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Abstract
Purpose To evaluate the feasibility and diagnostic performance of 18F-FDG PET/CT-guided biopsy of abdominal and pelvic
lesions with automated robotic arm (ARA) assistance.
Methods This prospective study included 114 patients (75men, 39women;mean age 51.3 ± 14.7 years, range: 18–90 years) who
underwent PET/CT-guided biopsy of FDG-avid abdominal and pelvic lesions from October 2014 to December 2017. Of these
patients, 54 had a prior inconclusive CT-guided biopsy. The biopsies were done with ARA assistance, and a real-time sample was
obtained after confirming the position of the needle tip within the target lesion on PET/CT. Histopathology reports were reviewed
to evaluate the diagnostic performance of the procedure. Clinical or imaging follow-up was done to confirm negative results.
Results The lesions were successfully targeted in 110 of the 114 patients (96.5%) and yielded a pathological diagnosis.
Pathological diagnoses were confirmed in 50 of the 54 patients with a prior inconclusive biopsy. Of the 110 lesions, 82 were
malignant, 20 were benign, and 8 showedminimal residual FDG uptake at the end of treatment and had no active disease even on
clinical and imaging follow-up of at least 3 months. Findings were true-positive in 102 lesions, false-positive in none, true-
negative in eight and false-negative in four. The procedure showed sensitivity, specificity, positive predictive value, negative
predictive value and accuracy of 96.2%, 100%, 100%, 66.7 and 96.5%, respectively. No immediate complications or delayed
life-threatening events were observed.
Conclusion Percutaneous biopsy of metabolically active abdominal and pelvic lesions with ARA assistance is a technically
feasible, safe and accurate method for pathological diagnosis with high diagnostic performance. PET-guided biopsy is highly
practical and useful in patients, especially in those with a previous inconclusive biopsy.
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Introduction

Histopathological evaluation of abdominal and pelvic lesions
is essential in deciding on the proper management. Open sur-
gical biopsy used to be a standard procedure for obtaining the
tissue sample for histopathology, but it is invasive and is as-
sociated with more complications and morbidity [1]. Image-
guided percutaneous biopsy is currently more widely accepted
as it is minimally invasive and is associated with fewer com-
plications. CT-guided biopsy is versatile and can be used for
sampling of superficial as well as deep abdominal lesions with
varying diagnostic performance depending upon the target
organ and type of needle used [2–4]. 18F-FDG PET/CT pro-
vides both metabolic and anatomical details and its use has
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therefore been suggested to improve the diagnostic yield of
image-guided biopsy [5].

FDG uptake in tumour cells is dependent on enhanced
glycolysis and tumour hypoxia which activates the anaerobic
glycolytic pathways. FDG PET/CT helps in the early detec-
tion of mitotic disease before anatomical changes are evident;
it also helps differentiate viable tumour from posttreatment
changes within the tumour [6]. However, FDG is relatively
nonspecific for malignancy and many nonmalignant condi-
tions (i.e. inflammatory and infective processes) also show
FDG avidity, and this adversely affects overall specificity
[7]. Therefore, to determine the exact nature of an FDG-avid
lesion, percutaneous biopsy may be required before treatment
planning.

Recently PET/CT-guided biopsy has gained importance in
clinical oncology practice and patient evaluation at various
stages of the disease. Some studies have used previously ac-
quired PET images for coregistration with intraprocedural CT
images with the help of software fusion or by visual interpre-
tation [8–11]. However, discrepancies in time and space be-
tween previously acquired PET images and intraprocedural
CT images may lead to placement of the needle tip in a non-
viable portion of the tumour and false-negative results. A few
recent studies have explored the feasibility of real-time PET-
guided biopsy with a fluoroscopic imaging system and have
shown high accuracy [9, 12].

The use of robot-assisted image-guided needle placement,
tissue sampling, and therapy planning in the field of interven-
tional radiology is evolving rapidly [13]. The role of real-time
intraprocedural robotic arm-navigated PET/CT-guided sam-
pling of abdominal or pelvic lesions has not yet been explored.
The aim of the present study was to evaluate the feasibility,
safety and diagnostic performance of PET/CT-guided sam-
pling of FDG avid abdominal and pelvic lesions with auto-
mated robotic arm (ARA) probe assistance.

Materials and methods

Patient population

A total of 114 patients (75 men, 39 women; median age
53 years, mean ± SD 51.3 ± 14.7 years, range 18–90 years)
were included prospectively for the sampling of FDG-avid
abdominal and pelvic lesions from October 2014 to
December 2017. The participating patients provided written
informed consent for PET-guided biopsy. The procedure de-
tails, associated potential risks and benefits, and other avail-
able alternatives were explained to all the participants.
Pertinent ethical guidelines were followed for the present
study with approval from the ethics review board. All the
patients had clinical indications for percutaneous sampling
and showed FDG-avid lesions in the abdomen or pelvis on

18F-FDG PET/CT imaging. Coagulation profiles were in ac-
cordance with Society of Interventional Radiology guidelines
and were obtained 24 h before the procedure [14].

FDG PET/CT imaging

Whole-body images were acquired using a dedicated PET/CT
scanner (Discovery STE16 or 710; GE Medical Systems,
Milwaukee, WI, USA) after intravenous administration of
300–370 MBq of 18F-FDG. After reviewing the whole-body
images, the course of the needle was planned based on the
FDG avidity and anatomical location of the lesion, and its
proximity to vital organs. The biopsy procedures were per-
formed 3 to 4 h after the diagnostic scan on the same day
and using same scanner.

CT and PET parameters for PET/CT-guided
intervention

CT imaging parameters during the intervention were 120 kVp,
40 mA, 0.8 s rotation time, and 27.50 mm2 per rotation with a
display field of view of 70 mm. Images were reconstructed at
a slice thickness of 1.25 mm using a 512 × 512 matrix. PET
images were reconstructed using a 128 × 128 matrix and an
iterative ordered subsets expectation maximization (OSEM)
algorithm.

Automated robotic arm (ARA) system and work-flow

The ARA workstation (ROBIO-EX; Perfint Healthcare Pvt.
Ltd., Chennai, India) is a robotic positioning device (Fig. 1)
for fast and accurate targeting of a lesion in PET/CT-guided
biopsy. It can be used to target deep lesions requiring orbital,
craniocaudal or both angulations. After defining the needle
path, patients were positioned and immobilized on a vendor-
provided vacuum-assisted immobilizer bed on the PET/CT
table. The device was docked on the floor panels installed to
the sides of the PET/CT gantry bed on the basis of the planned
trajectory. The PET/CT scan of the region of interest was
acquired, and DICOM images transferred to the ARA work-
station. The desired image slice was chosen on the ARA con-
sole and the angle and needle path were determined by defin-
ing the target point on the lesion surface and entry point (point
of insertion) on the skin considering its relationship with near-
by vital organs. The execution command was given to the
ARA device to automatically position the robotic arm in a
specific orientation corresponding to the planned access path
following the procedure previously described in detail by
Radhakrishnan et al. [15].

The biopsy procedures were performed under local an-
aesthesia (1% lidocaine) using strict surgical asepsis. The
needle adaptor was placed in the guide probe of the ro-
botic arm positioned in its specific orientation. A suitable
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Fig. 1 Photographs of the automated robotic arm system. a The system
docked on the floor panel (white arrowheads) to the side of the PET/CT
bed, the console for biopsy planning (white arrows), the movable arm of
the system (dashed white arrows) and the guide probe for placing the

needle adaptor. b Close-up of the needle adaptor (dashed black arrows)
placed in the guide probe (black arrows) for biopsy needle placement in
the target lesion

Fig. 2 A72-year-oldmanwith a treated splenic marginal zone lymphoma
presented with retroperitoneal lymphadenopathy and an inconclusive CT-
guided biopsy. a, c, d FDGPET/CT imaging shows an FDG-avid abdom-
inal lesion on the maximum intensity projection image (a), and an FDG-
avid lesion (SUVmax 23.6) in the retroperitoneum with central necrosis
on the fused axial PET/CT image (c) and the corresponding axial CT

image (d). b, e, f The fused PET/CT image (b) shows the planned trajec-
tory on the ARA console (b) and the biopsy needle positioned within the
FDG-avid part of the lesion (e, f). g–j Histopathological photomicro-
graphs show large atypical lymphoid cells with background nuclear de-
bris (g H&E, ×400) and CD20 positivity (h CD20 immunostain, ×400)
suggestive of non-Hodgkin’s lymphoma
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coaxial biopsy system (18G co-axial; Bard Mission; Bard
Biopsy, Tempe, AZ, USA) was manually advanced to the
target lesion by the interventionist through the guide
probe of the robotic arm. After positioning the coaxial
needle at the planned depth (as determined by the ARA
console) the real-time position of the coaxial needle was
confirmed by acquiring a low-dose check CT scan
(40 mA) that was fused with the PET images obtained
before the procedure. Three-dimensional position-sensi-
tive position coupling of the ARA system with the immo-
bilizer bed and PET/CT scanner ensured effective image
fusion. If there was any patient movement during the pro-
cedure, a single-bed PET/CT scan was acquired to re-
confirm the position of the needle.

After confirming the position of the coaxial needle (Figs. 2,
3 and 4), the stylet was pulled out, and a semiautomated
spring-loaded biopsy gun inserted through the coaxial needle.
An adequate number of tissue cores (two to eight) were ob-
tained at a 1 cm or 2 cm stall of the biopsy gun during each
procedure depending on the size of the lesion and relationship

with vital organs. After completion of the procedure, the bi-
opsy site was compressed manually for at least 5 min to
achieve haemostasis.

A low-dose check CT scan was acquired after completion
of the procedure to look for any immediate complications, and
patients were kept under observation for at least 2 to 4 h, and
vital signs were measured. The core biopsy/tissue was fixed in
10% formalin and sent for pathological examination. Biopsies
were considered technically successful if sufficient tissue was
obtained to make a definitive pathological diagnosis. They
were considered inconclusive if insufficient tissue was obtain-
ed to make a diagnosis, and nonrepresentative if the tissue was
not from the target lesion.

The results of the guided biopsies were compared with the
composite diagnosis based on pathology, and clinical and/or
radiological follow-up. The results were considered true-
positive (TP) if histopathology confirmed malignancy or be-
nign pathology. true-negative (TN) if there was no evidence of
disease on pathology and even on follow-up, false-positive
(FP) if histopathology falsely revealed another pathology,

Fig. 3 A 58-year-old man presented with progressive inguinal swelling.
a, c, d PET/CT imaging shows FDG-avid lesions in the retroperitoneum
and iliac regions on the maximum intensity projection PET image (a), and
enlarged lymph nodes with necrosis and heterogeneous FDG uptake
(dotted arrows) on the axial fused PET/CT image (c) and the correspond-
ing axial contrast-enhanced CT image (d). b, e, f The fused PET/CT
image shows the planned trajectory on the ARA console(b), and the

biopsy needle positioned within the FDG-avid lesion (e, f). g–j
Histopathology photomicrographs show sheets of mature and immature
plasma cells (g) with necrosis in the background (H&E, ×400), positive
for CD38 (h CD38 immunostain, ×400), but negative for CD20 (I CD20
immunostain, ×400) and CD3 (j CD3 immunostain, ×400), thus allowing
a definitive diagnosis of plasmacytoma
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and false-negative (FN) if histopathology did not reveal any
diagnosis (malignancy or benign disease). Nonrepresentative
and inconclusive results were considered FN. The diagnostic
performance of the procedure was calculated on the basis of
these criteria.

Results

The posterior approach (Fig. 1) was used in 56 patients (retro-
peritoneal lymph nodes in 34, renal lesions in 7, perinephric
deposit in 1, adrenal lesions in 3, liver lesions in 10, and spleen
lesions in 1) with the patient lying in the prone position. The
anterior approach (Figs. 2 and 3) was used in the remaining 58
patients with the patient lying in the supine position. The mean
lesion size was 2.99 ± 0.85 cm (range 1.5–6.2 cm), and the mean
access path lengthwas 6.02 ± 2.3 cm (range 2.0–12.5 cm). Of the
114 patients, 71 (62.3%) had a previous image-guided tissue
biopsy. The biopsy sites are listed in Table 1.

Histopathological findings

FDG PET/CT-guided biopsy of the abdominal and pelvic
lesions was technically successful in 110 of the 114 pa-
tients (96.5%) and confirmed the pathological diagnosis.
In the remaining four patients the pathology results were
either inconclusive (one patient), or the sample was non-
representative (three patients). Of the 110 lesions, 82 were
malignant, 20 were benign, and 8 showed no residual
disease and minimal residual FDG uptake on the end-of-
treatment PET/CT scan.

Fig. 4 A 62-year-old woman presented with abdominal pain that had
persisted for 1 month. Ultrasonography was suggestive of multiple liver
lesions suspicious for hepatocellular carcinoma. a, c, d FDG PET/CT
imaging shows an FDG-avid lesion in the right hypochondrium on the
maximum intensity projection image(a), and FDG-avid hypodense le-
sions with central necrosis on the axial fused PET/CT image (c) and the
corresponding contrast-enhanced CT image (d). b, e, f The left lobe lesion

was targeted for biopsy with the planned trajectory on the ARA console
(b), and the biopsy needle was positioned within the FDG-avid part of the
lesion (e, f). g, h Histopathology photomicrographs show large atypical
lymphoid cells with sclerosis in the background (g H&E, ×400), positive
for CD20 (h CD20 immunostain, ×400) suggestive of diffuse large B-cell
lymphoma

Table 1 Distribution of biopsy sites in 114 patients

Target site No. of lesions

Abdominal and retroperitoneal lesions
Liver 15
Spleen 1
Stomach 1
Mesenteric lymph node/mass 16
Gallbladder fossa 2
Omental/peritoneal deposit 6
Kidney 7
Pancreas 9
Psoas 3
Adrenal 3
Paraaortic/retroperitoneal lymph node 34
Total 97 (85.1%)

Pelvic lesions
External iliac/internal iliac lymph nodes 14
Common iliac lymph nodes 1
Pararectal deposit 2
Total 17 (14.9%)

842 Eur J Nucl Med Mol Imaging (2019) 46:838–847



In 54 of 71 patients (76.1%) with a previous inconclu-
sive image-guided biopsy, PET-guided biopsy established
the pathological diagnosis in 50 of these 54 patients, and
four patients underwent repeat biopsy because of a nonrep-
resentative sample or inconclusive biopsy (two with lym-
phoma, one with metastatic adenocarcinoma, and one with
pancreatic carcinoma). These results are summarized as a
flow diagram in Fig. 5. The pathology results are summa-
rized in Table 2. Of the 71 patients with proven pathology,
17 (23.9%) underwent PET-guided biopsy to rule out

Richter’s transformation in chronic lymphocytic leukaemia
(three patients), to determine the metastatic status of prov-
en adenocarcinoma (eight patients), for immunohistochem-
istry of round cell tumour (four patients), to determine the
perinephric deposit status in multiple myeloma (one pa-
tient), and to determine the level of mitotic activity in germ
cell tumour (one patient; mitotic disease was revealed on
histopathology; Table 3).

The remaining 43 patients with no previous biopsy
underwent PET-guided biopsy, 20 with clinical suspicion of

Fig. 5 Structured flow diagram showing the pathological findings in patients who underwent PET/CT-guided biopsy of FDG-avid abdominal and pelvic
lesions

Table 2 The clinical and histopathological diagnoses in 54 patients with inconclusive conventional image-guided biopsy

Clinical suspicion or diagnosis PET-guided biopsy results Number Comments

Lymphoma (n = 26) Lymphoma 23
Plasmacytoma 1
Tuberculosis 1
Nonrepresentative sample 1 Re-biopsy: lymphoma

Primary pancreatic cancer (n = 5) Adenocarcinoma 2
High-grade neuroendocrine tumour 1
Lymphoma 1 Re-biopsy: pancreatic cancer
Inconclusive pathology 1

Pyrexia of unknown origin (n = 6) Lymphoma 2
Sarcoidosis 1
Histoplasmosis 1
Tuberculosis 1
Nonrepresentative sample 1 Re-biopsy: lymphoma

Suspected distant metastases (n = 11) Metastatic carcinoma 6 Primary in gallbladder (n = 3), lung
(n = 1), stomach (n = 1), thyroid (n = 1)

Lymphoma 1
Tuberculosis 2
Reactive nodal hyperplasia 1 Benign disease on follow-up
Nonrepresentative sample 1 Re-biopsy: metastatic endometrial cancer

Neuroendocrine tumour (n = 3) Metastatic adenocarcinoma 1
Lymphoma 1
Neuroendocrine tumour 1

Plasmacytoma (n = 1) Plasmacytoma 1
Hepatocellular cancer (n = 2) Lymphoma 1

Cholangiocarcinoma 1
Total 54
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lymphoma, 13 with metastatic disease, 7 with pyrexia of un-
known origin, 2 with retroperitoneal sarcoma, and 1 with a
paraneoplastic aetiology. The pathology results are summa-
rized in Table 4.

Complications and side effects

All the patients tolerated the biopsy procedure under local an-
aesthesia. A few patients reported transient pain or showed a
minor bleed, but no major life-threatening complications were
observed in any of the patients either during or after the proce-
dure. The physician was exposed to an average radiation dose
of 0.85 μSv per procedure with a calculated absorbed dose of

425 μSv per year (0.85 μSv per procedure × about ten proce-
dures per week × about 50 working weeks in a year).

Follow-up and the diagnostic performance
of PET-guided biopsy

An adequate amount of representative tissue for histopatholo-
gy was obtained in all but four patients. On clinical or imaging
follow-up, none of the patients with a pathological malignant
diagnosis or benign disease had an alternative diagnosis. The
patients with no pathological evidence of malignancy on fol-
low–up for at least 3 months revealed no active disease. Four
patients who had inconclusive or nonrepresentative samples
and a strong clinical suspicion of malignancy underwent

Table 3 Clinical and histological diagnoses in 17 patients with positive conventional image-guided biopsy, and PET-guided biopsy done to confirm the
diagnosis

Clinical diagnosis PET-guided biopsy results Number Comments

Chronic lymphocytic leukaemia (n = 3) Richter’s transformation 3

Multiple myeloma (n = 1) Plasmacytoma 1 Perinephric deposit

Metastases/deposit (n = 8) Metastatic adenocarcinoma: pancreas
(n = 1), gallbladder (n = 3), lung (n = 2),
endometrium (n = 1), breast (n = 1)

8

Round cell tumour (n = 4) Neuroendocrine tumour 2

Lymphoma 2

Germ cell tumour (n = 1) Germ cell tumour 1

Total 17

Table 4 Clinical and histopathological diagnoses in 43 patients who underwent PET-guided biopsy with no prior CT-guided biopsy

Clinical diagnosis PET-guided biopsy results Number Comments

Lymphoma (n = 20) Lymphoma 7

No evidence of diseasea 8 No disease on follow-up

Tuberculosis 1 Treated with antitubercular therapy

Cysticercosis 1 Responded to albendazole therapy

Reactive hyperplasia 1 Diagnosis confirmed on follow-up

Diabetic nephropathy 1 Diagnosis confirmed on follow-up

Chronic pancreatitis 1 Benign confirmed disease on follow-up

Metastatic disease (n = 13) From gallbladder cancer 5

From neuroendocrine tumour 2

From kidney, rectum, pancreas, lung,
prostate and unknown primary (one each)

6

Pyrexia of unknown origin (n = 7) Tuberculosis 5 Treated with antitubercular therapy

Hepatitis 1 Benign confirmed disease on follow-up

Reactive hyperplasia 1 Benign confirmed disease on follow-up

Retroperitoneal sarcoma (n = 2) Malignant fibrometosis 1

Lymphoma 1

Paraneoplastic syndrome (n = 1) Vasculitis 1 Benign confirmed disease on follow-up

Total 43

a End-of-treatment PET/CT revealed minimal residual FDG uptake in the lesions
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repeat biopsy for confirmation of diagnostic suspicion (lym-
phoma in two, pancreatic carcinoma in one, metastatic adeno-
carcinoma in one).

The diagnostic yield of the procedure was 96.5%. The his-
topathological results revealed 102 TP findings, no FP find-
ings, 8 TN findings and 4 FN findings. The sensitivity, spec-
ificity, positive predictive value, negative predictive value and
accuracy of PET/CT-guided biopsy for diagnosing
abdominopelvic lesions were 96.2%, 100%, 100%, 66.7 and
96.5%, respectively.

Discussion

The initial imaging modalities for diagnosing a lesion are ul-
trasonography, CT and MRI. These techniques provide im-
ages with specific features that enable characterization of the
type of lesion (malignant vs. benign), but small lesions with-
out specific imaging features are difficult to characterize.
Similarly, in a heterogeneous lesion, it is difficult to distin-
guish the malignant from the necrotic areas [16]. In current
oncology practice, the management of malignant lesions not
only depends on the pathological diagnosis but also requires
immunohistochemistry, accurate tumour staging and genetic
information which further determine the treatment strategy
and risk-adapted individualized therapy [17]. Therefore, a
carefully performed biopsy along with immunohistochemistry
and genetic analysis is the gold standard to identify the exact
nature of lesions. Deep or small lesions in the retroperitoneum
and pelvis are not readily accessible for ultrasound-guided
sampling. Percutaneous CT-guided needle biopsy is a mini-
mally invasive procedure, provides excellent visualization of
the anatomical details and provides safe and accurate access to
deep lesions with fewer complications [18, 19].18F-FDG PET/
CT has shown excellent accuracy in the staging of most can-
cers and helps avoid inappropriate treatment [20].

Frequently, most of the area of a large tumour mass is
necrotic with only a small area being metabolically active.
Apart from diagnosis, FDG PET/CT can also help in the de-
tection of the most hypermetabolic region within a lesion,
thereby guiding the biopsy to the optimal region of the lesion
[16]. Visual or computer-based software fusion of previously
acquired PET images with intraprocedural CT images for
PET/CT-guided biopsy is time consuming, requires additional
computer-based software and lacks temporal resolution [21].
The accurate spatial registration of intraprocedural CT images
with previously acquired PET/CT images is not always pos-
sible because of differences in patient positioning during PET
and CT-guided intervention, and respiratory, cardiac and body
part movements which lead to inaccurate tissue retrieval [22].
A few recent studies have investigated the value of
intraprocedural PET/CT-guided biopsy using the same scan-
ner and have shown that this technique is feasible with a high

diagnostic success rate. The FDG PET/CT acquisitions were
done just before the interventional procedure from the hyper-
metabolic site [12, 23].

The C-arm-assisted or robotic arm-assisted needle place-
ment within a lesion for sampling and treatment planning have
shown high accuracy and the procedure is rapidly evolving.
Apart from these applications, the procedure may be helpful in
targeting lesions that are difficult to approach and may allow
reductions in radiation exposure and procedure time [13, 24].
A few recent studies have investigated the value of robotic
arm-assisted intraprocedural PET/CT-guided biopsy of tho-
racic and posttreatment lesions in non-Hodgkin’s lymphoma
and have shown that the technique is feasible and may help in
the accurate targeting of the hypermetabolic portion of the
lesions [15, 25]. However, robotic arm-assisted real-time
PET/CT-guided biopsy of abdominal and pelvic lesions, and
the diagnostic performance of this technique, have not yet
been investigated.

In the present study, the entire procedure was performed on
the same PET/CT scanner, and the intraprocedural emission
and CT images were acquired during the same session.
Problems related to spatial registration of previously obtained
PET images with intraprocedural CT images, differences in
patient positioning and movements of body parts were thus
obviated. Additionally, the robotic arm was used for targeting
the lesions which again helped in targeting the hypermetabolic
part of lesions. The vacuum-assisted patient bed arrester also
reduced the movement of body parts during the procedure and
enhanced the efficiency of the technique.

In this prospective study, the biopsy needle was placed
accurately in the hypermetabolic part of abdominopelvic le-
sions in all 114 patients, and an accurate diagnostic sample for
pathology was obtained in 110 patients. The remaining four
patients underwent re-biopsy because of high clinical suspi-
cion, and pathology revealed lymphoma in two, pancreatic
cancer in one and metastatic adenocarcinoma in one. In all
these four patients the lesions were either very near to a blood
vessel or vital organ, or a minimal amount of tissue was ob-
tained to avoid any unnecessary procedure-related complica-
tions. In the present study the lesion size (mean ± SD) was
2.99 ± 0.85 cm (range 1.5–6.2 cm). The smallest lesion
targeted was an omental nodule measuring 1.5 cm. The
ARA helped precisely target small lesions and reduced the
procedure time. PET-guided biopsy changed the diagnosis in
patients with previous inconclusive image-guided biopsy ex-
cept in the four patients discussed above. The PET/CT-guided
biopsy procedure showed high performance in the pathologi-
cal diagnosis of abdominal and pelvic lesions. The postinter-
vention inflammatory process may lead to false-positive FDG
uptake on PET/CT. PET/CT after a surgical procedure should
be delayed by at least 6 weeks to avoid false-positive FDG
uptake [26]. Mild FDG uptake may be seen after a previous
CT-guided biopsy procedure due to inflammation, and can be
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of significance in small lesions. However, in the present study
no false-positive pathology was seen on PET/CT-guided bi-
opsy in patients with previous CT-guided intervention.

In this series, despite minimal pain and a small amount of
bleeding, most patients tolerated the biopsy procedure very well,
confirming that this robotic arm-assisted real-time PET/CT-
guided biopsy technique is safe, feasible and practical for abdom-
inal and pelvic lesions, and diagnostic tissue was obtained in
most patients (96.5%). No immediate or delayed postprocedural
life-threatening complications were seen in any of the patients.
The physician was exposed to an average radiation dose of
0.85 μSv with a calculated absorbed dose of 425 μSv per year,
which is significantly less than the limit prescribed by IRCP 103
[27]. The radiation exposure limits were similar to the exposure
doses measured by Lakhanpal et al. [28].

Although PET/CT-guided biopsy of abdominal and pelvic
lesions demonstrated high diagnostic performance, it also had
some limitations. The procedure is time consuming leading to
high occupancy of the PET/CT system. Secondly, small le-
sions and those in proximity to vital organs or blood vessels
are not easy to target and this may lead to inappropriate sam-
pling or procedure-related complications. Additionally, the
lesions sampled were not checked ex vivo for radioactivity.
Checking radioactivity in biopsy samples may be a novel
approach to control sampling effectiveness to discriminate
between viable and necrotic tissue.

The diagnostic yield in the present study is comparable to
the 100% diagnostic yield of ARA-assisted PET/CT-guided
biopsy found by Radhakrishnan et al. in 25 patients with tho-
racic and mediastinal lesions and previous nondiagnostic con-
ventional biopsy [15]. Respiratory movement, a deep location
and proximity to large vessels may cause difficulty in sam-
pling of smaller lesions in the mediastinum and abdomen.
Despite these difficulties, robotic arm-assisted PET-guided in-
tervention leads to appropriate placement of the needle within
the target lesion. We consider that PET/CT-guided interven-
tions are of great help in the management of oncological pa-
tients and that a dedicated PET/CT scanner with an interven-
tional suite is a necessary resource for patient management.

Conclusion

ARA-assisted 18F-FDG PET/CT-guided percutaneous real-
time biopsy of metabolically active abdominal and pelvic le-
sions is a technically feasible, safe and accurate method for
pathological diagnosis. PET-guided biopsies were highly
practical and useful in patients, especially in those with a
previous inconclusive biopsy. The technique also helps in
the accurate staging of lesions with minimal residual FDG
uptake on posttreatment PET/CT.
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