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Abstract

Purpose To investigate the diagnostic performance of dual-layer dual-energy CT (dIDECT) in the evaluation of adrenal
nodules.

Methods In this retrospective study, 66 patients with triphasic dIDECT (unenhanced, venous phase (VP), delayed phase
(DP)) for suspected adrenal lesions were included. Virtual unenhanced images (VUE) were derived from VP acquisitions.
Reference diagnoses were established with true unenhanced (TUE) attenuation, absolute washout, follow-up imaging and
pathological data. Attenuation for adrenal lesions and abdominal tissues was acquired on TUE, VUE, VP and DP images.
VUE and TUE attenuation were compared in all included tissues. Characterization of adrenal nodules based on TUE and VUE
attenuation was investigated. ROC analysis was used to determine an adjusted threshold for diagnosing lipid-rich adenomas.
Results Seventy-three adrenal nodules (mean size: 18.9 +8.9 mm) were identified in 66 patients (38 females, 28 males; age:
61 + 13 years) including adenoma (n = 65), metastases (n=2), pheochromocytoma (n = 3), adrenocortical carcinoma (n=1)
and myelolipoma (n =2). Mean attenuation of all included tissues except for the abdominal aorta (p =0.11) was significantly
higher in VUE compared to TUE images, including the attenuation of adrenal nodules (20.0 +17.2 vs. 7.1 +19.8; p <0.05).
Classification of adrenal adenomas as lipid-rich based on VUE attenuation <10 HU yielded a sensitivity/specificity of
0.2/1.0, while an adjusted threshold of <22 HU yielded a sensitivity/specificity of 0.82/0.85.

Conclusion dIDECT-derived VUE images overestimated attenuation in adrenal nodules, resulting in low sensitivity for
diagnosis of lipid-rich adenomas using the established 10 HU threshold. Based on an adjusted threshold (<22 HU) a higher
sensitivity was attained, yet at the expense of a lower specificity, warranting further validation.
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Abbreviations DP Delayed phase
DECT Dual-energy CT TUE True unenhanced images
dIDECT Dual-layer dual-energy CT VP Venous phase
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adrenal adenomas. This usually comprises acquisition of an
unenhanced image, an early contrast-enhanced phase and a
delayed phase 10—15 min after contrast media injection. An
unenhanced CT allows for the identification of lipid-rich
adenomas as these nodules demonstrate a low pre-contrast
CT attenuation due to the presence of rich intracytoplasmic
lipid content. An adrenal lesion that is 10 HU or less is clas-
sified as a lipid-rich adenoma (sensitivity 71%; specificity
98%) [3-7]. By contrast, lipid-poor adenomas with attenua-
tion higher than 10 HU can be characterized as such by cal-
culation of absolute washout values from early and delayed
phase image acquisitions with an absolute washout greater
than 60% being highly suggestive for adenoma [2, 8—10].

Dual-energy CT (DECT) allows for the generation of
virtual unenhanced (VUE) images by means of material
decomposition. Such VUE images have been investigated
for their capability in adrenal lesion characterization, yet
almost all of prior adrenal DECT research was performed
on emission based dual-source or rapid kV switching DECT
systems. One of the key advantages of VUE images is the
possibility to considerably reduce radiation dose by elimina-
tion of the unenhanced CT scans [11-16]. However, some
studies pointed out that VUE images might overestimate
attenuation values compared to true TUE acquisitions [17,
18].

The dual-layer DECT (dIDECT) is based on a detector
with a stacked scintillator in which high and low energies
are recorded separately [19]. A previous study suggested that
the different technical approaches to DECT might result in
differences regarding material quantification which is why
further investigation of dIDECT-based adenoma lesion

Fig.1 Study flowchart for inclu-
sion and exclusion of patients

l

characterization is needed [20]. The purpose of this study
was therefore to investigate, if VUE images derived from
dIDECT can be used to classify adrenal nodules based on
established quantitative criteria and to determine adjusted
thresholds for dIDECT-derived VUE, if necessary.

Methods

This retrospective study was approved by our institutional
review board and the requirement for written informed con-
sent was waived. The picture archiving and communication
system (PACS; Visage 7, Visage Imaging, San Diego, CA)
was screened to identify patients > 18 years who underwent
dedicated tri-phasic adrenal protocol CT for characteriza-
tion of incidental adrenal nodules on a dIDECT scanner
over a 26-month period (July 2018-September 2020). This
initial search yielded 80 patients with adrenal protocol
dIDECT, from which 14 were excluded (Fig. 1). The final
cohort included 66 consecutive patients (38 female, 28
male; mean age: 61 + 13 years; mean weight: 84 + 19 kg).
Detailed patient information was recorded from the medical
records to document patient demographics, endocrine work
up details, treatment details, surgical and pathology reports
for establishing reference diagnoses.

CT technique
All the patients in this study underwent an adrenal protocol CT

on a dIDECT (iQon, Philips Healthcare, Best, The Nether-
lands). All scans were conducted in supine position with an

Initial database screening July 2018-September 2020

lesions
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initial unenhanced acquisition (TUE) followed by scanning in
the portal venous phase (VP; delay: 75 s) and delayed phase
(DP; delay: 15 min). Scan parameters were as follows: tube
voltage 120 kVp, tube current modulation: on (3D DOM,
Philips Healthcare), collimation: 64 X 0.625, matrix size:
512x512; gantry revolution time (0.35+0.14 s) and pitch
(1.2+0.09) were adjusted automatically for each examina-
tion. Patients received a body weight adapted injection of iodi-
nated contrast media (Isovue 370 mg/mL, Bracco Diagnostics,
Princeton, NJ, USA). Injection parameters were as follows:
under 200 1bs: 90 mL at a flow rate of 2.5-3.0 mL/s; over 201
Ibs: 120 mL at 3 mL/s. Both weight groups received a saline
chaser of 40 mL at an injection rate of 3 mL/second.

Image reconstruction

Axial images with a slice thickness and section increment of
2.5 mm were reconstructed from the TUE, VP and DP acquisi-
tions using a hybrid iterative reconstruction algorithm (iDose
3, Philips Healthcare). VUE images derived from venous
phase acquisitions were reconstructed with a 2.5 mm slice
thickness as well (Spectral, Filter B, Philips Healthcare). CT
dose index (CTDI) was recorded for each phase.

Quantitative analysis

A radiologist with 12 years of experience in abdominal CT
assessment who was blinded to the final diagnosis quantified
the attenuation of adrenal lesions, abdominal aorta, erector
spinae muscle, extra-abdominal subcutaneous fat, main portal
vein and liver parenchyma on TUE, VUE, PV and DP images.
Each tissue was measured by placing 3 circular regions of
interest (ROI) within it. For the adrenal lesions, the ROIs were
placed at the level of the largest lesion diameter as well as
on the adjacent slices above and below that level. All ROIs
were drawn as large as possible, yet as to remain within lesion
boundaries and avoid inclusion of unrepresentative tissue such
as calcifications, blood vessels and evident necrosis. The adre-
nal ROI size ranged between 0.22 and 2.8 cm?.

Reference standard

All adrenal adenomas included in the final analysis had to be
unequivocally diagnosed as such by TUE attenuation <10
HU or an absolute washout calculated with VP, DP and TUE
images of >60% as follows:

HU[VP] — HU[DP]

Washout (TUE) = x 100
HU[VP] — HU[TUE]

All adenomas that were included were unequivocally
diagnosed as such on CT either with TUE attenuation or
washout and lesion stability over a 6-month period as well as

in- and out-of-phase MR characteristics served as additional
confirmation. For 19 patients, follow-up was available (CT:
n=17 patients, MR: n=2 patients). 48 patients had prior
imaging (CT: n=41, MR: n=6, PET/CT: n=1).

Based on the final reference standard, 65 adrenal adeno-
mas (45 lipid-rich adenomas, 20 lipid-poor adenomas) and
8 non-adenomas (n =2 adrenal metastases, n=1 adrenocor-
tical carcinoma, n =3 pheochromocytoma, n =2 myeloli-
poma) were included. However, while all adrenal lesions
were included for testing the agreement between TUE and
VUE images in general, the 2 myelolipomas were excluded
in the classification as they would have led to false posi-
tive quantitative determination of lipid-rich adenoma that
would not have happened clinically as they could be easily
be diagnosed visually due to intralesional macroscopic fat.
Diagnoses of all other non-adenomas that were included in
the classification analysis were pathologically confirmed.
Pathological tissue was obtained either using CT guided
biopsy (for n =2 metastases) or surgical resection (for n=3
pheochromocytoma, and one adrenocortical carcinoma).

Figure 2 displays representative cases for lipid-rich and
lipid-poor adenoma

Classification of lipid-rich adrenal adenoma based
on VUE attenuation

Using the above-mentioned reference standard, diagnostic
performance of VUE images at adrenal nodule classification
was evaluated as follows:

For detection of lipid-rich adenomas, sensitivity of VUE
using the established attenuation threshold of <10 HU was
evaluated. In addition, a receiver operating characteris-
tics (ROC) analysis was performed to determine the opti-
mal VUE threshold for detection of lipid-rich adenomas.
To evaluate overall adrenal nodule classification based on
VUE, the sensitivity and specificity for identifying lipid-rich
adenomas (n =45) amongst adrenal nodules included in the
classification analysis (n="71) was calculated.

Agreement between attenuation obtained
from virtual and true unenhanced images

To more broadly evaluate quantitative agreement between
VUE and TUE images, mean attenuation values were com-
pared for all included tissues (i.e. all adrenal lesions irre-
spective of lesion type, liver, abdominal aorta, portal vein,
erector spinae muscle, subcutaneous fat).

Statistical analysis
Statistical analyses were performed with JMP software

(Version 14, SAS). Continuous variables are indicated
as mean =+ standard deviation and categorical variables
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Fig.2 Lipid-rich and lipid-
poor adenomas. Top row:

Axial true unenhanced (TUE),
virtual unenhanced (VUE),
contrast-enhanced, and delayed
phase dual-energy CT images
in a 63-year-old woman with
adrenal lipid-rich adenoma,
respectively. Bottom row: Axial
true unenhanced (TUE), virtual
unenhanced (VUE), contrast-
enhanced, delayed phase dual-
energy CT images in a 55-year-
old man with adrenal lipid-poor
adenoma, respectively. Relevant
overestimation of VUE can be
appreciated in the lipid-rich
adenoma

are written as frequencies or percentages. Following non-
normal distribution determined with Shapiro—Wilk-test,
attenuation derived from VUE and TUE images were
compared using the non-parametric Wilcoxon signed rank
test. Receiver operating characteristics (ROC) analysis
with Youden’s J method was used to determine the opti-
mal adjusted threshold for diagnosis of lipid-rich ade-
noma based on VUE attenuation. A p value below 0.05
was considered statistically significant.

Lipid-rich adenoma

CONTRAST-
ENHANCED

DELAYED

Lipid-poor adenoma

ENHANCED

Results
Demographics

Seventy-three adrenal nodules were included in 66 patients
(38 female, 28 male; 61 + 13 years) including 59 patients
with 65 adrenal adenomas (45 defined as lipid-rich as per
TUE attenuation <10 HU), one patient with 2 metasta-
ses, 2 patients with myelolipomas, 3 patients with pheo-
chromocytomas and one patient with adrenocortical carci-
noma. The follow-up period ranged from 5.5 to 18 months
(11 +4 months). Detailed information on diagnoses are
given in Table 1.

Table 1 Patient and adrenal
nodule characteristics

Patients Lesions Gender (F/M) Weight (kg) Age (years)
All adrenal nodules 66 73 38/28 83.6+19.2 61.0+13.0
Adrenal adenoma 59 65 35/24 84.1+19.3 61.7+13.1
Lipid-rich adenoma 41 45 23/18 80.8+21.1 59.9+12.5
Lipid poor adenoma 18 20 1177 82.5+16.2 65.0+10.8
Non-adenoma 7 8 4/3 79.3+20.6 54.0+13.0
Adrenal metastases 1 2 F 85.3 78
Pheochromocytoma 3 3 2/1 74.4+214 55.8+13
Adrenocortical carcinoma 1 1 F 76.2 22
Myelolipoma 2 2 1/1 85.1+17 55+13.8

*Myelolipomas were only included in the comparison of VUE and TUE attenuation and were not included
in the classification of lipid-rich adenomas based on HU attenuation in VUE and TUE images

@ Springer



Abdominal Radiology (2021) 46:4345-4352

4349

Classification of lipid-rich adrenal adenoma based
on VUE attenuation

The sensitivity/specificity of VUE using the established
attenuation threshold of <10 HU for identifying lipid-rich
adenomas was 0.2 (9/45)/1.0 (26/26). ROC analysis using
the Youden’s J method revealed the optimal adjusted VUE
attenuation threshold to be 22 HU, yielding a sensitivity
and specificity of 0.82 (37/45)/0.85 (22/26) for diagnosis of
lipid-rich adrenal adenoma (Table 2).

Agreement between attenuation obtained
from virtual and true unenhanced images

There were significant differences between the mean attenu-
ation values on VUE and TUE images for all adrenal lesions,
adrenal adenomas, the liver, portal vein, erector spinae
muscle and fat (all p <0.05). The only tissue without sig-
nificant differences between mean attenuation on TUE and
VUE images was the aorta (p=0.11). Table 3 and Fig. 3
provide a detailed overview on mean attenuation values for
all included tissues. Mean lesion size of all adrenal lesions
was 18.9 +8.9 mm.

The mean differences between VUE and TUE were high-
est for adrenal lesions: 13.5+ 8.9 HU for adenomas and
12.8 +9.0 HU for all adrenal lesions. In other tissues, the

Table 2 Attenuation cut-offs for diagnosis of lipid-rich adenomas

VUE attenuation <10 HU* VUE attenu-
ation <22
HU®
Sensitivity 0.20 (9/45) 0.82 (37/45)
Specificity 1.00 (26/26) 0.85 (22/26)

Diagnosis of lipid-rich adenomas (n=45) amongst all adrenal lesions
(n="71) using virtual unenhanced attenuation.
The results displayed are using the established 10 HU threshold

The results displayed are using a proposed threshold of 22 HU which
provided optimal diagnostic performance in the ROC analysis

differences were 6.3 +4.9 HU for the liver, 1.4+ 6.4 HU for
the aorta, 2.8 +6.1 HU for the portal vein, 4.9+ 3.7 HU for
the erector spinae muscle and 8.2 +5.1 HU for fat (Fig. 4).
The differences between VUE and TUE attenuation was
within a range of -10 to +10 HU [21] in 24/73 (32.88%) of
measurements of all adrenal lesions, in 19/65 of adrenal ade-
nomas (29.2%), in 57/66 (86.4%) of patients for the aorta, in
60/66 (86.4%) of patients for the muscle, in 44/66 (66.7%)
of patients for the fat, in 59/66 (89.4%) of patients for the
portal vein and in 52/66 (78.8%) of patients for the liver.
Disagreement between VUE and TUE outside of the 10 HU
range was almost entirely caused by overestimation of atten-
uation in VUE images (107 measurements with TUE/VUE
disagreement, 102 by overestimation (i.e. VUE-TUE > 10
HU), 5 by underestimation (i.e. VUE-TUE <-10HU).

Radiation dose

Mean CTDI was 12.3 +6.9 mGy for the TUE acquisition,
12.4+6.9 mGy for the VP acquisition and 12.4 +6.9 mGy
for the DP acquisition, yielding a potential dose saving of
33% in case of replacement of TUE by VUE.

Discussion

In our study, we found an overestimation of attenuation
values of adrenal nodules on VUE images and all further
examined tissues except for the abdominal aorta. For 49 of
73 adrenal lesions included, the overestimation was greater
than 10 HU. Consequently, the sensitivity of VUE images
for diagnosing lipid-rich adenomas using the established 10
HU threshold was low (sensitivity/specificity: 0.2/1.0). By
means of ROC analysis, the optimal VUE attenuation thresh-
old for identifying lipid-rich adenomas was calculated to be
22 HU, yielding a sensitivity/specificity of 0.82/0.85.

VUE images have been investigated with regards to their
suitability for replacing TUE image acquisitions for adrenal
nodule classification, which would allow for considerable

Table 3 Attenuation values of

. TUE VUE p-value Portal venous phase  Delayed phase
abdominal structures on VUE
VUE vs.

and TUE TUE
Adenomas 6.9+12.8 20.5+9.9 <0.0001 61.6+21.3 23.8+15
All adrenal lesions 7.1+19.8 20+17.2  <0.0001 61.1+29.2 24.1+21.2
Aorta 423+4.5 43.7+4.6 0.11 158.5+34 79+8.4
Fat —-104+109 -958+124 <0.0001 —100.8+12.9 -95.3+19.6
Liver 519+11.6 58.2+9.1 <0.0001 104.6+19.6 65.8+15.8
Muscle 42.6+7 47.5+5.8 <0.0001 52.4+72 52.8+12.9
Portal vein 40.7+5.4 43.5+4.5 0.0002 171.1+18.6 72.3+13.7

TUE true unenhanced, VUE virtual unenhanced
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Fig. 3 Attenuation value plot between TUE and VUE on adenomas, all adrenal lesions, aorta, fat, liver, erector spinae, portal vein

reduction of radiation dose and follow-up exams in case
nodules are detected incidentally. While many studies have
shown promising results in this regard, others described a
systematic overestimation of attenuation in VUE images
[11, 22]. For the dIDECT, a detector based DECT approach
which has been introduced relatively recently, there is lim-
ited evidence for adrenal nodule classification based on VUE
images.

Our findings are in line with a recently published study,
in which a systematic overestimation of attenuation in
VUE images derived from dIDECT was described for
adrenal adenoma diagnosis [18]. While Nagayama et al.
used a combination of VUE images and iodine maps to
mitigate this problem at differentiation of adrenal adeno-
mas and metastases, we were able to show that adjusting
the VUE attenuation threshold yielded an adequate diag-
nostic accuracy for identifying lipid-rich adenomas. How-
ever, it must be noted that the proposed higher threshold
decreased specificity which is why this threshold corrected
for VUE overestimation should be critically validated

@ Springer

before clinical application. Compared to a dual-source
DECT-based study by Helck et al., which found a sen-
sitivity/specificity of 0.73/1.0 for a 10 HU threshold in
VUE images [22], the diagnostic performance we found
for this established threshold in VUE images was very
low (0.2/1.0) which is well explained by our observation
that VUE overestimation was highest in adrenal adeno-
mas. Adenomas characteristically contain intracytoplas-
mic fat along with soft tissue components and demon-
strate iodine enhancement—one possible explanation for
the overestimation could therefore be that the dIDECT-
derived two material decomposition algorithm might be
impacted in terms of accuracy by the presence of a third
material. Interestingly, Ananthakrishnan et al. previously
reported that the bias between VUE and TUE attenuation
was highest within fat [23]. Another explanation could be
the relatively high spectral overlap in dIDECT compared
to other scanner types [19]. In another study investigating
dIDECT-derived VUE images for differentiation of adre-
nal adenomas and metastases, Laukamp et al. found a low
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sensitivity/specificity of 0.48/1.0 when applying the 10
HU threshold, which was improved to 0.96/1.0 when rais-
ing the threshold to 20 HU [24]. While the low sensitivity
they found is in line with our findings, the equally high
specificity they reported could be due to the limited num-
ber of adenomas included in their study (n=23).

Our study has limitations that should be acknowledged.
First, it was a retrospective study performed at one institu-
tion. Second, most lesions that were included were diag-
nosed based on currently accepted imaging and clinical
criteria rather than histopathologic workup. Third, the
number of lesions, particularly that of non-adenomatous
nodules, is small, which is why our results should be con-
firmed in a larger-scale investigation. Fourth, the proposed
adjusted VUE threshold we derived from our study data
should be tested in an independent cohort before being
applied clinically. Last, the results we found only apply
to the DECT technology we investigated i.e. dAIDECT. It is
known that there is a certain degree of inter-scanner vari-
ability which limits generalizability of the results we found
to other DECT scanner types.

To conclude, virtual unenhanced images derived from
detector based dual-layer dual-energy CT overestimated
attenuation in the assessment of adrenal nodules, resulting
in a limited sensitivity for the established 10 HU attenua-
tion threshold. We propose an adjusted virtual unenhanced
attenuation threshold of 22 HU for identifying lipid-rich

adenomas which should be validated in future large cohort
studies.
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