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ABSTRACT

BACKGROUND AND PURPOSE: In parathyroid CT, a noncontrast phase aids discrimination of parathyroid lesions (not iodine-
containing) from thyroid tissue (iodine-containing). When thyroid iodine is pathologically diminished, this differentiation is difficult
with standard CT. Because the attenuation of an element is maximal near its K-edge (iodine ¼ 33.2 keV), we hypothesized that
dual-energy CT 40-keV virtual monoenergetic images will accentuate thyroid iodine relative to standard images, improving the dif-
ferentiation of thyroid from parathyroid lesions. Our purpose was to test this hypothesis through quantitative assessment of
Hounsfield unit attenuation and contrast-to-noise on dual-energy CT standard (70-keV) and 40-keV noncontrast images.

MATERIALS AND METHODS: For this retrospective study including 20 dual-energy parathyroid CTs, we used an ROI-based analysis to
assess the attenuation of thyroid tissue, parathyroid lesions, and sternocleidomastoid muscle as well as corresponding contrast-to-noise on
standard and 40- keV noncontrast images. Wilcoxon signed rank tests were performed to compare differences between 70 and 40keV.

RESULTS: Absolute and percentage increases in attenuation at 40 keV were significantly greater for thyroid gland than for parathyroid
lesions and sternocleidomastoid muscle (P, .001 for all). Significant increases in the contrast-to-noise of thyroid relative to parathyroid
lesions (median increase, 0.8; P, .001) and relative to sternocleidomastoid muscle (median increase, 1.3; P, .001) were observed at 40 keV
relative to 70 keV.

CONCLUSIONS: Forty-kiloelectron volt virtual monoenergetic images facilitate discrimination of parathyroid lesions from thyroid
tissue by significantly increasing thyroid attenuation and associated contrast-to-noise. These findings are particularly relevant for
parathyroid lesions that exhibit isoattenuation to the thyroid on parathyroid CT arterial and venous phases and could, therefore,
be missed without the noncontrast phase.

ABBREVIATIONS: CNR ¼ contrast-to-noise ratio; DECT ¼ dual-energy CT; IQR ¼ interquartile range; VMI ¼ virtual monoenergetic images

Parathyroid 4D-CT is a powerful tool for localizing abnormal
parathyroid tissue in the setting of primary hyperparathyroid-

ism.1 Localization of a single adenoma facilitates minimally invasive
parathyroidectomy and its associated benefits,2,3 whereas localiza-
tion of multigland disease aids bilateral neck exploration. The opti-
mal number of CT phases is undetermined, but the most
commonly used protocol involves 3 CT acquisitions of the neck and
upper chest, including noncontrast, arterial, and venous phases.4

Parathyroid lesions, exophytic thyroid nodules, and lymph
nodes may appear morphologically identical on CT.5 Although the

classic postcontrast enhancement pattern of parathyroid adenomas

is well-described (hyperattenuating relative to thyroid on arterial

phase images; hypoattenuating [washout] relative to thyroid on ve-

nous phase images), a challenge for the radiologist is that this classic

pattern is seen in only 20% of adenomas.6 Moreover, it is estimated

that up to 25% of parathyroid lesions could be missed without the

noncontrast CT phase.6 Parathyroid lesions are always lower in

attenuation than the normal, iodine-containing thyroid gland on

noncontrast images.1 However, another challenge for the radiologist

is that thyroid disease and primary hyperparathyroidism frequently

coexist,7,8 and chronic thyroid disease (eg, Hashimoto disease) can

result in abnormal hypoattenuation of the thyroid gland related to

diminished iodine content (Fig 1).1 In such cases, using the noncon-

trast images to differentiate parathyroid lesions from the abnormally

hypoattenuating thyroid gland is more difficult.
Numerous applications of dual-energy CT (DECT) have been

described for neuroradiology practice.9 Low-keV (eg, 40 keV)
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virtual monoenergetic imaging is an application of dual-energy
CT that can be used to accentuate the conspicuity of enhancing
masses on neck CT10 as well as to increase arterial attenuation
and the contrast-to-noise ratio (CNR) on CT angiography of the
head and neck.11 These applications of low-kiloelectron volt vir-
tual monochromatic images (VMI) related to iodinated contrast
media are possible because the CT attenuation of an element is
maximal at or slightly above the K-edge of the element, and the
K-edge of iodine is 33.2 keV.9,12 It would, therefore, be expected
that low-kiloelectron volt VMI could also be used to accentuate
the attenuation of native thyroid iodine on noncontrast images
(Fig 2), though formal investigation is warranted.

We hypothesized that 40-keV VMI will increase the conspicu-
ity of thyroid tissue relative to nonthyroid tissue (eg, parathyroid
lesions, muscle) on the noncontrast phase of a DECT parathyroid
4D-CT protocol, thereby facilitating discrimination of parathy-
roid lesions from exophytic thyroid tissue. The purpose of this
study was to test our hypothesis through the quantitative assess-
ment of Hounsfield unit attenuation and CNR on standard (70-
keV) noncontrast VMI and 40-keV noncontrast VMI.

MATERIALS AND METHODS
Subjects
For this retrospective, Health Insurance Portability and
Accountability Act–compliant, institutional review board–approved
study, all parathyroid 4D-CT examinations performed at our insti-
tution between March 2020 and November 2020 were retrospec-
tively reviewed (n¼ 35). Inclusion criteria were the following: 1)
DECT acquisition used, 2) parathyroidectomy performed, 3) largest
pathologically-proved parathyroid lesion measured at least 1 cm in
the long axis, and 4) no prior thyroidectomy. Examinations not
meeting all inclusion criteria were excluded.

Medical Record Review
The following data were obtained from the electronic medical re-
cord for the study cohort: age, sex, medical history of hypothyroid-
ism, parathyroid surgery operative notes, and pathology reports for
parathyroid surgical specimens.

Image Acquisition
All parathyroid 4D-CT examinations
were performed on a Revolution Apex
CT system (GE Healthcare) using a
dual-energy acquisition. The CT acqui-
sition parameters were as follows: 80-/
140-kV(peak) simultaneous acquisition,
250–445mA, 0.516:1 pitch, 0.5-second
rotation time, 40-mm detector cover-
age, 2.5-mm helical section thickness,
and 2.5-mm interval for each of 3 CT
phases (noncontrast, 30-second post-
contrast, and 60-second postcontrast).
Multiplanar reconstructions of each CT
phase were generated, including 0.625-
mm axial 70-keV VMI and 0.625-mm
axial 40-keV VMI of the noncontrast
phase (reconstruction method: adaptive

statistical iterative reconstruction V, 20%; convolution kernel:
standard; display FOV: 22 cm for 70- and 40- keV image sets). The
volume CT dose index for each CT phase ranged between 14 and
24mGy (32-cm phantom). For comparison, a recently reported sin-
gle-energy protocol performed at 140kV(p) resulted in a volume
CT dose index range of 19 to 24 mGy (32-cm phantom).1

Image Analysis
2D circular ROIs were drawn by a neuroradiology fellow on the
0.625-mm axial 70- and 40-keV images using our institution’s
PACS. An attending neuroradiologist with 4 years’ experience
interpreting parathyroid 4D-CT reviewed and verified all ROIs
placed by the neuroradiology fellow, optimizing ROI size and posi-
tion if needed. The image sets were linked so that identical ROIs
could be drawn in the same location on both the 70- and 40-keV
image sets. In each patient, ROIs were placed in the right and left
lobes of the thyroid gland, within the right and left sternocleido-
mastoid muscles, within the subcutaneous fat of the midline poste-
rior neck, and within the largest pathologically-proved parathyroid
lesion (adenoma or hyperplasia). Care was taken with the place-
ment of all ROIs to avoid confounding structures, such as thyroid
nodules and blood vessels. The ROI size for the thyroid lobes and
sternocleidomastoid muscles was 0.5 cm2. ROI size for subcutane-
ous fat was 2.0 cm2 in most (n¼ 18) patients, though by necessity,
it was 1.0 cm2 in 2 very thin patients. The ROI size for parathyroid
lesions ranged between 0.1 and 0.83 cm2 (median, 0.20 cm2). The
mean Hounsfield unit attenuation (SD) was recorded for each ROI.

Absolute differences in Hounsfield unit attenuation and percent-
age change were calculated for thyroid gland, parathyroid lesions,
and sternocleidomastoid muscles at 40 keV compared with 70keV.

The CNR of the thyroid gland relative to pathologically-
proved parathyroid lesions (CNRthy/par) of at least 1 cm was cal-
culated using the following formula: (ROIthy – ROIpar)/SD, where
ROIthy is the mean Hounsfield unit attenuation of the thyroid
lobes, ROIpar is the mean Hounsfield unit attenuation of the para-
thyroid lesion, and SD is the Hounsfield unit attenuation SD of
subcutaneous fat.

The CNR of the thyroid gland relative to the sternocleidomas-
toid muscles (CNRthy/scm) was calculated for each patient using the

FIG 1. Axial, noncontrast, single-energy CT image (A) obtained in a patient with normal thyroid
function demonstrates the normal hyperattenuating appearance of the thyroid gland (asterisks,
A) relative to adjacent soft tissue. When present, this normal hyperattenuating appearance ena-
bles differentiation of parathyroid lesions adjacent to the thyroid gland from exophytic thyroid
tissue. In contrast, the axial noncontrast single-energy CT image (B) obtained in a patient with
long-standing Hashimoto disease demonstrates an iodine-deficient thyroid gland (asterisks, B),
appearing nearly isodense to muscle, which renders differentiation of parathyroid lesions from
exophytic thyroid tissue more difficult.
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following formula: (ROIthy – ROIscm)/SD, where ROIscm is the mean
Hounsfield unit attenuation of the sternocleidomastoid muscles.

Statistical Analysis
Descriptive analyses were performed using absolute and relative
frequencies for categoric variables and median and interquartile
range (IQR) for continuous variables, respectively. The Wilcoxon
signed rank test was used to compare differences in Hounsfield
unit attenuation, CNR, and image noise between the 70- and 40-

keV images. All analyses were performed with Excel 2016
(Microsoft) and Matlab (MathWorks). A P value, .05 indicated
a statistically significant difference.

RESULTS
Subjects
Of the 35 parathyroid 4D-CT examinations reviewed, 3 examina-
tions were excluded because a DECT acquisition was not used, 8
were excluded because the patient had not yet undergone parathyr-
oidectomy, 2 were excluded because the largest pathologically-
proved parathyroid lesion did not meet the 1-cm minimum size
threshold of this study, and 2 were excluded due to prior thyroid-
ectomy. This process yielded 20 parathyroid 4D-CT examinations
in the study cohort. Characteristics of the study group are sum-
marized in Table 1.

Histopathologic analysis of the surgical specimens from these
20 patients revealed a total of 28 pathologically-proved parathy-
roid lesions, 26 (93%) of which were identified and described on
preoperative CT. The 2 parathyroid lesions not identified on pre-
operative CT both measured,1 cm in maximum dimension and
occurred in 2 different patients with multiglandular disease. In

FIG 2. Virtual monoenergetic spectral curves (A) demonstrate noncontrast Hounsfield unit attenuation as a function of kiloelectron volts for
the thyroid gland (red), sternocleidomastoid muscle (pink), and pathologically-proved parathyroid adenoma (blue) generated from ROIs placed
on an axial noncontrast 70-keV virtual monoenergetic image (B) in a 56-year-old woman with primary hyperparathyroidism. The noncontrast
Hounsfield unit attenuation difference between thyroid and the other tissues of interest is maximal at 40 keV. Corresponding axial arterial phase
CT image (C) is also provided for comparison. T indicates thyroid; S, sternocleidomastoid; P, parathyroid.

Table 1: Characteristics of the study group
Characteristics

Age (median) (range) (yr) 63 (33–81)
Sex
Male 9
Female 11

Operative findings
Single-gland disease 16
Multigland disease 4

Concurrent hypothyroidism
Yes 3
No 17
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one of these patients, 2 of 3 proved parathyroid lesions were
described on preoperative CT, and 3 of 4 proved parathyroid
lesions were described on preoperative CT in the other.

Image Analysis
Quantitative data related to Hounsfield unit attenuation and
percentage change, CNR, and image noise are summarized in
Table 2.

Attenuation and Percentage Change. Thyroid gland, parathyroid
lesion, and sternocleidomastoid muscle Hounsfield unit attenua-

tion increased at 40 keV compared with 70 keV in 20/20 (100%)

patients, 19/20 (95%) patients, and 20/20 (100%) patients, respec-

tively. For all 20 patients, the absolute Hounsfield unit increase

(Fig 3) and percentage Hounsfield unit increase at 40 keV relative

to 70 keV was greater for thyroid than for parathyroid lesions and

for the sternocleidomastoid muscles. One parathyroid lesion

Table 2: Summary of differences in Hounsfield unit attenuation, contrast-to-noise, and image noise at 70 and 40 keV

40 keV (Median) (IQR) 70 keV (Median) (IQR)
Difference (40-70 keV)

(Median) (IQR) P Comparison (P)
Hounsfield unit attenuation
Thyroid
Absolute (HU) 158 (133–264) 84 (74–113) 167 (55–142) ,.001 Par

,.001 SCM
% Change 189% (66–123) ,.001 Par

,.001 SCM
Parathyroid
Absolute (HU) 42 (29–59) 32 (22–41) 19 (4–17) ,.001 Thy

.22 SCM
% Change 129% (13–58) ,.001 Thy

.09 SCM
Sternocleidomastoid
Absolute (HU) 67 (63–75) 57 (54–59) 111 (10–16) ,.001 Thy

.22 Par
% Change 122% (17–28) ,.001 Thy

.09 Par
Contrast-to-noise
Thy/Par 4.7 (3.3–6.0) 3.8 (2.4–4.8) 10.8 (0.2–1.2) ,.001
Thy/SCM 3.6 (1.7–5.0) 2.3 (0.9–3.1) 11.3 (0.7–1.9) ,.001

Image noise (HU) 32 (23–37) 16 (12–19) 114 (11–20) ,.001

Note:—Thy indicates thyroid; Par, parathyroid; SCM, sternocleidomastoid.

FIG 3. Dot plot demonstrates the absolute difference in Hounsfield unit attenuation between 40 keV and 70 keV for thyroid gland (triangle),
parathyroid lesions (X), and sternocleidomastoid muscles (square) in each of the 20 study participants.
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(participant No. 15, Fig 3) demonstrated a 5% decrease in

Hounsfield unit attenuation at 40 keV compared with 70 keV.
The median absolute difference in Hounsfield unit attenuation

at 40 keV compared with 70 keV was 167 HU (IQR, 55–142 HU)
for the thyroid gland, 19 HU (IQR, 4–17 HU) for parathyroid
lesions, and 111 HU (IQR, 10–16 HU) for the sternocleidomas-
toid muscles. The observed differences in absolute Hounsfield unit
attenuation increase for thyroid compared with parathyroid lesions
(P, .001) and sternocleidomastoid muscles (P, .001) were statis-
tically significant. There was no significant difference in the abso-
lute Hounsfield unit increase between parathyroid lesions and
sternocleidomastoid muscles (P= .22).

The median percentage difference in Hounsfield unit attenua-
tion at 40 keV compared with 70keV was 189% (IQR, 166% to
1123%) for the thyroid gland, 129% (IQR, 113% to 158%) for
parathyroid lesions, and 122% (IQR, 117% to 128%) for the
sternocleidomastoid muscles. The observed differences in the per-
centage increase in Hounsfield unit attenuation for thyroid com-
pared with parathyroid lesions (P, .001) and sternocleidomastoid
muscles (P, .001) were statistically significant. There was no sig-
nificant difference in the percentage increase in Hounsfield unit
attenuation between parathyroid lesions and sternocleidomastoid
muscles (P= .09).

Contrast-to-Noise. The CNR of the thyroid gland relative to
parathyroid lesions (CNRthy/par) increased on 40-keV VMI com-
pared with standard 70-keV VMI in 18/20 (90%) patients (Fig 4).
The median CNRthy/par at 40 keV was 4.7 (IQR, 3.3–6.0) com-
pared with 3.8 (IQR, 2.4–4.8) at 70 keV, and the median increase
in CNRthy/par at 40 keV compared with 70 keV was 0.8 (IQR, 0.2–
1.2; P, .001). CNRthy/par decreased at 40 keV relative to 70 keV

in participants Nos. 8 and 10 (Fig 4), one of whom (participant
No. 8) had a minimal increase in thyroid attenuation at 40 keV
and known hypothyroidism. In the other (participant No. 10),
the observed percentage increase in thyroid attenuation at 40 keV
relative to 70 keV was similar (rather than disproportionate) to
the percentage increase in parathyroid lesion attenuation.

The CNR of the thyroid gland relative to the sternocleidomas-
toid muscles (CNRthy/scm) increased on 40-keV VMI compared
with standard 70-keV VMI in 20/20 (100%) patients. The median
CNRthy/scm at 40 keV was 3.6 (IQR, 1.7–5.0) compared with 2.3
(IQR, 0.9–3.1) at 70 keV, and the median increase in CNRthy/scm

at 40 keV compared with 70 keV was 1.3 (IQR, 0.7–1.9; P, .001).

Image Noise. Image noise, defined as the Hounsfield unit attenu-
ation SD of subcutaneous fat for the purposes of this study,
increased at 40 keV compared with 70 keV in 20/20 (100%)
patients. The median image noise at 40 keV was 32 HU (IQR,
23–37 HU) compared with 16 HU (IQR, 12–19 HU) at 70 keV,
and the median noise increase at 40 keV compared with 70 keV
was 14 HU (IQR, 11–20 HU; P, .001).

DISCUSSION
Numerous applications of DECT have been described in head and
neck imaging.10,13-21 Previously published studies of dual-energy
parathyroid CT have primarily focused on the potential for radia-
tion dose reduction using virtual noncontrast images to eliminate
the standard noncontrast phase22,23 and on describing quantitative
dual-energy characteristics of parathyroid adenomas, thyroid pa-
renchyma, and lymph nodes on postcontrast phases.24,25 The
authors are aware of 1 previous study that evaluated dual-energy

FIG 4. Dot plot demonstrates contrast-to-noise ratios between the thyroid gland and pathologically-proved parathyroid lesions at 40 keV
(circle) and 70 keV (line) for each of the 20 study participants.
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noncontrast parathyroid CT images obtained on a dual-source sys-
tem using 90-keV, 150-keV, and mixed images (dual-energy com-
position factor, 0.8), but 40-keV VMI were not specifically
evaluated in this previous investigation.25

Our study compared the conspicuity of thyroid tissue relative
to pathologically-proved parathyroid lesions and muscle on 40-
keV noncontrast VMI and standard 70-keV noncontrast VMI
obtained on a fast-kiloelectron volt switching system and found
statistically significant increase in CNR at 40 keV compared with
the 70 keV standard. These findings support our hypothesis that
noncontrast 40-keV VMI facilitate the differentiation of parathy-
roid lesions from exophytic thyroid tissue by accentuating the
attenuation of iodine within thyroid tissue that is absent from
parathyroid tissue (Fig 5). Although the attenuation of thyroid,
parathyroid, and muscle generally increased at 40 keV relative to
70 keV, the increase in attenuation of the thyroid gland was dis-
proportionately greater in most subjects because of the proximity
to the K-edge (33.2 keV) of iodine. Although the cause of the
observed 5% decrease in Hounsfield unit attenuation of 1

parathyroid adenoma at 40 keV compared with 70 keV is uncer-
tain, this finding may relate to intralesional fat deposition,1 given
that the attenuation of fat is known to decrease at low kiloelec-
tron volts.12

Localization confidence is highly desirable in parathyroid
imaging. Not uncommonly, multiple parathyroid imaging studies
are requested in an attempt to maximize the surgeon’s confidence
in localization through concordant imaging results. The degree of
diagnostic confidence or lack thereof carries implications for the
operative plan, and in certain high-risk scenarios (eg, the reopera-
tive neck), it may determine whether an operation is offered at
all.1 Although radiologists’ confidence was not directly tested in
this study, it has been our clinical experience in interpreting dual-
energy parathyroid CT that noncontrast 40-keV VMI facilitate
more confident differentiation of parathyroid lesions from exo-
phytic thyroid tissue. Some authors have advocated for omitting
the true noncontrast phase as nonessential.23,26,27 However, in our
experience, the true noncontrast phase is indispensable because it
improves sensitivity by enabling detection of parathyroid lesions

FIG 5. Coronal arterial phase (A), noncontrast 70-keV (B), and noncontrast 40-keV (C) images demonstrate a pathologically-proved right inferior
parathyroid adenoma (arrows). Because the parathyroid adenoma appears isodense to the adjacent thyroid gland on the arterial phase image, it
is uncertain whether the finding represents a parathyroid lesion or exophytic thyroid tissue. The parathyroid adenoma appears slightly hypoat-
tenuating to the thyroid parenchyma on the standard (70-keV) noncontrast image; however, this attenuation difference is accentuated on the
40-keV image, indicating that the finding represents a parathyroid lesion rather than exophytic thyroid tissue. In contrast, coronal arterial phase
(D), noncontrast 70-keV (E), and noncontrast 40-keV (F) images from a different patient demonstrate exophytic thyroid tissue (arrows) arising
from the lower pole of the right thyroid lobe. On the arterial phase image alone, it is uncertain whether the finding represents exophytic thyroid
tissue or a right inferior parathyroid lesion. Although the finding is isodense relative to the thyroid gland on the 70-keV noncontrast image,
some uncertainty persists because of the nearly isoattenuating appearance of the thyroid gland relative to adjacent muscle, suggesting
decreased iodine content from chronic thyroid disease. The 40-keV noncontrast image demonstrates substantially increased attenuation of the
finding comparable with the increased attenuation of the remainder of the thyroid gland, indicating that the finding of interest represents exo-
phytic thyroid tissue rather than a parathyroid lesion. In this patient, a biochemical cure was achieved with removal of a pathologically-proved
parathyroid adenoma identified elsewhere in the neck (not shown), confirming that the finding depicted in images D, E, and F is indeed not a
parathyroid lesion. Section thickness (2mm), window level (40 HU), and window width (400 HU) are identical for all 6 images.
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that would be otherwise overlooked (eg, abutting and isoattenuat-
ing to thyroid on contrast-enhanced phases), and it decreases false-
positive candidate lesions by facilitating accurate characterization
of exophytic thyroid tissue on the basis of intrinsic iodine content.
To minimize adverse effects of the additional 40-keV VMI series
on workflow, the 40-keV VMI are automatically generated and
sent to the PACS at our institution, thus requiring no manual
processing by the radiologist.

There are limitations to this study. First, a small number of

patients were included in the cohort, which relates to our

recent implementation of dual-energy parathyroid 4D-CT and

our requirement that only data from pathologically-proved

parathyroid lesions be used. Second, all parathyroid 4D-CTs

were acquired with a single vendor’s DECT system so that our

findings are not necessarily generalizable to other vendors’

DECT systems, though the underlying physical principles

should be the same. This study investigated the potential value

of noncontrast 40-keV VMI for the focused task of determin-

ing whether a tissue of interest is likely to be thyroid, and it

was not intended to be a comprehensive assessment of image

quality.
Note that image noise, as estimated by the Hounsfield unit

attenuation SD of subcutaneous fat, was significantly higher at

40 keV. This phenomenon of increased noise on 40-keV VMI

has also been observed in a DECT phantom study28 and is in

keeping with the progressive increase in image noise observed

on low-kiloelectron volt VMI described in a previous study

of neck DECT examinations also performed using a fast-

kiloelectron volt switching system.29 In the future, image noise

in 40- keV VMI could likely be decreased with the addition of

noise-reducing reconstruction algorithms;30 however, such

algorithms were not a part of the current study. Furthermore, it

is possible that additional gains in CNR could be achieved at a

kiloelectron volt intermediate between 40 and 70 keV by bal-

ancing the benefit of the disproportionate increase in thyroid

iodine attenuation at a low kiloelectron volt against the cost of

increased noise. Although in our clinical experience the non-

contrast 40-keV VMI increased the radiologist’s interpretation

confidence, the overall assessment should continue to incorpo-

rate other candidate parathyroid lesion features (eg, morphol-

ogy, enhancement characteristics, polar vessel sign). Finally,

whether there is a positive impact of 40-keV VMI on interpreta-

tion accuracy remains undetermined.

CONCLUSIONS
Compared with standard (70-keV VMI) noncontrast images,

40-keV VMI significantly increase Hounsfield unit attenuation

and CNR of thyroid tissue relative to parathyroid lesions and

sternocleidomastoid muscle. Therefore, 40-keV VMI facilitate

differentiation of parathyroid lesions from exophytic thyroid

tissue on noncontrast images, which is particularly useful for

the subset of parathyroid lesions that exhibit isoattenuation to

thyroid parenchyma on the arterial and venous phases of a

parathyroid 4D-CT protocol and could be missed without the

noncontrast CT phase.
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