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A new SPECT/CT protocol for parathyroid imaging detailing fewer
image-angle acquisitions (fewer-angle SPECT/CT [FASpecT/CT])
was evaluated for identification of parathyroid adenoma. The moti-
vation for validating this protocol was to be able to use it in the
future to decrease patient imaging time in our clinic.Methods: This
was a retrospective review of existing data performed as a simu-
lated case control study evaluating 50 parathyroid SPECT/CT
scans acquired using the standard 60-stop protocol and the tested
15-stop FASpecT protocol acquired using angular sampling soft-
ware. Agreement on the final interpretations between imaging
methods was evaluated using the McNemar test and the Cohen k.
Interrater reliability among the 3 readers was described for each
method using the Fleiss k interpreted as in the strength-of-
agreement guidelines by Landis and Koch.Results:Of the 50 eval-
uated images, 45 (90%) had concordant final image interpretations
between imaging methods. The sensitivity of FASpecT/CT relative
to SPECT/CT was 17 of 19 (89.5%; 95% CI, 66.9%–98.7%), and
the specificity was 28 of 31 (90.3%; 95% CI, 74.2%–98.0%).
Additionally, there was statistically significant substantial agree-
ment between protocols and among readers for each protocol.
Conclusion: Adequate diagnostic-quality SPECT/CT images can
be acquired using significantly fewer imaging stops given advances
in camera quality and processing algorithms such as iterative
reconstruction.
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Several imaging modalities are available to localize para-
thyroid adenomas, including ultrasound, multiphase contrast-
enhanced CT (also known as 4-dimensional CT), MRI, and
parathyroid scintigraphy. Of these, scintigraphy is the most
effective modality for localizing cervical and ectopic adenomas
in the neck and mediastinum (1). Additionally, the diagnostic
value of separately acquired fused SPECT and CT images
for localization of an ectopic parathyroid adenoma was first
reported in 2002 by Rubello et al. (2). Multiple subsequent

larger studies demonstrated the ability of SPECT/CT to local-
ize cervical parathyroid adenomas (3–7). Minimally invasive
surgical management of parathyroid adenomas relies on precise
localization accomplished with SPECT/CT (8,9). Another nota-
ble benefit is the ability to differentiate pathologic uptake from
nonpathologic uptake such as external contamination. As such,
SPECT/CT is a valuable tool that brings many benefits when
added to planar parathyroid scintigraphy for localization and
diagnosis of parathyroid adenoma.
The primary downside of the addition of SPECT/CT to the

planar parathyroid protocol is a significant increase in exami-
nation time. This increase can result in decreased clinic effi-
ciency, increased likelihood of motion artifacts, and increased
patient discomfort. Planar parathyroid images typically require
10min of static acquisition both in the early and in the
delayed phases for a total of 20min. For nuclear medicine
clinics performing SPECT/CT on both the early and the
delayed phases of the parathyroid study using a protocol simi-
lar to our standard protocol as detailed below, each patient
will require approximately 60min of additional imaging time
compared with planar imaging alone. In total, this amounts to
approximately 80min of camera time per parathyroid study.
Decreasing the time spent acquiring the SPECT/CT images
can help to mitigate this extended camera time. All SPECT
images are acquired in multiple stops, which represent points
where the dual heads of the camera stop moving every set
number of degrees to acquire an image as they rotate 360�

around the patient. Patient imaging time per study can be
decreased by decreasing the number of image acquisition
stops (by increasing the degrees between each stop) or
decreasing the acquisition time at each stop. Our hypothesis
stated that adequate diagnostic-quality SPECT/CT images can
be acquired using significantly fewer imaging stops, without
changing the acquisition time per stop, given advances in
camera quality and processing algorithms such as iterative
reconstruction (10). We refer to this technique as fewer-
angle SPECT/CT (FASpecT/CT).

MATERIALS AND METHODS

This study was a retrospective review of existing data performed as
a simulated case control study evaluating 50 parathyroid SPECT/CT
scans performed at Walter Reed National Military Medical Center
from June 2017 through March 2021. Approval was granted by the
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Walter Reed Institutional Review Board, and the requirement to
obtain informed consent was waived. All patients imaged on the GE
Healthcare Optima SPECT/CT scanner during that period were
included for analysis. Patients imaged on other cameras were
excluded because those datasets could not be reprocessed using
Xeleris (GE Healthcare) angular sampling. Patients were assigned to
different cameras on the basis of clinic workflow and camera avail-
ability, and there were no differences in patient characteristics or
study indications between those patients assigned to the Optima sys-
tem and those assigned to other cameras used for this examination.
For purposes of this study, standard SPECT/CT was considered to be
the gold standard. Scans were performed with an Optima SPECT/CT
camera with a collimator using a 140-keV photopeak and 20%
window.
The FASpecT/CT protocol consists of 15 stops each lasting 25 s

with a total imaging time of approximately 7 min 30 s versus the
conventional SPECT/CT protocol consisting of 60 stops lasting
25 s each with a total imaging time of approximately 30 min. The
Xeleris processing capability angular sampling allowed us to take
the 60-stop standard SPECT/CT already performed on our last 50
parathyroid scintigraphy patients and reprocess the data using only
every fourth stop to simulate a 15-stop FASpecT/CT. With this
procedure, data from a fraction of the stops were selected and used
to create the reconstruction. As detailed in Table 1, 15 of the origi-
nal 60 stops were extracted in Xeleris and reprocessed. This
approach allowed the patient to be imaged using currently
accepted standard-of-care conventional SPECT/CT, which we also
used as an internal reference standard to compare the performance
of the derived FASpecT/CT.
Images were interpreted on Hermes Client Workstations

(Hermes Medical Solutions), per the standard departmental proto-
col. Three masked nuclear medicine trained physicians interpreted
the deidentified and randomized conventional and simulated prod-
uct images as positive or negative for adenoma.
Final image interpretations for each imaging method were

defined as the majority interpretation (positive vs. negative for
adenoma) for the study among the 3 readers. Agreement on final
interpretations between imaging methods was evaluated using the
McNemar test and the Cohen k. The sensitivity and specificity of
the final interpretations using FASpecT/CT relative to SPECT/CT
were reported with their 95% exact CIs. Interrater reliability
among the 3 readers was described for each method using the
Fleiss k. k-values were interpreted as in strength-of-agreement
guidelines proposed by Landis and Koch (11).

RESULTS

Of the 50 evaluated images, 45 (90%) had concordant final
interpretations between imaging methods. Of the 5 images
with discordant interpretations, 3 were interpreted as positive
by FASpecT/CT and negative by SPECT/CT, and 2 were
interpreted as negative by FASpecT/CT and positive by
SPECT/CT. The sensitivity of FASpecT/CT relative to
SPECT/CT was 17 of 19 (89.5%; 95% CI, 66.9%–98.7%),
and the specificity was 28 of 31 (90.3%; 95% CI, 74.2%–
98.0%). The frequencies of paired final interpretations did not
statistically differ between imaging methods (McNemar test,
P5 0.65). Cohen k was 0.79 (95% CI, 0.62–0.96), indicating
substantial agreement ($0.61) between methods, with confi-
dence limits within the ranges of substantial to near-perfect
agreement ($0.81). The Fleiss k for interrater reliability was
0.70 for FASpecT/CT and 0.65 for SPECT/CT, indicating
substantial agreement among readers for each method.
All images from the 50 patients were reviewed by 3

masked nuclear medicine–trained physicians. Representa-
tive images from 2 patients are presented with a brief his-
tory (Figs. 1 and 2).

DISCUSSION

A conclusion specifically concerning the diagnostic accu-
racy of the FASpecT/CT protocol for parathyroid adenoma
detection cannot be drawn because there is no validated
gold standard in the literature. A contributing factor to the
lack of a gold standard is that institutions use several differ-
ent imaging modalities for parathyroid adenoma local-
ization, including ultrasound, multiphase contrast-enhanced
CT (also known as 4-dimensional CT), MRI, and scintigra-
phy. Although scintigraphy is the favored method, multiple
acquisition protocols exist, making direct comparison diffi-
cult. This study evaluated a commonly used 60-projection/
25-s-per-projection protocol and aimed to reduce acquisition
times while maintaining adequate image quality. As such,
for the purposes of this study, final image interpretations
using the original 60-projection/25-s-per-projection protocol
were considered the gold standard. Lesions detected with

TABLE 1
Simulated FASpecT/CT Acquisition and Processing Parameters Compared with Conventional SPECT/CT

Parameter Simulated FASpecT/CT Conventional SPECT/CT

SPECT acquisition 24� stops and total angular range of 360�
with dual-head SPECT/CT camera

6� stops and total angular range of 360�
with dual-head SPECT/CT camera

Acquisition time per stop 25 s 25 s
Number of stops 15 60
Total images acquired 30 120
Matrix size 1283 128 1283 128
Reconstruction Iterative (OSEM) Iterative (OSEM)
OSEM parameters 3 iterations, 30 subsets 3 iterations, 30 subsets
Postreconstruction filter Butterworth Butterworth

OSEM 5 ordered-subsets expectation maximization.
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the FASpecT/CT protocol but not with the original standard
protocol are considered false positives. Similarly, undetected
lesions using the FASpecT/CT protocol were considered
false negatives. There was statistically significant diagnostic
agreement between simulated FASpecT/CT and standard
SPECT/CT for the diagnosis of parathyroid adenoma.
There have been preliminary investigations of similar proto-

cols in nuclear medicine using SPECT imaging with fewer
sampled angles, but none, to our knowledge, have specifically
evaluated parathyroid lesion detection. A study by Takahashi
et al. demonstrated similar diagnostic image quality, defined as
uniformity and resolution, comparing 30, 60, and 120 stops
while also accounting for camera dead time. Each image had
large acquisition counts and used both filtered backprojection

and iterative backprojection (ordered-
subset expectation maximization and
maximum-likelihood expectation max-
imization), with large acquisition
counts specifically finding clinically
relevant improvement with ordered-
subset expectation maximization (12).
This study was limited because it did
not evaluate protocols using fewer
than 30 stops, and the fastest evaluated
method required greater than 15min.
Phillips et al. demonstrated success-

ful localization of focal hyperemia and
inflammation associated with osteomy-
elitis in the spine, tendonitis in the foot
and hand, and soft-tissue infection of
the foot using a similar protocol with
fewer stops. Specifically, the protocol
dictates 6 stops at 30� (12 views) with
a 3-dimensional dual camera (13). Each
stop requires 30 s, with the whole

acquisition imaging time totaling 3min. This protocol is only
recommended to be used with iterative reconstruction tech-
niques such as ordered-subset expectation maximization
because of its ability to maintain excellent image quality with
a reduced number of angle samples. The researchers in this
study suggested the fast acquisition protocol may be used for
many other clinically relevant examinations (13).
The group further evaluated the 6-stop 30� dual-camera

technique in a subsequent study demonstrating improved 131I-
NaI image quality and increased sensitivity for detection of
metastatic neck and chest lymph nodes in low-count-rate
images (14). In this study, they found that the protocol
increased lesion detection in cases with low count rates and
reduced the acquisition time in cases with high count rates.

To improve the sensitivity of the low-
count-rate images, the acquisition times
varied from 30 s to 3min per stop, with
lower count rates requiring a longer
acquisition time to improve the recon-
struction statistics. The total SPECT
time ranged from 3 to 18min and
allowed for protocol tailoring based on
the clinical scenario (14).
Adjusting both the number of imag-

ing projections and the acquisition time
at each projection will reduce the over-
all scan time. In addition to our tested
decreased number of stops, a protocol
using a shorter acquisition time per
stop may theoretically be applied to
localize lesions with high count rates.
This concept of decreased acquisition
times for high count rates was inte-
grated into the 2009 European Associa-
tion of Nuclear Medicine guidelines,

FIGURE 1. Patient 1, 55-y-old man with nephrolithiasis and laboratory-diagnosed pri-
mary hyperparathyroidism (calcium, 12.2 mg/dL; parathyroid hormone, 327 pg/mL).
(A) SPECT image with 60-stop protocol. (B) SPECT/CT images with 60-stop protocol.
(C) SPECT image with 15-stop protocol. (D) SPECT/CT images with 15-stop protocol.
Images from left to right are coronal SPECT followed by coronal, sagittal, and axial
SPECT/CT.

FIGURE 2. Patient 2, 53-y-old woman with osteopenia resulting in 2 recent fractures
(foot and rib), constipation, and laboratory-diagnosed primary hyperparathyroidism
(calcium, 11.5 mg/dL; parathyroid hormone, 97 pg/mL). (A) SPECT image with 60-stop
protocol. (B) SPECT/CT images with 60-stop protocol. (C) SPECT image with 15-stop
protocol. (D) SPECT/CT images with 15-stop protocol. Images from left to right are coro-
nal SPECT followed by coronal, sagittal, and axial SPECT/CT.
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which detail 120 projections every 3� with an imaging time
of 15–25 s per projection. This suggests that acquisition time
per stop can be reduced to 15 s while maintaining sufficient
sensitivity for lesion location when using many stops (15).
Our study was limited in that because of its retrospective
nature using the Xeleris reprocessing software, it evaluated
only the impact of reduced imaging stops, not a reduction in
acquisition time at each stop.
These studies highlight the importance of iterative recon-

struction. Detectors move around an axis of rotation acquiring
images for each projection. In filtered backprojection, the
information is projected back to the center of the matrix,
reinforcing the center point source but ultimately creating a
star artifact. Reduced counts resulting from reduced stops in
the tested protocol produce an unacceptable artifact due to
the greatly reduced number of sampled angles when using
this method (16). Iterative reconstruction is thus crucial to
reduce this artifact and produce acceptable image quality.
Ordered-subset expectation maximization was used in this
study and is the most commonly applied method of iterative
reconstruction. The method models only the most important
information in the data and suppresses the features most
likely to be noise. There are recent studies detailing emerg-
ing improved methods of iterative reconstruction to even
further increase image quality, potentially allowing for even
shorter acquisition times (17,18).
Advancing and new camera systems additionally may

reduce acquisition time secondary to their improved tempo-
ral resolution. This study was conducted using a g-camera
with a NaI(Tl) scintillation crystal. Conceptually, a scintil-
lator converts absorbed photon energy to visible light, which
is subsequently detected by photomultiplier tubes and con-
verted to an electric signal. This signal is further processed,
resulting in image production. This multistep process allows
for relatively large uncertainty in the final measured signal.
Additionally, determination of the interaction location within
the scintillation crystal requires multiple photomultiplier
tubes that need to be carefully tuned to produce signals with
similar amplitude (10). The recent introduction of solid-
state detector material such as cadmium-zinc-telluride
improves on these limitations. The solid-state detector directly
generates an electric signal using induced charge from photo-
electric interactions and Compton scattering collected by indi-
vidual anodes acting as detectors. Since each anode acts as an
individual detector, there is a higher count rate performance
than with traditional scintillation crystals (10). Theoretically,
these camera advancements could be used to further reduce
acquisition time, allowing for a faster protocol.
Improved processing algorithms such as ordered-subset

expectation maximization allow for imaging protocols with
a reduced number of stops, such as FASpecT/CT, to signifi-
cantly reduce imaging time. The FASpecT/CT protocol
allows for a 75% decrease in SPECT/CT imaging time
when compared with conventional protocols. Naturally, the
longer the scan, the more artifact is captured with cardiac
and respiratory motion. The patient is also more likely to

become uncomfortable and move with extended periods on
the imaging table. Patient motion increases image blurring.
Blur is most pronounced at focal areas of uptake at which
precision is most important for diagnosis. Additionally, it can
significantly reduce the accuracy of spatial alignment between
nonsimultaneously acquired images such as SPECT and CT
(19). This is especially important in small anatomic areas such
as the parathyroid glands as demonstrated in this study.
Decreased scan time directly relates to decreased likelihood of
motion artifact and improved patient comfort and cooperation.
Faster patient throughput is an additional benefit to the fast
protocol, allowing for more efficient imaging centers with an
increased number of daily scans and improved patient care.
The benefits of this protocol have been demonstrated in blood
pool imaging, infection, and thyroid cancer and can likely be
applied to other types of SPECT/CT imaging (13,14).

CONCLUSION

There is statistically significant diagnostic agreement be-
tween simulated FASpecT/CT and standard SPECT/CT for
the diagnosis of parathyroid adenoma. This new approach
reduces the number of stops and decreases the image acquisi-
tion time while maintaining diagnostic image quality. This ret-
rospective proof-of-concept study may provide justification for
further prospective investigation into the use of FASpecT/CT
protocols in the diagnosis of parathyroid adenoma.
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KEY POINTS

QUESTION: Does the FASpecT/CT protocol produce
acceptable diagnostic image quality?

PERTINENT FINDINGS: There was statistically significant
concordance in final image interpretations between the
standard imaging protocol and the FASpecT/CT imaging
protocol.

IMPLICATIONS FOR PATIENT CARE: It is acceptable to
regularly use the FASpecT/CT protocol for parathyroid
imaging in patient care, allowing for faster scans and
increased patient comfort.
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