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Abstract

Objective Our purpose was to determine whether dual-energy CT (DECT), specifically the bone marrow setting of the virtual
noncalcium (VNCa) algorithm, could be used to identify and accurately biopsy suspected bone malignancies that were visible on
magnetic resonance imaging (MRI), nuclear bone scintigraphy, or positron-emission tomography/computed tomography
(PET/CT), but occult on monoenergetic computed tomography (CT) by virtue of being either isodense or nearly isodense
to surrounding normal bone.

Materials and Methods We present 4 cases in which DECT was used to detect various malignant bone lesions and was
successfully used to direct percutancous DECT-guided bone biopsies.

Results Two of the lesions were solid tumor metastases (breast and prostate carcinoma), whereas two others were hematological
malignancies (leukemia and lymphoma). This technique enabled us to confidently and accurately direct the biopsy needle into the
target lesion.

Conclusion The authors demonstrate that the DECT VNCa bone marrow algorithm may be helpful in identifying isodense bone
lesions of various histologies and may be used to guide percutaneous bone biopsies. This technique may help to maximize
diagnostic yield, minimize the number of passes into the region of concern, and prevent patients from undergoing repeat biopsy.

Keywords Dual-energy CT - Bone biopsy - Isodense bone lesion

Introduction

Dual-energy computed tomography (DECT) has been increas-
ingly used in musculoskeletal imaging for applications rang-
ing from detecting urate deposits in gout, assessing for bone
marrow edema and osteoporosis, determining body composition,
characterizing tendons and ligaments, and aiding the reduction of
metallic artifact [1-12]. This technique allows for discrimination
of materials such as calcium, iron, urate and iodine, based on
their inherent atomic numbers [13], and these materials can be
displayed on CT images with color or grayscale-coded maps,
which can help virtually accentuate or eliminate them. Bone
marrow assessment on DECT may also be helpful in
distinguishing osseous lesions from adjacent normal bone [14].

>< Michael C. Burke
michael.c.burke.85@gmail.com

Department of Radiology, Northwestern University Feinberg School
of Medicine, 676 North Saint Clair Street, Suite 800,
Chicago, IL 60611, USA

Most lesions of cortical and medullary bone are well-seen
on computed tomography (CT) based on the fact that they are
either sclerotic (denser than the adjacent bone) or lucent (less
dense that the adjacent bone), and the use of CT-guidance for
directing bone biopsies is well established. As a result, the
outcomes of percutanecous CT-guided biopsy of bone lesions,
including diagnostic yield, diagnostic accuracy, and false-
negative rates, have been reported by many groups.
However, the reported ranges of these outcomes have been
highly variable, with diagnostic yield ranging between 49
and 98%, accuracy between 86 and 97%, and false-
negative rates from 2 to 8% [15-28]. In our practice, we
are increasingly asked to biopsy lesions that are clearly
discernible on magnetic resonance imaging (MRI), nuclear
bone scintigraphy, or positron-emission tomography/CT
(PET/CT), but appear isodense or nearly isodense to bone
on monoenergetic CT. We suspect that this scenario is also
encountered at other institutions given the increased vol-
ume of medical imaging over the last decade, and may
contribute to poor diagnostic yield and false-negative bi-
opsy. Other authors have recommended various strategies
for lesion localization in this setting, including use of a
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previous MRI as an anatomical road map during the CT-
guided biopsy [29], direct MRI-guided bone biopsy [30,
31] or using PET/CT during the biopsy to guide needle
trajectory [32, 33]. However, MRI road mapping can lead
to sampling error and false-negative biopsies; MRI-guided
bone biopsies require specialized biopsy devices and often
result in large artifacts that may prevent visualization of the
lesion as the needle is advanced in to the bone; and PET/
CT-guided biopsies, particularly the PET portion of the
study, may result in added time and expense.

A number of authors have discussed the potential use of
DECT in detecting bone neoplasms. There have been a few
recent reports discussing its use in both hematogenous malig-
nancies, such as multiple myeloma [34-36], and solid bone
neoplasms, such as metastases [37-42]. The goal of this article
is to describe our initial experience using DECT to improve
bone lesion visualization, and utilization of these images to aid
CT-guided biopsy to potentially decrease sampling error.

Materials and methods
Patient selection

This retrospective study was granted an internal review board
waiver and consisted of four consecutive patients with a his-
tory of primary malignancy. The study consisted of four pa-
tients with bone lesions identified on contrast-enhanced MRI
and/or PET/CT that were either not discernable or not easily
discernable on subsequent monoenergetic CT or the attenua-
tion correction CT images from PET/CT. Although no patients
were excluded based on other criteria, the lesions needed to be
amenable to safe percutaneous access and the patients needed
to be able to tolerate the procedure, including optimal posi-
tioning without significant movement to allow the mainte-
nance of a safe, sterile field. Additionally, patients were pre-
screened for a history of bleeding diathesis, anticoagulant use,
or active infection. No other patients were considered for the
study, and the four patients represented our total experience
with this technique to date.

Dual-energy CT protocol

Unenhanced CT examinations were performed using a third-
generation dual-source dual-energy CT system (Somatom
Force; Siemens, Forchheim, Germany). The two X-ray tubes
were operated at different kilovolt settings (tube A: 90 kVp,
245 mAs; tube B: Sn150 kVp [0.64 mm tin filter], 350 mAs).
All of the patients in our study weighed less than 90 kg.
However, if any patient had weighed more than 90 kg, the
kilovolt setting on tube A would have been increased to 100
kVp. Axial CT was performed in the craniocaudal direction
with a dual-energy protocol (rotation time, 0.5 s; pitch 0.5;
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collimation, 128 x 0.6 mm). Automatic attenuation-based
tube current modulation (CASE dose 4D; Siemens
Healthineers) was utilized. Mean volume CT dose index was
18.37 mGy (range, 3.0-13.3 mGy) and mean dose-length
product was 339 mGy/cm (range, 86.6—789.1 mGy/cm).

Post-processing was performed on dedicated dual-energy
software (Syngo.via; version VA30; Siemens Healthineers)
with a three-material decomposition algorithm for bone min-
eral, yellow marrow, and red marrow, based on the following
material definitions (which represent the default settings): cal-
cium slope: 1.65; yellow marrow, —108/—84 HU (low/high kV
tube); red marrow, 52/51 HU for the 90/150 kV setting. The
parameters in the 100/150 kV setting were set to a calcium
slope: 1.53; yellow marrow: -105/—84 HU; red marrow: 52/51
HU. For further assessment, DECT images were viewed as
weighted average CT fused with a virtual noncalcium (VNCa)
color map overlay using the bone marrow setting (Siemens
Healthineers).

Bone biopsy technique

Initial pre-procedural imaging, either MRI or PET/CT, was
used to plan the optimal pathway for percutaneous access to
each lesion. The patient was placed on the CT table and an
initial DECT was performed. Grayscale imaging was viewed
in the bone window to assess for areas of osteolysis or aggres-
sive periosteal reaction in the area of concern, and in the soft-
tissue window to detect areas of altered marrow attenuation
that can be associated with bone lesions. Additionally, axial
color-coded imaging of the region of interest was performed
using the bone marrow settings of the VNCa algorithm to help
identify the target lesion. The optimal needle pathway was
narrowed to a specific region based on analysis of the color
map imaging. In some instances, there may be a few scattered
areas of altered intramedullary color coding on a particular
DECT image, and it may be difficult to determine whether a
particular region represented tumor or hematopoietic marrow.
However, the site of biopsy was chosen to correspond to the
region of abnormal color-coding on DECT imaging that also
corresponded most closely with the original PET or MRI find-
ing. Core bone biopsies were performed co-axially using an
11-gauge Arrow OnControl Powered Bone Access System
(Teleflex, Morrisville, NC, USA). As per our institutional rou-
tine, CT-guided bone biopsies were performed with intrave-
nous moderate sedation administered by Interventional
Radiology nurses and continuous monitoring throughout the
procedure. At the completion of the procedure the patient was
observed in the Interventional Radiology recovery area for 1 h
to ensure that they were not experiencing any postprocedural
complications.

As the biopsy needle was advanced to the surface of
the bone, intermittent localizing axial CT was performed
to confirm needle location and direction. CT technique
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was switched to a routine monoenergetic setting (120 kV,
100 mAs, rotation time 0.5 s, pitch 0.5, 192 x 0.6 colli-
mator) to reduce radiation dose (CTDI 6.7 mGy). As the
needle was advanced to the edge of the lesion, DECT
was again performed to determine whether the lesion
could be seen outside of the pathway of the needle,
which would necessitate redirection of the needle. In each
case, the biopsy needle produced beam-hardening artifact,
which was represented by a linear black band oriented
along the long axis of the needle extending from the
needle tip along the expected pathway of the biopsy.
Although the artifact obscured the target lesion, it was
useful to direct the needle toward the lesion as the needle
was advanced. The needle was then advanced into the
lesion, yielding between two and four specimens, which
were analyzed by an on-site cytopathologist to confirm
lesional material on initial touch prep analysis. The spec-
imens were then sent to surgical pathology for frozen
section to confirm the diagnosis and for final analysis.
Finally, as significant metal artifact related to the biopsy
needle was encountered on the intra-procedural images, a
final DECT with bone marrow settings was obtained after
the needle was removed to confirm that the needle tract
intersected the lesion in question.

Results
Case 1

An 84-year-old man with a history of both prostate carcinoma
and follicular lymphoma was thought to be in remission for
both malignancies with an undetectable serum prostate-
specific antigen (PSA). However, on surveillance PET/CT,
the patient was found to have a new hypermetabolic focus in
the posterior left iliac wing, and the SUV,,,,, was measured at
4.3 (Fig. 1a). No definitive corresponding lesion was identi-
fied on the accompanying attenuation-corrected CT (Fig. 1b).
Biopsy of the lesion was needed to differentiate prostatic me-
tastasis from lymphomatous recurrence. Pre-procedural
DECT color map images performed 2 weeks after the PET/
CT identified a wedge-shaped area of green color thought to
correspond to the lesion, on a background of purple bone
marrow (Fig. 1c, d). Biopsy was performed with three passes
over 50 min as described above (Fig. le), with pathology
yielding “fragmented bone with an extensive lymphoid infil-
trate consisting predominantly of small to medium-sized lym-
phocytes,” indicating follicular lymphoma, and not prostate
cancer. Although we provided solid core bone fragments, flow
cytometry of one of the biopsy samples was also performed,

Fig. 1 Follicular lymphoma in a patient with a history of both prostate
carcinoma and lymphoma. a Axial fused FDG-PET/CT image of the
pelvis demonstrates a hypermetabolic focus in the posterior left iliac
wing (arrow) that was not seen on previous imaging (not shown). b
The attenuation correction CT of the pelvis from the same study failed
to show an osseous lesion corresponding to the PET finding. DECT with
bone marrow color mapping was then performed in an attempt to identify
the lesion of concern before biopsy to better plan the biopsy tract.
According to this color scale, normal marrow is generally coded in
shades of blue and purple, whereas marrow lesions exhibit greener
colors. ¢ Initial large field-of-view (FOV) axial DECT pelvic color map
image of the bone marrow reveals a suspicious focus corresponding to the

PET/CT abnormality (arrow). d Axial DECT color map after the biopsy
needle was advanced to the surface of the bone shows significant
distortion of the color coding with areas of beam-hardening artifact
along the axis of the needle (arrow) and new artifactual orange and red
shades (arrowhead) that obscure the region of interest. Importantly, this
artifact is much less pronounced on images above and below the needle,
and there were no signs that the lesion was located either cranial or caudal
to the needle tip (not shown). The selected image is slightly cranial to the
initial pre-procedure color map image as the biopsy needle penetrated the
skin cranial to the lesion and the trajectory was caudally angulated to enter
the region of concern. Histological assessment of the biopsy specimens
confirmed the presence of follicular lymphoma in this region
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which confirmed the diagnosis of B cell malignancy. As a
result of the biopsy the patient started chemotherapy to treat
follicular lymphoma.

Case 2

A 67-year-old man with a history of T3b prostate carcinoma
with a Gleason score of 7 was status post-prostatectomy. The
patient’s serum PSA measured 0.76 at the time of imaging,
and clinically, the patient was felt to be at a very low risk for
metastatic disease. A routine follow-up prostate MRI showed
an 11-mm, subtly enhancing lesion in the posterior left iliac
wing (Fig. 2a). A subsequent monoenergetic CT of the pelvis
was performed to confirm the lesion and help localize it before
CT-guided biopsy (not shown). However, no correlate was
visible on the CT images, and the patient was referred for
DECT-guided biopsy. Pre-procedural DECT grayscale imag-
ing shows a faint lucency in the posterior left iliac wing that
was indeterminate, but may represent the lesion seen on MRI
(Fig. 2b). The lucency measured 32 Hounsfield units, which
was felt to be indeterminate for distinguishing a true soft-
tissue lesion from either focal yellow marrow or localized
osteoporosis given its size and intraosseous location. DECT
color map images showed a 13-mm ovoid area of green color
thought to correspond to the lesion depicted on MRI, on a
background of purple marrow (Fig. 2c). Biopsy of the lesion
was performed with four passes performed over 65 min to

confirm metastatic disease (Fig. 2d). The biopsy specimen
was reported as: “bone fragments with blood and cellular mar-
row components involved in malignant glandular proliferation
composed of small tightly packed glands with cells displaying
high nuclear/cytoplasmic ratios, nuclear hyperchromasia, and
eosinophilic cytoplasm.” Immunohistochemistry analysis of
the biopsy samples was negative for PSA, but positive for
NKX3.1 protein, which is seen in most prostate carcinomas
and felt to be a specific and sensitive marker of prostate car-
cinoma. The lack of PSA staining on the core bone samples
may explain why the patient’s serum PSA remained low in the
setting of osseous metastases. Thus, the biopsy confirmed the
presence of metastatic disease and the patient was started on a
chemotherapy regimen including hormone therapy.

Case 3

A 70-year-old woman with acute myelogenous leukemia was
thought to be in relapse. Pelvic MRI was performed for tumor
staging and demonstrated several subcentimeter, STIR-hyper-
intense, enhancing lesions in the iliac bones (Fig. 3a). The
patient was referred for initial CT-guided bone biopsy. The
monoenergetic CT of the pelvis did not demonstrate a corre-
sponding abnormality (Fig. 3b, ¢) and the preprocedural MRI
was used to plan biopsy needle trajectory as part of a routine
CT-guided biopsy. However, no lesional material was detected
on histological analysis (Fig. 3d). As a result, the patient was

Fig. 2 Prostate carcinoma in a patient who was status post-prostatectomy
and felt to be at a very low risk for metastatic disease. a Axial T1 spin
echo fat-suppressed post-contrast image of the pelvis demonstrates an
enhancing 11-mm lesion in the posterior left iliac wing (arrow). b
Subsequent routine axial CT of the pelvis just before the biopsy does
not show a convincing lesion, although there may be a faint oval region
of decreased attenuation in the region of concern (arrow), which could
represent a lesion or possibly an island of yellow marrow with trabecular
rarefaction. ¢ Color map imaging from a DECT performed with a bone
marrow setting just before the biopsy reveals a faint area of green
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corresponding to the enhancing lesion on MRI and the lucent lesion on
the pre-biopsy CT images, which is not seen elsewhere in the posterior
left ilium (arrow). The intensity of the green color is focally decreased in
the area of the suspected lesion compared with other cases in this study,
which probably reflects the focus of decreased attenuation on the
grayscale image that was fused with the color map. d Color map DECT
image during the biopsy demonstrates the needle pathway targeting the
lesion detected on the pre-biopsy DECT color map images (arrow).
Biopsy confirmed metastatic prostate carcinoma
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Fig. 3 Acute myeloid leukemia. a Axial T1 spin echo fat-suppressed
post-contrast image of the pelvis shows a 1.2-cm enhancing lesion in
the posterior right iliac wing (arrow) that was new compared with
previous studies (not shown). An initial bone biopsy was
unsuccessfully attempted using anatomical landmarks from the MRIL b
An axial CT image viewed in bone windows from the initial biopsy does
not show the target lesion either, and no lesional cells were identified at
pathology. As a result, the patient was referred for repeat biopsy with
DECT guidance. ¢ Axial pelvic DECT color mapping just before needle

referred for DECT-guided iliac bone biopsy to confirm
metastatic disease. Pre-procedural DECT color map images
showed a 16-mm ovoid area of green color on a back-
ground of purple bone marrow (Fig. 3e, f), presumably
corresponding to the 9-mm lesion demonstrated on MRI.
Biopsy of the lesion was performed with four passes per-
formed over 45 min (Fig. 3g) and samples reviewed by
pathology yielded: “multiple large sheets of immature
monocytic cells most consistent with acute myeloid leuke-
mia with monocytic differentiation.” Immunophenotypic
analysis differed from the patient’s previous bone marrow
studies, which further guided therapeutic management.

Case 4

A 66-year-old female patient with a history of breast carcino-
ma was thought to be in remission and developed new-onset
low back pain. However, given the patient’s history, MRI with
contrast medium administration followed by whole-body
bone scintigraphy were obtained to evaluate the cause of the
patient’s symptoms, including possible osseous metastatic dis-
ease. There were several areas of increased radiotracer uptake
on nuclear medicine bone scan (not shown) and an enhancing
5-mm lesion in the posterior left iliac wing identified on MRI
(Fig. 4a); however, only a single lesion located at the right

placement clearly demonstrates the lesion of concern (arrow). In this
case, the 3D imaging was helpful in spatially localizing the lesion;
however, the lesion was more conspicuous on the 2D axial images. d
An axial pelvic DECT color map image with the needle on the surface
of the posterior iliac wing directed toward the lesion shows significant
beam-hardening artifact that obscures the underlying bone and much of
the lesion (arrow). However, the orientation of the artifact indicates the
biopsy tract and can be helpful in directing needle advancement. The final
pathology report yielded acute myeloid leukemia

femoral head/neck junction was identified on staging CT
chest/abdomen/pelvis (Fig. 4b, c). The authors believed
that the posterior left iliac wing lesion was technically eas-
ier and safer to biopsy than other lesions, and DECT was
used to localize and biopsy the lesion. Pre-procedural
DECT color map images showed a 7-mm green rounded
focus on a background of purple marrow, which was felt to
correspond to the lesion demonstrated on MRI (Fig. 4d, e).
Biopsy of the lesion was performed with two passes per-
formed over 45 min (Fig. 4f, g). Histological analysis of
the biopsy specimens resulted in “fragments of mature
bone involved in malignant proliferation of cells in small
clusters with enlarged round to oval hyperchromatic nuclei
with high nuclear/cytoplasmic ratio and scant eosinophilic
cytoplasm,” diagnostic of metastatic breast carcinoma.
Immunohistochemistry showed that the lesion was estro-
gen receptor-positive, but progesterone receptor- and
HER-2/neu-negative.

Discussion
Bone marrow assessment on DECT is increasingly becoming

part of routine clinical practice, and has been reported to help
improve detection and characterization of traumatic,
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Fig. 4 Breast carcinoma and new onset of low back pain. a Axial T1 spin
echo fat-suppressed post-contrast image of the lower lumbar spine reveals
a 0.9-cm posterior left iliac wing lesion (arrow) suspicious for a
metastasis. Axial CT of the pelvis viewed in b bone and ¢ a soft-tissue
windows does not show a lesion in this area, and the patient was
scheduled for a DECT-guided biopsy of the lesion. d Axial CT image
of the abdomen and pelvis performed 2 weeks before the biopsy
demonstrated a primarily sclerotic focus in the right femoral head
(arrow) that extended to the femoral head/neck junction. This was a
deeper lesion that was surrounded by muscle and neurovascular
structures. The posterior iliac lesion was more superficial and not deep
to major neurovascular structures. As a result, this was selected for initial
biopsy. e Just before biopsy, an initial axial DECT with bone marrow

rheumatological, and neoplastic processes that affect the mar-
row. The linear attenuation coefficient is a fundamental pa-
rameter of both monoenergetic and dual-energy CT. It dis-
criminates tissues in the imaging plane based on their ability
to stop X-rays from reaching the imaging detector, in turn
creating an image of contrasting shades of black, gray, and
white. This enables the delineation of different structures or
pathological conditions from one another, such as a “gray”
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color mapping was performed with a 3-mm slice thickness. There is a
faint area of green color (arrow) corresponding to the area of interest that
could represent the target lesion. However, this is similar to shades of
green marrow color elsewhere in the pelvis. f The scan was repeated after
decreasing the slice thickness to 1.5 mm and the lesion of interest is now
clearly visible(arrow). g Repeat DECT after advancing the needle shows
the needle positioned in the expected area of the lesion with significant
distortion of the color map (arrow). h Nearly all of the color-coding
distortion resolves after removal of the needle, suggesting that the
device might make a large contribution to the color map alteration,
although the residual color map abnormality is slightly larger (arrow)
than the original lesion on the pre-biopsy image. The final diagnosis
was metastatic breast carcinoma

fracture line within a “white” bone. The mass density and
composition of a particular material, in addition to how pho-
tons interact with the material, are the primary parameters that
define the linear attenuation coefficient. Monoenergetic CT
primarily exploits differences in mass density, whereas
DECT uses differences in both mass density and material
composition. Therefore, two objects with the same mass den-
sity, but different material compositions may appear identical



Skeletal Radiol (2019) 48:605-613

611

at a certain energy level on a monoenergetic CT, but can be
seen as two distinct structures by varying the X-ray energy
with DECT [43-45].

Monoenergetic CT is the primary modality utilized for
bone lesion biopsy given its relative availability and ability
to easily and rapidly identify most bone lesions, which are
either sclerotic (denser than the adjacent bone) or lucent (less
dense that the adjacent bone). However, when a lesion has a
mass density that is nearly identical to the adjacent bone,
monoenergetic CT is unable to depict the lesion, and the radi-
ologist must rely heavily on anatomical landmarks when plan-
ning the needle trajectory for percutaneous biopsy [29]. This
technical approach increases the risk for sampling error, po-
tentially necessitating repeat biopsy, which in turn increases
costs, often delays treatment, and may increase the patient’s
anxiety level while awaiting a definitive diagnosis. Therefore,
when a lesion demonstrated on MRI, nuclear bone scintigra-
phy, or PET/CT is isodense or nearly isodense to adjacent
bone on monoenergetic CT, DECT can use differences in ma-
terial composition to assign the lesion a different color or
shade of gray than the adjacent bone on the image display.
The interventionalist may then more accurately plan the biop-
sy trajectory to the area of interest, decreasing sampling error,
and thus decreasing costs and delays in treatment.

We present a novel approach to using DECT to help
refine the biopsy trajectory for lesions that are readily ap-
parent on MRI or PET/CT, but where either no definitive
correlate is identified on monoenergetic CT or the target is
faint and there is potential for sampling error. A series of
four patients with varying malignancies, including prostate
carcinoma, lymphoma, acute myelogenous leukemia, and
breast carcinoma, all underwent biopsy of an iliac bone
lesion. Pre-procedural color maps were the primary meth-
od used to identify an appropriate biopsy tract through
which the needle would advance to access the lesion.
Comparison of the color maps with the initial pre-
procedural imaging demonstrating the target lesion, either
MRI or PET/CT, was performed to confirm that the appro-
priate region was selected for biopsy. After initial entry of
the needle, color map images were again employed,
depicting linear beam-hardening artifact that obscured the
lesion in question along with significant distortion of the
color coding. Although this artifact could potentially pre-
vent accurate needle advancement into the target lesion, we
found that the linear beam hardening artifact was useful to
confirm the accurate trajectory of the needle. Following
removal of the needle, the color map images demonstrated
that the color map distortion almost completely resolved,
suggesting that this distortion might have been almost en-
tirely related to the presence of the metal rather than the
biopsy technique. All of the biopsy specimens yielded
lesional tissue, which indicates that there was no signifi-
cant sampling error. Malignant cells were identified by the

pathologist in each case at the time of biopsy and the final
pathology results were available a few days after biopsy
and helped guide therapeutic management for each patient.

Although one patient only had a preprocedural PET/CT
demonstrating the lesion, which precluded accurate size mea-
surements, it should be noted that three of our four patients
had preprocedural MRIs that demonstrated target lesions mea-
suring less than 1.5 cm in their greatest dimension. Several
authors have reported significantly lower diagnostic yield and
accuracy when biopsying smaller lesions, particularly when
they were smaller than 2 cm [23, 46]. Our case series demon-
strates that directly visualizing small target lesions during
DECT-guided bone biopsies may potentially help to increase
diagnostic yield. Of note, in the 3 cases in which there was a
pre-procedural MRI, the measured size of the target lesion was
slightly larger on the DECT color-coded images than on the
MRI. Although we attempted to biopsy the center of each
target lesion it may be interesting to determine on additional
cases whether this difference in measured size could lead to
sampling error if the periphery of the lesion on the DECT
color maps was sampled rather than the center.

In two patients, we noted that the target lesions were either
not visible or difficult to discern from background marrow on
DECT bone marrow color maps when the images were ac-
quired using a larger slice thickness (3 mm). These lesions
became more conspicuous when using a thinner slice thick-
ness (1.5 mm). Our first patient (case 1) took more than 1 h
between the start of the first DECT scan and removal of the
biopsy needle. This was primarily because we obtained DECT
imaging and performed post-processing of the VNCa bone
marrow setting several times before, during, and after the pro-
cedure to optimize our imaging and procedural technique.
This included selecting the optimal CT slice thickness and best
color map settings to display the target lesion in addition to the
biopsy needle. In addition, we took several passes through the
lesion to increase diagnostic yield. However, as we became
more comfortable with this technique and optimized the im-
aging parameters, we were able to reduce the procedure time
to less than 1 h, which is only slightly greater than our usual
bone biopsy times when lesions are clearly visible on
monoenergetic CT imaging. The standard of care at our insti-
tution is to involve a cytopathologist during biopsies of lytic
and isodense bone lesions to confirm that the tissue samples
contain lesional material. Although this lengthens procedure
times, it has reduced the number of repeat biopsies we have
had for insufficient material [47].

Several limitations to our series exist, most notably the
small sample size of four patients. The patients were not se-
lected for type of malignancy, and it is unclear whether certain
bone tumors, such as those from solid tumor metastases, are
more discernable on DECT than hematological malignancies,
such as lymphoma or multiple myeloma. Correlation with
FDG avidity on PET was also not considered, and it is possible
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that only lesions with significantly elevated SUV values may
be more identifiable on the DECT color map images. All of
these lesions were located in the iliac bones, though presum-
ably the same DECT parameters would apply to lesions in
other areas. Furthermore, anatomical landmarks from
preprocedural imaging studies have long been used with vary-
ing success to guide biopsy of isodense bone lesions and this
approach may have achieved the same results as those obtain-
ed following DECT biopsy. We did not encounter a lesion that
was detected on MRI or PET, but imperceptible on the DECT
color-coded images. It is certainly possible that some lesions
referred for this technique may not be visible on the DECT
color maps. In these cases, we would rely on the pre-
procedural MRI or PET to provide a road map to guide the
appropriate needle trajectory. Future work may be centered
around these and other issues, including comparing DECT
with MRI-guided bone lesion biopsy, and quantifying the dif-
ference in radiation dose between monoenergetic CT and
DECT using a larger sample size. Finally, artifact related to
the biopsy needle could potentially obscure the target lesion
and result in the selection of a suboptimal needle pathway.
Further studies could be performed to determine whether the
concurrent use of iterative metal artifact reduction techniques
that are currently clinically available could be helpful in re-
ducing the artifact and allowing better visualization of the
lesion as the needle is advanced.

In conclusion, DECT using the bone marrow setting may
be helpful in directly visualizing osseous lesions that are oc-
cult on monoenergetic CT and directing CT-guided percuta-
neous biopsies of these lesions.
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