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based on imaging findings help to reach the specific diagnosis. 
However, despite extensive workup, the proportion of  
undiagnosed cases of  PUO has ranged from 7% to 51% in 
various studies.[1‑12] Often, these undiagnosed cases turn out 
to be rather uncommon presentation of  common diseases.[13] 
Thus, there has always been a search for modalities that could 
be helpful in unmasking the cause of  fever in these patients. 
Positron emission tomography  (PET) using radiolabelled 
fluorodeoxyglucose  (FDG) and combined with computed 
tomography (CT), fluorine‑18 (F‑18) FDG PET/CT is one such 
emerging modality. Be it infection, non-infectious inflammatory 
disorders (NIIDs) or malignancy; PET/CT can detect a site 
with abnormal metabolism much before the appearance of  
abnormal anatomical features thereby helping in early diagnosis 
and thus, early initiation of  treatment. Various studies on the 
role of  FDG PET and PET/CT in PUO have reported it to 
be contributory to the final diagnosis in 16–69% cases.[14‑19] 
Studies have also shown that negative F‑18 FDG PET/CT 
excluded any significant disease and pyrexia in such patients 
often resolved spontaneously.[14]
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INTRODUCTION

Fever continues to be one of  the most challenging situations 
faced by the physician since ages. Since the classic study by 
Petersdorf  and Beeson in 1961,[1] the profile of  patients with 
unexplained fever has evolved considerably. The routine 
hematological investigations including various serological 
tests, along with the conventional imaging modalities, that is, 
ultrasound (USG) abdomen and contrast‑enhanced computed 
tomography (CECT) of  chest and abdomen contribute to 
the diagnosis in a large number of  patients with pyrexia of  
unknown origin (PUO). In others, blind or guided biopsies 
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We performed a prospective study at a tertiary care institute to 
evaluate the utility of  F‑18 FDG PET/CT in the diagnosis of  
patients with PUO.

MATERIALS AND METHODS

A total of  100  patients of   ≥12  years of  age presenting as 
PUO at both out‑patient and in‑patient in the Department of  
Medicine at our institute over a period of  2 years were screened 
and evaluated. Axillary temperature was recorded using a digital 
thermometer at regular intervals (every 6 h), and patients were 
included if  several reading above 101oF were observed. Initial 
investigations included routine hematological, biochemical, and 
serological investigations, blood and urine culture, body fluid 
analysis, chest X‑ray (CXR), USG abdomen, and CECT chest and 
abdomen followed by histo/cytopathological evaluation of  an 
abnormal site in CT if  the previous investigations did not reveal 
a specific diagnosis. Apart from these, bone marrow examination, 
thyroid function tests, tumor markers, and two‑dimensional 
echocardiography were also done depending upon patient’s 
clinical presentation. If  a definitive diagnosis was achieved 
after these investigations, patients were excluded from the 
current study. Neutropenic PUO, nosocomial PUO, patient with 
known malignancy on chemotherapy, human immunodeficiency 
virus‑positive patients and pregnant and lactating females were 
also excluded from the study.

Forty‑seven out of  100  patients, who fulfilled the revised 
Petersdorf ’s criteria[20] for PUO, that is, illness characterized 
by temperature exceeding 38.3°C  (101°F) evolving during at 
least 3 weeks and no diagnosis reached after 1‑week of  relevant 
and intensive investigations were included in the study and 
subsequently underwent PET/CT. The study was approved by 
the Institutional Ethics Committee.

Positron emission tomography/computed tomography 
scans were done with a dedicated PET/CT scanner (SIEMENS, 
BIOGRAPH 2). After fasting for 4 h to ensure blood glucose 
less than 150 mg/dL, 370 MBq (10 mci) of  FDG was injected 
intravenously and scan taken after 45–60 min. Data obtained from 
CT acquisition were used for low noise attenuation correction of  
PET emission data and for fusion of  attenuation corrected PET 
images with corresponding CT images. The reconstructed attenuation 
corrected PET images, CT images, and fused PET/CT images of  
matching pairs were available for review in axial, coronal, and sagittal 
planes and in maximum intensity projections, three‑dimensional 
cine mode. A region of  interest (ROI) was carefully drawn around 
the site of  the abnormal FDG uptake in consecutive 4–6 PET/CT 
scan slices. The slice with a maximal FDG uptake in the ROI was 
chosen for quantitative measurement of  metabolic activity of  the 
tracer, that is, standardized uptake values (SUV). The SUV was 
calculated according to the formula below:

Mean ROI activity  (MBq/g)
Injected dose (MBq)/body weight in g

SUV=
ram 

Where, MBq = Mega Becquerel and g = gram.

Any focal areas of  increased FDG uptake other than physiological 
uptake were considered as a positive result for PET/CT. The 
extent of  the disease in terms of  the organs involved and the 
degree of  uptake in the involved organs in terms of  SUV were 
assessed. If  a patient had uptake at multiple sites, then the highest 
SUVmax was used for analysis. The PET/CT fusion images 
were interpreted by an experienced nuclear medicine expert. In 
addition to this, independent interpretation of  CT was done by 
an expert in radiodiagnosis.

Abnormal PET/CT studies were categorized as “contributory 
to diagnosis” when the abnormal uptake pointed to the organ 
or tissue where the cause of  the fever was eventually found by 
additional techniques; “noncontributory to diagnosis” when 
the detected abnormality was considered to be unrelated to the 
illness causing the PUO and “diagnostic” if  PET/CT was the 
only modality that helped to achieve the final diagnosis. The 
contributory and diagnostic scans were collectively considered 
as “supportive.” Final diagnoses were made on the basis of  
combined evaluation of  history, clinical findings, investigations, 
and response to treatment and were classified into four groups: 
Infections, malignancies, NIIDs, and miscellaneous causes.

Data collection and statistical analysis
Epidemiologic data; number, type, and results of  all diagnostic 
tests performed; final diagnosis and mode of  diagnosis data 
were recorded for all patients in a structured database. The data 
were analyzed using SPSS version 20 (SPSS Inc., Chicago, IL, 
USA). Continuous variables were expressed as mean ± standard 
deviation. Categorical variables were expressed as number and 
percentage. All potential diagnostic clues including sex (male 
or female), duration of  fever  (<6 or  >6  months), presence 
or absence of  anorexia, weight loss, lymphadenopathy, 
hepatomegaly, splenomegaly, anemia, leukopenia/leukocytosis, 
thrombocytopenia/thrombocytosis, elevated erythrocyte 
sedimentation rate (ESR), abnormal liver function test (LFT), 
and abnormal imaging studies  (CXR, USG abdomen, CECT 
chest and abdomen, and PET/CT) were dichotomized as 
categorical variables. Patients who achieved a final diagnosis 
were compared with those remaining undiagnosed using Fischer 
exact test with respect to the above parameters. Patients with 
a confirmed final diagnosis were grouped into three diagnostic 
categories of  infection, malignancy, and NIID, and these groups 
were compared to each other using Fisher exact test to ascertain 
difference in the above parameters between each diagnostic 
group. SUVmax values were compared between supportive 
and non‑contributory PET/CT groups using Mann–Whitney 
U‑test and between infection, malignancy, and NIID groups 
using Kruskal–Wallis test. Log transformation was used for 
normalizing the skewed data. A  P  <  0.05 was considered 
statistically significant.

RESULTS

Of  the 100  patients screened, 47 satisfied the inclusion 
criteria  [Figure  1]. Baseline characteristics of  the patients in 
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terms of  demographic and clinical characteristics are shown 
in Table 1.

Of  the 47  patients evaluated, a definitive diagnosis could be 
arrived at in 25  patients  (53.2%; 95% confidence interval: 
38.1–67.9%) while 22 (46.8%) patients remained undiagnosed. 
Distribution of  patients according to the final confirmed 
diagnosis is shown in Table 2.

All patients underwent screening investigations including routine 
hematology, biochemistry, imaging (CXR, USG abdomen, and 
CECT chest and abdomen) and other relevant investigations 

based on history and examination findings. Key abnormalities 
on baseline investigations are shown in Table  3. Baseline 
investigations were followed by PET/CT in all the 47 patients. 
A summary of  PET/CT findings is shown in Figure 1.

Thirty‑five PET/CT studies  (74.5%) demonstrated foci of  
increased F‑18 FDG uptake, suggesting the presence of  a disease 
process that could represent the cause of  PUO. In 15 of  these 
35 positive studies (32% of  total), PET/CT findings correlated 
with the final diagnosis and thus, PET/CT was considered 
“contributory” in those patients. These included four patients 
with infections, six patients with NIIDs and five patients with 
malignancy.

There were only three patients (6.4%) who had normal CECT 
chest and abdomen but uptake in PET/CT and thus, PET/CT 
was considered “diagnostic” in them. All these three patients 
had normal looking vessels in CECT but showed abnormal 
FDG uptake in aorta and large vessels and were diagnosed as 
aortoarteritis [Figure 5]. Combining the results of  contributory 
and diagnostic groups, there were 18 (38.3%) patients in whom 
PET/CT was “supportive.” A summary of  patients where PET/
CT was supportive toward achieving a definitive diagnosis is 
shown in Table 4.

Non‑contributory positron emission tomography/
computed tomography
In 17 of  the 35 positive PET/CT studies  (36.2% of  total), 
PET/CT was noncontributory to the final diagnosis and 
further patient management. Some of  these patients had 
uptake in more than one site, and if  accessible, all these sites 
were sampled. Three patients had uptake in large bowel on 
PET/CT, but colonoscopy with or without biopsy did not show 
any abnormality; one was diagnosed as enteric fever, one had 
factitious fever, and one of  these patients remained undiagnosed. 
One patient had uptake in tongue and floor of  the mouth, but 
ENT evaluation did not reveal any abnormality, and he later 
expired undiagnosed. Similarly, another patient had uptake in 
left infraspinatus muscle but ultrasonography did not reveal any 
localized lesion amenable to sampling and later, he succumbed 
to his illness undiagnosed. Ten patients had uptake in multiple 

Figure 1: Screening of study participants and summary of positron emission 
tomography/computed tomography findings

Table 1: Demographic and clinical characteristics of patients
Characteristics n=47
Age

Mean (year) 42.7±19.6
12-59 years n (%) 35 (74.5)
≥60 years n (%) 12 (25.5)

Sex
Male n (%) 31 (66)
Female n (%) 16 (34)

Duration of fever
<6 months n (%) 34 (72.3)
≥6 months n (%) 13 (27.7)

Associated symptoms n (%)
Constitutional (malaise, anorexia, weight loss) 26 (55)
Respiratory 8 (17)
Gastrointestinal 6 (12.8)
Neurological 2 (4.3)
Genito‑urinary 3 (6.4)
Musculoskeletal 10 (21.3)

Physical findings n (%)
Lymphadenopathy 14 (30)
Hepatosplenomegaly 4 (8.5)

Table 2: Distribution of patients according to the final diagnosis
Diagnosis Number of 

patients, n (%)
Infections 9 (19)
Enteric fever 3
Tuberculosis 3
Postoperative infection 1
Lower respiratory tract infection with thyroiditis 1
Urinary tract infection 1
Malignancy 5 (10.6)
Carcinoma prostate 1
Non‑Hodgkin’s lymphoma 1
Hodgkin’s disease 3
NIID 10 (21.3)
Aortoarteritis 3
Adult onset Still’s disease 5
AL amyloidosis with dermatomyositis 1
Sarcoidosis 1
Miscellaneous 1 (2.13)
Factitious fever 1
Undiagnosed 22 (46.8)
Expired 7
Self‑limiting 10
Lost to follow‑up 2
Persistent fever till end of the study 3
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lymph nodes and three of  these patients also had a bone marrow 
uptake, however, neither lymph node sampling nor bone marrow 
examination was diagnostic. Four such patients had spontaneous 
resolution of  fever, one was diagnosed as enteric fever (same 
patient discussed above), two patients expired undiagnosed, one 
patient was lost to follow‑up, one continued to have fever till 
the last follow‑up visit and one was finally diagnosed as urinary 
tract infection (UTI). One patient had patchy uptake in bilateral 
lungs and showed no response to a trial of  antibiotics. As the 
patient was not willing for bronchoscopy, he was discharged on 
empirical ATT. However, after discharge, his condition worsened 

and he expired. Another patient had uptake in adenoids, but his 
fever resolved spontaneously. One patient had uptake in cervical 
lymph nodes which were subcentimetric and not amenable 
to sampling. This patient also had spontaneous resolution of  
fever. Thus, in these 17  patients, findings of  PET/CT were 
noncontributory to the final outcome and definite diagnosis 
was achieved in only 2 (12%) patients. The patient given the 
diagnosis of  enteric fever had rising Widal titers initially and 
received appropriate antibiotics, but fever persisted and even 
Widal titers normalized. Thus, she was evaluated for other 
causes of  fever but no other cause could be elucidated and fever 
subsided with prolonged antibiotic treatment. Thus, a diagnosis 
of  enteric was kept on the basis of  initial Widal test and response 
to treatment. Similarly, in the patient diagnosed with UTI, initial 
urine examination revealed pus cells but repeated urine cultures 
were sterile. Urine examination for acid‑fast bacilli was negative, 
and USG abdomen did not reveal any abnormality of  the 
urinary tract. Patient also had the neutrophilic leukocytosis and 
continued to have fever despite 2 weeks of  oral and 10 days of  
intravenous antibiotics and thus, was evaluated for other causes 
of  fever. However, fever subsided with continued intravenous 
antibiotic administration with resolution of  pus cells in urine. 
Thus, a diagnosis of  UTI was given on the basis of  the presence 
of  pus cells in urine, raised TLC, and response to antibiotics. 
Thus, in both these cases, diagnosis was made on the basis of  
response to treatment.

Positron emission tomography/CT showed no abnormality 
in 12 (25.5%) patients. Of  these, 4 (33%) patients were finally 
diagnosed as partially treated enteric fever (n = 2), postoperative 
infection (n = 1), and adult‑onset Still’s disease (AOSD) (n = 1). 
In four of  them, there was spontaneous resolution of  fever and 
one was lost to follow‑up. One patient had persistent fever till 
end of  the study with no definite cause identified. Two patients 
expired in the hospital, and postmortem liver biopsy was done 
in one of  them which was inconclusive.

Thus, among the patients with non‑contributory or negative 
PET/CT  (n  =  29), a final diagnosis could be established in 
only 6  (21%) patients. In five of  these patients  (enteric  [3], 
postoperative infection [1], UTI 1]), final diagnosis was given 
on the basis of  response to treatment while one patient with 
AOSD was diagnosed on the basis of  Yamaguchi criteria, with 
the exclusion of  other causes.

When compared to CECT chest and abdomen, PET/CT was 
superior to CT in six patients  (12.8%). Three of  them were 
diagnosed as aortoarteritis, solely on the basis of  PET/CT 
findings. One patient had uptake in normal size lymph nodes 
which on biopsy revealed Hodgkin’s disease. Similarly, one patient 
who had shown increased uptake in otherwise insignificantly 
enlarged mediastinal nodes, negative Mantoux test and elevated 
angiotensin‑converting enzyme levels, was diagnosed as 
sarcoidosis and responded to corticosteroids. Another patient 
who had an inconclusive CT showed increased FDG uptake 

Table 3: Investigative profile of patients
Investigation Result
Mean haemoglobin (g/dL) 10±2

Anemia n (%) 39 (83)
Mean total leukocyte count (/mm3) 10,650±6460

<4000 n (%) 3 (14.9)
>11,000 n (%) 17 (36.2)

Mean platelet count (/mm3) 2,93,500±1,82,525
<100,000 n (%) 2 (4.3)
>450,000: n (%) 7 (15)

Mean ESR (mm in 1st h) 71.3±45
<20 n (%) 9 (19)
20-99 n (%) 20 (42.5)
≥100 n (%) 18 (38.3)

Hyperbilirubinemia (>1.3 mg/dl) n (%) 3 (6.4)
Raised SGOT (>2 times) n (%) 5 (10.6)
Raised SGPT (>2 times) n (%) 2 (4.3)
Raised ALP (>2 times) n (%) 12 (25.5)
Raised globulins (>3.5 mg/dL) n (%) 22 (46.8)
A: G reversal n (%) 20 (42.5)
CXR abnormalities n (%)

Parenchymal lesions 4 (8.5)
Hilar prominence 3 (6.4)
Pleural effusion 1 (2)
Cardiomegaly 1 (2)

Abnormal USG findings n (%)
Hepatosplenomegaly 16 (34)
Lymphadenopathy 7 (14.9)
Pleural effusion 4 (8.5)
Ascites 2 (4.3)
Thickened bladder wall s/o cystitis 1 (2)

CT findings n (%)
Lymphadenopathy 15 (32)
Lung parenchymal lesion 10 (21.3)
Organomegaly 11 (23.4)
Empyema 1 (2)
Pleural effusion 3 (6.4)
Pericardial effusion 1 (2)
Gallstone 3 (6.4)
Renal stone 2 (4.3)
Simple liver cyst 3 (6.4)
Renal cyst 1 (2)
Functional ovarian cyst 1 (2)
Thickening of the duodenal cap 1 (2)
Subcentimetric hypodense lesion in spleen 2 (4.3)
Ascites 1 (2)
Vertebral lesion: Wedge collapse 1 (2)
Patchy lung fibrosis 2 (4.3)

A: G: Albumin globulin ratio, ALP: Alkaline phosphatase, CXR: Chest X‑ray, 
ESR: Erythrocyte sedimentation rate, SGOT: Serum glutamic‑oxaloacetic 
transaminase, SGPT: Serum glutamate pyruvate transaminase, USG: Ultrasound
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in pelvic and thigh muscles in PET/CT and was diagnosed as 
dermatomyositis after confirmation by electromyography and 
muscle biopsy findings.

Thus, in the present study, out of  47  patients of  PUO who 
underwent PET/CT, PET/CT was contributory to final diagnosis 
in 15 (32%) patients, noncontributory in 17 (36.2%) patients, 
negative in 12  (25.5%), diagnostic in 3  (6.4%) patients and 

superior to CT in 6 (12.8%) patients. Result of  FDG PET/CT in 
different diagnostic categories of  PUO is summarized in Table 5.

The mean SUVmax for supportive PET/CT was 9.3 ± 6.5 (range: 
3.1–23.6) while the mean SUVmax for noncontributory 
PET/CT was 5.6 ± 3.1 (range: 0.9–11.7). There was no significant 
difference between the two groups (P = 0.092). Since there were 
just 35 abnormal PET/CT and the data for SUVmax had a wide 
range, log transformation was used for normalizing the data. 

Figure 3: 43-year-old lady presented with fever of five months duration associated 
with anorexia and weight loss. (a) Maximum intensity projection fluorine-18 
fluorodeoxyglucose (FDG) positron emission tomography (PET) whole body 
image reveals irregular areas of uptake in abdomen and pelvis. Trans-axial 
computed tomography (CT) and PET/CT images at the level of abdomen (b 
and c) and pelvis (d and e) reveal enlarged retroperitoneal nodes and pelvic 
nodes with increased FDG uptake (maximum standardized uptake value = 21). 
Diagnosis of lymphoma/TB made on PET/CT. Mesenteric and mesocolic lymph 
nodes of reportedly normal size were biopsied by mini-laparotomy and confirmed 
the diagnosis of Hodgkin’s disease

d

c

b

a

e
Figure 2: 52-year-old man presented with fever of 1-year duration and large 
joints arthritis. (a) Maximum intensity projection whole body fluorine-18 
fluorodeoxyglucose (FDG) positron emission tomography (PET) image with 
abnormal FDG uptake in bilateral axillae, mediastinum, pelvis and enlarged 
spleen. (b and c) Trans-axial computed tomography (CT) and PET/CT images 
of the pelvis reveal enlarged FDG avid bilateral iliac lymph nodes (maximum 
standardized uptake value [SUVmax] = 3.3). (d and e) Transaxial CT and PET/CT 
images at the level of spleen show splenomegaly with increased FDG uptake 
(SUVmax = 1.6). FNAC from axillary lymph node showed reactive changes. Based 
on PET and clinical findings, a diagnosis of Still’s disease was made

dc

ba

Figure 4: 38-year-old lady presented with fever of four months duration 
associated with anorexia, weight loss and myalgia. Maximum intensity projection 
fluorine-18 fluorodeoxyglucose (FDG) positron emission tomography (PET) whole 
body image reveals multiple areas of increased FDG uptake throughout the body. 
Coronal PET/computed tomography (CT) image (b) localizes the patchy uptake to 
multiple skeletal muscles (arrow) (maximum standardized uptake value [SUVmax] 
= 2.4). (d) Diffusely increased FDG uptake in the enlarged spleen (SUVmax = 3.5). 
Diagnosis of inflammatory pathology involving muscles was made on PET/CT. 
Although creatine phosphokinase levels were normal but electromyography 
showed myopathic pattern and muscle biopsy revealed dermatomyositis

dc

ba

Figure 5: 69-year-old man presented with fever of 5 months duration. His 
erythrocyte sedimentation rate was >100 mm and contrast-enhanced computed 
tomography chest, and abdomen was reported as normal. Coronal (b) and 
transaxial (d) PET/computed tomography images of thorax reveal increased 
fluorodeoxyglucose (FDG) uptake in walls of ascending thoracic aorta (thin 
arrow) (maximum standardized uptake value = 4). Also noted was increased 
FDG uptake in right hilar node (bold arrow) which was considered to be reactive. 
A diagnosis of large vessel vasculitis (aortoarteritis) was made, and patient 
responded to corticosteroids

dc

ba
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After log transformation, the means for supportive PET/CT 
and non‑contributory PET/CT were 7.4 ± 2.01 and 4.5 ± 2.07, 
respectively, with a borderline significant P = 0.05.

Among the patients in whom a diagnosis was achieved, mean 
SUVmax was highest for infectious etiology  (11.98  ±  6.6) 
followed by NIIDs  (8.8  ±  7.6) and malignancy  (8.2  ±  4.4). 

Table 4: Clinical and imaging findings in patients with contributory PET/CT
Key findings of preliminary work up PET/CT findings (SUVmax) Final diagnosis (mode of diagnosis)

ESR=100
Raised ferritin
Axillary and mediastinal lymphadenopathy on CT

Generalized lymph node (3.3) and 
splenic uptake (1.6) [figure 2]

Still’s disease (clinical criteria)

Neutrophilic leukocytosis
Raised ESR and ferritin
Inconclusive CT

Uptake in spleen (10.3) and 
entire bone marrow (19)

Still’s disease (clinical criteria)

Raised CRP, tuberculin positive
CECT chest: Mediastinal lymph node and lung infiltrates 
but lymph node biopsy and bronchoscopy inconclusive

Uptake in mediastinal nodes (19.8) 
and minimal uptake in lungs

Disseminated TB (response 
to treatment)

Anemia, raised ESR and CRP
Anti HCV positive, HCV RNA nagative
Liver biopsy normal

Spleen (10.2) and generalized 
lymph node uptake (18.4)

Still’s disease (clinical criteria)

Anemia, elevated ESR and ferritin
Enlarged abdominal and pelvic lymph 
nodes and splenomegaly on CT
FNAC/Biopsy of the enlarged nodes inconclusive 

Uptake in abdominal (15.3) 
and pelvic lymph nodes (21)
Mild splenomegaly (8.1) [figure 3]

Hodgkin’s lymphoma (biopsy 
of reportedly normal size 
abdominal lymph node with 
increased FDG uptake)

Neutrophilic leukocytosis
Elevated ESR
Elevated transaminases
CT: Mild transudative ascites and bilateral 
pleural effusion, hepatomegaly

Hepatosplenomegaly with 
increased splenic (4) and 
bone marrow uptake (10)

Still’s disease (clinical criteria)

Anemia
Raised ferritin and ESR (>100)
Inconclusive CT

Uptake in spleen (3.5) and 
multiple muscles (2.4) [figure 4]

AL Amyloidosis (Fat pad biopsy) with 
Dermatomyositis (muscle biopsy)

Anemia
ESR>100
CT: Hepatosplenomegaly, multiple 
mediastinal, abdominal lymph nodes
CT guided lymph Node biopsy inconclusive

Uptake in supraclavicular (5.8), 
mediastinal (6.9) and 
abdominal (5) lymph nodes

Hodgkin’s disease (biopsy of later 
developed peripheral lymph node)

Anemia
Raised ESR, ALP
CT: Hepatosplenomegaly, abdominal lymph nodes
CT guided lymph Node biopsy inconclusive

Increased uptake in axillary (3.4), 
abdominal and pelvic lymph 
nodes (2.5) and spleen (2.1)

High grade NHL, peripheral T 
cell lymphoma (biopsy of later 
developed peripheral lymph node)

Tuberculin negative
Raised ALP and ESR
Inconclusive CT

Increased uptake in mediastinal 
lymph nodes (8.8)

Sarcoidosis (response to treatment)

Pancytopenia
CT: Hepatosplenomegaly+enlarged retroperitoneal nodes

Uptake in cervical and abdominal 
lymph nodes (7), bone 
marrow (7.9), liver and spleen (5.4)

Hodgkin’s disease (postmortem 
liver biopsy)

Anemia, ESR >100
Ferritin >1500
Inconclusive CT

Fibronodular lung lesions 
with increased uptake (1.8), 
diffuse thyroid uptake (3.9)

LRTI with thyroiditis (response 
to treatment)

Anemia, ESR >100
USG abdomen and CT revealed right external iliac 
lymph node close to vessels; prostate 29 cc on USG

Uptake in prostate (5.7), 
pelvic (7.1) and mesenteric lymph 
nodes, skeletal sites (7.3)

Carcinoma prostate (prostate 
and bone biopsy)

Tuberculin positive
Left pleural effusion: lymphocytic 
exudative, with elevated ADA
Persistant fever and recurrent pleural effusion despite ATT

Right pleural thickening (7.3) and 
multiple lytic bone lesions (10.9) 
with increased uptake

Disseminated tuberculosis 
(pleural and bone biopsy)

Tuberculin positive
Elevated ESR
MRI brain showing multiple ring enhancing lesions, CT 
showing multiple nodular lesions in lungs and focal 
lesions in liver: Features suggestive of metastasis

Uptake in lung (3) and liver 
lesions (13.3) and abdominal 
lymph nodes (2.4)

Disseminated tuberculosis (liver 
lesion FNAC showed granulomatous 
hepatitis)

Cut off for various parameters: ESR: >20 mm in 1 h; Ferritin: 150 ng/mL (female), 250 ng/mL (male); CRP: >6 mg/L. ADA: Adenosine deaminase, ALP: Alkaline phosphate, 
ATT: Anti tubercular treatment, CECT: Contrast enhanced computed tomography, CRP: C‑reactive protein, ESR: Erythrocyte sedimentation rate, FNAC: Fine needle 
aspiration cytology, HCV: Hepatitis C virus, RNA: Ribonucleic acid, PET/CT: Positron emission tomography/computed tomography, USG: Ultrasound, SUV: Standardized 
uptake value, MRI: Magnetic resonance imaging
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There was no significant difference in the SUVmax of  the three 
groups (P = 0.44).

Various diagnostic modalities that helped to reach a final diagnosis 
are shown in Table 6, and the contribution of  various imaging 
modalities in the evaluation of  PUO is shown in Table 7.

All potentially diagnostic clues including sex, duration 
of  fever, anorexia, weight loss, lymphadenopathy, 
hepatomegaly, splenomegaly, anemia, leukopenia/leukocytosis, 
thrombocytopenia/thrombocytosis, elevated ESR, abnormal 
LFT, and abnormal imaging studies  (CXR, USG abdomen, 
CECT chest and abdomen, and PET/CT) were statistically 
analyzed to assess if  they had any association with the likelihood 
of  establishing a diagnosis. None of  these parameters were 
statistically different between patients who were diagnosed and 
remained undiagnosed (data not shown) at the end of  the study. 
However, among the patients in three diagnostic categories, that 
is, infections, malignancies, and NIIDs, it was observed that the 
proportion of  patients with anorexia, weight loss, and elevated 
ESR was significantly different between the three diagnostic 
categories [Table 8].

DISCUSSION

The definition of  PUO was first given by Petersdorf  and 
Beeson[1] followed by a modification by Durack and Street.[21] In 
1992, in an editorial, Petersdorf  proposed another change in the 
definition of  PUO that in view of  the expense of  hospitalization, 

1‑week in‑hospital investigations be changed to 1‑week of  
intelligent and intensive investigation which, in most patients, 
could be conducted on an outpatient basis.[20]

The present study evaluated the role of  18‑F FDG PET/CT in 
47 patients presenting as PUO. Of  the 47 patients, a definitive 
diagnosis could be arrived at in 25 (53.2%) patients. NIIDs (21.3%) 
accounted for the majority of  the diagnoses followed by 
infections  (19%). Malignancy  (10.6%) and miscellaneous 
causes  (2.13%) contributed to a small number of  patients. 
However, in a large proportion of  patients (46.8%), the exact 
cause of  PUO could not be ascertained, and they remained 
undiagnosed.

The observation that NIIDs accounted for a larger proportion 
of  cases of  PUO in our study is in concordance with the results 
of  recent Western studies where proportion of  patients with 
NIIDs was as high as 37%.[10‑12,17,22] However, this observation 
is different from many of  the previous Indian studies in which 
infections particularly extra‑pulmonary tuberculosis was found 
to be the predominant cause of  PUO.[23‑30] This difference may 
be accounted for by referral bias as the present study was done 
at a tertiary care institute and in the present scenario, majority 
of  the infections are diagnosed at an earlier stage because 
of  improved imaging modalities as well as guided invasive 
procedures. Increase in the proportion of  NIID cases could 
also be due to better awareness of  these disorders; both among 
the clinicians and the patients, well‑defined diagnostic criteria 
and most importantly, highly sensitive serological tests for 

Table 5: Result of FDG PET/CT in different diagnostic categories of PUO
Diagnostic category PET/CT abnormal PET/CT normal Number of patients

Contributory Noncontributory Diagnostic
Infection 4 2 ‑ 3 9
NIID 6 ‑ 3 1 10
Malignancy 5 ‑ ‑ ‑ 5
Miscellaneous ‑ 1 ‑ ‑ 1
Undiagnosed ‑ 14 ‑ 8 22
Total 15 17 3 12 47

PET/CT: Positron emission tomography/computed tomography, PUO: Pyrexia of unknown origin, NIID: Noninfectious inflammatory disorders

Table 6: Mode of final diagnosis in various categories of PUO
Diagnostic method Infection NIID Malignancy Miscellaneous Total
Histo/cyto‑pathology 2 1 5 0 8
Clinical criteria 0 5 0 1 6
Response to treatment 7 1 0 0 8
PET/CT 0 3 0 0 3

PET/CT: Positron emission tomography/computed tomography, PUO: Pyrexia of unknown origin, NIID: Noninfectious inflammatory disorders

Table 7: Comparison of various imaging modalities (n=47)
Modality Abnormal Contributory Diagnostic Noncontributory
CXR 9 (19.2) 6 (12.8) 0 3 (6.4)
USG abdomen 32 (68) 9 (19.2) 0 23 (49)
CECT chest and abdomen 37 (78.7) 12 (25.5) 0 25 (53.2)
PET/CT 35 (74.5) 15 (32) 3 (6.4) 17 (36.2)

UGS: Ultrasonography, CECT: Contrast enhanced computed tomography, CXR: Chest X‑ray, PET/CT: Positron emission tomography/computed tomography, USG: Ultrasound
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these diseases. With the use of  PET/CT, aortoarteritis is being 
recognized with increasing frequency, which otherwise would 
have remained undiagnosed or diagnosed at an advanced stage 
with complications.

In the present study, a large proportion of  patients presenting 
with PUO remained undiagnosed. Similar observations have been 
made in Western studies with undiagnosed cases accounting for 
51% and 40%, respectively, in studies by Bleeker‑Rovers et al. and 
Pedersen et al.[11,12] An increase in the proportion of  undiagnosed 
cases may reflect the increasing difficulty in diagnosing patients 
that make up the PUO cohort currently in tertiary care centers 
as these patients have already been extensively evaluated prior 
to referral. Patients who fail to receive a definitive diagnosis 
despite CECT chest and abdomen are less likely to be diagnosed 
even with PET/CT as was seen in our study. Many of  these 
undiagnosed patients improved spontaneously suggesting a 
minor benign pathology which is not picked up by current 
investigative modalities. However, a substantial proportion of  
these undiagnosed patients died or continued to have fever, 
highlighting the limitations of  the present diagnostic modalities 
and knowledge of  causes of  PUO.

Positron emission tomography/CT was contributory to 
diagnosis in 15 out of  47 (32%) cases and diagnostic in three 
patients  (6.4%). These results are in concordance with the 
previous studies in which FDG PET or FDG PET/CT has 
been reported to be helpful in diagnosing 16–69% cases 
of  PUO.[11,12,14‑16,18,19,31,32] In the present study, PET/CT was 
contributory in all patients with malignancy and many of  
the patients with infectious etiology  (including disseminated 
tuberculosis and lower respiratory tract infection with thyroiditis). 
These results are comparable with previous studies in which 
FDG PET has been found helpful in disseminated tuberculosis, 
focal infections, lymphomas, and solid organ malignancy with 
or without metastasis.[14,16,33,34]

The biggest advantage of  PET/CT in this study was observed 
for the diagnosis of  NIIDs. The overall superiority of  PET/CT 
over CECT was seen in only six (12.8%) patients out of  whom 
five had NIIDs. Three were diagnosed as aortoarteritis on the 
basis of  uptake in aorta with no abnormality seen in CECT 
chest and abdomen. The importance of  PET/CT in the 
diagnosing vasculitis has been emphasized in many previous 
studies.[15,16,31,34,35] In a study by Bleeker Rovers et al., temporal 
artery biopsy was done in 14  patients with PUO  (10 with 
potentially diagnostic clues for vasculitis, two as part of  

second level test and two in patients with PET suggestive 
of  vasculitis). However, it was useful in the diagnosis only 
in one patient in whom PET had already pointed to large 
vessel vasculitis.[15] Studies employing FDG PET and magnetic 
resonance imaging  (MRI) for early diagnosis and follow‑up 
of  vasculitis revealed comparable sensitivities for both the 
methods.[36,37] In fact, FDG PET may have the advantage that 
it identifies affected vascular regions at an early stage, reflecting 
the fact that metabolic changes normally precede morphologic 
changes in inflammation.

Rosenbaum et al.[38] and Federici et al.[17] have also compared the 
utility of  CT and FDG PET/CT in patients presenting with 
PUO and found that PET was superior to CT in 11/18 (61%) 
patients and 3/13 (23%) patients (two had large vessel vasculitis), 
respectively. Similarly, in our study, PET/CT was superior to CT 
in 6/47  patients  (12.8%). These observations emphasize the 
role of  PET/CT in picking up disease at an early stage before 
anatomical changes are seen on CT.

In the present study, PET/CT was found to be noncontributory 
in 17  patients  (36.2%). Because a definitive diagnosis could 
not be established in majority of  these patients (n = 15), and 
five of  these patients expired undiagnosed, all these abnormal 
results cannot be said to be false positives instead should be 
considered clinically noncontributory. Indeed, if  the involved 
body area is not completely anatomically or histopathologically 
investigated, the abnormal tracer uptake cannot be considered to 
be a false‑positive finding. Four out of  these five patients expired 
in the hospital, and postmortem liver biopsy was performed in 
three patients. It was inconclusive in all the three cases. This 
observation highlights the fact that complete/partial autopsy 
should be performed in all the patients of  PUO, who expire 
undiagnosed so that an appropriate tissue could be sampled that 
might help to reach a definitive diagnosis.

If  PET/CT is negative, the definite cause of  fever was found in 
only 33% cases. A recent retrospective study from North India 
also found that only 17.5% PET/CT negative cases achieved a 
definite diagnosis.[33]

Although it has been emphasized that SUV values are generally 
higher for malignant etiology as compared with benign lesions 
but observation in the present study was contrary to this. 
Malignant lesions were found to have lower SUV values while 
infectious causes had the highest SUV values. Furthermore, 
there was no significant difference in the mean SUVmax values 
of  supportive and noncontributory PET/CT.

The strength of  the present study is that as per the definition 
of  PUO, the patients included for evaluation had been 
intensively investigated with multiple relevant investigations 
including invasive procedures like guided biopsies in patients 
with lymph node enlargement on CECT chest and abdomen. 
Thus, the cohort of  PUO in our study was a real diagnostic 
challenge.

Table 8: Significant differences between patients with 
infection, malignancy, and NIID (n=24)
Parameter Infection 

(n=9) n (%)
Malignancy 
(n=5) n (%)

NIID 
(n=10) n (%)

P

Anorexia 5 (55.6) 5 (100) 3 (30) 0.04
Weight loss 5 (55.6) 5 (100) 2 (20) 0.016
Raised ESR 6 (66.7) 5 (100) 10 (100) 0.046

ESR: Erythrocyte sedimentation rate, NIID: Noninfectious inflammatory disorders
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An important limitation of  the study was that the autopsy was 
not performed in any of  the patients who expired undiagnosed. 
Performing an autopsy in such cases would be of  great value to 
not only establish a definitive diagnosis but could help in future 
management of  difficult cases.

Based on present data, it can be concluded that PET/CT can 
be helpful to diagnose more patients as compared to CECT 
chest and abdomen. However, given the high cost and limited 
availability, PET/CT should only be considered a second‑line 
investigation in diagnostic evaluation of  PUO; especially in 
patients with suspected NIIDs.
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