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Conventional computed tomography (CT) plays an important role in detection of lung
nodules. However, further characterization is usually limited requiring additional imaging
and invasive work up. Spectral Detector CT (SDCT) is an upcoming novel modality that not

only allows morphological evaluation but also provides insight into prediction of malignant
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behavior of lung nodules. Additional quantification capabilities available from the same
scan make it a more comprehensive imaging option in oncology patients. This is a first case
report demonstrating the potential of single SDCT to provide necessary information for lung
cancer diagnosis and preoperative planning, comparable to standard of care imaging.

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Lung cancer is one of the most common malignancies in the
world with a high mortality rate. However, accurate imaging
diagnosis remains challenging as there is considerable overlap
in the appearances of malignant and benign pulmonary nod-
ules on routine computed tomography (CT) examinations, fre-
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quently requiring costly work up and invasive tissue sampling
for final diagnosis [1]. Additionally, poor respiratory function
may interfere with the surgical treatment of lung cancer,
which warrants preoperative lung function evaluation and ad-
ditional imaging [2].

We report a case of incidental pulmonary nodules which
appeared similar on conventional CT images but demon-
strated completely different characteristics on iodine density
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Fig. 1 - Coronal CT in lung window setting shows
pulmonary nodules in right middle (Arrow) and right upper
lobes (Arrowhead) which based on size and morphology
appear similar and suspicious for malignancy.

maps from dual energy spectral detector CT (SDCT). Addition-
ally, pulmonary function estimation from the same examina-
tion was also performed with comparable results to the ra-
dionuclide imaging standard.
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A

Case report

A 73-year-old male with a 50-pack-per-year smoking history,
hypertension, and hyperlipidemia was found to have 2 sus-
picious right lung nodules on an outside hospital screening
CT scan. For confirmation and further evaluation, a repeat di-
agnostic contrast enhanced CT of the chest was performed
which confirmed 2 nodules suspicious for malignancy on con-
ventional images in the right upper and middle lobes (Fig. 1).
Since scan was done on SDCT, iodine density maps were avail-
able. These showed a pronounced uptake of iodine in right
middle lobe nodule (2.5 mg/mL, Fig. 1), suspicious for malig-
nancy, and insignificant uptake in the right upper lobe nodule
(0.5 mg/mL, Fig. 2), favoring benign etiology.

Subsequent work up with positron-emission tomogra-
phy/CT, CT guided biopsy, and endobronchial ultrasound and
biopsy confirmed the right middle lobe nodule as poorly dif-
ferentiated squamous cell cancer (T2aNOMO) while the right
upper lobe nodule was consistent with a benign necrotizing
granuloma. These findings were congruent with SDCT find-
ings.

Because of severe emphysema identified on CT and poor
lung function (FEV1: 42%, DLCO: 22%), the patient underwent
SPECT (single photon emission computed tomography)/CT for
further estimation of lobar function. This revealed several per-
fusion deficits, corresponding to emphysema, that matched
the SDCT iodine density maps (Fig. 3A and 3B). Further, a quan-
titative analysis (Fig. 3C) with dedicated software (MIM Soft-
ware - Version 6.7; MIM Software Inc., Cleveland, OH, USA)
showed similar perfusion distribution between iodine density

lodine Density mg/ml
Avg: 0.5

Fig. 2 - Axial iodine density map (A) shows that the right middle lobe nodule has pronounced iodine uptake as compared to
normal lung parenchyma, and further quantification reveals iodine density of 2.5 mg/ml within nodule, which points
towards possible malignancy. Biopsy confirmed poorly differentiated squamous cell carcinoma. In contradistinction, the
right upper lobe nodule has negligible iodine uptake (B), less than adjacent normal lung parenchyma with quantification
revealing very low iodine density of 0.5 mg/ml with the nodule, pointing towards possible benign etiology. Biopsy

confirmed presence of a necrotizing granuloma.
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_ lodine density Map perfusion results

SPECT/CT imaging perfusion results

Left lung Right lung Left lung Right lung
Upper lobe 18% 12% 17% T
Middle lobe 6% T%
Lower lobe 32% 32% 4% 35%

Total 50% S50% 51% A5%

Fig. 3 - Iodine density maps (A) and SPECT images (B) show qualitatively comparable perfusion deficits in bilateral lungs,
although with better inherent image resolution of iodine density map. On quantitative analysis (C), iodine maps show an
almost identical lobar perfusion distribution compared to the SPECT acquisition, implying that iodine maps can be used for
assessment of lung function prior to lung resection and thus obviate need for additional SPECT/CT imaging.

maps and SPECT/CT (lodine Density Map/SPECT: left-upper
lobe 18/17%, left lower lobe 32/34%, right upper lobe 12/7%,
right middle lobe 6/7%, right lower lobe 32/35%).

Ultimately, the patient was deemed medically inoperable
based on these results combined with other medical comor-
bities and underwent radiation therapy to the right middle
lobe nodule which demonstrated positive response on subse-
quent follow-up imaging.

Discussion

Lung nodules are commonly found incidentally on routine
conventional chest CT scans with reported detection rates
up to 51%. However, the majority are benign and only 20%-
30% are malignant. Those that are malignant are mainly
early stage lung cancers amenable to surgical resection with
high 5-year survival rates. Therefore, distinction between be-
nign and malignant lesions is important and generally re-
quires additional work up, including but not limited to PET/CT
and/or invasive biopsy [1]. Also, it is understood that in surgi-
cally amenable cases, there is risk of perioperative complica-
tion and long-term disability after pulmonary resection sec-

ondary to poor lung function, most commonly due to coex-
istent chronic obstructive pulmonary disease [3]. This neces-
sitates preoperative lung function estimation which may be
established radiologically by techniques such as quantitative
radionuclide perfusion scan (SPECT/CT), the recommended
standard examination in recent guidelines [4].

SDCT is a novel dual energy imaging technology that, un-
like the conventional CT, is equipped with a dual-layer de-
tector. This allows for separate registration of low-energy and
high-energy photons enabling material decomposition and re-
construction of various spectral images, including iodine den-
sity maps [5]. These iodine density maps depict distribution of
iodinated contrast media, which is a surrogate for organ perfu-
sion and function, and allows quantification of lung function
comparable to SPECT/CT, as in our case. This benefit has been
already explored in cancer patients undergoing radiation ther-
apy [6,7]. While pulmonary nodule enhancement is not always
specific for malignancy over benign pathology, early studies
with SDCT iodine density maps have proven reliable for nod-
ule characterization and degree of histopathological differen-
tiation [8-10]. Therefore, all the information starting from in-
creased detection of lung cancer to estimation of lung func-
tion can be derived from a single imaging examination.
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Conclusion

This case highlights the utility of a single SDCT scan for evalu-
ation of patients with suspicious lunglesions. It is comparable
to other diagnostic modalities for nodule characterization and
lung perfusion/function prior to lung surgery planning. Thus,
SDCT has the potential to obviate need of additional diagnos-
tic exams reducing patient radiation exposure and health care
costs.

Electronic Supplement 1

A clinical spectral-detector CT (IQon, Philips Healthcare,
Cleveland, Ohio, USA) was used for acquisition. The patient
was scanned in head-first, supine position. 120 ml of iodi-
nated contrast media as injected in a brachial vein (Optiray,
350, Guerbet, Bloomington, IN, USA). Tube voltage was set to
120 kVp and automated tube current modulation was used
(DoseRight 3D-DOM, Philips Healthcare, Best, The Nether-
lands) resulting in a DLP of 603 mGy x cm. The other scan
parameters were set as follows: collimation 64 x 0.625 mm,
rotation time 0.4 s, pitch 1.02, matrix 512 x 512, slice thick-
ness 3 mm.
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