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with volume rendering reconstruction for primary
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Abstract

Modification of 4-dimensional computed tomography
(4D-CT) technique with volume rendering reconstruc-
tions and significant dose reduction is a safe and ac-
curate method of pre-operative localization for primary
hyperparathyroidism. Modified low dose 4D-CT with
volume rendering reconstructions provides precise
preoperative localization and is associated with a sig-
nificant reduction in radiation exposure compared to
classic preoperative localizing techniques. It should be
considered the preoperative localization study of choice
for primary hyperparathyroidism.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: To our knowledge, this is the first paper detail-
ing the technical aspects of a low dose 4-dimensional
computed tomography with volume rendering recon-
struction. It is our aim to share our institute’s technique
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and experience in the hope of improved utilization of
this modality. With this technique, our results are com-
parable to those published in the literature for diag-
nostic accuracy regarding correlation to intraoperative
pathology. The 3D Volume rendering reconstruction
of the parathyroid pathology shown in relation to the
clavicle, thyroid gland, and skin provide superior surgi-
cal guidance and an essentially “cut here” approach for
directed parathyroidectomy.
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INTRODUCTION

Improvements in imaging techniques for primary hy-
perparathyroidism have been critical in the ability to
transition from formal cervical four-gland exploration to
minimally invasive/directed parathyroidectomy. A pre-
cise anatomic localization study is the key to the success
of minimally invasive parathyroidectomy. Traditionally,
sestamibi single photon emission computed tomography
(SPECT) and ultrasound (US) have been used with vary-
ing success rates from 29%-79%""", With advent of 4-di-
mensional computed tomography (4D-CT) technology,
there is improved sensitivity and a higher intraoperative
correlation rate ranging from 70%-89% demonstrated by
multiple institutions' """, Despite this clear advantage,
the use of 4D-CT has been limited. Numerous factors
including the concern of higher cost, increased radiation
exposure and a lack of expertise/knowledge have been
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proposed. At our institution we have modified our tech-
nique to address some of these concerns. In this manu-
script, we detail our modified 4D-CT technique providing
an in-depth review of technical aspects, image processing
and adaptations to decrease the effective radiation expo-
sure. The term 4D is used to describe the combination

of cross-sectional imaging and basic functional analysis
through perfusion information of parathyroid adenomas.
The first three dimensions refer to multiplanar CT: axial
acquisitions, sagittal and coronal reformatted images. The
fourth dimension is the change in enhancement overtime
from non-contrast images to arterial and delayed phase
imaging,

RESEARCH

Workup

At our institution all patients diagnosed with primary hy-
perparathyroidism undergo low dose 4D-CT with volume
rendering reconstructions. Additional workup includes
history/physical, laboratoties (serum calcium, intact para-
thyroid hormone level, 24-h urine calcium, vitamin D),
and review of existing imaging modalities if performed
(United States, sestamibi SPECT). After confirmation
with localization studies, parathyroidectomy is performed
via standard minimally invasive/directed technique or

formal four-gland exploration.

TECHNIQUE DESCRIPTION
CT technique

All imaging is performed on a 64 multi-slice CT scanner
(VCT 64; GE Medical Systems, Milwaukee, Wis). The
patient is positioned supine in the CT scanner. The pa-
tient enters head first with the upper extremities at their
side. The manufacturer-supplied head holder is used for
all scans. The patient’s arms are pulled caudally to mini-
mize shoulder artifact using the manufacturer-supplied
shoulder straps (Figure 1). This is very well tolerated by
most patients. [V access is obtained in the right or left
antecubital vein with an 18-gauge cannula and flushed
with heparinized saline. The scanning protocol consists
of three phases of CT imaging performed from the hard
palate to the level of the carina in all phases using a 0.625
mm slice width. Scanning parameters include a voltage of
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Figure 1 Position of patient for 4-dimensional com-
puted tomography utilizing manufacture shoulder
straps.

120 peak kilovolts (kVp), 200 milliamperes (mA) for the
pre-contrast and delayed post-contrast phases (venous),
400 mA for the early post contrast phase (arterial), pitch
of 1, and a rotation time of 0.7 s. A 64 mm X 0.625 mm
detector configuration with a 10-mm beam width and a
table speed of 39.37 cm per gantry rotation is utilized.
Imaging is initiated with the non-contrast phase with the
anticipation of the normal thyroid tissue being brighter
than any parathyroid tissues due to the fact of its in-
creased iodine concentration. The non-contrast phase is
followed by intra-venous injection of 90 mL (4 mL/s)
of non-ionic contrast medium (iohexol 350, 350 mg of
iodine per milliliter; GE health care; Princeton, NJ). A 25
s delay is followed by repeat imaging which constitutes
the arterial phase. A delay of 25 s is chosen to coincide
with peak enhancement of the parathyroid adenoma as
compared to enhancement of the thyroid gland and any
regional lymph nodes. A higher mA (400 mA) is used in
this phase to facilitate detection of small adenomas in-
cluding possible multiple gland disease. Approximately 90
s after the injection, a delayed phase scan is performed.
This final phase is utilized to confirm the presence of
the parathyroid adenoma as it rapidly washes out the IV
contrast material compared to the adjacent thyroid tissue.
The duration of each phase is dependent on the distance
between the hard palate and the carina as well as the table
speed. Each phase takes approximately 15-17 s to com-
plete based on the patient’s body habitus.

Radiation exposure

A major dose reduction is achieved by reducing the tube
current to 200 mA in precontrast and delayed phases.
This allows us to detect attenuation differences in lesions
adjacent to thyroid gland without compromising imag-
ing quality while achieving significant dose reduction.
The effective radiation dose administered utilizing this
modification was 11-13 millisieverts (mSv). This dose
was calculated from the dose-length product provided
by the scanner at the end of each exam"”. Confirma-
tory CT dose index measurements using standard 16 cm
head phantom and standard CT ionization chamber were
also performed yielding the same numbers. Recently, our
institution has implemented ASIR technology (Adaptive
Statistical Iterative Reconstruction), which incorporates a
new reconstructive CT' algorithm with an average effec-
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Figure 2 Four-dimensional computed tomography. Axial noncontrast (A), axial arterial phase post contrast (B) and axial delayed phase post contrast (C) images
show a hypodense nodule contiguous with the right thyroid gland, which demonstrates avid early contrast enhancement and rapid washout.

Figure 3 Three-dimensional volume rendering images in 3 different thresholds showing the presumed adenoma in relation to thyroid gland (A), bony land-

marks (B) and skin (C).

tive radiation dose of 9-10 mSv.

Image processing

Standard post processing of imaging is performed by a
fellowship-trained neuroradiologist on a separate work-
station (Advantage Windows Workstation, version 4.5;
GE Medical Systems). Two-dimensional sagittal, coro-
nal and oblique multi-planar reformations are obtained
from the arterial phase images. This is followed by 3-D
reconstruction with volume rendering. The parathyroid
adenoma is segmented from the axial images creating
a 3-D volume of the adenoma that is merged with the
original 3-D volume of the arterial phase of the study.
The adenoma is assigned a different color and is shown
against the original 3-D volume in three different thresh-
olds and shown in relation to the thyroid gland, skin,
and bony landmarks. Measurements are performed from
the presumed parathyroid abnormality to the clavicular
head and the overlying skin to aid the surgeon in opera-
tive guidance (Figures 2 and 3). Images processed on the
workstation take an average of 8-10 min. The resulting
images are interpreted by the attending neuroradiologist
on a PACS workstation and a formal report is issued.

DISCUSSION

Multiple studies including our institute’s experience have
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shown excellent diagnostic accuracy of 4D-CT as a pre-
operative localization study for primary hypetrparathyroid-
ism ranging from 70%-89%">""". Despite these promis-
ing results, many institutions continue to utilize sestamibi
SPECT and US as the primary modalities for preopera-
tive localization for directed patathyroidectomy. Despite
supetiority, 4D-CT has not gained widespread acceptance
for reasons unclear to us. Plausible explanations include
technical challenges, fear of increased radiation exposure
and added costs.

We have utilized this technique in 150 consecutive
patients undergoing parathyroidectomy for primary hy-
perparathyroidism. The true positive rate for modified
4D-CT with volume rendering for this cohort was 133
(89%) of 150 with a false negative (FN) of 17 (11%) of
150. In addition, utilizing our technique, the effective ra-
diation exposure dose is 11-13 mSv. This essentially is an
equivalent radiation exposure dose to that of sestamibi
SPECT (9-11 mSv) but lower than that previously pub-
lished for 4D-CT (27 mSv)""". To put this in perspective,
radiation exposure from some commonly performed
procedures such as CT scan of abdomen and pelvis is 14
mSv or CT angiogram is 15 mSv. This reduced effective
radiation exposutre of our technique is most likely due
to the fact that we utilize a lower tube current for non-
contrast and delayed images. The most recent implemen-
tation of ASIR technology has further reduced the radia-
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tion exposure from 4D-CT to essentially equivalent levels
to that of sestamibi SPECT.

4D CT is especially useful to identify parathyroid
glands in ectopic locations as the axial imaging extends
from the hard palate to the level of the pulmonary artery.
It is also very useful in recurrent/persistent hyperpara-
thyroidism and improves the success rate of minimally
invasive parathyroidectomy in the reoperative setting, De-
spite these advantages it has some limitations especially
in patients with short obese necks, multinodular goiters
and multiple exophytic nodules. Another limitation is the
observer experience with post image processing and re-
constructing 3D images.

To our knowledge, this is the first paper detailing the
technical aspects of a low dose 4D-CT with volume rendet-
ing reconstruction. It is our aim to share our institute’s tech-
nique and experience in the hope of improved utilization
of this modality. With this technique, our results are
comparable to those published in the literature for diag-
nostic accuracy regarding correlation to intraoperative pa-
thology. The 3D volume rendering reconstruction of the
parathyroid pathology shown in relation to the clavicle,
thyroid gland, and skin provide superior surgical guidance
and an essentially “cut here” approach for directed para-
thyroidectomy.

In conclusion, low dose 4D-CT with volume rendering
reconstruction provides superior quality images while mini-
mizing radiation exposure. The technique is easily reproduc-
ible and in our opinion should be the diagnostic modality
of choice in patients with primary hyperparathyroidism.
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