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Familial Mediterranean Fever (FMF) is an autosomal recessive disorder that is characterised
by recurrent attacks of fever and painful polyserositis mainly affecting the peritoneum, syn-
ovium and pleura that usually begins in childhood. Even though diagnostic criteria have
been proposed, conclusive imaging findings or haematological markers for the diagnosis or
follow-up of FMF are still lacking. In this case report we present the ¥F-FDG PET-CT findings
in a 55 year old female during an attack of FMF. We briefly discuss the added value of 8F-
FDG PET-CT in the diagnosis and the work-up of FMF, which may open up new applications
for 8F-FDG PET-CT in non-infectious inflammatory diseases.

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Familial Mediterranean Fever (FMF) is a hereditary auto-
inflammatory disorder which is most prevalent in populations
surrounding the Mediterranean basin. It was first described as
a distinct entity in 1945 [1].
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As such, FMF is characterized by recurrent episodes of fever
accompanied by peritonitis, pleuritis, pericarditis, arthritis or
a combination of these, and may also be associated with an
erysipelas-like skin rash. These episodes are transient, self-
limited with reversible changes. Since the report of Goldfinger
in 1972, colchicine is the treatment of choice for FMF. It is also
of paramount importance in preventing FMF amyloidosis. [1-5]
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Case report

A 55 years old Turkish woman is admitted to our hospital
with mild chest pain, fever, chills, malaise and headache while
on haemodialysis. She also has a history of end stage renal
failure of unknown origin for the past three years, for which
haemodialysis was initiated four months prior to this admis-
sion. She is also hypertensive and on oral anti-hypertensive
medication.

Her history of present illness is extensive. She reports
recurrent episodes of fever, abdominal pain, joint pain and
headaches during the last five years, for which she made sev-
eral visits to the emergency department and her general prac-
titioner. These attacks usually lasted for a couple of days with
an irregular interval (mostly months), without clear trigger
factors. There was some favourable response to paracetamol
but not consistently.

The patient also reports a medical history of carpal tunnel
syndrome in the right wrist, which was operated on six years
ago. In the same year she received two steroid epidural injec-
tions due to long-lasting lower back pain.

Four months earlier, the patient was admitted with a sim-
ilar clinical picture of fever, chills and headache, as well as
night sweats and slight weight loss. A pericardial effusion
was visible on MRI and echocardiography. Based on these
findings and taking into account the negative consecutive
blood cultures, a diagnosis of autoimmune pericarditis was
made. Corticosteroids were started resulting in a rapid clinical
and biochemical recovery. An extensive autoimmune screen-
ing was performed. However, anti-nuclear factor (ANF), anti-
neutrophil cytoplasmic antibodies (ANCAs), rheumatoid fac-
tor, anti-cyclic citrullinated peptide were normal. The patient
also tested negative for anticardiolipin (aCL) antibody, lupus
anticoagulants, urinary porphyrins, cryoglobulins, hepatitis B
and C, and HIV. Her family history was negative for FMF.

During the current admission, the patient complains of
mild chest pain, stabbing in nature, which is exacerbated
by deep breathing. She also complains of left iliac fossa
pain without diarrhoea or constipation. Clinical examination
in the emergency department is negative except for high
grade fever and mild lower abdominal tenderness. Biochem-
ical findings include elevated inflammatory blood parame-
ters, with CRP equal to 285 mg/L, leucocytosis of 18.63 10°/L
and haemoglobin of 7.8 gm/dl. A CT scan of the abdomen
shows conspicuous wall thickening of the rectum with mild
inflammatory changes in the perirectal fat. [Fig. 7] Treatment
is started, with a tentative diagnosis of acute proctitis. A left
colonoscopy up to 20 cm from the anus with blind biopsies is
performed, but shows no signs of proctitis. Even though mul-
tiple blood cultures are negative, empiric broad antibiotic cov-
erage therapy is started. The treatment does not lead to any
clinical or biochemical improvement, which renders the diag-
nosis of fever of unknown origin (FUO).

In parallel, considering the patient’s medical history of a
pericardial effusion and the presence of mild chest pain, a re-
peat echocardiography is performed, which again shows mild
pericardial effusion with no evidence of pericarditis. For fur-
ther elaboration, a cardiac MRl is also performed, which shows
mild thickening of the pericardium with a small amount of

pericardial fluid around the heart without signs of constric-
tive pericarditis. [Fig. 4].

As part of the workup of FUO, an 8F-FDG PET-CT scan is
also performed, which shows an increased '8F-FDG uptake in
the pericardium, the pleura and the synovia of some big joints
bilaterally, as well an increased '8F-FDG uptake in the spleen,
the bone marrow, the axillar, mediastinal, retroperitoneal and
para-iliac lymph nodes bilaterally. [Figs. 1-7].

In view of a hypermetabolic spleen and bone marrow, the
increased 8F-FDG uptake several lymph nodes on 8F-FDG
PET-CT scan, together with complaints of general malaise,
weight loss and previous night sweats, the diagnosis of lym-
phoma must be considered. On the other hand, given the clin-
ical history of joint pain and fatigue, with abnormal 8F-FDG
accumulation in the mediastinal lymph nodes as well as in
the pericardium, sarcoidosis is also a possible diagnosis. To
explore this possibility further, serum ACE (angiotensin con-
verting enzyme) is measured but yielded normal results.

Subsequently, because of the patient’s Turkish origin and
the possibility of FMF, a genetic screening is performed which
showed that the patient is heterozygous for V726A mutations
in the MEFV gene which is known to express a phenotype of
FMF in 16.5%-33.8% of the patients.

(Considering this differential diagnosis and the further
clinical deterioration), a single dose of 48 mg of methylpred-
nisolone is given during the admission with a rapid clinical re-
covery and significant decrease of the inflammatory markers
in the blood. After a period of two weeks of hospital admission,
the patient is discharged on a six-month trial of colchicine.

However, shortly after discharge from the hospital, the pa-
tient is readmitted with recurrent chest pain and increased
CRP. A lymph node biopsy via mediastinoscopy and a bone
marrow puncture is performed. [Fig. 3] Reactive changes are
present in the lymph nodes which are characterized by an
extensive amount of anthracosilicotic and hemosiderin pig-
ment. No atypical lymphocytic proliferation or atypical ep-
ithelioid cells are found. The bone marrow biopsy is normal.

Three days later, the patient is discharged from the hospi-
tal in good health, after spontaneous remission of the clinical
signs. Eighteen months later, the patient is still in complete
remission while on colchicine.

Discussion

In this case report, the added value of ¥F-FDG PET-CT in the
diagnosis and follow-up of late onset FMF is highlighted.

Symptoms of FMF start in the first decade of life in approx-
imately 50%-60% of cases, sometimes as early as 2 weeks after
birth. Only 5% develop the disease after the age of 30. In rare
cases, as in our patient, the initial attack occurs in individuals
older than 50 years of age. [3].

Even though FMF is usually an autosomal recessive dis-
ease and affects individuals with biallelic pathogenic muta-
tions in the MEFV gene, phenotypic expression of FMF has
been reported in a subset of patients who carry only one MEFV
mutation. However, more than 90% of those carrying a single
MEFV gene are asymptomatic. [6-9] The fact there are FMF pa-
tients who carry only a single mutation raises the question of
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Fig 1 - PET-MIP anterior view (left) and posterior view (right) showing increased FDG uptake in different lymph nodes supra
and infradiaphragmatic, pericardium, intense spleen uptake and mild FDG uptake around the big joints (knees, hips and
shoulders). Please note the remarkable spleen uptake (SUV max = 7.2) in comparison with the lever (SUVmax for

mediastinal blood pool = 2.9 and the liver = 3.7).

whether the disease is also transmitted as an autosomal dom-
inant trait.

The late-onset form, as in our case, is determined more by
genetic than by environmental factors. [10] Importantly, mu-
tation analysis of late-onset FMF patients reveals the absence
of M694V homozygosity, as in our patient, who was found
to be heterozygous for V726A mutations in the MEFV gene.
In addition, late-onset FMF patients generally respond well
to a low colchicine dose, and they present with less severe
symptoms as well as the absence of chronic manifestations of
FMF, such as amyloidosis and chronic arthritis. [11] The non-
specific and less severe manifestations however make the di-
agnosis of late-onset FMF very challenging. [2,4,8,9].

The hallmark of FMF pathogenesis is an inflammatory re-
action affecting serosal tissues such as the pleura, peritoneum
and synovium. Acute attacks of FMF are accompanied by ele-
vated serum markers of systemic inflammation including leu-
cocytosis with a predominance of neutrophils as well as by
elevated acute phase reactants such as the erythrocyte sed-
imentation rate (ESR), C-reactive protein (CRP), serum amy-
loid protein, and fibrinogen, as a result of the increase of the

chemotactic activity of the polymorphonuclear leucocytes,
and a massive influx of granulocytes to the affected tissues.
[12].

However, it is worth mentioning that the exact biochemical
and molecular basis for FMF is not yet fully known. [13-16]

A typical attack consists of fever and serositis lasting from
1 to 4 days and subsequently resolves spontaneously. The fre-
quency of attacks is highly variable and irregular intervals be-
tween episodes ranging from one week to several months or
even years may occur in a single patient. The severity of at-
tacks and their frequency usually decreases as patients get
older. Usually, FMF patients cannot describe a consistent trig-
ger. Nevertheless, physical and emotional stress, menstrua-
tion, and a high-fat diet have been associated with attacks in
some patients. [2,3,8].

Acute abdominal pain is the most common complaint and
is present in 95% of patients. It may initially be localized and
then become a more generalized abdominal pain. The most
common cause is (localized) peritonitis. Some patients may
report constipation, whereas in children diarrhoea is more
common. [2-4,20] Our patient did not only complain of abdom-
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Fig 2 - PET sagittal section [left] and transverse [right] showing mild increased uptake in the bone marrow (SUV max = 4.7)

of the spine and the sternum (black arrows) and the ilium.
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Fig 3 - PET [right] and PET-CT fusion images [left] axial sections showing the increased uptake in the axillary lymph node
SUV max = 6.2 (green arrow) and the mediastinum (biopsied lymph node) SUV max = 11.8 (black arrow) plus mild pleural
uptake SUV max = 3.2 (blue arrows).(Color version is available online).

inal pain during the current admission, but also during most
of the recurrent attacks over the past years. However, the pain
was of variable intensity, character and in different abdominal
locations.

Arthritis is the second most common manifestation of FMF.
There are three forms of arthritis in FMF: (1) asymmetrical,
non-destructive arthritis (most common), (2) chronic destruc-
tive arthritis, including sacroiliitis, (3) migratory polyarthri-
tis, resembling acute rheumatic fever (rare). [2,3,20] The joint
attacks are usually monoarticular, involving one of the large
joints but may involve different joints in subsequent attacks.
Severe myalgia during the attacks usually appears in the arms
and legs, and may be associated with arthritis. Only very rarely

is myalgia the sole presenting manifestation of FMF. Attacks
of myalgia may last more than 3 weeks. [1-3,20].

Even though joint pain is not reported by our patient
during the current admission, she reported many joint pain
attacks over the past years (knee, ankle, hip and MCP
joints), for which on several occasions X-rays were performed
that were always normal. However, careful rereading of the
18FDG-PET scan showed a mild increased ¥F-FDG uptake
around the shoulders, hips and knees, with a SUV max of
2.8, 3.2 and 3.0 respectively, corresponding with active syn-
ovial membrane inflammation in these joints. 8F-FDG up-
take in the ankles was normal with a SUV max of 1.1.
[Fig. 1,6].
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Fig 4 - MRI of the heart showing thickening of the pericardium (arrows).
Left: coronal view, Right: short axis view (both: TRUE FISP (Gradient Echo - *white blood’ sequence) without contrast
administration).

Fig 5 — Coronal sections for PET [upper left], CT [upper right] and fused PET-CT [lower] images showing increased FDG uptake
in the thickened pericardium SUV max = 6.9 (arrows). Please compare with MRI coronal view in image 4.
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Fig 6 — PET coronal section of the knees, ankles [upper aow] and shoulders [lower row] showing the mild increased FDG
uptake (SUV max around 3.0) around the knees and shoulders (arrows) and physiological uptake around the ankles.

Chest pain occurs in 25% — 80% of FMF cases, which may
last as long as 7 days and is the sole presenting manifestation
of FMF in 5% of patients. Chest pain may be due to inflam-
mation of the pleura, the pericardium or may be referred pain
from sub-diaphragmatic inflammation [1-3,19-20]. FMF- asso-
ciated chest pain may be very challenging to diagnose, given
its various causes which might lead to diverse characteristics,
radiations patterns, associated symptoms, time course, and
also exacerbating and relieving factors of the pain. Although
pericarditis tends to appear at a late stage of the disease, in
our case it was the reason for the first hospital admission.

The diagnosis of FMF is made on the basis of clinical symp-
toms and supported by ethnic origin and family history. De-
pending on the protocol, the diagnosis of FMF can be sup-
ported by a six-month trial of colchicine therapy which re-
sults in a relief of attacks and recurrence after cessation of
treatment. Many diagnostic criteria have been proposed, but
no consensus has been reached yet. [2-5,8,19].

To date, the role of imaging in FMF is limited, as the major-
ity of patients have non-specific imaging findings. [21] How-
ever, the role of 8F-FDG PET-CT in FMF has never been fully
explored. To our knowledge, this is the first case report with
a focus on 8F-FDG PET-CT findings in (late-onset) FMF in the
literature.

In a single previous case report of a known FMF patient in
Japan, increased 8F-FDG uptake in the bone marrow was de-
scribed. However, the focus in this case report was on the fact
that the administration of granulocyte-colony stimulating fac-
tor (G-CSF) induced a homogeneous hypermetabolic activity
in the bone marrow. [17] Other reports in the literature inves-
tigating the role of 18F-FDG PET-CT in fever of unknown origin
included only accidental FMF cases. [18].

Considering the presence of multifocal serosal inflamma-
tion in FMF characterized by a massive influx of polymor-

phonuclear leukocytes (PMNs) during FMF attacks, 8F-FDG-
PET can be of value as well in diagnosing as in follow-up of
FMF cases.

Since peritonitis is the most common presentation of FMF,
special attention must be given to the abdominal imaging
findings on 8F-FDG PET-CT scan, which may be hampered
by a high physiological F-FDG uptake in the intestines. It is
notable that in our case, on the CT scan upon admission, a
thickened and mild inflammatory rectal wall was seen sug-
gesting proctitis. Eight days later, on the ¥F-FDG PET-CT scan
only focal thickening of the posterior rectal wall showing mild
increased 8F-FDG uptake persisted. [Fig. 7] These findings
suggest a localized peritonitis and may explain the negative
coloscopy and biopsies at the time.

Although the spleen is commonly involved in FMF and
splenomegaly is reported in 30%-50% of FMF cases, our finding
of hypermetabolism in a morphologically normal spleen on
18F-FDG PET-CT is of little help as increased '8F-FDG uptake in
the spleen may suggest lymphoma with spleen involvement
[Fig. 1].

18F-FDG PET is highly sensitive to detect active synovitis.
Even though our patient was asymptomatic upon admission,
a mild increased BF-FDG uptake was seen in the synovial
membranes of several big joints out of proportion to degree of
degenerative change (SUV max around 3.0), with a complete
sparing of the ankles, suggesting an active synovitis. [Fig.1,6]

Itis noteworthy that the mild joint uptake was not reported
in the first 18F-FDG PET-CT report, however a careful review of
the scan after negative workup and a positive FMF gene test,
increased the clinical importance of this mild uptake given
the pathophysiology of FMF and the detailed medical history
of the patient.

Even with minimal chest pain upon admission, 18F-FDG
PET-CT scan showed signs of pericardial and pleural inflam-
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Fig 7 - Transverse section CT [upper row] and coronal section [second row] by admission (left) and eight days later as part of
PET-CT (right) showing the regression of the rectum wall thickening. Transverse section of fusion image (left) and PET (right)
[third row] showing mild focal FDG uptake (SUV max = 5.6) in the residual thickening of the rectum wall. Please note the
physiological faecal activity (green arrows). (Color version is available online).

mation. [2-4,8] The former was also confirmed by a cardiac MRI
showing thickening of the pericardium with a small amount
of pericardial fluid. [Fig. 4-5].

While lymph nodes are not typically involved in FMF, the
finding of hypermetabolic lymph nodes on F-FDG-PET-CT
scan may guide biopsy and so discriminate between inflam-
matory and lympho-proliferative disease. [Fig. 3].

Finally, amyloidosis is one of the most significant long-
term complications of FMF and a major cause of mortality in
patients with FMF, usually affecting the kidneys, and result-
ing in renal failure and end-stage renal disease. Amyloidosis
may also affect the gastrointestinal tract, liver, spleen, and ata
later stage the heart and testes. The amyloid is of the AA type,

which is typical of secondary amyloidosis. It is noteworthy
that the frequency of amyloidosis differs between various eth-
nic groups. As mentioned above, colchicine may significantly
decrease the incidence of amyloidosis. [5].

Hypothetically, we can think of amyloidosis as a possible
cause of the kidney failure, especially in the light of a negative
autoimmune screening. Unfortunately, renal biopsy could not
be performed due to her high blood pressure.

As an alternative we performed a bone marrow biopsy as
part of the workup, which was negative.

Bone marrow biopsy is a good alternative method for diag-
nosis in this case as it showed amyloidosis in 80% of patients
with amyloidosis secondary to FMF. [22].
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18F-FDG PET-CT is not recommended to diagnose sys-
temic amyloidosis. Instead, other radiotracers are more suit-
able such as 123I- serum amyloid P component (SAP) for Sin-
gle Photon Emission Computed Tomography (SPECT), *°*™Tc-
Aprotinin (SPECT) or !C-Pittsburgh compound B (PIB) for
Positron emission tomography (PET). [23].

Conclusion

This case report illustrates that the diagnosis of (late onset)
EMF is challenging and '8F-FDG PET-CT may have a role. More
studies in this specific patient population are needed to cor-
roborate our findings.

Disclosure

Informed consent was obtained from the patient.
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