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Abstract: Objective: This study was designed to explore the advantages of using CEUS time-intensity curves (TIC) vs.
conventional ultrasound in the differential diagnosis of mass pancreatitis and pancreatic cancer. Methods: From
January 2017 to December 2019, 51 patients with mass pancreatitis and 57 patients with pancreatic cancer were
recruited as the study cohorts and examined using CEUS and conventional ultrasound. TIC were used to analyze
and calculate the arrival times of the contract medium in the lesion (AT), the times to peak (TTP), the peak intensi-
ties (Imax), and the transition times (TT). The advantages of using the TIC indices vs. conventional ultrasound in the
diagnosis of pancreatic cancer were compared. Results: (1) The AT was significantly shorter and the Imax was sig-
nificantly higher in the patients with mass pancreatitis (P<0.05), but no significant differences in the TTP or TT were
observed (P>0.05). (2) The accuracy and positive/negative predictive value were significantly higher than the accu-
racy and positive/negative predictive value of conventional ultrasound when pancreatic cancer was diagnosed ac-
cording to the criteria of AT 29.45 s, Imax < 72.14%, AT 2 9.45 s or Imax £ 72.14%, AT 2 9.45 s and Imax < 72.14%.
The sensitivity was significantly higher than the sensitivity obtained using conventional ultrasound when the criteria
of AT >29.45 s, Imax < 72.14%, AT > 9.45 s or Imax < 72.14% were followed in the diagnosis. The specificity yielded
when the diagnostic criteria of AT > 9.45 s, Imax < 72.14%, AT > 9.45 s and Imax < 72.14% were referenced in the
diagnosis of pancreatic cancer was significantly higher than it was when using conventional ultrasound, especially
the highest accuracy and sensitivity when AT > 9.45 s or Imax < 72.14% was used. Conclusion: Compared with con-
ventional ultrasound, TIC was better at differentiating mass pancreatitis from pancreatic cancer; in particular, its
higher accuracy when AT > 9.45 s or Imax < 72.14% was adopted as the diagnostic criterion.
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Introduction difficult [5], as the organ is often attacked
insidiously. Clinical therapies for mass pancre-
atitis and pancreatic cancer are entirely differ-
ent. If pancreatic cancer is mistaken as mass
pancreatitis, the patients may suffer from treat-
ment delays that threaten their lives. There-
fore, the early and correct differential diagno-
ses of mass pancreatitis and pancreatic can-

cer are particularly important.

Because it is chronic and a risk factor for pan-
creatic cancer [1, 2], mass pancreatitis is re-
lated to the pathological changes of chronic
inflammatory cell infiltration and progressive
fibrous hyperplasia. Pancreatic cancer is a
common and severe malignant tumor of the
digestive tract with a poor prognosis that is
often lethal [3, 4], as shown by its 5-year sur-

vival rate of only 6%. Both mass pancreatitis
and pancreatic cancer are focal lesions in the
pancreas, which lies at a shallow place behind
the peritoneum, resulting in unconspicuous cli-
nical symptoms and signs when it experiences
pathological changes, making early diagnosis

In the clinic, CT, MRI, and ultrasound are gener-
ally used to differentially diagnose mass pan-
creatitis and pancreatic cancer. However, the
first two options are expensive and not suitable
for patients with a renal inadequacy, so their
clinical applications are limited [6]. Ultrasound
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is invasive, affordable, reproducible, and radia-
tion free, and it is often used in the clinical dif-
ferentiation of mass pancreatitis and pancre-
atic cancer [7]. The ultrasonic images of mass
pancreatitis and pancreatic cancer may be si-
milar, as both diseases are local lesions in the
pancreas, and they may be subject to interfer-
ence from factors such as the subject’s body
shape and gas in the abdomen. Therefore, con-
ventional ultrasound is limited to differentiating
mass pancreatitis and pancreatic cancer.

The highly safe CEUS supports the dynamic
and continuous observation of the microcircu-
lation perfusion at the lesion and plays an
important role in the differential diagnosis of
mass pancreatitis and pancreatic cancer [8].
When CEUS TIC is used in the quantitative anal-
ysis of CEUS images, the microperfusion in the
tissues can be observed more accurately and
objectively. Therefore, in this study, convention-
al ultrasound and CEUS examinations were per-
formed on patients with mass pancreatitis and
pancreatic cancer. The TIC indices were com-
pared, and the diagnostic advantages of the
TIC indices and conventional ultrasound in pan-
creatic cancer were analyzed in order to pro-
vide a supplementary reference for the early
differential diagnosis of mass pancreatitis and
pancreatic cancer.

Materials and methods
General materials

51 patients with mass pancreatitis and 57 pa-
tients with pancreatic cancer admitted to our
hospital from January 2017 to December 2019
were included as the study cohorts according
to the following criteria: (1) patients pathologi-
cally diagnosed with mass pancreatitis or pan-
creatic cancer after surgery, (2) patients who
received conventional ultrasound and CEUS
examinations. Patients with tumors at multiple
sites or who suffered from mental diseases
preventing them from normal communication
and pregnant or lactating women were exclud-
ed. The mass pancreatitis patients consisted
of 28 males and 23 females ranging in age
from 42 to 66, with a mean age of (54.31+
8.13) years. Their weights varied from 39 to
77 kg, and their average weight was (57.28+
12.64) kg. The pancreatic cancer patients in-
cluded 32 males and 25 females. Their ages
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ranged from 42 to 69, with a mean value of
(54.69+8.54) years, and their weights ranged
from 41 to 75 kg, with an average of (56.82+
12.46) kg. No significant differences in gen-
der, age, or weight were observed (P>0.05).
This study was approved by the Medical Ethics
Committee of the hospital, and all the patients
provided an informed consent.

Methods

All the patients received CEUS and convention-
al ultrasound examinations after fasting for at
least 8 hours. The instrument was a LOGIQ E9
high-grade color ultrasound diagnostic appara-
tus from GE, USA. The probe frequency was set
to 2~4 MHz, and the mechanical index was set
to 0.08~0.10. During the examination, the pa-
tients lied on their backs. The pancreas was
scanned using conventional ultrasound to ob-
serve the features such as lesion location,
boundary, size and echo, and then by CEUS
with SonoVue as the contract medium. Before
use, the SonoVue was thawed and mixed with
5 ml of normal saline to prepare a suspension.
The pancreas area around the lesion was ta-
ken as the control. The lesion was continuous-
ly perfused with the suspension at a volume of
2 ml each time and observed on a real-time
basis for at least 90 seconds. During CEUS,
the patients were required to breathe normal-
ly, and the tangent plane selected for imaging
was kept unchanged. At the end of CEUS, the
dynamic imaging pictures were saved and
imported into the SonolLiver. As the lesion and
the pancreas area around the lesion (the con-
trol) were selected, an ROl sampling box was
placed at the selected area with maximal
efforts to avoid dilated pancreatic ducts and
great vessels. TIC began to calculate the AT,
the TTP, the Imax, and the TT, of which, Imax is
a relative value expressed as a percentage,
expressed as the ratio of echo intensity at the
lesion to that of the pancreas area around the
lesion. TTP is defined as the time elapsed from
the beginning of the echo enhancement at the
lesion to Imax, and TT is defined as the time
elapsed from the beginning of the echo enhan-
cement to the Imax dropping by 50%. As TTP
and TT are related to Imax, the TIC indices are
diagnosed with AT and Imax, with AT defined as
>9.45 s and Imax as < 72.14%. The ultrasonic
contrast images of mass pancreatitis and pan-
creatic cancer are shown in Figures 1 and 2.
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Figure 1. Ultrasonic image of mass pancreatitis.
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Figure 2. Ultrasonic image of pancreatic cancer.

Observation indices

The AT, TTP, Imax, and TT were compared
between the patients with mass pancreatitis
and those with pancreatic cancer. The accura-
cy, sensitivity, specificity, and positive/nega-
tive predictive values of the TIC indices (AT >
9.45 s, Imax < 72.14%, AT > 9.45 s or Imax
<72.14%, AT 2 9.45 s and Imax £ 72.14%) and
of conventional ultrasound in the diagnosis of
pancreatic cancer were analyzed.

Statistical analysis

The statistical analysis was performed using
SPSS 22.0. The patients’ genders, and their
true positive/negative (TP/TN) and false posi-
tive/negative (FP/FN) data were expressed as
n, and independent-samples X? tests were car-
ried out. The AT, TTP, Imax, and TT were ex-
pressed as the means + standard deviation,
and independent-samples t tests were carried
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out. For all the statistical comparisons, signifi-
cance was defined as P<0.05.

Results
TIC indices

The AT, Imax, TTP, and TT were (8.44+2.66) s,
(86.66+£22.41)%, (8.34+2.55) s, and (27.43+
9.03) s in the patients with mass pancreatitis
and (11.12+3.62) s, (44.37+12.58)%, (8.69+
2.47) s, and (27.8748.81) s in the patients with
pancreatic cancer (P<0.05 for AT and Imax,
P>0.05 for TTP and TT) (Table 1; Figures 3 and
4).

The advantages of TIC indices and of conven-
tional ultrasound in the diagnosis of pancre-
atic cancer

The number of TP, FP, FN, and TN cases were
43,14, 14 and 37 accordingto AT>9.45s, 41,
17, 16, and 34 according to Imax < 72.14%, 53,
20, 4, and 31 according to AT > 9.45 s or Imax
<72.14%, 31, 10, 26, and 11 according to AT >
9.45 s and Imax < 72.14%, and 25, 28, 32, and
23 when done using conventional ultrasound
(Table 2).

The sensitivity and specificity of the TIC indices
and of conventional ultrasound in diagnosing
pancreatic cancer

In diagnosing pancreatic cancer: (1) The accu-
racies of AT 29.45 s, Imax < 72.14%, AT > 9.45
s or Imax £ 72.14%, AT > 9.45 s and Imax <
72.14%, and conventional ultrasound were
74.07%, 69.44%, 77.78%, 66.67% and 44.44%
(P<0.05); and (2) The sensitivities of Imax <
72.14%, AT 29.45 s or Imax < 72.14%, and con-
ventional ultrasound were 75.44%, 71.93%,
92.98% and 43.86% (P<0.05). In the case of
AT > 9.45 s and Imax < 72.14%, the sensitivity
was only 54.39% (P>0.05); (3) The specificities
of AT 2 9.45 s, Imax < 72.14%, AT =2 9.45 s and
Imax < 72.14%, and conventional ultrasound
were 72.55%, 66.67%, 80.39% and 45.10%
(P<0.05). In case of AT > 9.45 s or Imax <
72.14%, the specificity dropped to 60.78%
(P>0.05); (4) The positive/negative predictive
values of AT 29.45 s, Imax < 72.14%, AT > 9.45
s or Imax £ 72.14%, AT > 9.45 s and Imax <
72.14%, and conventional ultrasound were
75.44%/72.55%, 70.69%/68.00%, 72.60%/
88.57%, 75.61%/61.19%, and 47.47%/41.82%
(P<0.05) (Table 3).

Int J Clin Exp Med 2020;13(11):8578-8584



The advantages of using CEUS TIC vs. conventional ultrasound

Table 1. A comparison of the TIC indices between mass pancreatitis and pancreatic cancer (X + s)

Group n AT (s) TTP (s) Imax (%) TT (s)
Mass pancreatitis 51 8.44+2.66 8.34+2.55 86.66+22.41 27.43+9.03
Pancreatic cancer 57 11.12+3.62 8.69+2.47 44.37+12.58 27.87+8.81
t 4.341 0.723 12.256 0.256
P <0.001 0.471 <0.001 0.798
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Figure 3. Comparison of the AT between mass pan-
creatitis and pancreatic cancer. The AT in patients
with mass pancreatitis is significantly lower than
it is in patients with pancreatic cancer (P<0.05).
*P<0.05 for intergroup comparison.

Discussion

The concealment of pancreatic cancer in the
early onset stage results in most patients miss-
ing the best treatment window and already
being at the middle-to-advanced stage when
they are first referred to a specialist. Even after
surgical treatment, the 5-year survival is not
optimistic [9, 10]. Mass pancreatitis has a long
duration and local masses due to long-term tis-
sue fibrosis and inflammatory cell infiltration,
and it is a known hazard of pancreatic cancer
[141, 12]. Pancreatic cancer is similar to mass
pancreatitis in its ultrasonic manifestation,
clinical symptoms, and signs. They are difficult
to differentiate, and they are treated using
entirely different therapies. Therefore, an early
differential diagnosis and symptomatic treat-
ment would play a significant role in improving
the prognosis.

Conventional ultrasound is usually used for the
preliminary screening of pancreatic lesions.
However, most pancreatic lesions are manifest-
ed as mixed or low echoes. The similarity exerts
an influence on the accuracy of this tool in the
differential diagnosis of mass pancreatitis and
pancreatic cancer [13, 14], while the subject’s
body shape and gas in the abdomen also affect
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Figure 4. Comparison of the Imax between mass
pancreatitis and pancreatic cancer. The Imax in pa-
tients with mass pancreatitis is significantly higher
than itis in patients with pancreatic cancer (P<0.05).
*P<0.05 for intergroup comparison.

its sensitivity. In contrast, CEUS supports pure
blood pool imaging by conducting the CEUS
medium into the tissue gaps, in order to accu-
rately reflect the low-volume and low-flowrate
blood signals in the lesion and to continuously
observe the tissues concerned on a real-time
basis. In this way, CEUS plays a key role in the
differential diagnosis of local pancreatic le-
sions [15, 16]. However, some studies have
pointed out that the visual observation of nor-
mal pancreatic tissues and pancreatic lesions
for enhancement degrees and reinforcement
times may be subjective [17, 18]. Therefore,
TIC was adopted in this study to quantitatively
analyze mass pancreatitis and pancreatic can-
cer based their TIC indices, and a comparison
was performed between the TIC indices and
conventional ultrasound to determine their ad-
vantages in the differential diagnosis of the
two diseases.

For patients with mass pancreatitis, the AT was
significantly shorter than the AT of the patients
with pancreatic cancer. The reason is that the
vascular density in patients with mass pancre-
atitis or pancreatic cancer was decreasing, but
the tissue reconstruction, necrosis, thrombus,
and bleeding produced in the course of chronic
inflammation can lead to cicatrix fracture and
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Table 2. The diagnosis of pancreatic cancer using TIC indices and conventional ultrasound

Pathological results

Criterion Results - —
Pancreatic cancer Mass pancreatitis

AT>9.45s Pancreatic cancer 43 14

Mass pancreatitis 14 37
Imax < 72.14% Pancreatic cancer 41 17

Mass pancreatitis 16 34
AT >9.45 s or Imax < 72.14% Pancreatic cancer 53 20

Mass pancreatitis 4 31
AT >9.45 s and Imax < 72.14% Pancreatic cancer 31 10

Mass pancreatitis 26 41
Conventional ultrasound Pancreatic cancer 25 28

Mass pancreatitis 32 23

Table 3. The sensitivity and specificity of TIC indices and conventional ultrasound in diagnosing pan-

creatic cancer

T e e Positive Negative
Criterion Accuracy Sensitivity Specificity predictive value predictive value
AT>9.45s 74.07 (80/108) 75.44 (43/57) 72.55(37/51)  75.44 (43/57) 72.55 (37/51)
Imax < 72.14% 69.44 (75/108) 71.93 (41/57) 66.67 (34/51) 70.69 (41/58) 68.00 (34/50)
AT >9.45 s or Imax < 72.14% 77.78 (84/108) 92.98 60.78 (31/51)  72.60 (53/73) 88.57 (31/35)
AT 29.45sand Imax<72.14% 66.67 (72/108) 54.39(31/57) 80.39 (41/51) 75.61 (31/41) 61.19 (41/67)
Conventional ultrasound 44.44 (48/108) 43.86(25/57) 45.10 (23/51) 47.17 (25/53) 41.82 (23/55)

contraction of the entire gland, so that the con-
trast medium can rapidly enter the lesions [19,
20]. However, in patients with pancreatic can-
cer, the tumor tissue was densely enveloped by
microvessels, which slowed down the speed of
the contrast medium approaching the tumor
center [21, 22]. In this study, it was also found
that the Imax in patients with mass pancrea-
titis was significantly higher than it was in
patients with pancreatic cancer. The reason
lies in the enhanced vasa vasorum in a shape
of a strip found in or around the tumor during
the arterial phase imaging, and the contrast
medium flowed from the periphery to the cen-
ter [23, 24]. Furthermore, there are fewer
microvessels in a cancerized pancreas than
there are in a normal one, and the vasa vaso-
rum are generally deployed around the tumor
lesion where fibrous tissues proliferate and
the vascular density is relatively low. So, the
enhancement and the Imax in patients with
pancreatic cancer are at a low level [25, 26].
Moreover, no significant differences in TTP (the
time elapsed from the beginning of echo en-
hancement at the lesion to Imax) or in TT (the
time elapsed from the beginning of echo en-
hancement to Imax dropping by 50%) were
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observed in this study, which may have a pos-
sible relevance with their definitions.

Studies have shown that CEUS is of great sig-
nificance in the diagnosis of thymic tumors and
peripheral pulmonary lesions in the elderly, and
its diagnostic value is higher than that of con-
ventional ultrasound [27]. In this study, CEUS
was applied to the diagnosis of pancreatic can-
cer through a quantitative analysis, which is dif-
ferent from most previous studies. The results
showed that the value of the different indica-
tors of ultrasound TIC in the diagnosis of pan-
creatic cancer was higher than that of conven-
tional ultrasound TIC. Therefore, AT > 9.45 s or
Imax < 72.14% had the highest accuracy and
sensitivity in the diagnosis of pancreatic cancer
(77.78% and 92.98% respectively), which is
consistent with the findings of Fan et al. [28].
Those results proved that TIC quantitative
analysis, especially AT > 9.45 s or Imax <
72.14%, was more advantageous in the differ-
ential diagnosis compared with conventional
ultrasound.

To sum up, when compared with patients with
pancreatic tumors, patients with mass pancre-
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atitis had lower AT and higher Imax values but
significant differences in TTP and TT were not
observed, indicating that AT and Imax can be
used as an important basis for the differential
diagnosis of mass pancreatitis and pancreatic
cancer. When compared with conventional ul-
trasound, TIC is better at differentiating mass
pancreatitis and pancreatic cancer and has a
particularly high accuracy when AT > 9.45 s or
Imax < 72.14% is used. Therefore, TIC indices
can be used in the objective and accurate dif-
ferential diagnosis of mass pancreatitis and
pancreatic cancer. Nevertheless, there are also
limitations to this study: ultrasound examina-
tions will be affected by gastrointestinal gas
and a patient’s body shape. The TIC quantita-
tive analysis is subject to factors such as
breathing, psychology, and normal pancreatic
depth, but this study was relatively limited in
terms of the size of the cohorts, so an in-depth
study with a large sample size is still needed in
the future.
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