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Delayed enhancement in differential diagnosis of salivary gland
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Background: Multi-phasic Computed Tomography (CT) evaluation allows to study the enhancement
features of parotid gland masses. The aim of our study was to evaluate the role of delayed enhancement in
the characterization of different histologic types of parotid tumours.

Methods: Forty-eight patients (22 male and 26 female) with at least one parotid gland tumor, were included
in our study. Multi-phase CT images were obtained before and 30, 120 s and 8 minutes after intravenous
contrast injection. The images were evaluated by two radiologists for lesion enhancement degree. A
quantitative assessment was performed using a region of interest on each lesion and density changes between
different phases were compared. The tumoral enhancement ratio was calculated between the 8 minutes
delayed and the early (30 s) phase. The pathological diagnosis was confirmed in all patients after surgery.
Results: All patients had unilateral lesion for a total of 48 lesions. Twenty-eight were pleomorphic adenomas,
15 Warthin’s tumours and 5 carcinomas. All Warthin tumours showed a rapid contrast enhancement at the early
phase (30 sec) followed by a progressive wash-out during the delayed scans. Most of pleomorphic adenomas
(89.2%) showed the highest density at the 8-minutes delayed phase. Malignant tumours showed slower contrast
enhancement and 3 out of 5 (60%) showed a marked decrease at the 8 minutes delayed phase while the remaining
2 (40%), did not show any density reduction. The tumoral enhancement ratio was significantly different between
Warthin tumours and pleomorphic adenomas and between Warthin's and malignant tumours.

Conclusions: Multi-phasic CT examination with 8 minutes delayed acquisition has shown to be useful in

parotid gland lesion differentiation.
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Introduction and malignant tumours is approximatively 5.5 cases per
Salivary gland neoplasms represent about 6% of all head 100,000 and malignancies account 0.9 cases per 100,000 (2).

and neck tumours (1). The incidence rate for both benign Malignant lesions typically arise after 60 years, whereas
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benign tumours usually occur after 40 years (2). There is
a slight prevalence of benign neoplasm in female sex while
malignancies are equally distributed between sexes (2).
Approximately 80% of all salivary gland tumours occur
in the parotid gland while the 10-15% arise in the
submandibular glands, and the remaining arise in the
sublingual and minor salivary glands (2). The differentiation
between benign and malignant tumours is very important
in order to perform an optimal surgical planning. In fact,
benign conditions are treated by more limited surgery
which has a lower complication rate, while a more invasive
surgery is required for malignancies (3). Therefore,
successful treatment is related to their correct pre-operative
evaluation. Radiological assessment plays a pivotal role
in this setting, in particular for determining the nature
of parotid gland lesion and for evaluating extra-glandular
extension (4). Computed tomography (CT) scanning and
magnetic resonance imaging (MRI) are the primary imaging
modalities used to assess tumours of the salivary glands
and in particular for parotid gland masses (5,6). Although
MRI has demonstrated a better soft tissue differentiation
in parotid lesion evaluation (7), contrast-enhanced CT
provides useful information in tumour characterization as
well as their relationships to nearby structures (8). Great
importance has been given to CT imaging in differentiating
salivary gland tumours basing on lesion enhancing pattern
but very little has been published about this issue if
compared to studies concerning the MRI findings (7-11).
Furthermore, the improvement of multiphasic CT scanner
has led to optimized protocols with increased lesion
conspicuity and better definition between tumour and
surrounding normal tissues. The aim of this study was to
evaluate the diagnostic efficacy of delayed acquisitions on
multiphasic CT in the characterization and differentiation
of various histologic types of parotid tumours (pleomorphic
adenoma, Warthin tumour and malignant tumours).

Methods

This retrospective study obtained the ethical approval by
the institutional review board and the written informed
consent was obtained from all patients.

Patient population

During a period of 3 years (from June 2014 to July 2017)
all patients with clinically proven parotid enlargement
underwent CT examination. All patients underwent to
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clinical examination and the pathological diagnosis was
confirmed in all patients after surgery. The patients which
satisfied the following criteria were included in our study:
(I) CT examination performed in our Institution, (II)
good-quality CT examinations, in particular, availability of
optimal multiphasic acquisitions and (III) a parotid mass
imaging diagnosis. Patients with absolute contraindication
to perform CT were excluded by our analysis. All patient’s
information’s were extracted from clinical charts.

CT imaging technique

All neck CT examinations were performed by using a
multidetector CT scanner (Aquilion, Toshiba Medical
Systems, Otawara, Japan) and following our standard
protocol for salivary gland evaluation: 3-mm section
thickness, 120 kV and 200 to 240 mA. All CT procedures
were performed at baseline and after the administration
of 100 mL of the tri-iodinated nonionic contrast agent
Iomeron [Bracco, Milan, Italy (350 mg iodine per milliliter)]
at a flow rate of 3 mL/sec into an antecubital vein by using
an automated power injector. All images were acquired in
the craniocaudally direction from skull base to the thoracic
inlet. All CT examinations included four acquisitions:
without contrast medium; in the early phase (30 seconds
after intravenous injection of contrast media); a delayed
scan (after 120 seconds); and a further delayed scan (after
8 minutes). For the delayed enhanced images (8 min), the
scanning range was limited only to the parotid gland in
order to reduce radiations.

All images were quantitatively evaluated using a
standardized circle region-of-interest (ROI), positioned on
each lesion (as large as possible) in order to calculate the
mean density expressed in Hounsfield unit (HU). Cystic
and necrotic areas with constant low attenuation at each
phase were excluded from the analysis just as calcifications.
The images were analyzed by two independent radiologists
with at least 10 years experienced in head and neck imaging
on a dedicated workstation. The tumoral enhancement ratio
was calculated between the 8-minutes delayed phase and the
early phase (30-sec) for each lesion.

An analysis of variance was performed to evaluate
differences of tumour attenuation among different CT phases.
A P value <0.05 was considered statistically significant.

Results

Fourty-eight patients (22 males and 26 females; age range,
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Figure 1 A 60-year-old woman with pleomorphic adenoma in the superficial lobe of the left parotid gland. (A) Axial early (30-sec) phase CT

image showed a slight contrast-enhancement of the mass; (B) after 120-sec, CT scan showed an increase of tumour enhancement; (C) the

delayed acquisition (after 8-min) demonstrated a continued slow increase in enhancement of the lesion.

31-77 years) with at least one parotid lesion were
included in our study. All patients had unilateral mass
for a total of 48 tumors. 28 were pleomorphic adenomas,
15 Warthin’s tumours and 5 mucoepidermoid carcinomas.
The histopathologic diagnosis was obtained after surgical
resection in all patients. The lesions diameters ranged from
1.2 to 4 cm in the short axis (average 2.2 cm) and from 1.5 to
3.6 mm in the long axis (mean 2.1 cm). Twenty-eight lesions
were located in the superficial lobe, nineteen in the deep
lobes, while one lesion was located in the para-pharyngeal
space (Warthin tumour). All 15 Warthin tumours showed
a rapid contrast enhancement at the early phase (30 sec)
and a progressive wash-out during the delayed phases
(120 sec and 8 min). In contrast, the 89.2% (25 out
of 28) of pleomorphic adenomas showed an increased
enhancement through the different phases with the highest
density at the 8-min delayed phase (Figure I). Three of
the remaining pleomorphic adenomas (11%), showed
increased in enhancement only at the 8-min delayed phase.
3 out of 5 malignant carcinomas (60%) showed increasing
enhancement up to the 120-sec scan followed by a marked
decrease at the 8-min delayed phase while the remaining
2 (40%) did not show a decrease of density at the 8-min
delayed phase (Figure 2). The mean tumour HU values for
each phase are summarized in 7able 1.

The difference of the mean HU values among each
tumour type was not statistically significant if considered
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within the single phase (P>0.05). However, the ratio
of lesion attenuation at 8-min delayed phase to that at
early phase (30 sec) significantly correlated with the
histological type; in particular, between Warthin tumours
and pleomorphic adenomas (P<0.05) and between Warthin
tumours and malignant tumours (P<0.05). However,
there was no significant correlation between the lesion
attenuation ratio between pleomorphic adenomas and
malignant tumours.

Discussion

Parotid tumours are the most common among all salivary
gland neoplasms. Although the majority of parotid lesions
are benign, surgery represents the treatment of choice (3).
However, due to the nearness of the facial nerve, it is
very important to know the anatomical relationships in
order to perform a meticulous surgical technique (6,9).
Furthermore, it is very important to preoperatively
know the aggressiveness of the tumour through a correct
imaging assessment. CT has demonstrated high capabilities
to determine not only location and extension, but also
suggesting the nature of the tumour (8,10-12). However,
CT has some limitations, such as radiation exposure and
the use of iodinated contrast media with possible side
effects. Many studies have proposed the MRI examination
as the gold standard for distinguishing between benign
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Figure 2 Time attenuation curves of different parotid tumours. Warthin tumours showed a rapid contrast enhancement at the early phase

(30 seconds) and a progressive wash-out during the delayed phases (120 s and 8 min) while pleomorphic adenomas showed an increased

enhancement during the delayed phases. The majority of malignant carcinomas showed a peak enhancement at 120-sec phase and a marked

decrease at the 8-minute delayed phase.

Table 1 Parotid gland tumour enhancement (mean HU values) of
48 lesions on different post-contrast CT scans

Histopathologic No. of

30 sec 120 sec 8 min
type tumours
Warthin tumour 15 84+13 69+8 58+5
Pleomorphic 28 54+16 66+14 80+8
adenoma
Mucoepidermoid 5 67+18 82+11 71+13
carcinoma

and malignant parotid lesions (4,13-16). However, recent
studies have demonstrated a comparable high sensitivity and
specificity between these imaging modalities (7,17,18).

Our study revealed that benign tumours are more
common than malignancies, reporting a prevalence of 89%
for benign form. Within this group, pleomorphic adenoma has
represented the most frequent neoplasm (65 %) followed by the
Warthin’s tumour (35%). These results are in agreement with
those reported by several studies that described a prevalence

of benign tumours between 70-90% and considered the
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pleomorphic adenoma as the most common benign tumour
of the parotid gland (2,4,6). Moreover, parotid gland tumours
occur in patients between 40-60 years with a slight prevalence
of benign entities in the female sex (2,4), as resulted in our
population. The vast majority of parotid tumours evaluated in
our series occurred in the parotid gland (98%), while only one
has interested the para-pharyngeal space; this prevalence agrees
with other experiences (4). This finding result to be significant
for the surgeon, as well known (8,9). The CT enhancement
pattern of the parotid lesions reflects their pathological
features, such as the vascular architecture. For this reason, CT
is used to distinguish different tumour types. Many Authors
have proposed different methods to evaluate the attenuation
of parotid tumours during CT dynamic examinations (8-11,
19-22). Moreover, many scanning protocols have been tested
to evaluate the delayed enhancement of parotid tumours;
in particular, many delayed acquisitions up to 25 minutes
were proposed in order to achieve the better results (5,10).
However, the same Authors noted some limitations in the
evaluation of the enhancing pattern during the later phases. In
our experience, we evaluated all tumours at only two delayed
phases (120 sec and 8 min after contrast injection). The scan
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performed after 8 minutes resulted to be adequate to obtain
useful informations for the lesion characterization as well as it
has avoided further delayed acquisitions reducing the radiation
dose. In fact, we found a clear different attenuation at 8-min
delayed phase compared to that at the early phase (30 sec)
between Warthin tumours and pleomorphic adenomas and
between Warthin tumours and parotid carcinomas, achieving
the correct diagnosis in all cases. These results are confirmed
by only few past experiences, in which the “earliest” delayed
scans (8-12 min) were considered suitable to evaluate the
lesion enhancement (8,19). Moreover, these results have a
remarkable technical implication because allow optimizing
the scanning protocols reducing the CT acquisitions and
improving the diagnosis of parotid gland lesions, especially
where the biopsy is not easy to perform (23-32).

However, we did not find a correlation between the
lesion attenuation ratio of pleomorphic adenomas and
the malignant tumours in our study population. In fact, 3
malignant tumours have showed an increased enhancement
at the 8 min delayed phase, likely the pleomorphic
adenomas. This aspect was also described by Choi ez a/. (10)
that suggested an overlap of histologic components between
pleomorphic adenomas and some malignancies, not easy to
distinguish even at the 25 minutes delayed scan. However,
the Authors proposed different methods, such as the
multinodular heterogeneous enhancement, as ancillary
features to differentiate them on CT images.

The present study had a number of limitations, the
first being its retrospective design, the small size of study
population and the small number of malignant tumours.

In conclusion, our results confirmed the importance
of delayed enhancement in the assessment of parotid
tumours, in particular in the differentiation between
Warthin tumours and pleomorphic adenomas and between
Warthin tumours and malignant tumours. Moreover,
the delayed phase included in our technical protocol
and performed 8 minutes after contrast injection, might
be helpful for diagnosing avoiding further delayed
acquisitions. However, further studies are needed to
determine the reliability of our technical protocol in order
to select the correct timing of contrast administration
when evaluating parotid tumours.
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