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A new parathyroid scintigraphic localization study by a dual radioisotope technique using
radioiodinated toluidine blue (RTB) for the parathyroids and **™Tc for thyroid imaging is
presented. A simple RTB labeling procedure achieving 99% tagging of the '*'I-TB was used.
The RTB was found to be a highly specific parathyroid radiotracer, consequently enabling
superimposition of the delineated thyroid gland over the RTB avid parathyroid foci without a
need for subtraction of the thyroid or vascular background. Forty-six patients with primary
hyperparathyroidism underwent scintigraphic study prior to cervical (41 patients) or
mediastinal (5 patients) exploration and 67 pathological parathyroid glands (34 adenomas and
33 hyperplasias) were excised. On follow-up, serum calcium level retumed to normal in all
patients. Correlation of the scintigraphic resuits with the surgical findings disclosed a
sensitivity of 93%, with a specificity of 80% and an overall accuracy of 87%. This new
simplified and specific RTB scintigraphic method justifies its use as a routine procedure for
preoperative parathyroid scintigraphic localization in primary hyperparathyroidism.
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Yﬁable location of the parathyroid glands may be
the cause for incomplete removal or negative explora-
tion during surgery for hyperparathyroidism, resulting
in persistent hypercalcemia (/,2). Re-exploration, oc-
curring in 10% of patients having parathyroid surgery,
is less successful and more complicated, involving ster-
notomies in 15% of patients, and may even be fatal (3).

An accurate technique for preoperative localization
of the parathyroid glands is therefore needed. Various
imaging methods are available, such as angiography
(4,5), venous catheterization with PTH-RIA sampling
(6,7), thermography (8), ultrasonography (9,10), com-
puted tomography (CT) (11), and recently nuclear mag-
netic resonance (NMR) (/2), but all have limitations
and some questionable reliability.

Scintigraphic demonstration of the hyperactive para-
thyroid gland may serve two purposes: functional and
morphological, by pointing to the hyperactive gland
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and pinpointing its exact location. The initial enthusi-
asm following the introduction of [*Se]selenomethio-
nine in 1964 as a parathyroid radiotracer (13,14) was
not justified by later investigations (15,16). Various
other radiotracers were used, such as cesium-137 (17),
gallium-67 (18,19), and technetium-99m (20). Re-
cently thallium-201 has been investigated (2/-23);
however, the expected results were not fully obtained.

Toluidine blue (TB), an inorganic histologic dye that
specifically stains the parathyroid glands (28,29), has
been used since 1966 for intraoperative macroscopic
visualization of parathyroid glands (30,31). Methylene
blue (MB) reacts similarly (32). Toluidine blue was
radioiodinated (33) and investigated in animals (34,35)
and humans (36,37). In 1970 a simple labeling method
was introduced (38) and radioactive toluidine blue
(RTB) became readily available. It was then used exten-
sively in hepatobiliary (39,40) and pancreatic studies
(41).

We employed RTB for preoperative localization of
parathyroid pathology using a *™Tc superimposition
method and reported our preliminary results in 1981
(42). Since then, the technique has been improved and
a larger group of 46 patients was studied.
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MATERIALS AND METHODS

From 1980 to 1985, 95 patients underwent parathyroid
scintigraphy with RTB for hyperparathyroidism. Forty-six
consecutive patients (24 men, 22 women, age range 13-82 yr,
mean age 48 yr) with clinical and laboratory diagnosis of
primary hyperparathyroidism were treated surgically, and
these patients form the present study. The patients’ clinical
presentations included renal diseases (28 cases), skeletal dis-
orders (5 cases), gastrointestinal diseases (7 cases), cardiovas-
cular diseases (12 cases), and neuromuscular deficiencies (28
cases); many patients had more than one disorder. Four
patients had previous negative surgical exploration with per-
sistent symptomatic hypercalcemia and one patient had
asymptomatic hypercalcemia. Eleven patients had associated
diffuse or nodular goiter. All patients had abnormally elevated
serum calcium levels (range 10.8-15.2 mg%, mean 11.4 mg%,
normal 8.5-10.5 mg%) and varying phosphorus levels (range
1.8-5.8 mg%, mean 2.9 mg%, normal 2.5-4.5 mg%). Serum
PTH-RIA (a measure of the carboxy terminal region) was
elevated in 42 patients (range 850-4000 ng/ml, mean 2100
ng/ml) and normal in four patients (range 500-800 ng/ml,
mean 700 ng/ml, normal up to 800 ng/ml). All 46 patients
underwent combined sequential RTB and [*™Tc]per-
technetate parathyroid-thyroid scintigraphy for preoperative
localization of parathyroid pathology. In some patients, ultra-
sonography and computed tomographic studies were also
performed.

Preparation of the lodine-131 Toluidine Blue

We used commercial toluidine blue (TB)" (toluidine chlo-
ride); bluten chloride, 3-amino-7-dimethyl-amino-2 methyl-
phenazathionium chloride;: dimethyltoluthionine chloride,
Schulz-1041, C1-925, tolazul) (Fig. 1).

Radioiodination of the dye was accomplished by an ex-
change of H with '*'I according to the following procedure
developed in our laboratory (38): 20 mg of TB was dissolved
in 1 ml distilled water and 0.5 ml of potassium iodide/iodate
solution (465 mg KI + 307 mg KIO; in 100 ml distilled water)
were then added. Next, 10 mCi of '*'I of high specific activity
(10 mCi/l ug I) without a reducing agent' and one drop of
concentrated HCI for acidification were added.

The mixture was incubated for 15-20 hr at room temper-
ature. The labeled RTB was separated from the free '*'I by
passing the mixture through a 15-cm-high column with an
anion exchange Dowex 1-X8, 50-100 mesh. The final yield of
RTB was 50%-80%. The compound was stable, with a shelf
life of over 40 days. After preparation the RTB was sterilized
by passage through a Millipore filter and was checked first for
sterility (by bacteriological culture), then for dosimetry (the
established dose for adult patients was 13-15 uCi RTB/kg
body weight, which is ~1 mCi RTB), and for toxicity (al-mCi
dose of RTB contained <1 mg of TB). The toxic dose of TB
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is 10 mg/kg body weight, or 700 mg/adult (30). Most of the
RTB was used within the first week after preparation; there-
fore, the injected amount of TB did not exceed 1-2 mg/adult
patient dose. Radiochemical purity was checked by radiochro-
matography using a solvent n-butanol:glacial acetic acid:water
(60:15:25), and Whatman paper No. 1. The Rf of RTB = 0.75
and of '3'I = 0.32. The results obtained indicated 94%-95%
RTB, 0.5%-1.0% free '*'I, and 1%-5% isomers in the inter-
mediate and near-final radiochromatographic regions, having
similar tracer kinetics as RTB.

Parathyroid-Thyroid Visualization
(RTB-""Tc Superposition Technique)

The scintigraphic study was performed in three steps using
a gamma camera equipped with a 6-mm pinhole collimator
interfaced to a computer.

Parathyroid scintigraphy. The patient was positioned su-
pine and immobilized with extended neck, 7-8 cm below the
pinhole collimator. The camera was set on 364 keV with 20%
window. The field of view included the neck and upper
mediastinum (6-8 cm below the sternal notch). One minute
after i.v. injection of RTB, sequential scintigraphic recording
of the parathyroids was started and continued in 5-min frames
for 30 min (Fig. 2A). The tissue concentrations of the RTB
(hot foci) started ~1 min after injection and increased in
concentration during the next 5 min, reaching a maximum at
5-15 min, gradually decreasing and disappearing by 30 min.
During the data acquisition, a total of 180,000 counts was
accumulated. The images were acquired using 128 x 128
matrix and stored on a disk for further analysis. During the
last few seconds of the acquisition, two *’Co point sources?
were used to mark the thyroid cartilage and sternal notch.

Thyroid scintigraphy. Without changing the position of the
patient or the camera, 5 mCi of *™Tc was injected i.v. and
scintigraphy was performed 15 min later using 140 keV, 20%
window, accumulating a total of 200,000 counts. Topographic
marking with the *’Co point sources of the sternal notch,
thyroid cartilage, and palpated neck masses was added in the
thyroid image, which was computer acquired. The image was
stored on the same disc.

Computer processing of the RTB and ®™Tc images was
performed in four steps (Figs. 2A-2D). The RTB images were
displayed on the screen and abnormal RTB foci were noted
(Fig. 2A). A summation of the frames was obtained and stored
(Fig. 2B). The ®™Tc thyroid image was displayed, and the
thyroid borders, including the anatomic landmarks and pal-
pated masses, were manually outlined as regions of interest
(ROIs) (Fig. 2C). A superposition of the ROIs from image C
on RTB image B resulted in a composite image D (Fig. 2D).

This final figure showed the topography of the RTB con-
centrations and their relation to the outlined thyroid gland
and the other ROIs. The topographic marker foci from the
RTB study were also superimposed in the final image (D) to
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FIGURE 2

Presentation of our RTB + **™Tc superimposition technique for preoperative localization of the parathyroids, performed
in four sequential stages (A-D) in a 35-yr-old hyperparathyroid patient. A: Four 5-min consecutive RTB images (frames
2-5). The maximal RTB concentration appears during the second and third frames or 5-15 min after i.v. administration
and decreases in the following frames. Two RTB foci are apparent. B: Summation of the sequential images in (A) with
57Co markers on two topographic sites denoted by two white asterisks located at the thyroid cartilage and sternal
notch. The two RTB foci are indicated by arrows. C: ®"Tc pertechnetate thyroid scan of the same patient 15 min after
i.v. administration with outline drawing of the thyroid border and the ’Co topographic points (ROls), denoted by the
two asterisks (see [B]). D: Superimposition of the ROIs in image (C) over the final RTB image in (B). A final composite
RTB *™Tc image (D) is obtained. The two RTB foci are indicated by arrows and appear to be localized in the neck in
left upper and right lower regions of the thyroid scan. During surgery, two hyperplastic parathyroids weighing 800 and

300 mg respectively as correctly localized by RTB scintigraphy were removed.

assure immobilization of the [*™Tc]RTB images during the
sequential imaging procedure. Visualization of images B, C,
and D allowed us to diagnose separately RTB foci and *™Tc
concentrations related to parathyroid and thyroid tissues.
Image interpretation was performed by two physicians. There
was observer agreement in 43 of 46 studies. In the remaining
three studies a consensus was agreed on.

Scintigraphic Evaluation

A positive RTB focus was defined as a localized radiodye
concentration appearing within 1-2 min after injection and
persisting for 10-20 min. The localization of these abnormal
foci was related to the thyroid gland and topographic land-
marks. The scintigraphic results were reported preoperatively
to the surgeons.

Surgical Procedure

During surgical exploration all parathyroid glands were
identified and the following were removed: (1) RTB-positive,
pathologic parathyroid glands, (2) other RTB-positive masses
(e.g., thyroid nodules, lymph nodes, normal parathyroids),
and (3) RTB-negative masses suspected by the surgeon of
harboring parathyroid pathology. A subtotal parathyroidec-
tomy (removal of all but 30-100 mg of parathyroid tissue)
was performed in cases of parathyroid hyperplasia. The exact
position of the parathyroid glands (normal and abnormal) and
of other resected masses was noted in relation to the thyroid
gland and sternal notch. Each specimen removed was weighed
and examined histologically.

In each patient the surgical and histologic findings were
correlated with the preoperative scintigraphic RTB localiza-
tion and final results were defined as correct when the scinti-
graphic, surgical, and pathological findings coincided (Figs. 2-
4), or when in addition to correct RTB foci, a false positive
diagnosis of a cervical mass was made (Fig. 5). (These false-
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positive results were included in the calculations of the sensi-
tivity and specificity.) Final results were defined as incorrect
when no correlation was made between RTB foci and the
surgical-histologic findings. Figures 2-5 present four repre-
sentative case reports.

RESULTS

Operative Findings

All 46 patients underwent cervical exploration, five
of whom also underwent mediastinal exploration. A
total of 111 cervical and mediastinal masses were re-
moved (range 1-5, mean 2.7 per patient) (Table 1). The
patients and scintigraphic and histopathological results
are summarized in Tables 2 and 3: there were 34
adenomas (weight range 200-7400 mg, mean 1090 mg)
with 26 glands weighing <1 g, and 33 hyperplastic
glands (weight range 30-4000 mg, mean 850 mg) with
26 glands weighing <1 g. Twenty-seven normal cervical
parathyroid glands were also removed from the ade-
noma group. In addition, 17 other tissue masses sus-
pected of harboring parathyroid pathology (lymph
nodes, thyroid nodules, and retrosternal thymic tissue)
were also removed from both adenoma and hyperplasic
groups.

Correlation with the Scintigraphic Findings

A total of 71 RTB-positive and 40 RTB-negative
masses was removed (Tables 3 and 4).

RTRB-positive parathyroid masses. Sixty-seven cervi-
cal and mediastinal glands were removed, correspond-
ing with: a) 62 pathological parathyroid glands (true
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FIGURE 3

A preoperative RTB + *™Tc study of a 39-yr-old patient suffering from primary hyperparathyroidism showing a localized
RTB focus in the inferior region of the left thyroid lobe (arrow). During surgery, a chief cell type parathyroid adenoma,
1.5 x 3 X 1.5 cm (4.9 g), was removed from the left lower position as correctly identified by RTB scintigraphy.

positive), of which 46 (74%) weighed less than 1 g; b)
five normal large parathyroid glands (weight range 150-
250 mg) (false positive).

RTB-negative parathyroid masses. Five pathological
parathyroid glands (four adenomas, one hyperplastic
gland; weight range 200-700 mg, mean 450 mg), which
were not demonstrated on RTB scintigraphy (false neg-
ative), including two mediastinal adenomas, which were
cut off in the camera’s field of view were removed.

Twenty-two normal parathyroid glands (weight range
10-120 mg, mean 55 mg) were also removed during
surgery (true negative) (Tables 3, 4).

Nonparathyroid masses. From 17 patients, 4 RTB-
positive nonparathyroid tissues (one normal lymph
node adjacent to an RTB positive adenoma) and three
small thyroid nodules (false positive) were removed.
The other 13 masses removed were RTB-negative (Ta-
bles 3, 4).

FIGURE 4

A preoperative RTB + TcO, study of a 63-yr-old man who, 3 yr prior to this study, underwent parathyroid surgery,
where three parathyroid glands were removed. Clinical hyperparathyroidism persisted. This study disclosed a large
retrosternal RTB focus (arrow) 6 cm below the sternal notch (denoted by a white asterisk) (A-C). Some insignificant
background activity in the mediastinum above appears as well. A 6 g mediastinal chief cell parathyroid adenoma was
resected through a median sterotomy in the indicated scintigraphic site.
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FIGURE 5

A preoperative RTB + TcO, study of a 65-yr-old woman with primary hyperparathyroidism revealed two RTB foci (A-
C) situated adjacent to the inferior poles of the thyroid lobes in right lower and left lower infrathyroidal neck positions
(arrows). Sternal notch and thyroid cartilage are denoted by white asterisks. During surgery the two masses were
resected. The histology of the left mass (0.8 X 1.3 x 0.5 cm, 280 mg) showed parathyroid adenoma and of the right
mass (0.8 X 0.6 x 0.6 cm, 200 mg), an enlarged normal parathyroid. We classify this result as correct in localizing the

parathyroid pathology with an additional false-positive RTB finding.

Focal thyroidal RTB uptake. The RTB did not ac-
cumulate in normal thyroid tissue and the thyroid
glands were not visualized (Figs. 2-5). Focal RTB ac-
cumulation was demonstrated in three of the 11 pa-
tients with nodular and diffuse thyroid goiters, corre-
sponding to two follicular papillary adenomas and one
Hashimoto thyroiditis nodule (false-positive results).
The other eight thyroid nodules excised consisted of
adenomatous thyroid nodules (true negative results)
(Table 3).

Correlation between RTB scintigraphy and surgical
findings. Correct results were obtained in 90% of pa-
tients (88% in patients with adenomas (including the
two mediastinal adenoma cases where the mediastinum
was cut off on scintigraphy), and 92% in patients with

hyperplasia) (Table 2) giving 93% sensitivity, 80% spec-
ificity, and 87% accuracy for all the 111 masses re-
moved (Table 4). No clear correlation was found be-
tween the histologic cellular types (43) of the adenomas
or hyperplastic glands and RTB avidity.

Radiolabeled Toluidine Blue Scintigraphy in Selected
Cases

Reoperation for persistent hypercalcemia. Four pa-
tients underwent previously unsuccessful operation for
hyperparathyroidism. Prior to reoperation, the RTB-
TcO, study demonstrated mediastinal RTB foci in two
patients and the corresponding adenomas were re-
moved. One of these cases is presented in Figure 4. One
of these patients underwent a CT study with identical

Table 1
Summary of the 111 Surgically Removed Masses in 46 Patients
Adenomas ——34 (5)
. . Normal
34 Patients with adenoma parathyroids 27
Other
46 Patients tissues — 9
Hyperplasia ——33
12 Patients with hyperplasia —E Other
tissues — 8
‘Mediastinal adenomas.
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TABLE 2
Summary of Preoperative Parathyroid Imaging and
Surgical Findings in 46 Patients

Final Number Scintigraphic results
histologic of
diagnosis patients Correct Incorrect
Adenoma 34 30 (88%) 4 (12%)
Hyperplasia 12 11 (92%) 1 (8%)
Total 46 41 (90%) 5 (10%)

mediastinal results, and the other patient underwent
selective venography with PTH sampling, which incor-
rectly demonstrated a left upper neck mass.

In the other two reoperated patients, two (Fig. 2) and
three RTB foci were demonstrated in each patient and
the corresponding cervical hyperplastic glands were re-
sected. Ultrasound examination performed in one of
these patients detected only one of his three hyperplastic
glands.

Mediastinal adenomas. Five of our cases had me-
diastinal parathyroid adenomas. The RTB study cor-
rectly localized the adenomas in two patients (see
above). In two others, the mediastinal area was not
included in the scintigraphic field of view, due to a
technical error.

In the fifth patient a cervical RTB focus that corre-
sponded to a large normal parathyroid gland (200 mg)
was demonstrated, while a 600 mg mediastinal ade-
noma had insignificant RTB uptake. Thus, two out of

TABLE 3
Summary of Histopathological and Scintigraphic Findings
in 111 Removed Suspicious Masses in 46 Patients

Number of surgically
Number __'omoved masses
Histologic of RTB- RTB-
diagnosis patients’ positive negative Total
Parathyroid tissue
Adenoma
cervical 29 28 1 29
mediastinal 5 2 3t 5
Hyperplasia 12 32 1 33
Normal parathyroid 22 5 22 27
Other tissues
Thymus 3 — 3 3
Lymph nodes 3 1 2 3
Focal thyroid masses 1 3 8 1"
Total 46 7 40 i

‘Many patients had more than one mass removed (111
masses/46 patients).

' Including two adenomas that were cut off the scintigraphic
field of view.
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three imaged mediastinal adenomas were correctly lo-
calized.

Patient Follow-up

During the patient follow-up examination period
(between 3 mo and 5 yr), all had normal calcium levels
and 36 patients showed regression of their clinical
symptomatology.

DISCUSSION

Experimental and surgical in vivo studies have dem-
onstrated that TB is concentrated selectively in the
parathyroids as opposed to the thyroid (28-31) and that
RTB behaves identically (33-35). This histologic ra-
diodye, which is a basic anion, combines electrostati-
cally with acidic components of tissue such as nucleic
acids (35).

The complexity of RTB labeling has limited its use,
and only a few small clinical parathyroid studies were
reported between 1970 and 1976 using RTB alone
(36,37) or in combination with *™Tc¢ and '**™In radio-
nuclides (44,45). Following the introduction of a simple
labeling method (38), experimental and clinical studies
of RTB pharmacokinetics and imaging were performed
(39). In the present study and in previous studies (28-
35), the radiodye reached a maximal concentration in
the parathyroids at 5-15 min after i.v. injection with a
ratio of at least 10:1 of parathyroid to vascular, thyroid,
and other neck tissue background activity. This para-
thyroid concentration remained steady for up to 20-25
min, gradually clearing into the circulation thereafter.

Our study has shown that RTB is not visualized in
the normal thyroid, thymus, or lymph nodes; thus it is
possible to monitor the hyperactive parathyroid glands
during the first 20 min of RTB accumulation. Subtrac-
tion of the vascular background or thyroid uptake was
not necessary, although it was needed in previous work
(44,45).

Our data (Tables 2-5) demonstrated a high sensitivity
for detection of a small hyperplastic parathyroid gland
(30 mg) located in the thyroidal region as well as ectopic
pathological parathyroids with a wide range of weights.
High specificity (80%) was obtained with only excep-
tionally large “normal” parathyroids demonstrating
RTB accumulation (5 of 27). Focal thyroidal abnor-
malities and lymph nodes accounted for four of 14 of
the false positive results in these tissues. These results
are significantly better than those of previous clinical
studies using RTB (36,37,44,45), and can be attributed
mainly to the greater efficiency of our RTB-*"Tc su-
perposition method, and the use of high-resolution
scintigraphic images with recently developed computer
enhanced visualization techniques.

When comparing our results with other radionuclide
studies, several difficulties arise due to differences in
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TABLE 4
Summary of Nosological Probabilities for RTB-Tc Preoperative Parathyroid Scintigraphy

Number of histologic confirmed
Parameter rate masses Percentage
Sensitivity (true positive) 62/62 + 5 = 62/67 93.0
Specificity (true negative) 35/9 + 35 = 35/44 80.0
False positive 9/44 20.0
False negative 5/67 7.0
Accuracy’ 62 + 35/62 + 5+ 9 + 35=97/111 87.0

* True positive plus true negative/total.

the surgical protocols and the variable correlations
made with the surgical-pathological findings. Thus, in
many studies the true negative and/or false positive
scintigraphic results were scarcely mentioned, causing
difficulties in comparing specificities and overall ac-
curacies by various methods. Nosological comparisons
with other series were undertaken whenever gland data
were sufficiently detailed for analysis. As summarized
in Table §, it appears that since 1969 the overall sensi-
tivity of the parathyroid studies has increased from 47%
with *Se (46) to 93% in the present study. The *Se
that has been used since 1964 in large series of patients
(13,16,46,47) has proven to be of a very limited value
and a recent study concluded that preoperative *Se
parathyroid scintigraphy should be abandoned (48).
Regarding the specificity of the radionuclides used:
20'T]-chloride, the currently used radionuclide, was
found to perfuse and accumulate in both normal and
abnormal thyroid tissues and carcinomatous metastases
(24-27), as well as in normal parathyroids (49). This
low specificity for abnormal parathyroid glands limits
the detectability of the parathyroids, which are in close
proximity and behind the thyroid (about 60% of the
parathyroids), and renders their detection almost im-
possible even by thyroid (**™Tc), parathyroid (*'Tl)
subtraction techniques (50). This limitation affects the

detection of the hyperplastic glands, which are com-
monly located juxtaposed to the thyroid. Thus 'Tl is
valid more for parathyroids that are ectopic and not
adjacent to the thyroid, and also in a very select group
of patients having had thyroidectomy in whom up to
100% parathyroidal detectability can be achieved (25).

The above mentioned limitations were not encoun-
tered in our RTB method. None of the thyroid glands
visibly accumulated RTB, and we used the ®™Tc¢ thy-
roid image mainly for topographic superposition for
optimal localization of the RTB foci within the neck
region. Only three of 11 (27%) of the focal small non-
palpable thyroid lesions that were not visualized on the
9mTc thyroid scan showed RTB accumulation. These
findings, however, did not influence the final results in
our patients. Visualization of mediastinal parathyroid
adenomas with 2°'Tl is difficult due to cardiac and large
vessel mediastinal uptake (24), but such difficulties
were not encountered in our series (Figure 4).

In our opinion, the best imaging results are achieved
when specifically avid parathyroid and thyroid tracers
are used in combination for each of the tissues. Optimal
localization of the glands can thus be achieved by a
simple superimposition of the thyroid ROI over the
parathyroid concentrations as shown here. The use of
a specific tracer facilitates the detection of a small

TABLE 5
Comparative Data for Preoperative Radionuclide Parathyroid Imaging
Parathyroid glands Evaluation (%)
Number yperplasi
Radionuclides of <g' <g'
(reference) patients Range’ No. (%) Range’ No. (%) Sensitivity Specificity  Accuracy
sSe (46) 33 0.04-8.3 3(21) — —_ 47 50 47
"Se + ¥"Tc (47) 12 0.2-24.0 3@33) 0.74-0.76 2 (67) 82 75 73
2071 + ¥T('R)  (22) 26 0.09-80.0 6 (26) 0.15 1(33) 92 —_ -
2017 4 e (50) 25 0.4-10.0 — — —_ 92 75 79
RTB + *"Tc (45) 21 0.6-7.8 6(50) 0.05-1.7 4 (80) 80 - —
+ 13m0

RTB + ®"Tc (present 46 0.2-7.4 26 (78) 0.03-4.0 26 (70) 93 80 87

study)

* Weight in grams.

TLessthan1g.
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hyperactive parathyroid gland underneath or in close
proximity to the thyroid gland, and avoids the difficul-
ties that are encountered with thallium and other non-
specific parathyroid radionuclides.

Third, imaging efficiency is also evaluated by consid-
ering the weight and the functional state of the detected
glands in each method used. A comparison of these
parameters in various radionuclides used is made in
Table 5: the minimal detected adenoma was 90 mg
(21), and the minimal detected hyperplastic gland was
30 mg (present study). The highest percentage of de-
tected adenomas weighing <1 g was 78%, and 70% for
hyperplasias in the present study.

Regarding the influence of the functional state of the
glands versus their measurement, there are differences
in opinions. The opinion that size is the only determin-
ing factor in detectability was verified by DiGuilio and
Beierwaltes, using "*Se with 11-of 14 glands over 2 g
detected, but only 4 of 35 below 2 g detected (/3).
Ferlin et al. (2/) and MacFarlane et al. (25) showed
that 92% of the glands over 1 cm were detected and
50% of those smaller than 1 cm were detected. In our
opinion, functional activity of the gland also influences
the detectability. This is substantiated by the fact that
the functional activity of the pathological parathyroid
gland is not always reflected by its weight (43). The
data summarized in Table 5 indicate the same. In
addition, no clear correlation was found between the
size of the RTB foci and the actual weight of the resected
glands. Lastly, technical and instrumental efficiency of
the method employed, as well as radiopharmaceutical
tissue avidity and metabolic specificity, affect every
scintigraphic detectability.

Several technical issues have to be considered with
the RTB method:

1. Technical pitfalls. In the early stage of our study
we experienced two technical pitfalls. The first was
limitation of the field of view of the pinhole collimator,
which resulted in missing two retrosternal adenomas.
This was overcome by including an area of up to 8 cm
below the sternal notch in the field of view. Second,
topographic changes due to patients’ involuntary body
shifting during the dual radioisotope imaging procedure
occurred in two patients. Careful monitoring of the
patients’ head positioning during examination was suf-
ficient to overcome this difficulty.

2. The choice of '*'I for radioiodination was made
mainly because of the TB labeling technique, the longer
shelf life of the '>'I labeled material, its being readily
available for routine laboratory work, and the relatively
low cost of this preparation (we used one batch of RTB
containing usually 6 mCi for about four patient studies
during 1-2 wk).

3. The radiation exposure from an RTB examina-
tion was calculated (36) and found to be acceptable
to both personnel and patients. With a | mCi dose of
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["*'I]TB the exposure delivered to the thyroid from
0.5%-1% of the free iodine found in the preparation
and in the blood and urine after RTB injection was 20-
40 rads, 0.09 rad to the whole body, and 0.7 rad to the
genitalia. The *Se estimated doses calculated for a usual
dose of 250 uCi i.v. injection are 1.5 rad to the thyroid,
2.2 rad to the whole body, and 2.8 rad to the genitalia
(51). The *°'Tl estimated doses for 2 mCi injected i.v.
are 2.1 rad to thyroid, 0.4 rad to the whole body, and
1.2 rad to the genitalia (52). The examination caused
no untoward effects or discomfort to the patients and
was simple to perform.

The presented ['*'I]TB method with the superim-
posed ®™Tc thyroid image has proven to be of high
efficacy, with 93% sensitivity in preoperative localiza-
tion of pathological parathyroid tissues. This result is
higher than most surgical results on a first operation
(1-3). Thus, it is our opinion, first that this result
justified the use of this examination routinely for pre-
operative parathyroid localization, and second that this
RTB compound represents an advancement as a spe-
cific scintigraphic tracer over the 2°'T1, which represents
a nonselective parathyroid tracer.

In the future, further optimization of the RTB as a
scintigraphic compound can be searched for by labeling
TB with lower energies and shorter half-life radio-
nuclides (such as ' or ®™"Tc) to enable the use of
larger tracer doses with an increased image count rate,
which is relatively low with ['*'I]TB images, and even
lower patients’ absorbed dose on one hand, and/or in
enhancing the RTB parathyroid tissue uptake by hy-
pocalcemia induced parathyroid stimulation mecha-
nisms.

NOTES

* Commercial toluidine blue No. 17854 from G.T. Gurr,
Ltd., London.

' Supplied by the Nuclear Research Center, Negev, Israel.

* Amersham International, Buckinghamshire, United King-
dom.

ACKNOWLEDGMENTS

We are grateful to P. Czerniak, MD, for his helpful contri-
bution to this study. Appreciation for reviewing this manu-
script is expressed also to L. M. Lieberman, MD.

REFERENCES

1. Aurbach GD, Mallette LE, Patten BM, et al. Hyper-
parathyroidism: Recent studies. NIH Conference. Ann
Inter Med 1973; 79:566-581.

2. The parathyroid glands. In: Davis DV, Davis F, eds.
Graye’s Anatomy, 33rd ed. London: Longmans,
Green and Co, 1964:1557-1560.

305



14.

15.

16.

18.

19.

20.

21.

22.

23.

24,

25.

306

. Spiegel AM, Marx SJ, Doppman JD, et al. Intrathy-

roidal parathyroid adenoma primary hyperparathy-
roidism. JAMA 1975; 234:1029-1033.

. Seldinger SI. Localization of parathyroid adenoma by

arteriography. Acta Radiol 1954; 42:353-366.

. Kuntz CH, Goldsmith RE. Selective arteriography of

parathyroid adenomas. Radiolog 1972; 102;21-28.

. Doppman JL. Parathyroid localization: Arteriography

and venous sampling. Radiological Clinics of North
America 1976; 14:163-188.

. Eisenberg H, Pallotta J, Sherwood LM. Selective ar-

teriography, venography and venous hormone assay
in diagnosis and localization of parathyroid lesions.
Am J Med 1974; 56:810-820.

. Samuels BI, Dowdy AH, Lecky JW. Parathyroid ther-

mography. Radiology 1972; 104:575-578.

. Sample WF, Mitchell SP, Bledsoe RC. Parathyroid

ultrasonography. Radiology 1978; 127:485-490.

. Scheible W, Deutsch AL, Leopold GR. Parathyroid

adenoma: Accuracy of preoperative localization by
high resolution real-time sonography. J Clin Ultra-
sound 1981; 9:325-330.

. Adams JE, Adams PH, Mamtora H, et al. Computed

tomography and the localization of parathyroid tu-
mors. Clin Radiol 1981; 32:251-254.

. Stark DD, Moss AD, Gamsu G, et al. Magnetic reso-

nance imaging of the neck. Radiology 1984; 250:455-
461.

. DiGuilio W, Beierwaltes WH. Parathyroid scanning

with selenium-75 labelled methionine. J Nucl Med
1964; 5:417-4217.

Potchen EJ, Wilson RE, Dealy JB Jr. External para-
thyroid scanning with Se-75 selenomethionine. Ann
Surg 1965; 162:492-502.

Potchen EJ. The preoperative identification of the
abnormal parathyroid current status. Radiology 1967,
88:1170-1174.

Ell PJ, Todd-Pokropek A, Britton KE. Localization of
parathyroid adenomas by computer assisted parathy-
roid scanning. Br J Surg 1975; 62:553-555.

. Ferlin G, Borsato N, Perelli R. Positive cesium-137

scanning in parathyroid adenoma. Eur J Nucl Med
1977, 2:153-154.

Bekerman C, Schulak JA, Kaplan EL, et al. Parathy-
roid adenoma imaged by Ga-67 citrate scintigraphy:
Case report. J Nucl Med 1977; 18:1096-1098.

Can CE, Prussin SG. Possible parathyroid imaging
using Ga-67 and other aluminum analogs. J Nucl Med
1980; 21:471-474.

Naunheim KS, Kaplan EL, Kirchner PT. Preoperative
technetium-99m imaging of a substernal parathyroid
adenoma. J Nucl Med 1982; 23:511-513.

Ferlin G, Conte N, Borsato N, et al. Parathyroid
scintigraphy with Cs-131 and TI1-201. Nucl Med All
Sci 1981; 25:119-123.

Ferlin G, Borsato N, Camerani M, et al. New perspec-
tive in localizing enlarged parathyroids by technetium-
thallium subtraction scan. J Nucl Med 1983; 24:438-
441,

Young AE, Gaunt JI, Croft DN, et al. Location of
parathyroid adenomas by thallium-201 and techne-
tium-99m substraction scanning. Br Med J 1983;
286:1384-1386.

Okerlund MD, Sheldon K, Corpuz S, et al. A new
method with high sensitivity and specificity for local-
ization of abnormal parathyroid glands. Am J Surg
1984; 200:381-388.

MacFarlane SD, Hanelin LG, Taft DA, et al. Locali-

Zwas, Czemiak, Boruchowsky et al

26.

27.

28.

29.

30.

3L

32
33.

34.

3s.

36.

37.

38.

39.

41.

42,

43.

45.

zation of abnormal parathyroid glands using T1-201.
Am J Surg 1984; 148:7-13.

Hoschl R, Murray IPC, McLean RG, et al. Radiothal-
lium scintigraphy in solitary nonfunctioning thyroid
nodules. World J Surg 1984; 8:956-962.

Punt CJA, Hooge PD, Hoekstra JBL. False positive
substraction scintigram of the parathyroid glands due
to metastatic tumor. J Nucl Med 1985; 26:155-156.
Klopper PJ, Moe RE. Demonstration of the parathy-
roids during surgery in dogs with preliminary report
of results in some clinical cases. Surgery 1966;
59:1101-1107.

Hurvitz RJ, Perzik SL, Morgenstern L. In-vivo stain-
ing of the parathyroid glands. Arch Surg 1968;97:722-
726.

Yeager RM, Krementz ET. Toluidine blue in identi-
fication of parathyroid glands at operation. Ann Surg
1969; 169:829-838.

Krementz ET, Yeager R, Howley W, et al. The first
100 cases of parathyroid tumor from Charity Hospital
of Louisiana. Ann Surg 1971; 173:872-883.

Dudley NE. Methylene blue for rapid identification of
the parathyroid. Br Med J 1971; 3:680-681.

Kang GS, DiGuilio W. Potential value of toluidine
blue analogs as parathyroid scanning agents. J Nucl/
Med 1968; 9:643-644.

Brien TG, Klaveny V. lodinated toluidine blue: A
potential agent for parathyroid scanning. Inter J App
Radiat Isotop 1968; 19:820-821.

Archer EG, Potchen EJ, Studer R, et al. Tissue distri-
bution of I-125 toluidine blue in the rat. J Nucl Med
1972; 13:85-91.

Norman E, Bohmer T, Otnes B, et al. Clinical radio-
nuclide imaging of enlarged parathyroids with I-131
toluidine blue. Acta Chir Scand 1974; 140:517-522.
Norman E, Rootwelt D, Solheim D, et al. Use of '*'I-
toluidine blue in radionuclide imaging of enlarged
parathyroid glands. Ann Chirurg Gynaec 1976;
65:249-252.

Czerniak P, Boruchowsky S. Labelling of toluidine
blue with radioactive iodine. J Labelled Comp 1970;
7:541-543.

Czerniak P, Boruchowsky S, Yarshova A, et al. The
use of radioactive toluidine blue for cholescintigraphy.
In: Medical Radioisotope Scintigraphy, Volume 2.
SM-164/59. Vienna: International Atomic Energy
Agency, 1972:75-94.

. Czerniak A, Wolfstein I, Avigad I, et al. Diagnosis of

surgical and parenchymatous jaundice by a new radi-
oisotope method using RTB. Proceedings 21st Inter
Bian Cong, Jerusalem Intern Coll Surg, 1978:16.
Hurvitz RJ, Hurvitz JS, Morgenstern L. “In-vivo”
staining of the parathyroid glands and pancreas. Arch
Surg 1967, 95:274-2717.

Zwas ST, Czerniak A, Avigad I, et al. Preoperative
parathyroid localization using radioactive toluidine
blue (RTB). J Nucl Med 1981; 22:5-6.

Castelman B, Roth SI. Tumors of the parathyroid
glands. In: Castelman B, Roth SI, eds. Atlas of tumor
pathology, Fascicle 14. Washington D.C.: Armed
Forces Institute of Pathology Publisher, 1978.

. Skretting A, Aas M. A computer algorithm for triple

radionuclide subtraction studies applied for preoper-
ative localization of enlarged parathyroid glands. Eur
J Nucl Med 1977, 2:239-245.

Skretting A, Aas M, Norman E, et al. Clinical results
with '*'I-toluidine blue and triple radionuclide sub-
traction for preoperative localization of enlarged para-

The Journal of Nuclear Medicine



46.

47.
48.

49.

thyroid glands. Eur J Nucl Med 1978; 3:5-9.
DiGiulio W, Morales JO. The value of selenomethio-
nine Se-75 scan in preoperative localization of para-
thyroid adenomas. JAMA 1969; 209:1873-1880.
Robinson RJ. Parathyroid scintigraphy revisited. Clin
Rad 1982; 33:37-41.

Waldorf JC, van Heerden JA, Gorman CA, et al. 75-
Se selenomethionine scanning a parathyroid localiza-
tion should be abandoned. Mayo Clin Proc 1984;
59:534-537.

McKusick KA, Palmer EL, Hergenrother J. Is there a
role for dual tracer imaging in detection of parathyroid

Volume 28 « Number 3 = March 1987

50.

51

52.

disease. J Nucl Med 1984; 25:19.

Basarab RM, Manni A, Harrison S. Dual isotope
subtraction parathyroid scintigraphy in the preopera-
tive evaluation of suspected hyperparathyroidism.
Clin Nucl Med 1985; 10:300-314.

Lanthrop KA, Johnston RE, Blau M, et al. Radiation
dose to humans from Se-75-L-selenomethionine. J
Nucl Med 1972; [suppl 6):7-17.

Atkins HL, Budinger TF, Lebowitz E, et al. Thallium-
201 for medical use. III: Human distribution and
physical imaging properties. J Nucl Med 1977,
18:133-140.

307





