
R a d i o l o g y  C a s e  R e p o r t s  1 9  ( 2 0 2 4 )  3 5 1 7 – 3 5 2 1  

Available online at www.sciencedirect.com 

journal homepage: www.elsevier.com/locate/radcr 

Case Report 

Conventional and spectral- CT for renal cell 
carcinoma thermal ablation: A case report✩ 

Juna Musa, MD, MSc 

a , ∗, Ahmad Parvinian, MD 

a , Nathan Huber, PhD 

b , 
Andrea Ferrero, PhD 

a , Christopher Favazza, PhD 

a , Anil Kurup, MD 

a , Thomas Atwell, MD 

a 

a Department of Radiology, Mayo Clinic, Rochester, MN, USA 

b Philps Innovation Lab, Rochester, MN, USA 

a r t i c l e i n f o 

Article history: 

Received 10 January 2024 

Revised 1 May 2024 

Accepted 6 May 2024 

Keywords: 

Low monoenergetic (MonoE 

50 keV) 

Cortiomedullary phase contrast 

enhanced CT (CECT) 

Spectral CT scan 

Conventional CT scan 

a b s t r a c t 

Dual-energy or spectral computed tomography (CT) information may be obtained by either 

sending X-ray beams of different energy spectra through the patient or by discriminating 

the energy of the X-rays that reach the detector. The spectral signal is then used to gen- 

erate multiple results: conventional, virtual monoenergetic (MonoE), effective atomic num- 

ber, electron density, and other material specific (e.g., iodine, calcium, or uric acid). This re- 

port demonstrates the potential benefits of spectral CT imaging during percutaneous tumor 

ablation procedures, specifically regarding visualization of inconspicuous tumors, accurate 

probe placement, and assessment of treatment efficacy. 

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Radiologists encounter every day different technical chal-
lenges inherent to conventional CT percutaneous thermal ab-
lation procedures due to issues like metal artifacts, accurate
probe placement, inconspicuous tumors, thermo protection of
structures near the ablation zone, and assessment of treat-
ment efficacity [ 1 ]. These limitations impede real-time guid-
ance, functional assessment, and precise probe placement in
procedures such as thermal ablation [ 2 ]. 
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The purpose of this case report is to highlight the benefits
of spectral CT for percutaneous thermal ablation procedures. 

We demonstrate the use of low virtual monoenergetic im-
ages (VMI) for lesion visualization, high VMI for metal artifact
reduction during probe placement, and iodine quantification
to confirm treatment efficacy. This patient received 2 clini-
cally indicated thermal ablation procedures in 11 months to
treat renal cell carcinoma; the first procedure was cryoabla-
tion performed on conventional angio-CT (Big Bore on rails,
Philips Healthcare) and the second procedure was microwave
thermal ablation performed on a first-of-kind spectral
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Fig. 1 – Cryoablation with conventional CT guidance. (A) Corticomedullary phase contrast-enhanced CT (CECT) obtained 

before initial treatment shows enhancing tumor mass (solid arrow). (B) Cryoablation phases include planning, probe 
placement, ablation monitoring, and post-ablation scan. (C) Coronally reconstructed image from CT angiogram (CTA) 
obtained 11 months following ablation shows intensely enhancing nodule centrally in the ablation zone (arrow), shown to 

represent vascular tumor at subsequent conventional angiography. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

angio-CT (Spectral CT 7500 on rails, Philips Healthcare). This
pair of procedures on conventional and spectral angio-CT
highlights the potential added value of spectral information
for interventional radiology. The recently developed spectral
angio-CT makes use of a dual-layer spectral detector that
differentiates low- and high-energy X-rays and enables new
visualization modes relating to material decomposition and
tissue characterization (i.e., mono-energetic, iodine density,
bone removal, z-effective, electron density). Through this
case report, we hope to highlight the potential benefits of
spectral angio-CT for visualizing tumor masses, verifying
probe placement, and assessing tumor vascularity before and
after thermal ablation treatment. 

Case presentation 

A 65-year-old male patient underwent 2 clinically indicated
thermal ablation procedures in 11 months to treat renal cell
carcinoma; the first procedure was performed on conven-
tional angio-CT (Big Bore on rails, Philips) the second on a first-
of-kind spectral angio-CT (Spectral CT 7500 on rails, Philips).
Initial treatment was performed using cryoablation, retreat-
ment was performed after 11 months using microwave abla-
tion due to the failure of cryoablation despite apparent tech-
nical success. 

The patient presented with local recurrence 11 months af-
ter cryoablation of a left-sided renal cell carcinoma ( Fig. 1 ).
Retreatment was performed using microwave ablation due to
the failure of initial cryoablation and the central location of
the recurrent tumor. The ablation was performed under CT
guidance on a Spectral CT suite (Philips, Best, Netherlands).
Initial non-contrast CT imaging failed to delineate the recur-
rent mass. Therefore, a contrast-enhanced CT was performed
using 60 mL of Omnipaque 300 (GE Healthcare, Waukesha, WI),
which demonstrated the intensely enhancing recurrent mass
within the left renal ablation zone. The low MonoE (50 keV)
image showed improved lesion conspicuity relative to the con-
ventional CT image ( Fig. 2 ). Subsequently, a single microwave
antenna (Emprint, Medtronic, Minneapolis, MN) was placed
into the mass with care taken to avoid placing the tip of the
antenna in the collecting system. A 17-gauge introducer nee-
dle was advanced along the anterior margin of the mass and
50 mL of fluid was injected to displace the adjacent colon. A
limited CT was then obtained to assess antenna placement
before ablation. On the conventional CT images, metal arti-
facts from the probe and metallic spinal hardware hindered
visualization of the probe tip. The high MonoE (160 keV) im-
ages reduced metal artifacts and improved probe visualiza-
tion, increasing operator confidence in tumor coverage and
the safety of surrounding structures ( Fig. 3 ). 

With the microwave antenna in place, a 17-gauge intro-
ducer needle was advanced into the mass and 2 18-gauge core
biopsies were obtained. The tumor was then ablated for 5 min-
utes at 75 Watts. The antenna was removed and postproce-
dural CT was obtained, again using 60 mL of contrast. Con-
ventional CT images demonstrated no significant perinephric
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Fig. 2 – Corticomedullary phase contrast-enhanced spectral CT for procedure planning. (A) Conventional equivalent CT 

image with enhancing tumor mass (solid arrow). (B) Low monoenergetic (MonoE, 50 keV) results in improved lesion 

conspicuity relative to conventional CT images. 

Fig. 3 – Non-contrast probe placement scan with spectral CT. (A) Conventional equivalent images contained severe metal 
artifacts. (B) The 160 keV MonoE had reduced artifacts from the antenna and metal in the spine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hemorrhage. Contrast-enhanced images demonstrated com-
plete coverage of the targeted tumor, with the iodine-only im-
ages confirming a lack of contrast enhancement within the
ablation zone ( Fig. 4 ). 

1. Cryoablation with Conventional CT Guidance 

Percutaneous cryoablation of the left renal mass under
general anesthesia was performed with ultrasound and con-
ventional CT guidance. An initial CT planning scan was ac-
quired to localize the lesion of interest and plan needle place-
ment. Five cryoprobes were placed under ultrasound guidance
and their placement was confirmed with subsequent CT imag-
ing. CT was used to monitor the cryoablation treatment to
confirm tumor was fully encompassed within a lethal tem-
perature zone and critical structures were avoided (i.e., ureter,
bowel, and adrenal gland). Postablation scans showed no evi-
dence of contrast enhancement within the original tumor vol-
ume, indicating that the ablation procedure was successful
( Fig. 1 B). 

At 11 months following ablation, a CT angiogram showed
an intensely enhancing and enlarging nodule within the prior
ablation zone ( Fig. 1 C). Vascular enhancement was initially
thought to be a pseudoaneurysm; however, subsequent an-
giography revealed tumor mass recurrence. 
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Fig. 4 – Pre- and post-ablation scans nephrographic phase 
contrast-enhanced, coronal plane. (A) Pre-ablation images 
indicate neovascularization of tumor mass leading to the 
enhanced lesion as seen in conventional and 

iodine-no-water images. (B) Postablation images indicate 
no enhancement within the ablation zone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Microwave Ablation with Spectral CT Guidance 

At 11 months following the initial cryoablation, the patient
was admitted for a second thermal ablation procedure to treat
a recurrence of tumor mass. For the second procedure, the mi-
crowave ablation was guided with spectral CT, as opposed to
conventional CT. 

The initial planning scan using noncontrast CT imaging
failed to delineate the enhancing mass seen on the previous
CT exam and angiogram. Consequently, 60 mL of intravenous
contrast was administered, and subsequent images showed
the enhancing recurrent mass within the left renal ablation
zone. Several, spectral results were inspected to better visual-
ize the recurrent mass, including low monoenergetic (MonoE),
virtual non-contrast (VNC), Iodine no Water, and Z Effective
images. The low monoE (50 keV) image showed improved le-
sion conspicuity relative to the conventional CT image ( Fig. 2 ).

Subsequently, a microwave antenna was placed into the
tumor mass with care taken to avoid placing the tip of the
probe in the collecting system. A 17-gauge introducer needle
was advanced along the anterior margin of the mass and 50
mL of fluid was injected to displace the adjacent colon. For
the conventional image, metal artifacts from the probe and
prior spine surgery compromised the visualization of the pre-
cise probe location. The high MonoE (160 keV) reduced the im-
pact of metal artifacts resulting in improved visualization of
the probe placement ( Fig. 3 ). 
Two 18-gauge core biopsies were obtained, and the tumor
was ablated for 5 minutes at 75 W. The microwave antenna
was removed without complication. Contrast-enhanced imag-
ing immediately following ablation was performed to assess
treatment. Conventional images indicated the enhancing tu-
mor mass was effectively treated. Iodine no water images pro-
vided subjectively greater confirmation with the absence of
iodine uptake in the ablation zone ( Fig. 4 ). 

A chest X-ray did not reveal any evidence of metastatic dis-
ease in the chest. Laboratory testing was within normal limits
with normal renal function. A follow-up CT scan or MRI was
recommended in 3 months. 

Discussion 

Interventional oncology teams experience different chal-
lenges during thermal ablation procedures. The use of spec-
tral CT imaging during percutaneous renal mass ablation can
facilitate procedural planning, probe placement, and assess-
ment of treatment efficacy. This case report highlights three
promising potential applications of spectral CT to overcome
routine challenges for interventional oncology teams: (I) low
MonoE for lesion localization and procedure planning, (II) high
MonoE for accurate placement of interventional applicators,
and (III) Iodine no Water for assessing treatment efficacy. 

(I) In this case, the neovascularization of the tumor mass
has increased iodine uptake compared to the surround-
ing tissue. This case indicates spectral CT with low Mo-
noE can be used to improve lesion conspicuity relative
to conventional CT for enhancing lesions. One promis-
ing direction is to use low MonoE to reduce the amount
of contrast agents administered during interventional
procedures. The patient in this case reported compro-
mised renal function from bilateral renal artery steno-
sis and chronic kidney disease. This advantage has pre-
viously been demonstrated with diagnostic spectral CT
in which low MonoE images enabled a reduction in ad-
ministered contrast dose [ 1 ]. 

(II) Metal artifact is an inherent challenge during CT-guided
interventions, particularly when more than one abla-
tion device is necessary, or—as in this case—when there
is additional artifact from hydro displacement needles
and preexisting spinal hardware. In these instances,
spectral CT with high MonoE can be used to reduce
metal artifacts relative to conventional CT, thereby in-
creasing confidence in probe placement and limiting
the number of probe manipulations that might other-
wise be necessary to optimize positioning. Previously
groups have used spectral CT with high MonoE to re-
duce metal artifacts during diagnostic imaging [ 2 ]. 

(III) Contrast-enhanced CT imaging before and after abla-
tion can be an important tool to determine treatment
success. Confirming the absence of enhancement us-
ing iodine-only images can improve confidence in treat-
ment success while limiting the dose of contrast admin-
istered to the patient. 

Before ablations, most tumors show higher iodine content
associated with increased vascularity and perfusion com-
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pared to other benign masses. After ablations, the absence
of iodine uptake in the ablation zone would be indicative of
successful treatment of the index tumor. This case indicates
Iodine no Water images from spectral CT can be used to
quantify the iodine content within the tumor mass before
and after ablation to aid in confirmation of treatment suc-
cess. In future studies, we plan to study the use of spectral
CT Iodine no Water images to visualize malignant masses
and quantify postablation iodine uptake within the ablation
zone. 

Conclusion 

Overall, the use of spectral CT imaging during renal ab-
lation can provide favorable adjunctive imaging informa-
tion to improve procedural performance and potential treat-
ment outcomes. This case report provides a preliminary in-
dication of the benefits of a first-of-kind spectral -CT scan-
ner for procedure planning, probe placement, and assess-
ing treatment efficacy. Further research is necessary to con-
firm the benefit of spectral information for interventional CT
applications. 
Contributions 

Each author has contributed equally. 

Patient consent 

We obtained written, informed consent for publication from
the patient. 
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