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CLINICAL STUDY

Contribution of PET/CT imaging to differential diagnosis of

fever of unknown origin
Halcin A, Kinova S

st Department of Internal Medicine, Comenius University, Bratislava, Slovakia. halcin@zoznam.sk

Abstract: Background: Vasculitis is a collective title for a heterogeneous group of diseases with common signs
of inflammation, leukocytic infiltration and necrosis of the vessel wall leading to regional perfusion disturbances.
There are many ways to classify vasculitis. Into the group of large-vessel vasculitis we include Takayasu's arte-
ritis as well as temporal arteritis (giant-cell arteritis) affecting also the aorta and its major branches.

Methods: FDG PET/CT is a hybrid imaging method combining spatial imaging of metabolic activity obtained by
the detection of 18-fluorodeoxyglucose (FDG) with positron emission tomography (PET) and X-ray computed
tomography (CT). While carried out together with PET imaging in the same session, CT imaging is helpful in
identifying precisely the anatomical identification of hypermetabolic lesions detected via PET.

Results: In this case report we refer to the key contribution of PET/CT imaging to concluding successfully a di-
agnostic process lasting for a few months and leading to a revelation of large-vessel vasculitis manifesting itself
only with systemic inflammation symptoms, i.e. without any clinical signs of specific organ damage.
Conclusion: In conclusion, FDG PET/CT scan is a combined imaging technique which has a remarkable po-
tential in the diagnosis of large-vessel vasculitis. This potential is particularly valued in cases when symptoms
of vasculitis are clinically nonspecific and when other non-invasive methods are failing (Fig. 2, Ref. 20). Full
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Vasculitis is a collective title for a heterogeneous group of
diseases with common signs of inflammation, leukocytic infiltra-
tion, and necrosis of the vessel wall, leading to regional perfusion
disturbances. According to type of organ affected with ischemia,
specific clinical correlates may be present. In almost all cases we
can find also nonspecific symptoms generally seen in many other
diseases, such as fever, nocturnal sweating, weakness, loss of
weight, and arthralgia. Highly elevated erythrocyte sedimenta-
tion rate and C-reactive protein, as well as changes in blood count
(leucocytosis, thrombocytosis, anaemia) are frequent findings in
results of laboratory examinations.

There are many ways of classifying vasculitis. One of them,
classification from Chapel Hill (1993), classifies vasculitis by
caliber of the vessel predominantly affected. Accordingly, we can
discern vasculitis of large, medium and small vessels (1).

Into the group of large-vessel vasculitis we include Takayasu's
arteritis, as well as temporal arteritis (giant-cell arteritis) affecting
also the aorta and its major branches. These two diseases affect
different groups of patients. Takayasu's arteritis typically affects
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women younger than 40 years, whereas giant-cell arteritis usually
occurs in older patients, typically over 50-60 years, often accom-
panied with symptoms of polymyalgia rheumatica (2).

The non-invasive diagnostic method of 18-fluorodeoxyglucose
(FDG) positron emission tomography (PET) with computed to-
mography (FDG PET/CT) is relatively new. It is a hybrid imaging
method combining spatial imaging of metabolic activity obtained
by the detection of 18-fluorodeoxyglucose done with positron
emission tomography and an X-ray computed tomography (CT).
CT imaging is helpful in providing a more precise anatomical
identification of areas with accumulated FDG detected via PET
in the same session.

FDG after being transported into a cell is phosphorylated to
2-FDG-6-phosphate which is a molecule that cannot leave the cell
and thus accumulates in it.

High accumulation of FDG is typically seen in most types of
malignant cells but also in some types of inflammatory cells. So
beside more frequent oncological diagnoses, FDG PET is often
also used to localise inflammatory processes.

First publications illustrating the ability of FDG PET exami-
nation to reveal the presence of large-vessel vasculitis appear in
literature in 1999. In this year, Blockmans et al. published case
reports concerning FDG PET detection of giant-cell arteritis and
polymyalgia rheumatica. In the same year, Hara et al. described
FDG PET detection in Takayasu's arteritis (3, 4).

Recently, the value of this examination started to be studied in
a wider range of chronic inflammatory diseases such as retroperi-
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toneal fibrosis (5), systemic sarcoidosis (6), rheumatoid arthritis
(7), spondyloarthritis (8, 9) etc., in order to assess the disease ac-
tivity, or in monitoring the response to treatment.

In this case report we refer to the key contribution of FDG PET/
CT imaging to concluding successfully a diagnostic process lasting
for a period of few months and leading to a revelation of large-
vessel vasculitis manifesting itself only with systemic inflamma-
tory symptoms, i.e. without specific clinical signs of organ lesions.

Case report

A 57-year-old female with history of thyroidal hypofunction
and postmenopausal osteoporosis started to suffer from a pain-
ful swelling in the left submandibular region, accompanied with
subfebrile states. The troubles were assessed as tonsillitis. After
an antibiotic treatment, the swelling disappeared but in the next
period, a long-term febrile state, nocturnal sweating, anorexia with
loss of weight, arthralgia and exhaustion appeared.

Laboratory tests revealed microcytic anaemia, leucocytosis,
thrombocytosis and highly elevated markers of inflammation (ESR
>100/h, CRP 102 mg/1). Despite these laboratory signs of inflam-
mation, plasmatic level of procalcitonin was in normal range. Be-
cause of serological detection of Mycoplasma pneumoniae infec-
tion, the patient was treated with corresponding antibiotic therapy
but no significant changes of overall condition were witnessed.
Microbiological (urine, nasal and tonsil swabs, bronchoalveolar
lavage, haemocultures) and serological examinations (hepatitis
B, syphilis, HIV, cytomegalovirus, Epstein-Barr virus) were not
able to detect any other pathogen. Gynaecological and otorhino-
laryngological examinations were also negative. Endocrinologic
as well as ultrasonographic examinations excluded the possibility
of subacute thyreoiditis.

After repeated antibiotic therapy (ciprofloxacin, azithromycin,
doxycyclin, clarithromycin) without any significant effect, a sus-
picion of an oncological process was pronounced. The patient
underwent a wide range of laboratory and imaging examinations
but with no positive findings. CT scan of thorax, abdomen and
pelvis showed a small pericardial effusion and increased number
of lymphatic nodes in anterior mediastinum with maximal size of
14 millimetres in subcarinal area, without any other pathologic
structural finding. Trepanobiopsy of bone marrow and subsequent
haematological examinations were not helpful, just as well as
the search for tuberculosis (negative results of PPD skin test and
Quantiferon test). Echocardiography showed normal cardiac mor-
phology and function with a little pericardial effusion. CT scan of
head and neck revealed an increased number of lymphatic nodes
up to a size of 10 millimetres fusing to packets in the central thirds
of both sides of the neck.

FDG PET/CT scan was performed where the nodosity of
thyroidal gland was reported however without the confirmation
of metabolically active lymphadenopathy in the cervical area.
Nevertheless, a diffusely increased metabolism of 18-FDG was
found in the vessel wall of the thoracic and abdominal parts of
aorta, common iliac, subclavian and axillar arteries, as well as in
the vessel wall of both common carotid arteries. This finding was
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Fig. 1. FDG-PET/CT image of a patient with vasculitis. Clock-wise
starting from top left: axial CT, axial PET, PET maximum intensity
projection, fused PET/CT image. Note circumferentially increased
FDG uptake in walls of large vessels, including thoracic and abdominal
aorta, subclavian, axillar, common carotid and common iliac arteries.
Accidental finding of a focal uptake in the right lobe of the thyroid
gland, which was later confirmed to be a benign adenoma.

Fig. 2. FDG-PET/CT image. Starting from left: coronal CT, coronal
PET, fused PET/CT image and PET maximum intensity projection,.
Increased FDG uptake is in these slices best marked in walls of tho-
racic and abdominal aorta, In fourth projection, besides very well
seen aorta, also big branches of aortal arch and common iliac arter-
ies are well marked.

assessed as an evident manifestation of highly active large-vessel
vasculitis (Fig. 1).

Ir is well known from literature that the 18- FDG PET pictures
of cases with rheumatic polymyalgia, Takayasu's arteritis and gi-
ant-cell arteritis are very similar. Hypermetabolism of 18- FDG is
in all these cases usually found in the vessel wall of the aortic arch,
ascendent, descendent and abdominal parts of aorta as well as in
their main branches. Thus in all these cases, the conclusion of FDG
PET finding usually refers to “large-vessel vasculitis” or “large-
vessel arteritis”, without any further differentiation (10, 11, 12).
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This means that the differential diagnosis between these no-
sological units must be usually done in other ways, especially in
clinical manner. Considering the age and clinical symptoms of our
patient, in this case we conclude the presence of giant-cell arteritis.

Prednisone in an overall dosage of 50 milligrams per day, in
combination with 100 mg of azathioprin per day was prescribed.
After one month of this therapy, our patient witnessed a significant
subjective improvement of her health conditions.

The blood count and the levels of inflammatory markers have
also fully normalised. The presence of autoimmune vasculitis was
approved also by a therapeutic test with immunosuppressive doses
of corticotherapy.

Discussion

Our article describes a case of a long-term and wide-range
diagnostic process in a patient with fever of unknown origin per-
sisting for several months. The initial search for infectious disease
was replaced with an effort to reveal a neoplasm. Thereafter we
progressed to a diagnosis of autoimmune inflammation. Large-
vessel vasculitis was in this case clinically manifesting itself only
with nonspecific symptoms of systemic inflammation, i.e. without
any presence of significant organ changes that could have pos-
sibly lead us directly to the diagnostic solution or enabled us to
take bioptic samples.

After achieving a list of negative results from more elemen-
tary and available examinations, a FDG PET/CT scan has been
shown to be the crucial step in the diagnostic process because
it displayed a distribution of inflammatory changes typical for
a large-vessel vasculitis.

Large-vessel vasculitis is considered to be the cause of fever
of unknown origin in 17 % of all patients suffering from the latter
condition (FUO) (13).

PET is a nuclear medicine imaging technique which produces
a three-dimensional image of metabolic processes in the body.
When the biologically active molecule used for this examination
is 5FDG, an analogue of glucose, the resultant image shows tis-
sue metabolic activity in terms of regional glucose uptake. Due to
increased regional glucose uptake, *F-FDG PET is able to show
distribution of processes with high metabolic activity such as most
types of malignant tumours, as well as an inflammatory tissue un-
der some specific conditions.

The percentage of PET scans helpful in the diagnostic pro-
cess in patients with FUO varies according to literature from 41
to 69 % (14).

In case of large-vessel vasculitis, FDG-PET is highly effective
in detecting it anywhere in the body with a high corresponding
sensitivity (77-100 %) and specificity (89—-100 %) (15).

Under authority of literal sources, in cases of large vessel
vasculitis, a correlation between metabolic activity detected by
FDG PET scan and elevated levels of inflammatory parameters
(CRP, ESR), platelets and with a level of haemoglobin in inverse
way have been proved (11, 16, 17, 18). This is also a piece of
information witnessing the diagnostic possibilities of FDG PET
scan in this area.

FDG PET scans are also being used to follow up patients over
time as well as to monitor the response to anti-inflammatory and
immunosuppressive treatment. Following literal sources, control
FDG PET scans carried out after the administration of corticoste-
roids in patients with large-vessel vasculitis showed a remarkable
decrease as well as disappearance of metabolic activity of disease
that correlated with changes in clinical and laboratory parameters
of disease activity

(16-19).

In conclusion, FDG PET/CT scan is a combined imaging tech-
nique which has a remarkable potential in the diagnosis of large-
vessel vasculitis. This potential is particularly valued in cases with
symptoms of vasculitis that is clinically nonspecific and manifests
itself only with symptoms of fever of unknown origin or when
other non-invasive methods are failing.

In addition to being able to state the diagnosis, FDG PET/CT
scan provides valuable information about activity, extent and lo-
calisation of the inflammatory process. In accordance with litera-
ture, FDG PET/CT scan was able to assess the diagnosis of large-
vessel vasculitis also in many cases, in which CT angiography or
MR angiography had failed (4, 18, 20).

This takes place in the early stage of the disease when the typi-
cal structural vessel wall changes are not yet developed to an ex-
tent to be able to condition the angiographic image of the disease.

Some limitation of FDG PET scan lies in its inability to assess
arteries with a diameter of less than 4-5 millimetres. The diagnos-
tic approach with FDG PET scan is rational but only before the
ordination of immunosuppressive therapy which suppresses the
metabolic activity in the vessel wall that ought to be visualised.

Learning points

As shown in this case, also the very extensive autoimmune
process of vasculitis can manifest itself with systemic inflammatory
symptoms only, i.e. without any organ-specific pathognomic signs.

Large-vessel vasculitis is considered to be the cause in 17 %
of all FUO patients.

High sensitivity and specificity of FDG-PET is highly effec-
tive in detecting the large-vessel vasculitis.

FDG PET scan can also be used to follow up patients over
time and to monitor the activity of autoimmune vessel-wall pro-
cess as well as its response to anti-inflammatory and immunosup-
pressive treatment.
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