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Low-radiation of technetium-99m-sestamibi and
single-photon emission computed tomography/computed
tomography to diagnose parathyroid lesions

ABSTRACT

We compared preoperative regular activity and low-activity radiology-based predictions with real surgical and pathological findings for parathyroidectomy
surgery. The study retrospectively analyzed 54 consecutive cases (2009-2016) for benign tumor removal. Technetium-99m (Tc-99m)-sestamibi was
used as a diagnostic radiopharmaceutical for diagnostic dual-phase parathyroid scintigraphy and single-photon emission computed tomography/
computed tomography. We assessed images obtained with the radiation activity of 925 megabecquerel (MBg) and images obtained with the
activity of 185 MBq. The study compared preoperative evaluation of tumor presence, multiplicity, location, and the type of pathology with actual
data that were revealed during the operation and pathological investigation. The agreement between preoperative radiological prediction and
actual location, number, and type of the parathyroid lesions was achieved in 98.4% (n = 61/62 lesions). The agreement between 925 MBg-based
and 185-MBq based investigations was 100%. The agreement between radiological and pathological findings was 100% for both investigations.
Our data suggest that the radioactivity of 185 MBq applied in the evaluation of the parathyroid glands provides results similar to the currently used
925-1110 MBq if used for diagnostic dual-phase parathyroid scintigraphy with Tc-99m-sestamibi. Such radioactivity may reduce the exposure to
radiation of the patients and the staff without compromising results of the investigation.
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INTRODUCTION

The number of the parathyroid glands varies in normal
individuals from 1 to 12. Variations of location of the
glands are also numerous and can lead to difficulties during
surgical exploration of the neck in cases of thyroidectomy
and parathyroidectomy.!"? Parathyroidectomy is needed for
patients with primary hyperparathyroidism that emerged
because of solitary parathyroid adenoma, parathyroid
hyperplasia, and parathyroid carcinoma. The only treatment
for primary hyperparathyroidism is parathyroidectomy of the
affected glands. In the past, this procedure included bilateral
neck exploration which was associated with not only a high
success rate (94%-98%) but also with high risk of injury to
the recurrent and superior laryngeal nerves.”!

The small size of the organs (from 2 mm X 2 mm X 0.5 mm
to 7 mm X 4 mm X 2 mm) and variability in their location
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forced practitioners to reinforce computed tomography
(CT) investigation with single-photon emission CT (SPECT)
and with positron emission tomography. The use of these
and another preoperative imaging techniques (scintigraphy,
ultrasonography, four-dimensional CT, and magnetic
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resonance imaging) and radio-guided procedures depicting
the affected gland were adopted as the standard of care,
resulting in minimally invasive procedure. The addition
of SPECT and SPECT/CT to radionuclide scintigraphy was
found to increase the sensitivity and accuracy of locating the
abnormal glands.”** The CT component provides attenuation
correction for the SPECT data, accurately localizing the sites
of tracer activity, and improving the success of a minimally
invasive surgery.

However, the questions of radiation side effects,
radiation-induced cancer risks, and radiation dosimetry
arose. The guideline for parathyroid scintigraphy of the
Society of Nuclear Medicine Procedure indicated that the
radiation dosimetry for adults should be between 185 and
925 megabecquerels (MBgqs), if technetium-99m (Tc-99m)-
sestamibi (hexakis-2-methoxyisobutyl isonitrile) is used as
a diagnostic radiopharmaceutical.”’ The Nuclear Medicine
Procedure Manual 2012-14 specifies this radioactivity as
925 MBq.”" The diagnostic radionuclide scintigraphy with
Tc-99m-sestamibi has been proven to be a plausibly accurate
method for locating parathyroid adenoma or hyperplasia,
with a sensitivity rate of 85% to 98%."% The reported radiation
activity varied between 740 and 1110 MBq.!"*"? There were
two reports that 555 MBq is equally sufficient in obtaining of
accurate radiological results in parathyroid cases.['>!

We hypothesized that activity lower than 925-1110 MBq
may provide the same results if implemented in the hybrid
SPECT/CT system. The aim of this study was to evaluate the
sensitivity of low activity (185 MBq) of Tc-99m-sestamibi
planar scintigraphy and SPECT/CT, using Symbia hybrid
camera, for localization of parathyroid adenoma, as a
preoperative diagnostic tool.

MATERIALS AND METHODS

In a retrospective study, we investigated 54 consecutive
patients (M: 21, F: 33, median age: 55.9 = 13.4) who underwent
parathyroidectomy because of primary hyperparathyroidism.
The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki (amended 2013) as reflected
a priori after approval by the Helsinki Committee of our
Medical Center. The patients’ informed consent was obtained
in all cases. In all cases selected for the analysis, the patients
underwent two parathyroid scans. The following protocol
was implemented for both scans.

The early-phase planar scintigraphy was performed as usual
after 10-15 min since 925 MBq of Tc-99m-sestamibi was
injected (effective radiation dose: 8.325 mSv). Two images

were obtained: the first was with Zoom X3 concentrated on
the thyroid gland and the second was with Zoom X 1.5 for the
thorax to rule out ectopic adenomas. After 60 min since the
injection, the SPECT/CT image with Zoom X2 was obtained.
After 120 min, the regular protocol delayed phase planar
scintigraphy images were obtained again with Zoom X3
and X1.5.

The second low-activity scan was carried out preoperatively,
on the operation day, by the same protocol but using only
185 MBq of Tc-99m-sestamibi (effective radiation dose:
1.665 mSv), to ease intraoperative adenoma location with
the aid of a gamma probe. The average period between these
two scans was 58 days (range: 30-73 days) that permitted the
patients being completely radiation free before the second
scintigraphy is performed.

Inclusion criteria

All cases should contain complete clinical and laboratory
(weight, serum parathyroid hormone (PTH) level, and
Ca?* level) information together with data from both
performed scans, the detailed description of the surgical
intervention, and the pathological data. The same radiological
protocol should be used in all selected cases.

Exclusion criterion

Patients with known recent radiological investigation and/or
radiation treatment during the last month before the study
were excluded from the study.

The technical description

The SPECT/CT acquisition was performed by hybrid SPECT/CT
system, with the Symbia T multislice 64 camera (Siemens,
Germany). For SPECT, the acquisition time was 600 s in
conventional SPECT/CT and 900 s in low-dose SPECT/CT
at 1 h postinjection. The SPECT component of the study
was acquired in 128 projections, with 3° angular step, in a
128 X 128 matrix, and at 10-12 s per view and acquisition
zoom = 2. Reconstruction was performed iteratively, using the
“flash 3D” ordered subset expectation maximization method,
with 4 subsets and 8 iterations, filtered with 8.4 Gaussian
filter. The low-activity CT parameters were 130 kV, 17 mAs
with 2-mm slice thickness (due to an automatic system aiming
to control the absorbed dose — “care dose”). The actual tube
current was not the same in every patient, ranging from
13 to 20 mAs with 16.6 as a mean = 0.8 as standard deviation.
The SPECT acquisition took approximately 11 min, whereas
the CT acquisition took approximately 10 s.

Our mean effective dose with low-activity SPECT/low-activity
CT scan (ULDS LDCT scan) was 4.59 mGy, which is
29% of the SPECT/Low-Activity CT with 925 MBq of
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Tc-99m-sestamibi (SLDCT scan) with mean effective dose of
15.7 mGy.

Analysis

Both scans were compared in terms of the presence/absence of
adenoma or hyperplasia of the glands and of the localization
of the lesion by two senior nuclear medicine physicians
blinded to clinical data. All analyzes were made using the same
window, contrast, and brightness. The same equipment and
methodological procedures were adopted by both evaluators.
Each physician independently read 54 primary scan images (with
925 MBq) and 54 preoperative scan images (with 185 MBq), but
the final diagnosis was reached by mutual agreement. The
questions to be answered by the image investigation were as
follows: (1) the presence of the lesion (yes/no), (2) the location of
the lesion (thyroid upper lobe/thyroid lower lobe/intrathyroid/
mediastinal), (3) the presence of multiple lesions (yes/no),
and (4) the type of the lesion (adenoma/hyperplasia/carcinoma).
Imaging interpretations answering for the first three questions
were compared to surgical results and the radiologists’ opinion
about the type of the lesion was compared to final pathological
reports. The sensitivity of both investigations in consideration
was then calculated.

The data were statistically evaluated by three-dimensional
analysis of variance, SPSS, Standard version 17.0 (SPSS,
Chicago, IL, 2007). The level of significance for all analyses
was set at P < 0.05.

RESULTS
All 54 selected patients underwent successful

parathyroidectomy surgery. Mean preoperative PTH level of
the patents was 118 * 44.8 pg/ml and mean Ca*? level was

11.3 = 1.76. The average weight of the patients was 69.6 kg
(male average 75.8 kg and female average 61.7 kg). The mean
size of the removed adenomas was 16 mm X 11 mm X 7 mm.

The pathological findings included 46 single adenomas,
two double adenomas (n = 4), two mediastinal adenomas,
two intrathyroid adenomas (54 lesions in 52 patients),
and two cases of hyperplasia of four glands (eight lesions
in two patients). The total number of pathologic findings
was 62. Both conventional SPECT/CT (925 MBq) [Figure 1]
and low-activity SPECT/CT (185 MBq) [Figures 2 and 3]
investigations identified 47/47 single adenomas, all four
double adenomas, both mediastinal adenomas, and all
hyperplasia lesions [Figure 4| (61/62; agreement with
surgery 98.4%). The agreement in location of the lesion
between conventional SPECT/CT and surgery was also 98.4%

Figure 1: The early-phase planar scintigraphy with 925 megabecquerel
of technetium-99m-sestamibi indicates the adenoma of the parathyroid
gland (lower dark spot). Two upper dark spots are physiologic uptake of
Technetium-99m-sestamibi of bilateral submandibular glands

Table 1: Sensitivity of dual-phase parathyroid scintigraphy investigation for lesions of the parathyroid glands (n=62) in comparison
between 25 mCi (925 MBq) and 5 mCi (185 MBq) investigations. Pathology indicates data on 62 surgical samples, Location includes

one false positive result and that is why it indicates 63 lesions

Variable TP 25 mCi/5 mCi FP mCi/5 mCi FN mCi/5 mCi Sensitivity 25 mCi/5 mCi
Presence of a lesion 61/61 11 11 0.97/0.97
Location
Right upper lobe 1/2 0/0 1/0 0.96/0.97
Right lower lobe 19/19 1/0 0/0
Left upper lobe 171 0/0 0/0
Left lower lobe 18/18 0/0 0/0
Mediastinal 2/2 0/0 0/0
Intrathyroid 11 0/0 11
Multiple lesions 4/4 cases 1/1 case 0/0 11
Pathology 12/12 lesions 1/1 lesion 0/0
Adenoma 53/53 0/0 7l 0.98/0.98
Hyperplasia 8/8 0/0 0/0 11
Carcinoma 0 0 0

TP — true positive, FP — false positive, FN — false negative
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because one single adenoma was localized in the right
lower lobe but appeared to be in the right upper lobe. The
agreement in the location of the lesion between low-activity
SPECT/CT and surgery was 100%. The agreement with
pathological results (adenoma vs. hyperplasia) was 100% for
both conventional and low-dose investigations.

The conventional and low-activity scans resulted with a
false-positive diagnosis in one case of double adenoma. The
scans reported a double adenoma, but only a single adenoma
was found during surgery. One case of single adenoma was a
false-negative diagnosis. The surgery revealed an intrathyroid

21

Figure 2: The early-phase planar scintigraphy of the same patient performed
preoperatively with 185 megabecquerel of technetium-99m-sestamibi
indicates the same adenoma of the parathyroid gland (lower dark spot)

parathyroid adenoma of 6 mm that was located during the
operation with the help of the gamma probe. In this case,
the hemythyroidectomy was performed. The sensitivity of
both scans for the presence, location, multiplicity, and the
type of pathology is presented in Table 1.

DISCUSSION

Managing the risks of nuclear medicine imaging procedures
depends on two principles of radiation protection: an
appropriate justification for performing each procedure,
and careful optimization of the radiation dose used during
each procedure. A trend toward reducing radiation-exposure
dose for both patients and medical staff is the “as low as
reasonably achievable” principle recommending that the
patients should be exposed to an optimal radiation dose
necessary for producing a high-quality image.

Since Tc-99m-sestamibi was introduced as a new agent
for parathyroid imaging in 1989, the radiation activity
of 370-1100 MBq was recommended for a standard
procedure.'>'° This approach, however, reflected the standard
activities used for myocardial imaging.''® The study of Wei
et al. reported that 296 MBq is sufficient to obtain accurate
results in parathyroid cases, but this study was overlooked.!'”!
The 20-year development of radiological diagnostic devices
and combination of SPECT, CT, and scintigraphy techniques
permits reducing the radiation dose without compromising
the results of radiological investigations.

Figure 3: The single-photon emission computed tomography/computed tomography with 185 megabecquerel of technetium-99m-sestamibi accurately
locates two adenomas of the parathyroid glands, one of which (left) is located intraparenchymally in the thyroid gland and the second one (right) is located

behind the lower pole of the thyroid
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Figure 4: The single-photon emission computed tomography/computed
tomography with 185 megabecquerel of technetium-99m-sestamibi
accurately locates four parathyroid glands with hyperplasia

In the present study, we found impressively high rates of
positive preoperative identification and localization of
parathyroid adenomas using a novel technique comprising
the administration of a low dose of Tc-99m-sestamibi,
followed after a short period of time by a combined SPECT
and CT scan, for the identification and localization of a
parathyroid adenoma on the day of surgery. The only case of
misdiagnosis could be due to the low weight of the adenoma
that was <0.1 g, which is below the camera resolution.

An additional 60 min since the Tc-99m-sestamibi injection
SPECT/CT image permits to differentiate the thyroid and
the parathyroid tissues, to detect and locate the parathyroid
adenoma, and to assess reverse redistribution and rapid
washout of Tc-99m-sestamibi. For these purposes, the
60-min image was found to be more informative than
the 120-min image. The reverse redistribution and rapid
washout of Tc-99m-sestamibi were researched in patients
with acute myocardial infarction.®" A rapid washout of
Tc-99m-sestamibi from a parathyroid adenoma was reported
in 1995 and was discussed by Krausz et al. in detail in
2001.22" These authors indicated that the rapid washout

was the main reason of the false-negative results that were
obtained. To overcome this problem, Palestro et al. suggested
subtraction imaging.”” We believe that our approach with
15 min — 60 min — 120 min images may be helpful in both
the thyroid uptake pattern which requires delayed scan and
in early washout cases. As we wanted to show in our study,
such approach provides accurate results even if only 185 MBq
of Tc-99m-sestamibi was injected.

Despite the low radioactivity, no significant discrepancies
were found between the diagnoses of both scans regarding
localization of parathyroid adenoma. The 185 MBq scans were
absolutely adequate for recognition of the parathyroid lesions
including the intrathyroid location of the gland. We, therefore,
confirm the recently published report on the subject.”!

While the Nuclear Medicine Procedure Manual 2012-14 and
other above-mentioned similar manuals specifically indicate
925 MBq radioactivity, there were several recent attempts
to use 740 MBq,***! 600-740 MBq,”! and 555 MBq'"*! in
parathyroid cases. The authors reported correctly localized
abnormal parathyroid glands in 75% of the cases? and
the sensitivity of 69.2%.% Our results with 925 MBq were
more impressive, and we believe that such radioactivity is
optimal if possible intrathyroid or mediastinal location of the
parathyroid glands is to be taken into account. Specifically
for gamma probe guidance, radioactivity of 37 MBq (10 min
before surgery) replacing radioactivity of 555 MBq (2 h before
surgery) was also tried with reportedly good results.?”! While
we agree with the authors that 555 MBq for gamma probe
guidance is probably too much, we are not sure that 37 MBq
can be equally successful in cases of intrathyroid parathyroid
glands.

While assessing radiation effective doses were not the aim of
this study, some general considerations are to be expressed.
Activities and radiation effective doses are interconnected.
The accepted effective radiation dose for adults from
Tc-99m-MIBI is 0.009 mSv/MBq.!"*# The usual protocol for
dual-phase parathyroid imaging is done with 925 MBq of
Tc-99m-MIBI producing effective radiation dose of 8.325 mSv.
When the low dose of Tc-99m-MIBI dual-phase parathyroid
imaging with 185 MBq is performed, the effective radiation
dose coming from MIBI only is 1.665 mSv. In fact, these
doses are even lower because the received activity is always
lower than the administered activity. Administering 185 MBq
instead of 740 or 925 MBq minimizes the radiation-exposure
dose to the surgeon and operating theater personnel.

The current research has several limitations. All our patients
underwent surgical resection and those patients with
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hyperparathyroidism who were not operated were not assessed.
We did not have cases with microadenomas in our series and
cannot speculate on radiological investigations for these cases.
While we were able to assess false-negative, false-positive,
and true-positive results of the diagnostic procedure, we were
unable to assess true-negative results (specificity) because
patients with them were not operated and did not undergo
the second radiological low-dose investigation.

CONCLUSION

Our data suggest that the radioactivity of 185 MBq applied
in the evaluation of the parathyroid glands provides
results similar to the currently used 925-1110 MBq if
used for diagnostic dual-phase parathyroid scintigraphy
with Tc-99m-sestamibi. Such radioactivity may reduce the
exposure to radiation of the patients and the staff without
compromising results of the investigation.
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