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ABSTRACT

Objectives: Nonreal-time Positron Emission Tomography/Computed Tomography (PET/
CT)  biopsies that use the image co-registration of a prior PET with an intra-
procedural CT have been reported. The aim of this study was to report the initial 
experience of performing real-time intra-procedural PET/CT-guided biopsies. 
Materials and Methods: All patients (n = 4) had a prior PET/CT examination of the 
concerning lesion and no significant CT correlate. On the day of the biopsy, 5 mCi of 
18F-fluorodeoxyglucose (FDG) or NaF18 was intravenously injected. After 60 min 
of biodistribution of the molecular probe, PET/CT images were obtained in a 
limited one bed position over the region of the concerning lesion to be biopsied. 
Results: One patient had a mesenteric mass and the other three had bone lesions, 
one located in the rib and two in the iliac bone. The pathology report revealed that 
two lesions (50%) were malignant and two lesions (50%) were benign. The results 
of the biopsy changed management in all cases. There was 0% complication rate. 
Conclusions: No additional software or hardware is required to perform real-time 
intra-procedural PET/CT-guided biopsies. It can optimize the yield, especially in cases 
where there are no anatomical abnormalities. Real-time intra-procedural PET/CT 
biopsy may have benefits over conventional biopsy techniques in terms of accuracy.
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INTRODUCTION

The clinical management of lesions suspicious of 
malignancy relies not only on diagnosis of benign 

versus malignant entity but also on tumor grading, 
immunohistochemical fi ndings, and genetic information. 
Pathological analysis remains the Gold Standard for 
defi nite diagnosis. Hence, a carefully performed biopsy 
with low risk of complication is crucial. Compared with 
open biopsy, image-guided biopsies are minimally 
invasive and confer several advantages including low 
morbidity, low complication rate, and cost savings.[1] 
PET/CT has been used in initial staging, treatment response 
evaluation, and follow-up. PET/CT-guided biopsies may 
allow early histological diagnosis and staging before 
morphologic changes are evident.[2] PET/CT biopsy can 
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rule out malignancy and it can correctly stage diff erent 
types of cancer.[3] Nonreal-time PET/CT biopsies use 
co-registration of a prior PET image with a procedural 
CT image. However, this method is inaccurate in time 
and space, and requires special software. The aim of this 
study is to report the initial experience of utilizing the 
real-time PET/CT-guided biopsies, and explore feasibility 
and technical requirements of the procedure.

MATERIALS AND METHODS

Four real-time intra-procedural PET/CT biopsies were 
performed at our institution. University of San Francisco 
institutional review board (IRB) approved the study. Patient 
records/information was anonymized and de-identifi ed 
prior to analysis.

FDG-PET/CT imaging
In all cases, the patients had a prior whole body PET/
CT scan showing abnormal focal uptake, but no CT 
correlation, and needed further histological confi rmation. 
Patients underwent overnight fasting before an 
18F-fl uorodeoxyglucose (FDG)-PET/CT biopsy procedure. 
Limited one bed PET/CT imaging was performed over 
the selected lesion following an uptake period of 60 min 
after intravenous administration of 5 mCi of FDG or NaF. 
Imaging was performed in a PET/CT scanner (GE STE 
64 slice CT scanner, GE healthcare, Waukesha, WI). CT 
scan was done for attenuation correction and anatomic 
localization (CTAC). Imaging parameters were 140 kVp, 
90–120 mA, 1.25 mm collimation with reconstruction as 
3.75 mm thick sections by using a 512 × 512 matrix and 
a fi ltered back projection algorithm. Immediately after 
CTAC, PET images were obtained in two-dimensional 
mode for 5 min acquisitions for one-bed position. 
PET images were reconstructed by using a 128 × 128 
matrix and an iterative-ordered subset expectation 
maximization algorithm. PET/CT images therefore were 
obtained in a limited one-bed position over the region of 
the lesion. Once the lesion was identifi ed and assessed, 
a biopsy needle was guided, real time, to the area of 
focal uptake.

Biopsy procedure
A recent complete blood count (CBC), history of allergies, 
prothrombin time (PT), and international normalized 
ratio (INR), co-morbidities and medications were reviewed 
prior to the procedure. A 12 cm Jamshidi bone biopsy needle 
was used for bone biopsies (3 cases) and a mesenteric 
biopsy was performed with an 18 gauge introducer 
needle and a 20 gauge core biopsy needle (1 case). The 
coaxial (introducer) needle allows the radiologist obtain 
several samples with a single needle stick. The patients were 

not moved in and out of the gantry for each manipulation 
of the needle. We obtained three samples per biopsy.

Procedure
• Patients were positioned and immobilized in the 

correct position, depending on the location of the 
lesion. Patients were placed in the biopsy position prior 
to limited PET/CT.

• Local anesthesia with 1% Lidocaine was administered.
• The biopsy needle was guided, real time, by using 

PET/CT imaging to the targetorgan showing the focal 
uptake. Perfect intra-lesion placement of the tip of the 
biopsy needle was confi rmed by PET/CT imaging.

• The core of the coaxial needle was pulled out and an 
18 gauge biopsy needle was inserted.

• After removal of the needle, manual compression was 
performed for 2-3 min at the puncture site.

• The specimens obtained were fi xed in 10% formalin 
and presented to the pathologist, who was in the same 
room, for quick histopathological examination.

• The patients were observed for 2-6 h and then 
discharged. 

RESULTS

All PET/CT positive lesions were successfully biopsied 
real-time without the need for repeating the biopsies. The 
alignment was perfect in all cases. Assessing the intra-lesion 
placement of the needle tip was very easy despite extreme 
windowing of the transmission images. The pathology 
report revealed that two lesions (50%) were malignant 
and two lesions (50%) were benign. The results of the 
biopsy changed management in all cases. There was 0% 
complication rate. The characteristics of the patients and 
the lesions are described in Table 1. PET/CT guided biopsy 
and stained biopsy samples from patient 3 [Figures 1 and 2] 
led to the identifi cation of a benign lesion. PET/CT images 
and stained biopsy sample from patient 4 [Figures 3 and 4] 
identifi ed the lesion as malignant.

Table 1: Clinical and histological data of patients
Patient Age Race Gender Clinical 

history
Biopsy site Diagnosis

1 61 White Male Follicular 
lymphoma

Mesenteric 
mass in 
the mid 
abdominal 
quadrant

Follicular 
lymphoma

2 65 White Male Prostate 
cancer

Right iliac 
bone

Benign

3 56 White Male Prostate 
cancer

Left 8th rib Benign
[Figures 1 and 2]

4 83 Asian Male Prostate 
cancer

Right iliac 
bone

Esophageal 
adenocarcinoma
[Figures 3 and 4]
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DISCUSSION

This is the fi rst study to report the intra-procedural real-time 
PET/CT biopsy procedure and to report the biopsy of 
a mesenteric mass using PET/CT. Most PET/CT-guided 
biopsy studies published thus far use prior PET images 
to fuse with intra-procedural CT to guide the biopsy 
needle.[4-7] Success of biopsy and accurate diagnosing 
depends upon adequate tissue being obtained at the right 
location. The inaccuracy of diagnosis prior to surgery can 
lead to significant morbidity and increased mortality.[8] 
Most of the time, before performing a biopsy, magnetic 
resonance imaging (MRI) or CT image is used to identify 
the mass.[8] On MRI, benign soft tissue lesions are usually 
small (<5 cm), well circumscribed, and have homogeneous 
signal intensity, whereas malignant lesions tend to be 
large, inhomogeneous and have poorly defi ned margins.[8] 
Tumors without these features are diffi  cult to classify on MRI 

and there are many exceptions to this classifi cation. It is 
diffi  cult to consistently distinguish benign from malignant 
areas within a heterogeneous mass; more importantly, to 
define the most malignant area.[8] For FDG avid tumors, 
FDG-PET can not only detect malignancy but also help 
to locate the most active areas within the malignancy.[8] 
Hain et al., found that the PET scan can guide the needle 
to the best biopsy site.[8]

There are several techniques for performing PET/CT 
biopsy. One method uses previously acquired PET/CT 
images to co-register with intra-procedural CT images, 
using computer software.[2] A rigid image registration 
algorithm is required to achieve bimodal fusion between 
a pre-acquired PET scan and an intra-procedural CT 
scan.[9] Image fusion takes longer time, special hardware, 
and may require software add-ons.[10] Image fusion is the 
overlay of two or more imaging data sets together as one 
display, whereas image registration consists of aligning 
or matching the two imaging data sets spatially to each 
other.[11] In the method employed for this paper, the 
entire biopsy procedure was performed inside the PET/CT 
scanner. The emission images are therefore in the absence 
of movement, always matching the intra-procedural 
CTAC images.[10] The spatial accuracy of this technique is 
necessary to display clinically relevant image guidance 
information during biopsy.

The study by Singh et al., has shown that relying on anatomic 
imaging alone was not adequate to detect cancer.[12] Even 
with the use of costly 3-T MRI scanner, Singh et al., found 

Figure 1: 56-year-old male with a complaint of diffi culty in urinating was diagnosed 
with prostate cancer. (a) Low power view of the marrow biopsy (×20) shows  no 
abnormalities. Scale bar = 200 microns (b) High power view of the biopsy sample 
(×200) shows normal hematopoietic cells, including megakaryocytes, visible 
within the adipose tissue of bone marrow (arrows). Scale bar = 20 microns. No 
metastasis of the prostate cancer WAS observed. Was = past tense.

a b Figure 2: 56-year-old male with a complaint of diffi culty in urinating was 
diagnosed with prostate cancer. Axial PET/CT images (a) Increased FDG 
uptake in the left 8th rib (arrows) and (b) 12 cm Jamshidi bone biopsy needle 
(arrows) in the metabolically active region of the left 8th rib.

a b

Figure 3: 83-year-old male with elevated prostate-specifi  c antigen (PSA) 
was diagnosed with prostate cancer. (a) Low power view of FNA cell 
block material (×10) shows abundant tumor tissue (arrows). Scale bar = 
100 microns (b) High power view (×100) of an area of dyshesive neoplastic 
cells demonstrates esophageal adenocarcinoma of signet ring cell morphology. 
Signet ring morphology is described as abundant in cytoplasm with the nucleus 
pushed to one side (arrows) Scale bar = 20 microns (c) Hematoxylin and 
eosin stained sample (×50) shows clusters of neoplastic cells (arrows) and 
(d) immunohistochemical staining of the sample shows cells positive for pan-
cytokeratin (arrows) (d). Scale bars = 50 microns.

a b

c d

Figure 4: 83-year-old male with elevated prostate-specifi c antigen (PSA) was 
diagnosed with prostate cancer. Axial PET/CT image shows high FDG uptake 
in the right iliac bone. (a) Hybrid PET/CT guided the needle (arrow) to the exact 
location of the hypermetabolic lesion in the right iliac bone (b) The tip of the 
needle (arrow) in the lesion suspected for metastasis.

a b
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cancer in only 3% of the cases.[12] Furthermore, artifacts 
increase with increasing magnetic field strength.[13] In 
MRI-guided biopsy, which is complex to perform, patients 
may have to slide in and out of the scanner several times 
during the procedure and the biopsy needle may have to 
be inserted several times until it is in the desired target 
area.[14] Also, commonly used titanium biopsy needles 
are not directly visible on MRI and an artifact forms in the 
neighborhood of the needle.[15] Therefore, the true needle 
position diff ers from the artifact position. Larger needles 
have higher diagnostic yield and accuracy, however, 
they cause larger artifacts on MRI images.[13] In a study by 
Johnson et al., MRI-guided biopsy could not visualize 40% 
of the lesions ≤ 10 mm in size.[16] Some MRI-guided biopsies 
require contrast injection and consequently, the biopsy 
time is limited to about 45 min before the contrast washes 
out.[17] Relative to ultrasound (US)- and CT-guided biopsy, 
MRI-guided biopsy generally requires longer procedure 
time.[10]

Prior et al., reported that CT missed small cancerous 
lesions (10-20 mm) in their study and the lesions were 
visualized only by PET.[18] In fact, the accuracy of CT-guided 
biopsy for cancerous lesions (0.7–1.5 cm) in size could be 
as low as 35%.[19] In a study by Davis et al., the ability of 
CT-guided biopsy to obtain adequate samples for solid 
tumors (<1 cm) was 25% and for cystic tumors was 0%.[20]

With the US-guided biopsy, the diagnostic yield can be 
as low as 46% for lesions less than 20 mm in diameter.[21] 
US-guided biopsy is not optimal for bone, bowel, and 
lesions deep inside the body.[22] The field of view of US 
is also limited and nearby critical structures may not 
be visualized. The 2-dimentional US images commonly 
used today for real-time guidance make proper needle 
placement challenging when dealing with complex 3D 
targets.[23] US-guided biopsy is operator dependent and 
it is diffi  cult to visualize the needle tip.[10] Not surprisingly, 
the specifi city of US-guided biopsy can be as low as 67%.[24]

In large tumor masses, most of the tissue can be necrotic 
and only a small portion can be metabolically active. 
PET/CT biopsy can pinpoint the most active tissue within 
the large mass and this decreases the need to re-biopsy. 
In the case of multiple lesions, PET/CT can guide the 
operator to the most active lesion. In the present study, 
there was no need for repeat biopsies and the diagnostic 
yield was 100%. Venkatesan et al., fused real-time US 
to co-registered CT and FDG-PET scans.[9] In that study, 
malignancy was found in 50% (18/36) biopsies and 
2 biopsies were not successful. We also found malignancy 
in 50% of the cases and we have similar or better results 

compared with the US/PET/CT multimodality fusion 
study. In an article by Servois et al., 100% of the PET 
positive lesions are malignant.[25] It is very important 
to rule out malignancy in suspicious lesions; especially 
in patients with cancer. PET/CT biopsy is clearly better 
than CT-guided biopsy because in some cancers, 
morphological changes are not apparent. Segaert 
et al., found that integrated PET/CT is superior to both 
PET and CT in detecting cancerous lymph nodes and 
it had a sensitivity of 100%.[26] PET/CT biopsy can be 
utilized for any part of the body including the bone and 
bone marrow. In addition, FDG dosage injected in our 
procedures was far less than the dosage for diagnostic 
PET/CT exams. Combining PET/CT exam and PET-guided 
biopsy will minimize radiation by requiring only one FDG 
injection. Tatli et al., used an average of 20.6 mCi of FDG in 
their PET/CT biopsies.[27] We have successfully performed 
biopsies with only 5 mCi.

Cerci et al., reported that PET/CT-guided biopsy is feasible 
and may optimize the diagnostic yield of image-guided 
interventions.[28] FDG-PET can accurately identify soft tissue 
sarcomas for biopsy.[8] FDG-PET/CT-guided biopsy has been 
utilized for soft tissue tumors and for mucormycosis.[8,29] 
FDG-PET/CT has much higher diagnostic accuracy than 
CT or MRI in characterizing tumor.[28] In addition to biopsy, 
PET/CT has been used in ablation and surgical procedures.[7] 
Werner et al., wrote that bone scintigraphy cannot reliably 
detect malignant bone marrow infiltration.[30] Bone 
scintigraphy shows only bone metabolism, not malignancy, 
and hence may not be specifi c enough to separate bone 
remodeling and healing fractures, which are common 
after treatment of bone metastases from live tumor 
cells.[30] According to Werner et al., PET/CT-guided biopsy 
is the best approach for detecting bone and bone marrow 
abnormalities.[30]

Limitations
This is a retrospective study with a small study population. 
There was only one case of soft tissue biopsy [Table 1]. The 
veteran patients are mostly male and the patients in this 
study were all males. The tracers used for the real-time 
PET/CT biopsy were NaF18 and 18F-FDG. Cancers such 
as thyroid cancer, renal cancer, and skeletal metastasis 
of prostate cancer can have low FDG avidity. In contrast, 
NaF18 is not ideal for osteolytic bone lesions such as breast 
cancer metastases.

CONCLUSION

PET/CT-guided biopsy is feasible and there is rarely a need 
for repeat biopsies with this technique. The radiation 
dosage required for PET/CT biopsy is less than routine 
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PET/CT exams. This procedure allows the PET positive 
lesions with no morphological correlation to be evaluated. 
PET/CT biopsy requires no additional equipment and can 
be done with equipment already available for regular 
examinations. We found that real-time PET/CT biopsy has 
benefi ts over conventional biopsy techniques in terms of 
accuracy of locating the correct biopsy site.
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