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Diagnostic Accuracy of Technetium-99m-
Pertechnetate Scintigraphy with Lemon Juice
Stimulation to Evaluate Warthin's Tumor
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This study investigated the diagnostic accuracy of ""Tc-pertech-

netate scintigraphy with lemon juice stimulation for evaluating pa
rotid gland Warthin's tumor. Methods: Technetium-99m-pertech-

netate scintigraphy with intraoral lemon juice stimulation was used
to evaluate a total of 68 parotid gland lesions clinically suspected of
being Warthin's tumor in 62 patients. Twenty-three of the 68 lesions
were subsequently histologically confirmed to be Warthin's tumor,

whereas the remaining 45 lesions were histologically diagnosed as
being other lesions. Results: Technetium-99m-pertechnetate scin
tigraphy with lemon juice stimulation correctly diagnosed 18 of 23
Warthin's tumors as being Warthin's tumor but was unable to
diagnose the other five Warthin's tumors. Further, scintigraphy
correctly diagnosed 41 of 45 non-Warthin's tumors as being non-
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Warthin's tumor but misdiagnosed other four non-Warthin's tumors
as Warthin's tumor. Thus, the sensitivity of scintigraphy for diagnos
ing Warthin's tumor was found to be 78%, its specificity 91% and its

accuracy 87%. On the basis of prestimulation images alone, how
ever, the sensitivity was estimated to be 65%, its specificity 93%
and its accuracy 84%. Conclusion: For evaluating Warthin's tumor,
the sensitivity of ""Tc-pertechnetate scintigraphy was relatively

low, although the specificity was sufficiently high. Lemon juice
stimulation improved the sensitivity markedly but decreased the
specificity slightly. Thus, 99mTc-pertechnetate scintigraphy with

lemon juice stimulation should be carefully performed for diagnosis
of Warthin's tumor.

Key Words: Warthin's tumor; parotid gland; neoplasms; techne-

tium-99m-pertechnetate; lemon juice stimulation
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Warthin's tumor, which is also known as papillary cystade-

noma lymphomatosum, is a common benign parotid tumor that
frequently occurs in elderly men. Warthin's tumor is a very

slowly growing tumor with no symptoms (1 ). Furthermore, for
elderly patients with non-enlarging Warthin's tumor, surgical
removal is not needed. Thus, a definitive diagnosis of Warthin's

tumor is important for an appropriate method of patient man
agement.

Technetium-99m-pertechnetate scintigraphy has been used
for diagnosing salivary gland tumors (2,3), and intraoral acid
administration at this scintigraphy has recently been introduced
to stimulate the flow of saliva (4-7). This article discusses the

diagnostic accuracy of this scintigraphy with acid administra
tion for evaluation of Warthin's tumor.

We reviewed the results of 9ymTc-pertechnetate scintigraphy

with lemon juice stimulation in 62 patients who were suspected
of having Warthin's tumor and got histopathologic diagnosis so

as to determine the sensitivity and specificity in diagnosing
Warthin's tumor and to assess the intraoral lemon juice stimu

lation method.

MATERIALS AND METHODS

Patients
Sixty-two (35 men, 27 women; age range 25-76 yr; mean age 51

yr) patients who underwent WmTc-pertechnetate scintigraphy at our

radiology department because they were clinically suspected of
having Warthin's tumors were included in this study. Further, 59

patients had one lesion, two patients had two lesions and one
patient had five lesions. Thus, a total of 68 lesions were investi
gated in this series.

All the patients underwent surgery within 1 mo after this
scintigraphic study, and all 68 lesions were subsequently diagnosed
histopathologically. Among the 68 lesions, 23 lesions were histo-
logically confirmed to be Warthin's tumor. The remaining 45

lesions were histologically diagnosed as being other lesions,
including 37 benign and 8 malignant lesions. The pathologic
diagnosis of 45 non-Warthin's tumors was as follows: pleomorphic

adenoma (n = 28), lymphepithelial lesion (n = 2), basal cell
adenoma (n = 1), papillary cystadenoma (n = 1), neurilemmoma
(n = 1), fibroxanthomatous lesion (n = 1), fibrous scar (n = 1),
chronic inflammatory lesion (n = 1), fatty degeneration (n = 1),
adenoid cystic carcinoma (n = 3), adenocarcinoma (n = 1),
unclassified carcinoma (n = 1), adenocarcinoma in Warthin's

tumor (n = 1), carcinoma in pleomorphic adenoma (n = 1) and
malignant lymphoma (n = 1). In addition, the lesion of adenocar
cinoma in Warthin's tumor was classified as non-Warthin's tumor

in this study.

Imaging Examinations
All 62 patients received 370-555 MBq (10-15 mCi) 99mTc-

pertechnetate. Twenty minutes after an injection of the tracer,
anterior and bilateral scans were obtained by a single-head gamma
camera equipped with a low-energy, all-purpose, parallel-hole
collimator. Subsequently, after an intraoral administration of 1 ml
lemon juice, repeated bilateral scans were obtained.

Image Analysis
As shown in Table 1, the scintigraphic findings were classified

into four types. Radioactivity was assessed on each image before
and after an administration of lemon juice. Type 1 had increased
activity before administration and retentive activity after; Type 2
had normal activity before and retentive activity after; Type 3 had
normal activity before and no retentive activity after; and Type 4
had decreased activity before and no retentive activity after.

Scintigraphic studies were evaluated with blinded separate
interpretations by three independent radiologists. Scintigraphic

TABLE 1
Classification of Findings in Pertechnetate Parotid Gland

Scintigraphy

Scintigraphic images

Type
Activity on

prestimulation images
Retention on

poststimulation images

TypelType
2TypeSType

4IncreasedNormalNormalDecreasedPresentPresentAbsentAbsent

images were interpreted independently without knowledge of the
histopathological diagnosis. When the observers did not fully
agree, diagnosis was achieved by consensus.

The scintigraphic findings of all 68 lesions were then compared
lesion by lesion with the results of the histopathological findings.
After routine hematoxylin-eosin staining, all microscopic inspec
tions were performed by one of the authors.

RESULTS

Comparison of Scintigraphic Findings and
Pathological Diagnosis

The comparison of the scintigraphic findings and the patho
logical diagnosis is summarized in Table 2. Out of the 23
Warthin's tumors, scintigraphy revealed 15 lesions to be Type

1 and 3 lesions to be Type 2 (Fig. 1). However, the remaining
five Warthin's tumors were Type 3 or Type 4 lesions (Fig. 2).

Among 45 non-Warthin's tumors, 41 non-Warthin's tumors

were Type 3 or Type 4 lesions. However, the remaining four
lesions were identified as being Type 1 or Type 2 lesions (Fig.
3), and the pathological diagnoses of the four lesions were as
follows: pleomorphic adenoma (n = 1), lymphepithelial lesion
(n = 1), chronic inflammatory lesion (n = 1) and adenocarci
noma (n = 1).

Diagnostic Accuracy of Scintigraphy with Lemon
Juice Stimulation

On the basis of the scintigraphy with lemon juice stimulation,
we diagnosed Type 1 and Type 2 lesions as being Warthin's
tumors and Type 3 and Type 4 lesions as being non-Warthin's

tumors. Thus, the sensitivity of this method for detecting
Warthin's tumor was estimated to be 78%, its specificity 91%

and its accuracy 87% (Table 3).
Thus, our data demonstrate that the sensitivity of scintigraphy

with lemon juice stimulation for diagnosing Warthin's tumor

was relatively low although the specificity was sufficiently
high.

Diagnostic Accuracy of Prestimulation Images
To assess the lemon juice stimulation method, the sensitivity

and specificity of prestimulation images alone were also deter
mined. On the basis of the prestimulation images alone, we
diagnosed Type 1 lesions as being Warthin's tumors, and Type
2, Type 3 and Type 4 lesions as being non-Warthin's tumors.

Thus, the sensitivity of prestimulation images alone was esti
mated to be 65%, its specificity 93% and its accuracy 84%
(Table 3).

These data demonstrate that the addition of the intraoral
lemon juice stimulation improved the sensitivity markedly but
decreased the specificity slightly (Table 3).

DISCUSSION
Previous reports have shown that among parotid gland

tumors only Warthin's tumor and oncocytoma manifest an
accumulation of radioactivity at 99mTc-pertechnetate scintigra-
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TABLE 2
Comparison of Scintigraphic Findings and Histopathologic

Diagnosis in Sixty-Eight Lesions

B

Scintigraphic Warthin's

findings tumor (n =23)Type

1 (n
Type 2 (n
Type 3 (n
Type 4 (n=

18)
= 4)
= 12)
= 34)15

3
3
2Non-Warthin's

tumorBenign

(n =37)2

1
8

26Malignant

(n =8)1

016

phy (8). The mechanism of 99mTc-pertechnetate accumulation

in these tumors is thought to be due to the epithelial cells contained
within tumors that can extract large anions such as pertechnetate
from the blood (7â€”9).As an oncocytoma is extremely rare, this
Scintigraphic finding has been used mainly for differentiating
Warthin's tumor from other parotid gland tumors.

However, recent reports have described cases of Warthin's
tumors without increased activity of 99mTc-pertechnetate

(9,10). In addition, some case reports have described non-
Warthin's tumors, including carcinomas, that show increased
activity of 99mTc-pertechnetate (3,11).

Our results indicate that the sensitivity of the scintigraphy for
evaluating Warthin's tumor is relatively low (78%). Among

five false-negative lesions, three lesions were Type 3 and two
lesions were Type 4. Thus, 22% of Warthin's tumors are of

normal or decreased activity with no apparent retention on the
scintigraphy. Although the reason for the lack of increased and
retentive radioactivity in false-negative Warthin's tumors is not
clear, these Warthin's tumors may have less active epithelial

cells (9).
Although the specificity of the scintigraphy was high (91%),

four non-Warthin's tumors showed Type 1 or Type 2 finding, so
that the scintigraphy misdiagnosed them as being Warthin's

tumors. Three of the four lesions were other benign lesions:
pleomorphic adenoma, lymphepithelial lesion and chronic in-

FIGURE 2. A 48-yr-old woman with a Warthin's tumor in the right parotid
gland that showed Type 3 finding. (A)Technetium-99m-pertechnetate image

on the right lateral view shows normal activity in the right parotid gland
(arrow). (B) After the oral administration of lemon juice, a repeat Â¡mageshows
no abnormal retention of radioactivity Â¡nthe right parotid gland.

flammatory lesion. However, the remaining one lesion was
found to be an adenocarcinoma. Thus, our data demonstrate that
other benign lesions and malignant neoplasms can show Type 1
and Type 2 findings, thus mimicking Warthin's tumors at the

scintigraphy.
Recent reports have discussed the usefulness of washout

study using intraoral acid stimulation (5,6). In our series, on the
basis of prestimulation images alone, three Type 2 Warthin's
tumors were misdiagnosed as non-Warthin's tumor, and one
Type 2 non-Warthin's tumor was correctly diagnosed as non-
Warthin's tumor. Thus, the sensitivity of scintigraphy consist

ing of pre- and poststimulation images (78%) was much higher
than that of prestimulation images alone (65%), whereas the

FIGURE 1. A 59-yr-old man with multiple
Warthin's tumors in bilateral parotid

glands that showed Type 1 finding. Tech-
netium-99m-pertechnetate images on

the right (A)and left (B) lateral views show
multiple areas of increased activity (ar
rowheads) in bilateral parotid glands.
(C,D) After the oral administration of
lemon juice, repeat images also show
multiple areas of increased activity (ar
rowheads) in bilateral parotid glands.
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FIGURE 3. A 56-yr-old man with an ad-
enocarcinoma in the right parotid gland
that showed Type 1 finding. (A) Techne-
tium-99m-pertechnetate image on the

right lateral view shows an area of in
creased activity (arrow) in the lower pole
of the right parotid gland. (B) After the
oral administration of lemon juice, a re
peat image also shows an area of in
creased activity (arrow) in the lower pole
of the right parotid gland.

specificity of scintigraphy consisting of pre- and poststimula-
tion images (91%) was slightly lower than that of prestimula-
tion images alone (93%). The addition of the intraoral stimula
tion method was found to improve the sensitivity markedly but
decrease the specificity slightly.

Furthermore, in Type 1 Warthin's tumors, poststimulation

images were found to be superior to prestimulation images for
detection and localization of Warthin's tumors, due to higher

contrast between the tumor and surrounding parotid gland
tissue. Thus, the intraoral acid stimulation method should be
included in a protocol of the 99mTc-pertechnetate scintigraphy
for evaluating Warthin's tumor.

CONCLUSION
For evaluating Warthin's tumor, the sensitivity of 99mTc-

pertechnetate scintigraphy was relatively low although the

TABLE 3
Diagnostic Accuracy of Scintigraphy for Evaluating Warthin's

Tumor in Sixty-Eight Lesions

Scintigraphy Sensitivity (%) Specificity (%) Accuracy (%)

Prestimulation alone
Poststimulation alone
Pre- and

poststimulation

15/23(65)
18/23(78)
18/23(78)

42/45 (93)
41/45(91)
41/45(91)

57/68 (84)
59/68 (87)
59/68 (87)

specificity was sufficiently high. The use of lemon juice
stimulation improved the sensitivity markedly but decreased the
specificity slightly. Thus, we believe that 9 mTc-pertechnetate

scintigraphy with lemon juice stimulation should be carefully
performed for diagnosis of Warthin's tumor.
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