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Abstract

Introduction: Hyperparathyroidism is an endocrine disorder caused by overproduction of parathyroid hormone secreted from the
parathyroid glands. Although this disorder is associated with a plethora of symptoms, the majority of people are now asymptomatic and
discovered during routine laboratory screening.

Aim: The study presents the diagnostic accuracy of our dual tracer subtraction parathyroid scintigraphy combined with SPECT/CT
imaging protocol.

Materials and methods: A retrospective study was conducted between June 1st, 2021, and June 1st, 2023. A cohort of 30 patients — 29
women (96.7%) and 1 man (3.3%), aged 37 to 86 years (mean: 61.2, standard deviation: 11.6) with clinical suspicion for primary hy-
perparathyroidism underwent parathyroid imaging for preoperative localization of parathyroid adenoma or ectopic parathyroid gland.

Results: Twenty-six out of the thirty patients with primary hyperparathyroidism had positive scan results, while four patients had nega-
tive results. The results showed adenoma of the inferior parathyroid glands in 18 patients. Adenoma of the superior parathyroid glands
was found in 3 patients. Ectopic parathyroid gland was found in 4 patients. In one patient multiglandular parathyroid involvement was
observed. Planar scintigraphy was positive for presence of hyperfunctioning parathyroid in 15 patients (50%), whereas SPECT/CT im-
aging was positive in 26 patients (86.7%) and negative in 4 patients (13.3%).

Conclusions: The combination of functional and morphological data obtained from a single examination through dual-radiopharma-
ceutical subtraction imaging and SPECT/CT allows increased diagnostic accuracy, which influences the choice of surgical technique
and treatment result.

Keywords

image subtraction, parathyroid adenoma, single photon emission computed tomography with computer tomography

INTRODUCTION

regulates blood levels of calcium, phosphorus, and vitamin

D.!! Usually, this condition is associated with elevated lev-
The endocrine disorder known as hyperparathyroidism els of serum calcium and PTH. In some patients, the PTH
(HPT) is brought on by an excess of parathyroid hormone levels may be within the normal range but accompanied by
(PTH), which is secreted by the parathyroid glands and  hypercalcemia.?!
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Elevated levels of serum calcium as a result of excessive
parathyroid hormone in blood circulation is associated
with fatigue, weakness, pain in muscles and bones, poly-
uria, polydipsia, nocturnal urinary frequency, renal calculi,
memory loss, constipation, pyrosis, and depression. Now-
adays, most patients are asymptomatic and are diagnosed
during routine laboratory screening.”!

HPT can be either primary, secondary, or tertiary. Pri-
mary HPT is a relatively common endocrine condition,
with an incidence of 0.5/1000 in the general population,
and it affects women nearly three times more than males. 4!
It is typically caused by a solitary parathyroid adenoma in
the majority of patients (80%-85%). Of them, 95% are spo-
radic, and the other 5% are associated with hereditary syn-
dromes, for example, multiple endocrine neoplasia types 1,
2, and 4. In 15%-20% of all patients with primary hyper-
parathyroidism, the identified cause is either hyperplasia of
the glands or multiple parathyroid adenomas. In rare cas-
es, less than 1%, parathyroid carcinoma is the underlying
cause.”!

An anatomical understanding of the parotid glands is
needed since there are variations in their localization, jus-
tified by their embryological development, which can pose
a significant challenge for nuclear medicine physicians, ra-
diologists, and surgeons.

The parathyroid glands are small, lentil-sized glands
that are normally found behind the upper and lower poles
of both thyroid lobes. There are typically four of these
glands.

The superior parathyroid glands arise from the dorsal
wing of the 4th pharyngeal pouch. During the 7th gesta-
tional week, the glands detach from the pharynx, attach
themselves to the thyroid tissue and descend with it cau-
dally. The superior parathyroid glands have more constant
location than the inferior parathyroid glands, because of
their shorter migration length. Their final point of migra-
tion is usually on the dorsal surface of the upper thyroid
poles, dorsally to the recurrent laryngeal nerve outside of
the thyroid fibrous capsule.®

The inferior parathyroid glands are more likely to vary
in position because they arise from the dorsal wing of the
third pharyngeal pouch, which differentiates at approxi-
mately the fifth or sixth week of pregnancy, with the ven-
tral wing developing into the thymus. The thymus then
descends together with them further inferiorly compared
to the superior parathyroid glands. Their migration usually
ceases close to the lower thyroid poles, at the dorsal surface
of the thyroid gland, outside of the fibrous capsule anteri-
orly to the recurrent laryngeal nerve.”)

Despite the limited migration path of their embryolog-
ical development, there are still, however, cases of ectopy
of parathyroid glands, which is a cause of hyperparathy-
roidism. Ectopic parathyroid glands may be located within
thymus in the anterior mediastinum, within the thyroid or
along the paraesophageal space and carotid sheath.[®)

The most favorable treatment of hyperparathyroidism
is minimally invasive parathyroidectomy, but this focused
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approach is applicable only in those cases when the solitary
adenoma is preoperatively identified.l”’

Parathyroid scintigraphy plays a crucial role in the pre-
operative localization of hyperfunctioning parathyroid
adenomas, multiglandular parathyroid involvement or ec-
topic parathyroid glands allowing the selection of person-
alized surgical approach.

However, the success of the appropriate parathyroid sur-
gery does not only depend on the expertise of the surgeon,
but also on the sensitivity and accuracy of the chosen pre-
operative imaging modality.['

AIM

Our study presents the diagnostic accuracy of our du-
al-tracer subtraction parathyroid scintigraphy combined
with SPECT/CT imaging protocol.

MATERIALS AND METHODS

Patients

We conducted a retrospective study between June 1st, 2021,
and June 1st, 2023. A cohort of 30 patients - 29 women
(96.7%) and 1 man (3.3%), aged 37 to 86 years (mean: 61.2,
standard deviation: 11.6) with clinical suspicion for prima-
ry hyperparathyroidism underwent parathyroid imaging at
the Department of Nuclear Medicine in Sofia Cancer Cen-
ter for preoperative localization of parathyroid adenoma or
ectopic parathyroid gland. Written informed consent was
obtained from each patient before the imaging. Biochem-
ical diagnosis of primary hyperparathyroidism was based
on elevated serum calcium levels, elevated PTH levels ac-
companied with normal renal function.

Imaging protocol

Scanning was performed using a Siemens Symbia T2
SPECT/CT gamma camera. Anterior planar thyroid gland
imaging viewing the neck and the mediastinum was per-
formed using a low energy high-resolution parallel hole
collimator (matrix 128x128, 500 000 counts) 15 minutes
after injecting 74 MBq of *™Tc-pertechnetate. Afterwards,
740 MBq of **™Tc-MIBI was injected via cannula, and seri-
al planar images were obtained using 140 KeV energy win-
dow center for 15 minutes. Subtraction of both planar scans
followed, resulting in the visualization only of the hyper-
functioning parathyroid lesions. A SPECT/CT acquisition
was performed immediately after the planar imaging.

Overall, 120 projections (a 128x128 matrix) were ob-
tained, 15 seconds per view using low dose CT scan with a
15-minute duration for the SPECT/CT imaging.

The acquired images were evaluated on a Syngo work-
station. Analysis of statistical data was not conducted since
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the number of examined patients was not applicable to ex-
tract reliable conclusions.

RESULTS

After reviewing the results from the dual-tracer subtrac-
tion, combined with SPECT/CT imaging of 30 patients,
predominantly female 29 (96.7%) with primary hyper-
parathyroidism, we found positive scans in 26 patients
and negative in 5 patients. Of these 30 patients, one had
a previous parathyroid surgery, but still clinical and lab-
oratory evidence of primary HPT. The positive lesions
revealed by the method were visually classified as foci of
high, moderate or mild uptake. All included patients were
either operated or treated conservatively. In the group
of operated patients, the diagnosis was confirmed histo-
pathologically, while in the conservatively treated group,
the diagnosis was based on clinical examination and
biochemical results — persistent elevation of calcium se-
rum levels and PTH. Four patients (13.33%) with clinical
suspicion of primary hyperparathyroidism and positive
result from the hybrid dual-tracer imaging refused sur-
gical treatment, while a parathyroidectomy was carried
out on the other 26 patients (86.67%). The results showed
adenoma of the inferior parathyroid glands in 18 patients
(60%) of them 10 were with adenoma of the right inferior
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and 8 with adenoma of the left inferior parathyroid gland
(Fig. 1).

No evidence of adenoma was found in 4 patients
(13.33%), ectopic parathyroid gland was found in 4 patients
(13.33%) - either in the anterior mediastinum or along the
paraesophageal space and carotid sheath (Fig. 2).

Adenoma of the superior parathyroid glands was found
in 3 patients (10%) - in all of them in the right superior
gland. In one patient (3.33%) multiglandular parathyroid
involvement was observed - multifocal adenomas of the
right parathyroid glands.

Planar scintigraphy was positive for presence of hy-
perfunctioning parathyroid in 15 patients (50%), whereas
SPECT/CT imaging was positive in 26 patients (86.7%)
and negative in 4 patients (13.3%). SPECT/CT was able to
identify hyperfunctioning parathyroid tissue in 11 patients
(36.7%) with negative planar scintigraphy, allowing appro-
priate surgical intervention (Fig. 3).

DISCUSSION

The findings of this study suggest that SPECT/CT enhanc-
es the diagnostic utility of dual-phase scintigraphy for the
preoperative identification of hyperfunctioning parathy-
roid lesions in patients with primary HPT. This technique
provides a less invasive means of identifying affected
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Figure 1A. Dual-tracer subtraction of both *™Tc-pertechnetate and **™Tc-MIBI planar scans of a 37-year-old woman. A focal MIBI
uptake is visualized below the lower pole of the left thyroid lobe, suggestive of adenoma of left lower parathyroid gland.
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Figure 1B. Axial view of the subsequent SPECT/CT images by the same patient, showing a round lesion with a diameter of around

11 mm with focal MIBI uptake localized to a single abnormal left lower parathyroid gland. The patient underwent minimally invasive

parathyroidectomy for a single left lower parathyroid adenoma and experienced an appropriate drop in intraoperative parathyroid

hormone.

glands in cases where there is only one, thereby reducing
the possibility of an extended intraoperative examination
of the remaining parathyroid glands. The added value of
3D imaging for detection of adenomas is advocated in the
medical literature. Similar results are reported in a study
by Assante et al., which highlights the importance of the
three-dimensional method in the selection of surgical
approach and the achievement of better therapeutic out-
comes. The study proves the superiority of SPECT/CT over
dual-phase scintigraphy in preoperative patients with pri-
mary HPT and uncertain ultrasound findings.!!'!

SPECT/CT may give additional information in patients
with ectopic parathyroid adenoma in the neck and medi-
astinum, providing accurate anatomical location of the pa-
thology.!?!

The dual-tracer method (the %*™Tc-pertechne-
tate/**™Tc-MIBI method in our case) is a very useful tool
in patients with thyroid nodules or goiter, in whom per-
forming a subtraction of the images allows easy visualiza-
tion of the parathyroid adenoma.l'¥ Another advantage of
our dual-tracer protocol is its low cost for a nuclear medi-
cine technique using **™Tc tracers. There are many tracers
(*9™Tc, 12%1, or 1) that could be applied in the thyroid
gland mapping in the dual-tracer subtraction. However,

the costs of administering 99mTc to a single patient are
twenty times as low as those when 2 is applied, and us-
ing a MIBI kit is 10 times cheaper than using .14

But compared to a dual-phase single-tracer method,
this technique comes with a higher radiation dose to the
patient. Another disadvantage of this method is that it re-
quires good patient compliance to stay still and relaxed
in the required position during the scanning in order to
avoid motion artifacts.!'*!

Possible causes of false negative results when applying our
protocol include a low pathological tumor weight, a parathy-
roid cyst, non-steroidal anti-inflammatory drugs used by the
patient, calcium channel blockers, or calcimimetics leading
to low or no 99mTc-MIBI uptake.!'>! Another possible rea-
son for a false negative result could be a low concentration of
oxyphil cells in the parathyroid adenoma.!®!

The primary limitation of our research is the limited
number of patients we included. However, having in mind
the trend towards minimally invasive surgery and the in-
creased demand for hybrid parathyroid imaging, more
patients should be examined in order to demonstrate the
diagnostic superiority of our dual-tracer subtraction scin-
tigraphy combined with SPECT/CT protocol, so that the
collected data could make a significant contribution.
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Figure 2A. Dual-tracer subtraction of both ®™Tc-pertechnetate and **™Tc-MIBI planar scans of a 53-year-old woman. A focal MIBI
uptake is visualized below the lower pole of the right thyroid lobe, suggestive of adenoma of right lower parathyroid gland.

1. 31.2 mm
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Figure 2B. SPECT/CT images of the same patient, showing a round lesion with a diameter of around 32 mm with focal MIBI uptake
localized in the thorax retrotracheally at the level of Th3, suggestive of an intrathoracic ectopic parathyroid adenoma.
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Figure 3. Images of a 71-year-old woman with primary hyperparathyroidism (PHT - 129 pg/ml, Ca - 2.75 mmol/l). Dual-tracer sub-

traction of both *™Tc-pertechnetate and *™Tc-MIBI planar images did not show a clear focus suspect for adenoma. The subsequent

SPET/CT images showed a small lesion located caudally from the right thyroid gland, suspicious for parathyroid adenoma of the lower

right parathyroid gland (white arrow on the axial and sagittal views and red arrow on the coronal slices).

CONCLUSION

When combined with SPECT/CT, dual-radiopharmaceuti-
cal subtraction imaging offers the integration of functional
and morphological data, optimizing diagnostic accuracy
from a single exam and influencing surgical strategy and
treatment outcome.
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Pe3rome

BBepeHme: [imepnapaTupeos — 3T0 SHTOKPUHHOE 3a60/IeBaHIIe, BBI3BAHHOE M30bITOYHOI BBIPAbOTKOII IAPATUPEOUFHOTO TOPMOHA,
CeKPEeTUPYeMOro IMapalNTOBIAHBIMI JKee3aMit. XOTsI 9T0 3a00/eBaHIe COIPOBOXKAAETCS MHOKECTBOM CHMIITOMOB, Y OO/IBIINHCTBA
JIIOfiell OHO B HACTOsIIIIee BpeMs IIPOTeKaeT 6eCCHMIITOMHO 11 0OHAPY>KIBAETCSI BO BPeMsI PYTUHHOTO 1ab0paTOPHOrO CKPMHIHTA.

Lenb: VccnenopaHne [eMOHCTPUPYET JMATHOCTUYECKYIO TOYHOCTD Halllell BOJTHOJ CyOTPAKIVIOHHOI ITapaTHpeoyHON CIIMHTUTPa-
¢um B codetanuu ¢ npotoxonoM Busyanusaryu SPECT/CT

Matepuanbl U MeTofbl: PeTpociieKTMBHOE MCCIefOBaHNe IPOBOAVIOCEH B Iepuof ¢ 1 uions 2021 ropa no 1 nionsa 2023 ropa. Ipymma
u3 30 manmeHToB — 29 xeHuH (96,7%) u 1 my>xunHa (3,3%) B Bospacre ot 37 1o 86 net (cpenHee: 61,2, CTaHZAPTHOE OTK/IOHEHME:
11,6) ¢ KIMHUYECKMM HOAO3pEHMEM Ha IIePBUYHBII IMIOTHPEO03 — IPOIIUIA BU3ya/IN3aLMI0 IapalllMTOBUAHBIX XKeJle3 LA IpefoIepa-
LIMIOHHOJ JIOKa/IM3aLMY aZleHOMbI ITapALTOBY/IHBIX JKeJle3 VI SKTONMYECKOi MapalTOBUIHOM JKe/le3bl.

Pesynbtatbl: Y mBajnaTy LecTyl U3 TPUALATH IAIMEHTOB C IIEPBUYHBIM TUIIEPTHPEO3OM Pe3Y/IbTaThl CKAHUPOBAHNS ObUIM HOJIO-
JKUTENbHBIMY, @ Y YeThIPeX NMAallMeHTOB — OTPMIATe/IbHBIMU. Pe3y/brarThl II0Ka3anm afleHOMY HVDKHUX ITapaliMTOBUIHBIX Kenes y 18
IIAIeHTOB. AJleHOMa BEePXHIX [apallXTOBUHBIX JKejle3 OblTa 0OHAPy)KeHa Y 3 Mal[eHTOB. DKTONNYecKas IapaliuTOBIAHAS JKe/e3a
6bl1a OOHApY>KeHa Y 4 MAlMEeHTOB. Y OFHOrO MalueHTa HabMIofaaoCch My/IbTUIIAHAY/IIPHOE TIOPaKeH e IapalliNTOBIIHBIX JKeles.
ITnanapuas cuuHTUrpadus 6bUIa MOIOXKNUTEIBHOI Ha Ha/m4ue TUIepdyHKINY TapalTOBUAHBIX XKene3 y 15 manmenTos (50%), Tor-
na kak SPECT/CT Busyanusanus ObUIa OJIOKUTENbHOI Y 26 manueHToB (86,7%) u orpuLjatenbHoll y 4 maunentos (13,3%).

BbiBofbl: Couyeranne PyHKIMOHATBHBIX ¥ MOPPOIOTMYECKIX HAHHBIX, TONy4eHHBIX B Pe3y/bTaTe OZHOTO 00CIe0BaHNUA C IOMO-
IIbIO IBOVIHOM pajyiodapmalieBTiIecKoit cyorpakionHoit Busyanusanyn u SPECT/CT, mo3BossieT OBbICUTh TOYHOCTD AMATHOCTH-
KM, YTO B/IMSAET Ha BBIOOP XMPYPIUIECKOIl TEXHUKM 1 pe3y/IbTaT IeYeHMA.

KnioueBble cnoBa

cyOcTpakuusa M300paXKeHnil, aleHOMa IapalTOBUHOI >Kee3bl, OGHO(OTOHHASA SMMCCUOHHAS KOMIIBIOTEpHasA ToMorpadus c
KOMIIbIOTEpPHOI1 ToMorpadueit
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