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Parotid Pleomorphic Adenomas: Delayed
CT Enhancement

Michael H. Lev, Kristina Khanduja, P. Pearse Morris, and Hugh D. Curtin

BACKGROUND AND PURPOSE: Weak or absent CT enhancement in pleomorphic adenomas
of the parotid gland has been observed immediately after IV contrast administration. This
feature can result in poor lesion conspicuity relative to both normal parotid tissue and other
parotid abnormalities. The purpose of this study was to document the delayed CT enhancement
characteristics of parotid pleomorphic adenomas and to preliminarily compare these results
with the enhancement characteristics of other parotid gland tumors.

METHODS: Preoperative CT scans from 18 pathologically proved parotid gland neoplasms
were reviewed retrospectively. Lesions included eight pleomorphic adenomas, four Warthin’s
tumors, two squamous cell carcinomas, two mucoepidermoid cancers, one acinic cell carcinoma,
and one melanoma metastasis. In all cases, axial CT was performed after the administration of
100 to 150 mL of IV contrast material, followed by delayed (average, 24 minutes; range, 13 to
34 minutes) coronal CT scanning. The mean normalized Hounsfield unit (HU) attenuation of
each lesion was computed by drawing a region of interest around the entire mass and dividing
the resulting HU value by that of the contralateral uninvolved parotid gland.

RESULTS: For all eight pleomorphic adenomas, the degree of contrast enhancement in-
creased and became progressively more uniform with time. Mean normalized axial lesion
enhancement averaged 1.20 6 0.35 at 8 minutes, compared with 2.30 6 0.66 on the coronal
scans at 24 minutes. For the 10 nonpleomorphic adenomas, no significant change was found in
either the degree or pattern of contrast enhancement between the immediate and delayed CT
scans. In these tumors, peak enhancement was reached early, during axial scanning.

CONCLUSION: Delayed CT contrast enhancement is observed in parotid pleomorphic ade-
nomas, increasing in both degree and homogeneity with time. This feature may be useful in
selecting an appropriate contrast delay when scanning possible pleomorphic adenomas to
improve lesion conspicuity and, potentially, to better distinguish these tumors from other
parotid abnormalities.
Both CT and MR imaging are commonly used in the
preoperative evaluation of parotid masses. The
choice of imaging technique, although sometimes
based on such factors as cost or convenience, is more
often based on the perception that MR imaging may
be more reliable than CT in the detection and delin-
eation of a wide variety of benign and malignant
parotid lesions.

Although much has been written about the MR
ed March 19, 1998; accepted after revision August 4.
ted at the annual scientific conference of the American
f Head and Neck Radiology, Phoenix, April 1998.

the Massachusetts Eye and Ear Infirmary and Massachu-
neral Hospital Harvard Medical School (M.H.L., K.K.,

Boston; and Wake Forest University Medical Center,
Gray School of Medicine (P.P.M.), Winston-Salem, NC.

ss reprint requests to Michael H. Lev, MD, Department of
y-GRB285, Massachusetts General Hospital, P.O. Box
ston, MA 02114.

ican Society of Neuroradiology

183
imaging characteristics of benign parotid pleomor-
phic adenomas (1–4), the CT characteristics of these
tumors have been less rigorously covered in the liter-
ature (5–9). The few case reports that have addressed
the postcontrast CT appearance of pleomorphic ad-
enomas, although noting the importance of contrast
administration for improved lesion definition, have
all stressed the heterogeneous enhancement pattern
and occasional lack of enhancement typical of these
lesions. The enhancement characteristics of pleomor-
phic adenomas, however, may be a function of the
time delay between administration of iodinated con-
trast material and CT scan acquisition. Our parotid
gland CT scanning protocol, in routine clinical use for
3 years, was introduced after the observation by us
and other investigators that small pleomorphic ade-
nomas sometimes failed to enhance immediately after
administration of IV contrast material but did show
conspicuous enhancement on delayed CT scans (10).
Our goal in this study, therefore, was to investigate
5
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FIG 1. A, Axial CT scan of a parotid ad-
enoma (arrow) 5 minutes after IV adminis-
tration of contrast material shows no sig-
nificant enhancement; overall lesion
density is less than that of normal con-
tralateral enhancing parotid tissue.

B, By 17 minutes after contrast injec-
tion, however, the adenoma has pro-
gressed to dense, homogeneous en-
hancement (arrow).
the delayed postcontrast CT appearance of parotid
pleomorphic adenomas. Optimization of the CT scan-
ning protocols used to evaluate parotid masses could
potentially aid in their differential diagnosis. Im-
proved timing of contrast administration, if it results
in increased lesion conspicuity, might also improve
lesion detection and be of value in helping to more
easily distinguish parotid adenomas from surrounding
normal parotid tissue (Fig 1). In this article, we report
the CT contrast enhancement characteristics of pa-
rotid pleomorphic adenomas on early and late CT
scans.

Methods
Between June 1995 and December 1997, CT scans were

obtained in 28 consecutive patients for the preoperative
workup of palpable parotid masses. Pathologic proof of diag-
nosis was found in 18 cases. These included eight pleomorphic
adenomas, four Warthin’s cell tumors, two squamous cell car-
cinomas, two mucoepidermoid cancers, one acinic cell carci-
noma, and one metastatic melanoma. The pleomorphic ade-
noma group included two men and six women; patients ranged
in age from 30 to 66 years (mean age, 52 years). The nonpleo-
morphic adenoma group included nine men and one woman;
patients ranged age from 38 to 82 years (mean age, 60 years).

In all cases, axial CT scans of both parotid glands were
acquired after the administration of 100 to 150 mL of IV
contrast material, followed by delayed coronal (and in one
case, axial) CT scans. Although the precise timing and dose of
contrast agent varied minimally from patient to patient, our
typical scanning sequence consisted of an initial IV bolus in-
jection of 50 mL, followed, after a 5- to 8-minute delay, by the
dynamic injection of the remaining contrast volume at approx-
imately 1 to 2 mL per second. Axial CT was performed during
this phase with a 45-second prep delay. Both the initial (axial)
and delayed (coronal) CT scans were obtained using the fol-
lowing scanning parameters: 3-mm spiral acquisition recon-
structed at contiguous 3-mm intervals, a pitch of 1, 165 to 280
mA, and 120 W. “Time after injection” was defined as the time
in minutes between CT scanning and the initial administration
of contrast material.

Scans were reviewed visually by two head and neck radiol-
ogists who were blinded to the pathologic diagnoses. The de-
gree of parotid lesion enhancement was graded as no enhance-
ment, trace enhancement, mild enhancement, moderate
enhancement, or intense enhancement. Pattern of enhance-
ment was graded as heterogeneous, heterogeneous internal
enhancement with homogeneous rim enhancement, or homo-
geneous enhancement.
Additionally, the mean normalized Hounsfield unit (HU)
attenuation of each adenoma was computed by drawing a
region of interest (ROI) around the entire tumor margin on a
representative section through the midportion of the lesion and
dividing the resulting HU value by that of a corresponding ROI
from the contralateral uninvolved parotid gland. This was per-
formed for both the early and delayed scans.

Statistical analysis was performed using the paired (two-
sample for means) t-test for the early versus delayed normal-
ized lesion ROI values.

Results
All eight pleomorphic adenomas had distinct mar-

gins and ranged in diameter from 0.5 to 3 cm (mean,
1.3 6 0.46 cm short axis 3 2 6 0.72 cm long axis). For
seven of the eight pleomorphic adenomas, the degree
of lesion enhancement increased with time, becoming
more uniform and homogeneous, with progression
from the tumor margins (Fig 2). Only one of the eight
adenomas that had an intense homogeneous en-
hancement pattern on the initial scan, obtained after
an 8-minute delay, failed to show this further filling in
of contrast. All adenomas were located in the super-
ficial portion of the parotid gland (one in the tail of
the gland). No disagreements were found between
the two readers regarding the degree or pattern of
contrast enhancement.

Mean early axial lesion enhancement, normalized
to that of the contralateral normal parotid tissue, was
1.20 6 0.35, at an average time of 8 minutes after
contrast administration (range of scan times, 2 to 18
minutes). In comparison, for the delayed coronal
scans obtained at an average time of 24 minutes after
contrast administration (range of scan times, 13 to 34
minutes), mean normalized adenoma enhancement
was 2.30 6 0.66 (P , .01, two-tailed paired [two-
sample for means] t-test). A scatter plot of lesion
enhancement versus time, together with the mean
early and delayed ROI values discussed above, is
shown in Figure 3.

For nine of the 10 nonpleomorphic adenomas, no
significant change was found in either the degree or
pattern of contrast enhancement between the early
and delayed CT scans (Fig 4). For each of these
tumors, peak homogeneous enhancement was
reached early, during axial scanning. Only one of the
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FIG 2. A, Axial CT scan of a typical pa-
rotid pleomorphic adenoma, obtained 7
minutes after IV administration of contrast
material (arrow). The lesion has distinct
margins. Note the thin peripheral rim of
enhancement, the slightly reticular pattern
of enhancement just deep to this, and the
relative lack of central enhancement.

B, Coronal CT scan of the same lesion,
obtained after an additional 18-minute de-
lay, shows dense, homogeneous en-
hancement of the adenoma (arrow).

C, A different case shows similar en-
hancement characteristics of a pleomor-
phic adenoma at 2 minutes (arrow).

D, Delayed coronal scan, 23 minutes
after contrast injection, shows persistent
lack of central enhancement (arrow).
10 lesions, a Warthin’s tumor, had a slight increase in
its proportion of rim enhancement between the early
and delayed scans.

The 10 nonpleomorphic adenomas ranged in size
from 0.8 to 4 cm, (mean, 1.6 6 1.0 cm short axis 3
2.1 6 1.2 cm long axis). All but one of these 10 tumors
had distinct margins. The largest lesion, a Warthin’s
tumor measuring 4 3 4 cm, had indistinct margins. In
another of the Warthin’s tumors, the margins became
slightly less conspicuous only during the delayed 29-
minute scan. Nine of the 10 tumors were located in
the superficial portion of the parotid gland (two in the
tail of the gland); the large Warthin’s tumor had both
superficial and deep components. No disagreements
were found between the two readers regarding the
degree or pattern of contrast enhancement.

Mean early axial tumor enhancement, normalized

FIG 3. Scatter plot of normalized pleomorphic adenoma lesion
ROIs versus time after injection. Mean values of early (axial)
enhancement versus late (coronal) enhancement, with error bars
indicating 6 1 SD, are included. The position along the time axis
reflects the average time after injection of these respective mean
values.
to the contralateral normal parotid tissue, was 3.95 6
2.15, at an average time of 8 minutes after contrast
administration (range of scan times, 3 to 16 minutes),
compared with 4.25 6 3.36 for the delayed coronal
scans obtained at an average time of 30 minutes after
contrast administration (range of scan times, 22 to 60
minutes) (P, not significant [P 5 .41, one-tailed t-test;
P 5 .81, two-tailed t-test). For two of the four War-
thin’s tumors, including the largest (a 4 3 4-cm le-
sion), normalized lesion enhancement was relatively
low (approximately 1.5 for both the early and delayed
scans).

Discussion

Pleomorphic adenoma, also known as benign
mixed tumor, is the most common salivary gland tu-
mor, representing 70% to 80% of all benign salivary
tumors. Approximately 85% of these tumors occur in
the parotid gland (2). Clinically, parotid pleomorphic
adenoma usually occurs in patients between the ages
of 30 and 50 years as a slow-growing painless mass.
The rate of occurrence is slightly higher in women
than in men; the tumor is unusual in children (9). The
lesions are composed of epidermoid and myoepithe-
lial cells (3). Dystrophic calcifications are occasionally
present. Although malignant degeneration has been
reported to be as low as 2% to 5%, by some accounts,
up to 25% of pleomorphic adenomas, left untreated,
will undergo malignant transformation to carcinoma
ex pleomorphic adenoma (2, 11). Because of this high
rate of development of carcinoma ex pleomorphic
adenoma, pleomorphic adenomas must be completely
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FIG 4. A and B, Early (8 minutes after
injection) axial contrast-enhanced CT
scan of a typical nonpleomorphic ade-
noma parotid gland tumor, in this case, a
mucoepidermoid tumor (A ), and delayed
(20 minutes after injection) coronal con-
trast-enhanced scan both show dense
homogeneous pattern of enhancement
(arrows).
resected. If their capsule is completely removed, these
tumors can be completely cured by surgery. Biopsy
without resection may increase the risk of recurrence
(1).

In contrast to the scant literature regarding the CT
appearance of parotid adenomas, the MR imaging
findings characteristic of pleomorphic adenomas have
been well described. Often cited are a markedly hy-
perintense T2 signal relative to that of CSF and a
well-defined capsule. As opposed to the high T2 sig-
nal found in the cystic regions of other benign tumors,
the hyperintense T2 components of pleomorphic ad-
enomas more usually enhance with contrast adminis-
tration (4). In one MR study, a lobulated contour and
a low-signal capsule on T2-weighted images were
found to characterize most pleomorphic adenomas.
The finding of a complete capsule together with a
lobulated contour had a positive predictive value
of 100% (1). In another MR study, the majority of
pleomorphic adenomas were homogeneous and
smoothly marginated (3). Warthin’s tumors were
equally well marginated, but more heterogeneous in
appearance. Malignant and inflammatory parotid
masses were associated with both lymphadenopathy
and subcutaneous stranding of fat.

The typical CT appearance of parotid pleomorphic
adenoma has been reported as that of a smoothly
marginated or lobulated small spherical tumor. Pleo-
morphic adenomas have also been described as not
significantly enhancing, with larger masses often hav-
ing a nonhomogeneous appearance characterized by
low-attenuation central foci of necrosis, old hemor-
rhage, and cystic change (2, 5–9). Other benign or
malignant lesions, however, may also have these im-
aging characteristics. Only 10% of parotid pleomor-
phic adenomas are reported to occur in the deep
gland (11). Normal adult parotid gland parenchyma is
relatively fatty, with a reticular interstitium. The usual
glandular CT density of 15 to 25 HU is lower than
that of muscle, but greater than that of fat (12). Some
glands are denser, with lower fat, which can decrease
the conspicuity of soft-tissue–density lesions within
the gland.

Studies reporting the immediate postcontrast ap-
pearance of parotid pleomorphic adenomas have con-
cluded that CT may be inferior to MR imaging for
depicting lesion margins (3, 5, 7, 9). CT enhancement
of pleomorphic adenomas was described, in one re-
port, as “an inhomogeneous (reticulated) pattern” in
a majority of cases (7). In a different study, the au-
thors concluded that to “detect the relation between
the tumor and carotid sheath, . . . the images of CT
sialography are much better than those of plain CT
and intravenous enhancement CT” (5). Another case
report described a parotid pleomorphic adenoma that
mimicked multiple parotid masses on contrast-en-
hanced CT scans but that MR imaging revealed to be
a single lesion (8). In none of the above examples
were delayed postcontrast CT scans obtained.

Our results regarding the average size, margin ap-
pearance, and location within the parotid gland typi-
cal of parotid pleomorphic adenomas are concordant
with those of the literature. Our finding of delayed
pleomorphic adenoma enhancement, however, with
an increasingly homogeneous filling in of contrast
material, has not, to our knowledge, been emphasized
previously. This observation may explain some of the
differing descriptions of the CT enhancement pattern
of parotid pleomorphic adenomas discussed above.
As shown in Figure 1, parotid CT performed too early
after IV administration of contrast material could
result in markedly decreased lesion conspicuity. The
fact that the other parotid masses we examined over-
whelmingly showed early intense contrast enhance-
ment may potentially be of value in formulating the
differential diagnosis, although further work is re-
quired to substantiate this hypothesis.

Until more extensive series are performed, it is too
early to tell whether the finding of delayed parotid
pleomorphic adenoma enhancement will aid in clini-
cal management. Awareness of this feature, however,
if it improves diagnostic certainty, could influence the
decision to perform fine-needle aspiration biopsy.
Current indications for fine-needle aspiration biopsy
vary by surgeon and by center. At many institutions,
fine-needle aspiration biopsy of potential pleomor-
phic adenomas is thought to be unnecessary and is
not routinely performed (13). Excisional biopsy is
preferred for lesions presenting as typical pleomor-
phic adenomas; needle biopsy is reserved for patients
in whom clinical or imaging findings are atypical or
suggestive of malignancy (13). If the finding of de-
layed contrast enhancement does improve diagnostic
certainty for what is a typical pleomorphic adenoma,
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fewer fine-needle aspiration biopsies may be neces-
sary. In those cases in which the procedure is indi-
cated, however, the possibility of improved lesion
conspicuity through delayed enhancement might also
be an asset in the performance of CT-guided biopsy.

Conclusion

Delayed CT enhancement is found in pleomorphic
adenomas of the parotid gland, with an increasingly
homogeneous filling in of contrast material with time.
This finding may be useful in selecting the appropri-
ate timing of contrast administration when evaluating
potential parotid adenomas.
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