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We have reported 2 cases of pulmonary hamartoma focusing on detecting intranodular fat,
which is one of CT features suggestive of pulmonary hamartoma, using dual-energy CT
analyses. For patient 1, a 73-year-old man was pointed out to have a nodular opacity on
chest radiograph of pretreatment workup for retinal detachment. In patient 2, a 66-year-

old woman with uterine carcinoma admitted for preoperative assessment. Both patients
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underwent dual-energy CT examination and the pulmonary lesions exhibited a downward-
sloping curve at lower X-ray energies on attenuation curve of virtual monochromatic im-
ages, which suggested fatty tissue. Dual-energy CT analysis can help diagnose pulmonary
hamartoma with detection of intralesional fatty tissue.

(CT) © 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
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Introduction

Pulmonary hamartoma is the most common benign tumor of
the lung accounting for approximately 6%-8% of primary lung
tumors and 75% of all benign lesions [1-3]. Accurate diagno-
sis of pulmonary hamartoma facilitates less invasive lung re-
section such as tumor enucleation. Diagnosis of pulmonary
hamartoma by fine needle aspiration cytology has been re-
ported to show 78% specificity and 22% false-positive rate
[4] and be more difficult to diagnose compared to malignant
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tumors. Therefore, there is a compelling need for radiologi-
cal imaging approach to improve diagnostic accuracy. CT fea-
tures suggestive of pulmonary hamartoma include intranodu-
lar fat and popcorn-like calcifications [5]. Dual-energy CT has
been introduced in clinical practice, and can obtain informa-
tion about tissue composition by evaluating material-specific
attenuation behavior at different X-ray energy levels [6,7]. CT
attenuation changes on dual-energy CT analysis have been
reported to be useful for diagnosing adrenal adenomas and
cholesterol gallstones by detecting intralesional fat or choles-
terol [8,9]. However, to our knowledge, dual-energy CT analysis
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Fig. 1 - Case 1 - Axial lung window (A) and soft tissue window (B) CT images demonstrate a well-defined and
heterogeneous solitary pulmonary lesion with calcification measuring 35 mm in diameter in the right lower lobe (arrow).
The mean Hounsfield unit on 40 keV virtual monochromatic image (D) is lower than that on 70 keV virtual monochromatic
image (C) (32.6 vs. 37.8 HU). Attenuation curve of virtual monochromatic images (E) exhibited a downward-sloping curve at
lower X-ray energies. In-phase MR image (G) shows low signal intensity of nodule and out-of-phase image (F) shows loss of
signal (arrowheads) in the nodule. Microscopically, it shows that the tumor consists of mature cartilage with adipose tissue
(right lower corner) and fibrovascular without bronchial glands (H).

for detection of intranodular fat in pulmonary hamartoma has
never been reported.

Case report

Case 1

A 73-year-old man visited our hospital for pretreatment
workup for retinal detachment. Chest radiograph demon-
strated a nodular opacity within the right middle lung zone.
The patient underwent chest CT for further evaluation, which
was performed using a dual-layer spectral CT (IQon spec-
tral CT; Philips Healthcare, Best, the Netherlands). Imaging

parameters were as follows: tube voltage, 120 kVp; gantry
rotation time, 0.4 s; effective tube current-time product, 160
mAs with auto-modulation; pitch, 0.703; and detector row
configuration, 64 x 0.625 mm. Dual-energy analyses were
performed with a thinclient workstation (Spectral Diagnostic
Suite; Philips Healthcare). Unenhanced conventional CT
demonstrated a well-defined and round-shape mass measur-
ing 35 mm located the right lower lobe (Fig. 1A and B). The
mean attenuation of the lesion was 35.9 HU with some low
attenuation pixels less than 0 HU. Virtual monochromatic
images (VMIs) using dual-energy analysis revealed decrease
in attenuation as the tube voltage decreased (Fig. 1C-E). On
chemical-shift MR imaging, lower signal intensity in the
lesion was shown on an out-of-phase image (TR/TE/FA/ETL,
200/1.38/65°/2) (Fig. 1F) compared with an in-phase image
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Fig. 2 - Case 2 - Axial lung window (A) and soft tissue window (B) CT images demonstrate a well-defined and homogeneous
solitary pulmonary nodule without calcification measuring 23 mm in diameter in the left upper lobe. The mean Hounsfield
unit on 40 keV VMI (D) is lower than that on 70 keV VMI (C) (33.3 vs. 43.3 HU). Attenuation curve of virtual monochromatic
images (E) exhibited a downward-sloping curve at lower X-ray energies. Microscopically, it shows that a variety of
mesenchymal elements, including hyaline cartilage, fibrovascular stroma, bronchial glands (F), small amount of adipose

tissue is also seen (right lower corner).

(TR/TE/FA/ETL, 200/2.46/65°/2) (Fig. 1G), which suggested pres-
ence of intranodular fat component. With those radiological
findings, the lesion was diagnosed as a pulmonary hamar-
toma. The patient opted to have a surgery, and the lesion was
completely resected. The tumor was histopathologically diag-
nosed as a pulmonary hamartoma with the presence of fatty
tissue (Fig. 1H).

Case 2

A 66-year-old woman with uterine carcinoma was admit-
ted to our hospital for preoperative assessment. Unenhanced
conventional chest CT demonstrated a round and regular-
marginated iso-attenuation nodule measuring 23 mm located
left upper lobe (Fig. 2A and B). The mean attenuation of the
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nodule was 43.6 HU without low attenuation pixels less than
0 HU. VMIs revealed decrease in attenuation as tube voltage
decreased (Fig. 2C-E). These CT findings along with the clini-
cal history suggested a differential diagnosis of benign hamar-
toma versus metastatic uterine carcinoma. A decision to ob-
tain histopathological confirmation was made as metastatic
tumor could not be completely excluded. Histological exam-
ination revealed a pulmonary hamartoma with fatty compo-
nent (Fig. 2E).

Discussion

Our two cases showed rounded small masses (<4cm) with
smooth margin and the case 1 had intralesional calcification.
Those findings were suggestive of a pulmonary hamartoma,
but other benign lesions or malignancies including metastatic
lung tumors stayed in the differential diagnosis list as they
could show similar imaging appearances.

Evaluation of fat content based on conventional CT
Hounsfield unit has been widely used to diagnose variety
of lesions such as hepatic steatosis [10] and adrenal adeno-
mas [11]. Likewise, presence of detectable intralesional fatty
tissue on conventional CT is helpful for diagnosis of pul-
monary hamartoma [2]. However, it has been reported that
only 50% of pulmonary hamartomas have fat deposits that is
detectable on conventional CT images [2]. Case 1 had measur-
able low attenuation pixels within the lesion which suggested
fatty tissue. On the other hand, the low attenuation area was
not detected in case 2. Chemical shift MR imaging is a well-
established and sensitive method to detect a small amount
of fat [12-15]. In case 1, signal intensity drop on out-of-phase
images compared to in-phase images correctly predicted the
presence of a fat component.

Dual-energy CT analysis for evaluation of tissue character-
istics relies on the unique CT attenuation properties of differ-
ent materials at different tube voltage settings. Fat tissue has
been reported to exhibit unique CT attenuation changes with
decrease in attenuation at lower kV images than higher ones
[16]. For diagnosing adrenal lesions, Gupta et al. [8] reported
that identifying a decrease in the density of the adrenal le-
sion from higher to lower kV images can be an indicator of
intralesional fat component. The presented 2 cases demon-
strated highest HU values at high keV, with monotonic de-
creases at lower keV, matching the expected behavior of fatty
tissue. Nonetheless, it should be noted that these CT attenua-
tion changes depend on the amount of fat within the lesion [8].
Pulmonary hamartomas with low fat content could be difficult
to diagnose with radiological approach including dual-energy
CT analyses. Further research is desirable to evaluate the diag-
nostic accuracy for pulmonary hamartoma using dual-energy
CT analysis.

This report highlights a novel approach to diagnosing
pulmonary hamartomas by using dual-energy CT analysis.
The intranodular fat detected by dual-energy CT may help
diagnose pulmonary hamartoma.

Patient consent statement

Informed consent was waived off, as ours is a retrospective
study and patient identifying details are not revealed in entire
manuscript.
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