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Abstract. Technetium-99m sestamibi scintigraphy hasEur J Nucl Med (1997) 24:1494-1498
become a valuable tool in locating parathyroid glands in
patients with primary hyperparathyroidism. The aim of
this study was to evaluate its usefulness in secondary hysiyoduction
perparathyroidism. Twenty patients were injected intra-
venously with 740 MBq of9"Tc-sestamibi and images Secondary hyperparathyroidism is a frequent complica-
were obtained at 15 min and 2 h post injection. All pa-tion in chronic renal failure patients. Despite the use of
tients underwent parathyroid ultrasonography (US) asctive vitamin D metabolites and phosphate binders it is
well as bilateral surgical neck exploration and 64 parasometimes difficult to control and, unfortunately, with
thyroid glands were removed. US revealed at least ontne increasing duration of dialysis, more patients require
enlarged gland in 15/20 patients (75%), whf&Tc-ses-  parathyroidectomy.
tamibi scintigraphy showed focal areas of increased up- The most important factor in achieving a successful
take in at least one gland in 17/20 patients (85%). Whesurgical outcome is having a surgeon experienced in
imaging results for all glands were evaluated accordingarathyroid surgery. The second most important factor is
to surgical results, sensitivity was 54% for parathyroidthe localization of all the parathyroid tissue, but it is fre-
scintigraphy and 41% for US, and specificity was 89%quently difficult to determine where hyperfunctioning
for both imaging techniques. There was a discrepanctissue is located. Different imaging techniques such as
between the two imaging modalities in 28 glands (35%)high-resolution ultrasonography, computed tomography
The mean surgical weight of US-positive glands(CT), arteriography, magnetic resonance imaging and
(1492+1436 mg) was significantly higher than that ofnuclear medicine procedures have been used for this
US-negative glands (775703 mg?<0©.05). However, purpose [1]. Among the different techniques available
there were no significant differences in weight betweerfor parathyroid radionuclide imaging, the most common-
sestamibi-positive and sestamibi-negative glands. Whely used has been a dual-radioisotope procedure combin-
only sestamibi-positive glands were considered, a posing thallium-201 with technetium-99m pertechnetate or
tive correlation between uptake and weight was foundodine-123 [2—4]. However, there are some controversies
(r=0.4, P<0.05). In conclusion, parathyroid US and regarding the optimal technical aspects of this proce-
9mTc-sestamibi scintigraphy are complementary imag-dure, including the order of injection of the radiotracers
ing techniques in the preoperative localization of abnorand the computer subtraction and alignment techniques.
mal parathyroid glands in patients with secondary hyper- In recent yearsmTc-sestamibi scintigraphy has
parathyroidism. The limited sensitivity of the techniquesbeen used for the localization of parathyroid glands as
means that patients will still require bilateral neck explo-an alternative t801TIl/99"T¢ subtraction scintigraphy [5],
ration; therefore routine preoperative parathyroid scanand an approach which relies on the administration of a
ning in renal patients is not justified. single dose with a double-phase imaging procedure has
been proposed [6]. Recently it has been reported that this
Key words: Parathyroid scintigraphy — Secondary Hy- technique is a valuable tool in patients with primary hy-
perparathyroidism — Technetium-99m sestamibi perparathyroidism for the preoperative evaluation of a
first exploration [7] as well as before reoperation [8].
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The aim of this study was to evaluate the usefulneswmaximum diameter of the gland. All patients underwent bilateral
of double-phas&9Tc-sestamibi scintigraphy in the pre- surgical neck exploration and 64 parathyroid glands were re-
operative assessment of patients with secondary hypefoved, weighed and examined histologically.

parathyroidism. Parathyroid scintigraphyThe patients were injected intravenously
with 740 MBq (20 mCi) of99nTc-sestamibi. The labelling effi-
ciency was previously assessed by thin layer chromatography. Ra-
Materials and methods diochemical purity was higher than 95% in all labellings. Anterior
views of the neck and the upper thorax were performed with the
Patients.The study group included 20 patients (9 males, 11 fe-patient supine. Images were obtained at 15 min (initial or thyroid
males; mean age 48 years, range 28-78), all of whom had clinicabhase) and 2 h (delayed or parathyroid phase) after the adminis-
biochemical and radiological evidence of secondary hyperparathytration of the radiopharmaceutical. A digital gamma camera (Elsc-
roidism. Twelve patients presented chronic renal failure and werént SP4-HR) with a low-energy, high-resolution, parallel-hole col-
on haemodialysis while the remaining eight were renal transplantimator was used.
patients. Parathyroid ultrasonography (US) was performed on all The scans were interpreted visually by two blinded nuclear
patients and parathyroid size was estimated by measuring thmedicine physicians without previous knowledge of the patients’

Fig. 1A, B. Double-phasé°Tc-ses-
tamibi parathyroid scintigraphy. Im-
ages at 15 minX) and 2 h B) post
injection. A focal uptake which re-
mains after thyroid clearance (scored
as marked uptake) is clearly seen in
the inferior right lobe. A pathological
gland weighing 1950 mg was re-
movec

Fig. 2. 99T c-sestamibi parathyroid imag-
ing obtained at 15 minA) and 2 h B)

post injection. On delayed imaging there
are two focal areas of increased activity in
both lower poles of the thyroid (which
were scored as moderate uptake). During
surgery, three hyperplastic glands (weigh-
ing 1500, 950 and 240 mg) were found.

1 B The gland weighing 240 mg was not seen
g on scintigraphy and was situated in the up-
per left pole of the thyro':i
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Table 1.Diagnostic accuracy of ultraso-
nography and®"Tc-sestamibi parathyroid TP TN FP FN Se Sp A PPV NPV
scintigraphy

Ultrasonography 25 17 2 36 41 89 53 93 32
99T c-sestamibi 33 17 2 28 54 89 63 94 38

TP, True-positive; TN, true-negative; FP, false-positive; FN, false negative; Se, sensitivity;
Sp, specificity; A, accuracy; PPV, positive predictive value; NPV, negative predictive: value

data. Focal areas of increased uptake which showed either a rela- Parathyroid US revealed at least one enlarged gland
tive progressive increase over time or a fixed uptake which perin 15/20 patients (75%), the maximum gland diameter
sisted on delayed imaging were considered pathological. These ageing 2.6 cm?Tc-sestamibi scintigraphy showed focal
eas were scored for activity on a three-point scale: 1=faint uptakeyreas of increased uptake in at least one gland in 17/20
2=moderate uptake, 3=marked uptake. patients (85%) (Figs. 1, 2). Patients with negative scin-
Statistical analysisThe Mann-WhitneyU test was used to com- tigraphy had lower iPTH serum levels than patients with
pare distributions between two groups. Correlation between papositive scintigraphy, although the difference was not
rameters was calculated by Spearman’s correlation coefficientstatistically significant, probably due to the small num-
Sensitivity and specificity were evaluated by standard methods. Aper (1=3) of 99"Tc-sestamibi-negative scans.

P value <0.05 was considered statistically significant. During surgery, a total of 64 pathological glands were
found and all of them were removed. Their weight
Results ranged from 85 to 5300 mg (mean 1050+1092 mg).

When imaging results for all glands were evaluated ac-
All patients had increased intact parathyroid hormoneording to surgical results, sensitivity was higher for
(iPTH) serum levels which decreased in all cases aftgsarathyroid scintigraphy (54%) than for US (41%) and
parathyroidectomy. specificity was 89% for both imaging techniques. There
were more difficulties in detecting the upper than the

Table 2. Concordance between ultrasonography &9c-ses- lower pathological glands, the number of false-negatives

tamibi parathyroid scintigraphy imaging res:its being 20 and 23 in the upper localization and 8 and 13 in
the lower localization for US and scintigraphy, respec-
Ultrasonography tively. There was a discrepancy between the two imaging
modalities in 28 glands (35%). The comparative imaging
Positive Negative results are shown in Tables 1 and 2.

The mean surgical weight of US-positive glands

ig:};‘\gbi 17 18 (1492+1436 mg) was significantly higher than that of
Negative 10 35 US-negative glands (775703 mdy<(0.05). However,
there were no significant differences in weight between
Weight (mg)
4000
3000 [ R R S e s e R
2000.....,.' ..................
|}
. -
E . Fig. 3. Scores of9"Tc-sestamibi
: s . uptake and the weight of glands.
1 2 3 1, faint uptake2, moderate
Scores of 99mTc-sestamibi uptake uptake 3, marked uptake
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sestamibi-positive and sestamibi-negative glands. Whetwice that of US-negative glands. The ability %8fTc-

only sestamibi-positive glands were considered, a signifsestamibi to concentrate within parathyroid glands is
icant positive correlation between the score of uptak@robably more directly related to blood flow, but blood
and weight was found%£0.4,P<0.05) (Fig. 3). flow and metabolic activity may well be related, which
explains the absence of differences in weight between
sestamibi-positive and sestamibi-negative glands. A re-
cent study has shown a relationship between the gland
weight and scintigraphic positivity in the detection of
Although many parathyroid surgeons question the necegdenomas, but this dependence on gland weight was not

Discussion

sity for imaging before a first operation [9, 10], parathy-found in hyperplasia [22]. In our study group, scintigra-
roid surgery is itself changing, with a trend towardsphy was not able to detect the largest gland (with a
more limited neck exploration which requires localiza-weight of 5300 mg), which could have been due to calci-

tion of the glands preoperatively [11].

fication of the gland with a decrease in its functional ac-

Several imaging techniques can be performed to lotivity. Therefore, we agree with Piga et al. [20] that func-
cate abnormal parathyroid glands. CT and magnetic resion and size are not necessarily related in secondary hy-
onance imaging are not commonly used. US has begperparathyroidism and that sestamibi-negative and ses-
extensively used but with a wide variation in the reporttamibi-positive glands of a different size can coexist in
ed sensitivity. Radionuclide parathyroid imaging hasmost patients. These authors found a significant correla-

also shown a wide range of resul®8ITI/99"Tc pert-

tion between parathyroid size and serum iPTH concen-

echnetate subtraction scintigraphy being the most contrations in sestamibi-positive glands but not in sestamibi-

monly used technique untiP"Tc-sestamibi was intro-

negative glands.

In accordance with this finding we

duced [5]. This radiopharmaceutical has been reconfound a significant positive correlation between parathy-

mended for subtraction scintigraphy using eiti8r or

roid weight and the scintigraphic score of uptake in ses-

9T c-pertechnetate as thyroid tracers [12—14] as well aamibi-positive glands but not in sestamibi-negative
for the double-phase approach using a single dose [6§lands.

Several studies have demonstrated better results for In conclusion, parathyroid US arfd"Tc-sestamibi
99mTc-sestamibi than fo?%ITI and other imaging tech- scintigraphy are complementary imaging techniques in
nigues [7, 14-16], especially in those cases with ectopithe preoperative localization of abnormal parathyroid

glands [17].
Double-phase parathyroid scintigraphy wR¥Tc-

glands in patients with secondary hyperparathyroidism.
The limited sensitivity of the techniques means that pa-

sestamibi has been reported to be a valuable tool in exients will still require bilateral neck exploration; there-
ploring patients with primary hyperparathyroidism, fore routine preoperative parathyroid scanning in renal
showing a high sensitivity of detection for adenomaspatients is not justified.

(83%—95%) but lower detection rates for hyperplastic

glands [7, 18, 19]. Extensive studies using double-phasicknowledgementShe authors thank Mary Kopecky for her help
scintigraphy with 99nTc-sestamibi have not yet been with the English translation.

published in the preoperative assessment of uraemic pa-
tients with secondary hyperparathyroidism, which was
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