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Validity of dual tracer = "Tc-tetrofosmin and ~ " Tc-pertechnetate

subtraction parathyroid scintigraphy in patients with primary and

secondary hyperparathyroidism

Validnost suptrakcione scintigrafije *™Tc-tetrofosminom i *™Tc-pertehnetatom
kod bolesnika sa primarnim i sekundarnim hiperparatiroidizmom
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Abstract

Background/Aim. Primaty hyperparathyroidism (pHPT)
is an endocrine disease with the third highest incidence of
all endocrine disorders after diabetes mellitus and hyper-
thyroidism. pHPT is typically caused by a solitary parathy-
roid adenoma, less frequently by multiple parathyroid
gland disease (MGD) and rarely by parathyroid carcinoma.
Secondary hyperparat}rmdlsm (sHPT) is a common com-
plication in patients with chronic renal failure. The aim of
this study was to estimate sensitivity of dual tracer ?™Tc-
tetrofosmin and *™Tc-pertechnetate subtraction scintigra-
phy in detection of abnormal parathyroid glands in pa-
tients with pHPT and sHPT confirmed by histopathology.
Methods. In 46 patients, (77 abnormal parathyroid
glands), 30 with pHPT and 16 with sHPT parathyroid
scintigraphy was done preoperatively. All the patients had
histopathological confirmation of diagnosis. Abnormal
parathyroid glands weighted from 0.1 to 7 g. After 7 in-
jection dynamic scintigraphy during 25 minutes (one
frame-one minute) using 555 MBq of ™Tc-tetrofosmin,
and three hours latter using 111 MBq of ™Tc
/pettechnetate was petformed. " Te-tetrofosmin dynamic

Apstrakt

Uvod/Cilj. Primarni hiperparatireoidizam (pHPT) je endo-
krinolosko oboljenje ¢ija je incidencija na trecem mestu po-
sle dijabetesa melitusa. Najcesce nastaje kao posledica soli-
tarnog paratiroidnog adenoma, zatim zbog multiple bolesti
paratiroidnih Zlezda, a retko zbog paratiroidnog karcinoma.
Sekundarni hiperparatiroidizam (sHPT) je cesta komplika-
cija kod bolesnika sa hroni¢nom renalnom insuficijencijom.
Cilj ovog rada bio je da odredi osetljivost suptrakcione scin-
tigrafije paratiroidnih Zlezda ?°™Tc-tetrofosminom i %9™Tc-
pertehnetatom u detekciji patoloski izmenjenih paratiroidnih
zlezda kod bolesnika sa pHPT i sHPT, dokazanim patohis-
toloski. Metode. Scintigrafija paratiroidnih Zlezda uradena
je preoperativno kod 46 bolesnika, (77 patoloski izmenjenih
1 uvecanih paratiroidnih Zlezda), 30 sa primarnim i 16 sa se-

study was followed by static scintigraphy of the neck and
chest 30 minutes, 1, 2 and 3 hours after 7 injection. Re-
sults. An abnormal scintigraphic finding was found in 44
of 46 patients with sensitivity of 96%. In pHPT sensitivity
was 93% (28 of 30 patients, and 28 of 30 glands). In sHPT
scintigraphy was abnormal in all the patients (sensitivity
100%). In the patients with sHPT scintigraphy detected 30
of 47 abnormal parathyroid glands (sensitivity 64%). An
overall sensitivity of scintigraphy per gland, for pHPT and
sHPT in detecting 58 of 77 abnormal parathyroid glands
was 75%. Conclusion. An abnormal scintigrafic result per
patient was found in 44 patients (sensitivity 96%) and 58
of 77 abnormal parathyroid glands were detected (sensi-
tivity 75%). A high sensitivity of dual tracer subtraction
9mTe-tetrofosmin/*™Te-pertechnetate  parathyroid scin-
tigraphy in detecting abnormal parathyroid glands in pri-
mary and secondary hyperparathyroidism was achieved.
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kundarnim hiperparatiroidizmom. Svi bolesnici imali su
patohistolosku potvrdu dijagnoze. Patoloski izmenjene pa-
ratiroidne Zlezde tezile su od 0,1 do 7 g. Posle iv injekcije
555MBq *™Tec-tetrofosmina radena je dinamska scintigrafija
vrata u trajanju od 25 minuta (jedna sli¢ica-jedan minut).
Posle dinamske studije *™Tc-tetrofosminom radena je stati-
cka scintigrafija vrata i grudnog kosa 30 minuta, 1, 21 3 sata
posle iv injekcije. Posle v injekcije 111 MBq *™Tc-
pertehnetata radena je dinamska scintigrafija vrata, najranije
tri sata od 7 injekcije " Tc-tetrofosmina. Rezultati. Pato-
loski izmenjene paratiroidne Zlezde nadene su scintigrafski
kod 44 od 46 bolesnika, sa osetljivos¢u po bolesniku od
96%. Kod bolesnika sa pHPT osetljivost scintigrafije bila je
93% (kod 28 od 30 bolesnika, tj. 28 od 30 zlezda). Kod bo-
lesnika sa sHPT svi bolesnici imali su patoloski scintigrafski
nalaz (osetljivost 100%). Kod bolesnika sa sHPT scintigra-
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fija je otkrila 30 od 47 patoloski izmenjenih paratiroidnih
zlezda (osetljivost 64%0). Ukupna osetljivost, izracunata po
zlezdi, za pHPT i sHPT bila je 75% (otkriveno 58 od 77
patoloski izmenjenih paratiroidnih zlezda). Zakljucak. Pa-
toloski scintigrafski nalaz naden je kod 44 od 46 bolesnika
(osetljivost 96%). Otkriveno je 58 od 77 patoloski izmenje-
nih paratiroidnih Zlezda (osetljivost 75%). Dobijena je viso-
ka osetljivost suptrakcione scintigrafije paratiroidnih Zlezda
PmTe-tetrofosminim 1 ?*"Tc-pertehnetatom u otkrivanju

patoloski izmenjenih i uvecanih paratiroidnih Zlezda kod
bolesnika sa primarnim i sekundarnim hiperparatiroidiz-
mom.

Kljucne reci:

paratireoidne Zlezde, bolesti; paratireoidni hormoni;
hiperparatireoidizam; scintigrafija;
organotehnecijumska jedinjenja; osetljivost i
specificnost.

Introduction

Primary hyperparathyroidism (pHPT) is an endocrine
disease with the third highest incidence of all endocrine disor-
ders after diabetes mellitus and hyperthyroidism. Primary hy-
perparathyroidism is caused by secretion of excessive amounts
of parathyroid hormone (PTH) by one or more enlarged dis-
eased parathyroid gland(s). Two normal pairs of parathyroid
glands are located in the neck posterior to the thyroid gland.
pHPT is typicaly caused by a solitary parathyroid adenoma,
less frequently (about 15% of cases) by multiple parathyroid
gland disease (MGD) and rarely (about 1% of cases) by para
thyroid carcinoma . Patients with MGD have either double
adenomas or hyperplasia of three or al four parathyroid
glands. Secondary hyperparatyroidism (sHPT) is a common
complication in patients with chronic rena failure®®. Hypo-
calcemia, accumulation of phosphate and a decrease in the ac-
tive form of vitamin D lead to increased secretion of PTH.
When medical therapy fails, surgery becomes necessary. Suc-
cessful parathyroidectomy depends on recognition and exci-
sion of al hyperfunctional parathyroid glands. Unguided bilat-
eral exploration, dissecting al potential sites in the neck lead
to remedy in 90-95% of patients °. Two main reasons for sur-
gery failure are ectopic glands (retro-oesophageal, mediastinal,
intrathyroid, in the sheat of the carotid artery, or undescended)
and undetected MGD. The first neck exploration is optimal to
cure hyperparathyroidism > 8. Reoperation is associated with
the dramatic reduction in the success rate and an increase in
surgical complications. Scintigraphic imaging is, therefore,
mandatory before reoperation of persistent or recurrent hyper-
parathyroidism ‘. Because of that, most surgeons would now
appreciate having information of localization of abnormal
parathyroid tissue. This would minimalize the need for reop-
eration and shorten operation time by avoiding unnecessary
surgery. The most common preoperative locaization methods
for hyperparathyroidism are scintigraphy and ultrasonogra-
phy *?. High resolution ultrasound is sensitive enough for lo-
calization of abnormal parathyroid glands in the neck, but is
unable for mediastina ectopic enlarged parathyroid masses.
Scintigraphy can visualize enlarged parathyroid glands in the
neck and parathyroid glands with ectopic localization. The two
norma pairs of parathyroid glands are located in the neck
posterior to the thyroid gland. They are very small, weighing
beween 20 and 50 mg. *™Tc-sestamibi and *™Tc-tetrofosmin
are intracelullar tracers, and both go into thyroid and parathy-
roid tissue allowing visudization of enlarged parathyroid
glands. Critical mass of parathyroid tissue for scintigraphic

visuaization is about 300 mg 2 Technetium-99m aone in the
form of pertechnetate (*™TcO4-) and 1-123-sodium iodide are
specific tracers for thyroid tissue and they are in use as second
tracer for subtraction technique of parathiroid scintigraphy.
Ectopic locdization of parathyroid glands can be diagnozed by
planar scintigraphy " **%, SPECT and SPECT-CT scintigra-
phy techniques, magnetic resonance imaging (MRI) and com-
puterized tomography (CT) 18192725

The aim of this study was to estimate sensitivity of dual
tracer *™Tc-tetrofosmin and *™Tc-pertechnetate subtraction
scintigraphy, in detection of abnorma parathyroid glands in
patients with primary and secondary hyperparathyroidism
confirmed by histopatology.

Methods

Parathyroid scintigraphy was done preoperativelly in 46
patients (77 abnormal parathyroid glands). There were 34
female and 12 male patients, 24 to 78 years old, mean age
was 54 years. Thirty patients had primary and sixteen secon-
dary hyperparathyroidism. The patients with pHPT had iPTH
values from 65 to 837 pg/mL, mean value 253 pg/mL, and
plasmatic calcium levels from 2.4 to 3.89 mmol/L, mean
value 2.89 mmol/L. Twenty one patient with pHPT had val-
ues of serum anorganic phosphates, ranged from 0.35 to 1.1
mmol/L, mean vaue 0.76 mmol/L. The patients with sPTH
had iPTH from 518 to 2500 pg/mL, mean value 1547 pg/mL.
Normal iPTH values were in the range from 10.0 to 72.0
pg/mL, for plasmatic calcium from 2.13 to 2.65 mmol/L and
for anorganic phosphates from 0.81 to 1.53 mmol/L. All the
patients had histopathological confirmation of the diagnosis.
Abnormal parathyroid glands weighed from 0.1to 7 g.

Scintigraphy was done using regular fild-of-view
gamma camera with a high-sesintivity parallel hole collima
tor centered at 140 keV with 20% window. After iv injection
of 555 MBq of *™Tc-tetrofosmin, with a head of gamma
camera under the head, neck and chest of a patient, dynamic
scintigraphy during 25 minutes (one frame-one minute) was
performed. Late “tetrofosmin” static scintigrams of the neck
and chest after 30 minutes, one, two and three hours after iv
injection of *M™Tc-tetrofosmin were done. When *™Tc-
tetrofosmin was completely washed-out from thyroid gland,
dynamic scintigraphy of thyroid gland after iv injection of
111 MBq of *™Tc-pertechnetate, lasting 25 minutes (one
frame-one minute) was performed. After normalization and
motion correction, subtraction *™Tc-pertechnetate from
¥MTc-tetrofosmin  added dynamic scintigram was done.
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Scintigraphic results were graded one to five: grade 1-
normal finding, grade 2 - probably normal finding, grade 3 -
suspicious finding, grade 4 - probably abnormal finding and
grades 5- abnormal finding. Scintigraphic findings graded
four and five were considered as positive. Sensitivity was
calculated using decision matrix formulafor sensitivity.

Results

An abnormal scintigraphic finding was found in 44 of
46 patients, with sensitivity per patient of 96%. One patient

with pHPT had scintigraphic finding grade 2 and other one
with pHPT scintigraphic finding grade 3. In the patient with
scintigraphic finding grade 2, scintigraphic false negative
finding was caused by a diffuse enlarged thyroid gland.
Scintigraphy was false positive in the patient with scin-
tigraphic finding grade 3, caused by thyroid colloid nodule,
on the opposite side from enlarged parathyroid gland. From
the remaining 28 patients with pHPT six patients had a scin-
tigraphy finding grade 4, while 22 of them had scintigraphy
finding grade 5. Primary hyperparathyroidism showed (Fig-
ures 1 and 2) scintigraphic sensitivity per gland of 93% (28

Fig. 1 — Patient S.M, 65 years of age, Hyperparathyroidismus prim. susp, Osteoporosis sec, PTH-225 pg/mL, CaU-
2.83 mmol/L, P-0,84 mmol/L, ALP-159 U/L, Ca and P in urine b.o. Scintigraphy showed enlarged left inferior parathyroid gland

Fig. 2 — Patient M. N, 46 years of age, Hyperparathyroidismus prim, Calculosis renis bill, CaU-2.91 mmol/L, P-0.72 mmol/L,
PTH-267 pg/mL. US finding was hypoechogenic zone in right inferior pole of thyroid gland 10x7 mm in diameter: enlarged
parathyroid gland of thyroid node. Scintigraphy showed enlarged right inferior parathyroid gland
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of 30 patients, i.e. 28 of 30 glands). All patients with the sec-
ondary hyperparathyroidism (Figure 3) had abnormal scin-
tigraphic finding with sensitivity per patient of 100%, but
sensitivity per gland, detecting 30 of 47 abnormal glands,
was 64%. An overal sensitivity of scintigraphy for primary
and secondary hyperparathyroidism per gland (detecting 58
of 77 abnormal parathyroid glands) was 75%.

pHPT, and 100% sensitivity per patient for sHPT. Causes of
false negative findings are small weight, localization and kinet-
ics of radionuclid uptake (cdllularity and perfusion) of abnormal
parathyroid glands, and large thyroid gland (mass > 35 g). Most
frequent cause of fase negative results is small gland weight.
Enlarged hyperplastic parathyroid glands in sHPT have diffuse
or nodular hyperplasia, and reach different weight and size in

Fig. 3 — Patient P. J, 44 years of age, Insuff. Ren. Chr, Haemodyalisis 6 years, PTH-1230 pg/mL. Scintigraphy showed Tc99m-
TREF activity in projection of left uper half of thyroid gland and smaller amount of TRF activity below left inferior pole of
thyroid gland, suggesting enlarged left superior and inferior parathyroid gland

Discussion

In the last decade improvements in sensitivity and speci-
ficity of diagnostic techniques for identifying parathyroid pa-
thology in patients with primary and secondary hyperparathy-
roidism were made. This has increased the need for preopera-
tive parathyroid imaging, because exact localization of abnor-
mal parathyroid glands shortened operation time and alow
minimally invasive parathyroid surgery %% 7.

More than twenty years ago Ferlin et a. **? % introduced
double tracer thallium-201/technetium-99m (**T1/*™Tc) sub-
traction scintigraphy as a very sensitive method for locdizing
abnormal or aberrantly located parathyroid tissue. Since then
parathyroid scintigraphy has been used for locdizing enlarged
parathyroid glands both in primary and secondary hyperparathy-
roidism. *™Tc-sestamibi and *™Tc-tetrofosmin were promoted
as new radiofarmaceuticals first for miocardia perfusion imag-
ing, about ten years later ****. Because of their high and uniform
sensitivity, sestamibi and tetrofosmin are the radionuclides of
choise for patarhyroid imaging. Earlier papers reported wide
range of sensitivity (26-94%) but uniform specificity, more than
95% of Z*TI/* Tc duad tracer subtraction scintigraphy "%,
Scintigraphy with 99mTc-sestamibi and  99mT c-tetrofosmin
reaches sensitivity of 97% % 2. Our results are similar reaching
as high sensitivity as 96% per patient and 93% per gland, for

the same patient *. This is the most probable reason for lower
sengitivity of parathyroid scintigraphy estimated for sHPT per
gland, as in our study (64%). About 10% are false postive
findings caused by diffuse or multinodullar goitre or solitary
adenoma of thyroid gland. False positive findings can cause sar-
coid or metastatic lymph nodes in the neck. Later studies dis-
cussed cellular predomination, PEG expression and cellular
metabolic activity as reasons for lesser or greater uptake of ses-
tamibi and tetrofosmin > %%,

Most of enlarged abnorma parathyroid glands have
dower metabolism and wash-out of *"Tc-tetrofosmin and
%¥MTe-MIBI than thyroid gland, so thay can be visudized in
late “tetrofosmin/MIBI” scintigrams, without subtraction tech-
nique. Some abnorma parathyroid glands have a very high
metabolism and fast wash-out of *"Tc-tetrofosmin from the
gland, so they cannot be visualized on late scintigrams ™ 2. In
such cases and in cases of intrathyroid localization of parathy-
roid glands subtraction technique clearly delineate abnormal
parathyroid gland. Further sensitivity can be achieved by using
SPECT or SPECT-CT scintigraphyc technique ™% %, Using a
probe perioperatively can be further extended for localization
during operative procedures, leading to more accurate surgica
results . In this group of patients double tracer subtraction
technique and dual-phase technique were combined to obtain
higher sensitivity of parathyroid scintigraphy.
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Conclusion

An abnorma scintigrafic result per patient was found in 44

patients (sensitivity 96%) with 58 abnorma glands detected
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(sensitivity 75%). In this study a high sensitivity of dua tracer
subtraction  *™Tc-tetrofosmin/™ Tc-pertechnetat  parathyroid
scintigraphy in detecting abnormd parathyroid glands in pri-
mary and secondary hyperparathyroidism was achieved.
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