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Abstract Tuberculosis is a systemic disease that still affects
many people. While pleural involvement is frequently ob-
served in extrapulmonary tuberculosis, multiple skeletal sys-
tem and articular involvements are quite rare. FDG PET
imaging could be a promising diagnostic and treatment mon-
itoring method, especially in complicated cases and if the
other methods are inadequate. In this case study, we report a
patient who was admitted with suspected malignancy and then
diagnosed with tuberculosis pleuritis, lymphadenitis,
spondylodiscitis, and sacroiliitis with specific symptoms; the
response to anti-tuberculosis therapy was shown using FDG
PET/CT.
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Introduction

Tuberculosis is a rare disease in individuals with healthy immune
systems living in developed countries, but it is still a serious
infection that affects many people in the world. Extrapulmonary
involvement occurs in 15–20 % of tuberculosis infections. The
pleura is a frequent site of extrapulmonary tuberculosis, whereas

bone or joint involvement is uncommon. While osteoarticular
tuberculosis most commonly occurs in the vertebral column,
less frequently affected sites are the hip, knee, and sacroiliac
joints [1]. The multifocal form of skeletal tuberculosis is
exceptional, even in countries where the disease is endemic
[2]. The diagnosis of disease is frequently delayed because of
vague symptoms, and also it is difficult to differentiate mul-
tifocal skeletal tuberculosis from other multiple bone lesions,
including bone metastases.

18F-fluoro-2-deoxy-D-glucose positron emission tomogra-
phy (FDG-PET)/computed tomography (CT) is a metabolic
imaging technique that has been used for diagnosing cancers
of various organs. In addition, FDG-PET has become a prom-
ising imaging modality in the field of infection and inflam-
mation, especially to determine the extension and severity of
disease. The purpose of the presented case is to evaluate FDG
PET/CT imaging in the diagnosis and follow-up of patients
with multifocal skeletal tuberculosis.

Case Report

A chest X-ray of a 20-year old male with complaints of back
pain and shortness of breath showed pleural effusion. Further
examination with thoracic CT revealed massive pleural fluid
and nodular pleural thickenings on the right side. In addition,
on thoracic vertebrae 6 and 7, lytic and sclerotic lesions
associated with soft tissue densities were found. Laboratory
findings showed a high erythrocyte sedimentation rate (62/h,
normal range: 0–20) and C-reactive protein level (12.1, nor-
mal range: 0–0.8). For sputum, fiberoptic bronchoscopy/
aspiration, and pleural fluid samples, acid-resistant bacilli
were negative, and there was no culture positivity. PET/CT
was ordered for this patient with suspected malignancy.

PET/CT examination revealed areas of pleural thickening,
which were more prominent at the right maximum thickness
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of 1.7 cm; maximum standardized uptake values (SUVmax)
were 15.9 (Fig. 1a). There were also increased FDG activities
at the right upper paratracheal (SUVmax: 3.4), subcarinal
(SUVmax: 4.6), peripancreatic (SUVmax: 9.3), and
perisplenic (SUVmax: 4.8) lymph nodes.

Lytic sclerotic views and intense uptake (SUVmax: 18.6)
were found at the bodies of the T6 and T7 vertebrae, associ-
ated with paravertebral soft tissue densities (Fig. 2a). In-
creased FDG uptake was also present at the right sacroiliac
joint (SUVmax: 12.4) without any corresponding CT finding
(Fig. 3a).

To determine the etiology, a pleural biopsy was performed.
Then talc pleurodesis was applied in the same procedure using
the video-assisted thoracoscopic surgery method. Granuloma-
tous pleuritis with caseification necrosis was the final patho-
logical finding, indicating tuberculosis. Antituberculosis ther-
apy was started combining isoniazid, rifampicin, ethambutol,
and pyrazinamide.

A follow-up PET/CT examination 4 months after the initi-
ation of treatment showed decreased SUVmax (18.6 versus
4.0) levels, consistent with complete metabolic response at the
T6 and T7 vertebrae and right sacroiliac joint (Figs. 2b and
3b). There were areas of increased FDG activity (SUVmax:
14.5) on the pleural membranes on the right side, but this time
they were attributed to the inflammatory reaction due to talc
pleurodesis (Fig. 1b). The follow-up erythrocyte sedimenta-
tion rate was 23/h.

Discussion

Early diagnosis and adequate treatment of tuberculosis are
important for public health and infection control. Isolation of
tubercle bacilli in the fluid of infected patients or reproduction
in cultures is not always possible. Because of the non-specific
character of the disease, diagnosing is generally time-
consuming and difficult. Moreover, bone tuberculosis usually
has an insidious start and slow course.

In 50 % of skeletal tuberculosis cases, it appears as spinal
tuberculosis. Frequently thoracic vertebrae are affected (33–
67 %), and usually two adjacent vertebral bodies are involved
together with the intervertebral disc (tuberculosis
spondylodiscitis). A so-called “cold abscess formation” may be
seen as paravertebral soft tissue thickening (Pott’s disease). In
particular, sacroiliac joint involvement has been reported in
9.7 % of patients with skeletal tuberculosis [3, 4].

As seen in tuberculosis, FDG uptake was correlated with the
severity of the inflammatory process. Also, in acute infections
more intense uptake is observed than in chronic active infection
or the healing process [5, 6]. In the literature, after 4 months of
antituberculosis treatment, in the evaluation of treatment re-
sponse in patients with tuberculosis lymphadenopathy, the
SUVmax cutoff value taken is 4.5; sensitivity and specificity
have been reported as 95 % and 85 %, respectively [7]. It is
emphasized that FDG PET can be a method for providing
additional information for the detection of disease foci and the

Fig. 1 a Initial FDG PET/CT
images showing increased FDG
activity in the areas of nodular
pleural thickening. b Follow-up
PET/CT images showing
hyperdense pleural thickening
representing a talc deposition area
on which intense FDG uptake is
seen
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evaluation of the effectiveness of tuberculostatic treatment [8].
Especially inmultiple drug resistance cases, FDGPETappears to

be a promising method facilitating the decision on the treatment
strategy by determining the active disease [9].

Fig. 3 a Increased focal FDG
uptake at the right sacroiliac joint
without any abnormal findings on
CT images. b No FDG
accumulation at the same
localization after 4 months of
therapy

Fig. 2 a Increased FDG uptake
representing tuberculosis
spondylodiscitis at the level of T6
and T7 is seen on initial PET/CT
images. b A complete metabolic
response is observed on follow-up
examination after 4 months of
therapy
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For prognosis and detection of residual disease in patients
with spinal infection, FDG PET/CT also shows encouraging
results, particularly when magnetic resonance images (MRI)
are unconvincing in the distinction between degenerative
changes and infection [10].

Multiple skeletal and joint involvements due to tuberculo-
sis are extremely rare. In our case, the thoracic spine and
sacroiliac joints were involved. Detection of FDG uptake,
although there were no pathological findings on CT images
of the right sacroiliac joint, supports the idea that FDG PET
may be more sensitive, especially at early stages of inflam-
mation before the occurrence of anatomical changes. In this
case, a complete metabolic response was obtained at all in-
volved parts of the body after 4 months of tuberculostatic
treatment. This indicates that the use of this method is prom-
ising for treatment monitoring.

On post-treatment study, FDG uptake was only observed in
the pleural talc deposits, as reported in the literature, thought
to be due to inflammation secondary to talc [11].

Use of FDG for the localization of inflammatory foci in
solid organs, soft-tissue, or bone structures and the additional
information provided by CT will likely be very useful in the
evaluation of patients with tuberculosis. Therefore, our expe-
rience with the presented case supports the idea that integra-
tion of FDG PET/CT into routine diagnostic and follow-up
methods may be promising, especially in resistant and com-
plicated cases.
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