients both
during febrile attacks and attack-free periods than in healthy
people, though with no statistically significant difference, and
this phenomenon has been also reported in children [33, 34].
A size increase of platelet volume occurs also when the plate-
lets are incubated with 1–10mM colchicine, following chang-
es in the orientation of the marginal bundle of microtubules,
producing platelet disc-sphere transformations [35]. Low-
grade chronic inflammation and hypercytokinemia are be-
lieved to increase platelet reactivity, thrombocytosis, and
long-term cardiovascular risk in any case [36].

Neurologic manifestations

Awide range of neurologic manifestations has been described
in patients with FMF, some of which directly related to FMF,
others to complications or treatment adverse effects, though
they might represent incidental comorbidities [37]. Diagnosis
of FMF was established in a 10-year-old girl following
Henoch-Schönlein purpura with severe central nervous sys-
tem involvement [38]. Behçet’s disease is classically associat-
ed with heterogeneous neurologic manifestations, which were
encountered in 28.1 % of cases from a large cohort of 430
Turkish patients [39]: MEFV analysis in Behçet patients for
the three most common mutations (M694V, V726A, and
E148Q) has revealed that mutated MEFV may act as a sus-
ceptibility gene in Behçet’s disease irrespective of gender,
frequency of HLA B51 antigen, and clinical severity score,
and that carriers experience thrombotic events more often and
uveitis less often [40]. A reversible leukoencephalopathy
syndrome, characterized by headache, altered mental function-
ing, behavioral changes, seizures, and visual loss during an
FMF attack, has been reported in a 16-year-old girl [41]: the
pathogenesis may result from cerebral blood flow disruption
and endothelial dysfunction, driven by interleukin-1β upregu-
lation, which led to localized brain edema. The association
between FMF and cerebral stroke has not yet been studied
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thoroughly and is limited to few reports in pediatric patients.
Aoun et al. described a child with FMF presenting a stroke-
related lateral medullary syndrome, in whom an extensive
work-up revealed many inherited and acquired risk factors of
thrombophilia, suggesting that early screening for concurrent
thrombotic risk factors should be warranted in areas with high
prevalence of prothrombotic mutations in children born from
consanguineous marriages [42]. Luger et al. reported a young
patient with a genetically proven FMF who presented a brain
stem infarction during a typical FMF attack: after a careful
diagnostic work-up including cerebrospinal fluid analysis,
intra-arterial angiography, and even leptomeningeal biopsy,
an FMF-associated central nervous system vasculitis was iden-
tified as the cause of the stroke [43].

A mild form of headache is generally considered constitu-
tional in FMF attacks, requiring that colchicine be started to
control frequency and severity of pain episodes [44]. Recur-
rent aseptic meningitis with self-limited bouts lasting 3–
5 days, whose cause is undetermined, has been firstly de-
scribed by Collard et al. in a patient with FMF, who distin-
guished this picture from Mollaret’s meningitis, a sporadic
and ubiquitous transient disorder, in which the cerebrospinal
fluid might contain specific large mononuclear cells [45].
However, the possibility of aseptic meningitis due to FMF is
still unproven, as further evidence convincingly supporting a
causal relationship is poor [46]. There are also reports of elec-
troencephalogram abnormalities in patients with FMF, but
these sparse data do not represent a strong-enough basis to
establish a relationship with FMF [47, 48]. Multiple cranial
nerve lesions and abnormal visually evoked potentials can
occur in FMF as expression of either cerebral vasculitis or
amyloidosis [49]. Three episodes of right-sided peripheral fa-
cial palsy during a 9-month interval have been reported in a
14-year-old child with FMF who had been receiving colchi-
cine for 8 years [50]. The autonomic nervous system is con-
sidered to be clinically intact in FMF, but conflicting data have
been accumulated over the last decade with respect to its sub-
clinical involvement, even in uncomplicated FMF, but mostly
in inveterate forms of FMF inadequately treated with colchi-
cine, in which amyloidosis could explain different autonomic
dysfunctions, such as abnormal cardiovascular reactivity [51].

Several studies support the association between FMF and
demyelinating diseases, and both disorders share episodic
bouts of inflammation. The rate of FMF in a Turkish cohort
of patients with multiple sclerosis was almost 4 times the
expected prevalence in the general population (0.43 vs.
0.10 %) [52]. It was found a significantly increased rate of
MEFV mutation carriers among patients with multiple sclero-
sis compared to healthy subjects (38 vs. 11 %) [53], making
MEFV a susceptibility gene predisposing to the development
of a demyelinating disease even in young patients. The mech-
anism of this effect, however, is unknown, though a relation-
ship with interleukin-1 might be suggested by the correlation

of disease activity in multiple sclerosis and caspase-1 depen-
dent interleukin-1β release from peripheral blood mononucle-
ar cells of these patients [54]. Creutzfeldt-Jakob disease can be
exacerbated by the coexistence of FMF, as shown by patients
with a concomitant FMF who had a significantly shorter dis-
ease duration and earlier age of onset than those without FMF.
Both Creutzfeldt-Jakob disease and FMF are encountered
with increased frequency in patients of North-African descent,
especially fromLibya and Tunisia, and FMFmight modify the
course and outcome of this prion-related degenerative disor-
der, suggesting a role for inflammation in the pathologic pro-
cess ruthlessly progressing to severe neurologic disability
[55].

Myalgia is a frequent finding in FMF, firstly described by
Schwabe and Peters [56], recurring in up to 25 % of patients,
who report spontaneous, exercise-induced, or protracted (with
a duration of 4–12 weeks) muscle pains [57]. In particular,
protracted febrile myalgia is a rare severe form of FMF-
related leukocytoclastic vasculitis, characterized by severe
paralyzing muscle pain, high fever, abdominal complaint,
joint symptoms, and transient vasculitic rashes mimicking
Henoch-Schönlein purpura: this debilitating disorder may
even recur in the course of colchicine prophylaxis but effec-
tively responds to corticosteroids [58]. The intriguing obser-
vations of a potential link between streptococcal infections
and FMF-protracted febrile myalgia could be explained by
the recently reported ability of streptococci to activate the
NLPR3 inflammasome, suggesting a synergism between
Streptococcus-induced interleukin-1β production and an al-
ready malfunctioning inflammasome in FMF, resulting in an
Binterleukin-1 burst^ with subsequent development of vascu-
litis [59, 60]. Moreover, patients with FMF have an exagger-
ated response to streptococcal antigens in comparison with
healthy children, becoming prone to post-streptococcal non-
suppurative complications, such as acute rheumatic fever [61].

Sleep disturbances are muchmore prevalent among ill chil-
dren and adolescents when compared with the general popu-
lation, and the presence of comorbidities may adversely affect
medical outcomes or quality of lives of these patients. The
prevalence and impact of sleep problems have been described
in several chronic rheumatologic disorders, but much less is
known in patients with FMF [62]. Sleep quality is negatively
affected by the number of attacks, while the association be-
tween pain and sleep disturbance may be bi-directional, as
pain contributes to disrupted sleep and sleep disturbance itself
can likewise enhance pain perception. Makay et al. showed
that children with FMF had more sleep problems than their
healthy peers, with higher scores of sleep onset delay, sleep
anxiety, night wakings, and sleep-disordered breathing [63].
Furthermore, the impact of depressive disorders and anxiety is
unknown in FMF: recurrent chronic pains have a negative role
on everyday activities of children, both physical and social.
Makay et al. investigated depression and anxiety in children
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and adolescents with FMF, finding that young patients are
considerably more depressed than their healthy peers, while
there was no difference for anxiety scores. In addition, their
study showed that depression of FMF pediatric patients is
negatively affected by disease severity score and number of
febrile attacks, suggesting that psychosocial assessment of
children with FMF has relevant implications for the overall
health care needs and highlighting the necessity of individu-
alized counseling and interventions [64].

Sensory organ involvement

In 1959, Michaelson et al. published the first report of eye
manifestations in FMF: these were retinal colloid-like bodies
at the slit-lamp examination, with varying colors from
porcelain-like white to yellowish, in 56 % of Jewish patients,
compared to 11 % of the non-Jewish ones. Subsequent studies
from the same center in a larger group of patients yielded a
lower prevalence (20 %), and a later review of 50 Armenian
and Arab patients with FMF revealed colloid-like bodies in
only 4 [65]. However, although some single FMF case reports
of recurrent episcleritis and panuveitis, even complicated with
symblepharon, pseudopterygium, cystoid macular edema, cat-
aract, glaucoma, and band keratopathy have been reported,
sometimes in association with Behçet’s disease, there are not
sufficient data to consider ocular signs as specifically associated
with FMF [66].

Cochlear involvement has been shown to be rarely present
in vasculitic syndromes, and subclinical inflammation in FMF
is considered to play a role for amyloid fibril deposition in any
organ, cochlea included, mostly in the case of M694V homo-
zygosity [67]. Koybasi et al. studied cochlear damage for the
first time in children with FMF, finding increased hearing
thresholds at higher frequencies in audiometry [68].
Yalçinkaya et al. reported that FMF patients with earlier clin-
ical onset have a more severe disease course, whichmight also
include hearing impairment [69]. Continuous prophylaxis
with colchicine may produce significant differences in im-
proving audiological findings, though more studies are re-
quired to explain the exact mechanisms of a potential cochlear
involvement in FMF [70].

Bowel and liver involvement

Small bowel mucosal damage has been studied by capsule
endoscopy screening in 41 adult patients with FMF, showing
erosions in 26.8 %, ulcers in 17.1 %, and edema in 29.3 %,
with most of the ulcers and erosions localized in jejunum, and
only 24% in ileum [71]. Recurrent oral aphthae may be easily
encountered in childhood, and Kalkan et al. studied the fre-
quency and clinical significance of MEFV mutations in a

cohort of 100 unrelated Turkish patients with a clinical diag-
nosis of recurrent aphthous stomatitis: a statistically signifi-
cant increased prevalence of MEFV variants, mostly the
E148Q allele, was found [72]. In 2010, Uslu et al. reported
that inflammatory bowel disease is more frequent and severe
in patients with FMF: colitis might be the only presenting
finding at the time of diagnosis, and gastrointestinal involve-
ment can be heralded by constipation or diarrhea, only partial-
ly controlled by colchicine administration. In addition,
disease-causing MEFV mutations and FMF rate were in-
creased among patients with inflammatory bowel diseases:
the increase was prominent among patients with Crohn’s dis-
ease, whereas the rate was similar to the Turkish healthy con-
trol population for ulcerative colitis [73]. Yildirim et al. found
that patients undergoing colectomy showed the highest rate of
FMF-associated mutations, which might predict the severity
of colitis [74]. Possible modifying effects of MEFV variants
on the susceptibility to inflammatory bowel disease have been
discussed by several research groups, finding that similar cy-
tokine pathways controlling caspase-1 activation and
interleukin-1β processing are involved in FMF as well as in
inflammatory bowel disease [75, 76].

Different proinflammatory cytokines contribute also
to the pathogenesis of acute liver injury, but the rela-
tionship between FMF and chronic liver disease remains
obscure. Persistent cytokine overproduction may cause
non-amyloid chronic hepatitis and even cryptogenic cir-
rhosis, as shown by Unal et al. in 58 FMF patients with
a mean age of 10.8±4.2 years, who found that the
M694V allele was more common in those with liver
involvement, concluding that pediatric hepatologists
should keep in mind FMF as a potential cause of non-
infectious hepatitis and cirrhosis [77]. A macrophage
activation syndrome, characterized by overwhelming in-
flammation with uncontrolled expansion of highly acti-
vated T lymphocytes and macrophages secreting high
amounts of proinflammatory mediators, mostly occur-
ring in patients with systemic juvenile idiopathic arthri-
tis and systemic lupus erythematosus [78], has been
reported in an 11-year-old boy with a diagnosis of both
Crohn’s disease, treated with immunosuppressive thera-
py, and FMF, who presented unexplained unremitting
fever, severe cytopenia, and significant hepatomegaly
[79].

In the end, Ardalan et al. reported a young man with end-
stage renal disease, FMF and amyloidosis secondary to FMF,
with no history of biliary stone diseases or alcohol consump-
tion, who developed a fatal necrotizing pancreatitis following
10 months of continuous ambulatory peritoneal dialysis: there
are few reports indicating that patients on peritoneal dialysis
have a higher risk of developing acute pancreatitis than those
on hemodialysis, but systemic generalized amyloidosis might
act as an additional risk factor for pancreatic diseases [80].
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The future

In conclusion, recurrent self-limited attacks of fever, serositis,
and/or synovitis characterize FMF, the most common mono-
genic autoinflammatory disorder, considered as the archetype
of all inherited systemic autoinflammatory diseases. Findings
presented in this review suggest that the clinical features with-
in the FMF spectrum are broader than previously thought: we
have attempted to sketch the phenotypic diversity of FMF and
define the impact of non-canonical manifestations into access
to timely diagnosis and colchicine prophylaxis, with the final
aim of building a common knowledge basis rather than a
compartmentalized view of FMF, with its nuanced and even
severe phenotypes throughout different organs and systems.
During the last decade, the management of FMF and outlook
for affected patients has undergone a remarkable transforma-
tion, giving a significant exemplar of personalized medicine.
Further exciting progress is expected to overcome some of the
unmet needs of these patients by the more profound knowl-
edge of this extremely heterogeneous disease.

Disclosure None.
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