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ABSTRACT
The aim of this study is to provide a diagnostic performance evaluation of contrastenhanced ultrasonography (CEUS) in detecting liver metastases in patients with
suspected of pancreatic or periampullary cancer. Computed tomography (CT) is
often insufficient for detection of liver metastases, but their presence plays a crucial
role in the choice of therapy. Eighty-nine patients with suspected pancreatic or
periampullary cancer were included in this prospective study with retrospective
analysis. Patients underwent an abdominal CT and CEUS. Fifteen patients had liver
metastases. The CT sensitivity was 73.3% (11/15), the specificity 93.2% (69/74), the
positive predictive value (PPV) 68.8% (11/16) and the negative predictive value (NPV)
94.6% (69/73). Based on CEUS, the sensitivity was 80% (12/15), specificity 98.6% (73/74),
PPV 92.3% (12/13) and NPV 96.1% (73/76). CEUS improved characterization of liver
lesions in patients with suspected pancreatic or periampullary cancer compared
with CT. CEUS can better detect benign liver lesions and distinguish false-positive or
indeterminate CT results.
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INTRODUCTION
Pancreatic adenocarcinoma is one of the deadliest types of cancer. The overall US
mortality rate for cancer has declined by 20% since 1991, according to the [1]. In
contrast to many other malignancies, pancreatic cancer is a grim exception, and its
death rate is slowly increasing. For all stages combined, the 5-y relative survival rate
is only 6%, and most patients will die within the first year of diagnosis. In particular,
pancreatic cancer metastasizes frequently, particularly to the liver. Complete surgical resection combined with adjuvant chemotherapy is currently the only potentially
curative treatment. The 5-y overall survival in patients undergoing pancreatectomy
is 15% – 25% compared to 5% without surgical treatment [2]. However, after a tumor
is diagnosed, surgery is an option in only 15% – 20% of all patients. Most tumors
are diagnosed at an already non-resectable stage due to late detection and early
metastases, particularly in the liver [3-4].
Surgery will not improve survival if metastases are present in the liver. The presence or absence of liver metastases plays a pivotal role in the choice of therapy. It is
therefore crucial to have accurate pre-operative methods for the detection of liver
metastases [5].
Computed tomography (CT) is currently the reference method for the detection
of metastases and is used in combination with clinical and histologic data. Patients
suspected of having pancreatic cancer generally receive only an abdominal CT as a
first-line investigation. The CT scan has two objectives: evaluation of the tumor’s
local resectability and exclusion of distant metastases. Although the quality of
the CT scan has improved in recent years, the sensitivity for the detection of liver
metastases is suboptimal and ranges from 38% to 73% [6-8]. A CT scan alone is often
not enough for the detection of metastases, and surgeons frequently encounter
metastatic liver lesions during an explorative laparotomy; metastases smaller than
1 cm can be frequently missed.
CT-related radiation exposure should also be taken into account. Magnetic resonance imaging (MRI) is another method for identifying liver metastases, but MRI
is usually not part of the routine screening protocol. Despite advances in modern
imaging techniques, assessing the presence of liver metastases remains challenging.
Contrast-enhanced ultrasonography (CEUS) is an evolving technology that has
been developed over the last decade. With this type of ultrasonography, it is possible
to better characterize focal liver lesions [9]. CEUS has repeatedly shown to have high
accuracy in diagnosing liver tumors [10-12] and can differentiate between benign
and malignant focal liver lesions with a diagnostic accuracy of approximately 87%
and a lesion type accuracy of approximately 78% [13-14]. Several limitations of CEUS
do exist: The method can be performed only for a short period of time, usually
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3–5 min, is operator dependent and the examination may be challenging in obese
patients [15]. Usually only one lesion can be evaluated during each contrast-agentusage period (unless multiple lesions are located in the same segment), but examination can be repeated to evaluate other lesions. Still, CEUS is flexible, inexpensive,
lacks radiation risk and is suitable for use in patients with renal insufficiency or
allergies to CT contrast agents.
Thus far no study has evaluated the performance of CEUS in assessing liver metastases of patients with suspected pancreatic or periampullary tumors. The aim of
this study was to evaluate the diagnostic value of screening CEUS compared to CT
scan in the detection of liver metastases in patients suspected of having pancreatic
or periampullary cancer.

MATERIAL AND METHODS
Study design
In this single-center, prospective study with retrospective analysis, CEUS was compared to contrast-enhanced CT for the detection of liver metastases. The results of
other diagnostic tests, such as MRI, biopsy, laparoscopy or open surgery, as well the
outcome of clinical follow-up, were used to define the final diagnosis. In cases where
no metastases were observed during surgery or by biopsy, there was a follow-up
period consisting of a CT scan at least 3 mo after surgery.

Patients
Between March 2008 and September 2011, 111 patients were enrolled. The inclusion criteria were presence of suspected pancreatic or periampullary cancer. The
exclusion criteria were an age <18 y, concomitant serious illness (ie. recent cardiac
infarct) and known hypersensitivity to contrast agents to preclude CT or CEUS scanning. All patients were assessed for possible liver metastases. Informed consent from
study participants was signed. The procedures were conducted according the ethical
standards of the Committee on Human Experimentation of the institution and with
the ethical standards of the Helsinki Declaration of 1975.

Methods and procedures
CEUS.
Ultrasonography was performed by various sonographers, but all examinations’
cineloops were reviewed by one examiner (PT) with more than 20 y of experience
in liver ultrasound and more than 8 y of experience in CEUS. The sonographers
were blinded to the patient’s pre-existing CT results, but were informed about
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suspected pancreatic neoplasm and the need to exclude possible liver metastases.
CEUS was performed using the Hitachi 900 and Hitachi Preirus ultrasound platforms
(Hitachi Medical Systems, Japan) with real-time grayscale, contrast-tuned imaging
and a 2.5–5.0 MHz probe. The contrast agent used was SonoVue (Bracco, Italy;
range 1.5–2.4 mL; repeated if needed and flushed by isotonic saline). Ultrasound
examination was performed in a standardized fashion. First, all patients underwent
unenhanced abdominal and hepatic sonography using the fundamental color/power
Doppler techniques, and the location, number, size and sonographic features of the
focal liver lesions were recorded. CEUS was performed during the hepatic arterial,
portal venous and late parenchymal phases, according to the standardized EFSUMB
protocol [16]. The vascularity and pattern of enhancement of the lesion compared
with the adjacent liver parenchyma were evaluated for diagnosis by CEUS for up to
4 min after the application of the contrast agent. If multiple suspected lesions (more
than 8–10) were found, for the arterial phase only the dominant lesion was selected.
If one or two lesions were found, then all were checked in the arterial phase. In
one case, all three suspected metastases were located close together in adjacent
segments and only one arterial phase was performed, but all lesions checked. Still
images and digital cineloops were saved and reviewed.

CT scan.
Patients analyzed at Erasmus MC were scanned with a Siemens helical multi-detector
CT scanner according to the local triple-phase pancreatic cancer protocol [17], which
included noncontrast-enhanced and contrast-enhanced scans in the pancreatic
phase after 40 s (2.5- to 3-mm slices) and in the portal phase after 80 s (3–5-mm
slices). CT scans performed at other hospitals included triple phase, biphasic (arterial or pancreatic phase and venous phase) or single phase (venous phase) protocols,
with 3–5-mm slices.
All scans were evaluated or reassessed (in case of a CT scan from another hospital) by several abdominal radiologists as part of the normal pre-operative clinical
workup. Radiologists were aware of all relevant clinical information and made a
standard radiology report regarding the tumor’s local resectability and the presence
or absence of distant metastases.
For the purpose of this study, only the scans of 18 patients suspected of having
liver metastases on either CT or CEUS were re-reviewed by a single radiologist (NK)
with 5 y dedicated experience in abdominal radiology.
Final reference diagnosis. The final reference diagnosis was obtained by surgery
and/or histology plus all available clinical information. Biopsies were taken before
or during laparoscopy when suspected metastases were observed. The blood results,
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such as CEA and CA19-9, as well as size and compartment of the lesions, were assessed, but did not contribute to the final evaluation in this study.

Statistical analysis
Statistical analysis was performed using SPSS version 22.0 (SPSS Inc., Chicago, Illinois). Sensitivity, specificity and kappa (overall agreement) were calculated for the
detection of metastases. Comparisons between groups were performed using the
McNemar test. Further logistic regression was applied to compare CT and CEUS as
predictors of metastases.

RESULTS
Study population
For the purposes of the study, 111 patients were enrolled. All patients were suspected of having pancreatic or periampullary cancer. Over the course of the study,
14 patients were excluded. Six patients were excluded because they had only undergone an MRI and not a CT scan, and eight patients were excluded because their
CT and/or CEUS scans were not performed according to protocol (most frequently,
an overly long time interval elapsed between CEUS and CT). Another eight patients
were excluded from analysis because their final diagnosis turned out not to be a
pancreatic or periampullary adenocarcinoma (autoimmune pancreatitis in three
patients, neuroendocrine tumor in two patients, intra-ductal papillary mucinous
neoplasm in two patients and pancreatic cyst in one patient).
The total study population consisted of 89 patients, comprising 55 men and 34
women. The age range was 31–87 y. Pancreas head adenocarcinoma was diagnosed
in 66 (74.1%) patients, periampullary adenocarcinoma in 21 (23.9%) patients and 2
(2.2%) patients had adenocarcinoma in the pancreas tail.
CEUS was performed before or after CT; mean interval between CT and CEUS was
27 d (range 0–73). We do not consider the mean interval too long, but there are
no reliable guidelines to follow and our patients were treated according to current
clinical practice in a tertiary center.
The patients presented with various indications and symptoms. The main symptom was obstructive jaundice (32/89, 35.9%). Furthermore, certain patients presented
with symptoms of weight loss, pain, feelings of malaise and gastric outlet obstruction. In three patients, pancreatic carcinoma was discovered during other diagnostic
investigations. In seven patients, the main symptom was not clear or non-specific.
In 15 (16.9%) patients, at least one liver metastasis was diagnosed during the diagnostic procedures, at laparotomy or during follow-up.
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No adverse events were reported, and no patients with ultrasound or CT contrast
agent allergy were encountered.

Computer tomography (CT)
In 40 (44.9%) patients, various focal lesions were observed by CT, and 16 (17.9%)
patients were suspected of having liver metastases. In 24 (26.9%) patients, other focal lesions were visualized but were not suspected for metastatic disease. Forty-nine
(55%) patients had no focal lesions observed on CT. These results are summarized
in Table 1. Furthermore, in two (4.1%) patients with no suspected lesions, fatty liver
(steatosis) was present, and in one (2%) patient, calcification of the liver was seen on
CT.
Of the 16 patients who were suspected of having liver metastases based on the
CT scan, 11 had histologically proven metastases. Therefore, the positive predictive
value (PPV) for the detection of liver metastases with CT was 68.8%. A false-positive
diagnosis of metastasis was given in five patients (average 11 mm, range 8–15 mm).
These lesions were finally diagnosed as cysts (n = 2) or non-specific lesions that
could not be characterized further on CT (n = 3). Of the three non-specific lesions,
one was due to suboptimal CT quality (5-mm slices, only venous phase), one was a
hypervascular lesion to be determined as a shunt on MRI and one involved focal bile
duct dilation as shown by CEUS.
In four patients with proven metastasis, non-malignant focal lesions were seen
on CT (one patient had 19-mm metastasis and three patients multiple small ones).
Seventy-three patients were not suspected of having liver metastases based on
CT. In total, 69 of these patients had no liver metastases. Therefore the negative
predictive value for the detection of liver metastases by CT was 94.6%.
The sensitivity of CT in the diagnosis of metastasis in a patients suspected of
malignant pancreatic tumor was 73.3% (11/15), its specificity was 93.2% (69/74) and
its kappa was 0.655 (SE 0.11).

Contrast-enhanced ultrasound CEUS
In 36 (40.4%) patients, focal lesions were identified by CEUS, and 13 (14.6%) patients
were suspected of having liver metastases (Fig. 1). In 23 (25.8%) patients, other focal lesions were noted but were not suspected of being metastases. In 53 (59.6%)
patients, no focal lesions were observed by CEUS. These results are summarized in
Table 2.
Of the 13 patients who were suspected of having liver metastases based on CEUS,
12 were confirmed.
One false-positive diagnosis of liver metastasis was made in an obese patient with
fatty liver (steatosis) and a 23-mm, hypoechogenic lesion. Focal non-steatosis lesion
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was incorrectly diagnosed in the differential diagnosis as possible metastasis. Therefore, the PPV for the detection of liver metastases by CEUS was 92.3% (12/13). In
total, 76 patients’ liver metastases were not seen on CEUS, and 73 of these patients
actually had no liver metastases, meaning that metastasis was undetected by CEUS
in three patients who actually had metastasis. The same three malignant lesions
were also undiagnosed by CT, and were only correctly diagnosed during surgery.
Therefore, the NPV for the detection of liver metastases by CEUS was 96.1% (73/76).
Table 1. Focal lesions found by CT
Lesions

Frequency (n)

Percentage of
n = 40

Malignant
Metastases

9

22.5%

Metastases and cysts

1

2.5%

Metastases and hemangioma

3

7.5%

Metastases and steatosis

1

2.5%

Metastases, steatosis and hemangioma

1

2.5%

Metastases and abscess

1

2.5%

Total malignant

16

40.0%

Cysts

13

32,5%

Cysts and hemangioma

4

10%

Cysts and steatosis

1

2.5%

Hemangioma, steatosis and calcifications

1

2.5%

Abnormalities too small or nonspecific to characterize

5

12.5%

Total non- malignant

24

60.0%

Total lesions

40

100%

Benign

The sensitivity of CEUS in the diagnosis of pancreatic tumor metastasis was 80%
(12/15), its specificity was 98.6% (73/74) and its kappa was 0.833 (SE 0.08).

Computed tomography versus contrast-enhanced ultrasound
In total, 18/89 (20.2%) patients were suspected of having liver metastases on imaging.
In suspected lesions, 11/18 (61.1%) patients were identified by both CT and CEUS,
2/18 (11.1%) patients only by CEUS and 5/18 (27.8%) patients only by CT.
Actual liver metastases were proven in 15 patients. In 11 (73.3%) patients, the suspected lesions were observed by both CT and CEUS. In one (6.7%) case, the metastasis
was observed only by CEUS, whereas no patient metastases were diagnosed only
by CT. Thus 12/15 (80%) patients had correctly suspected metastasis on an imaging
(CEUS and/or CT) and 3/15 not suspected.
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Fig. 1. Metastases detected by contrast-enhanced ultrasound. (a) Significant washout in multiple
focal lesions 83 s after contrast IV injection. (b) Control native, non-enhanced ultrasound. Liver
parenchyma heterogeneity can be easily misinterpreted.

From the 12 patients with metastasis, there were six patients with only one metastasis (diameter: 8, 12, 15, 18, 23 and 31 mm), one patient with two metastases (max
30 mm), one patient with three metastases (max 18 mm) and four patients with
multiple metastases (8, 9, >10 and >10).
In three (20%) metastatic patients, no suspected lesions were found by either CT or
CEUS. In these three patients with metastases diagnosed during operation, all were
located on the liver surface, seen or palpated during open laparotomy. The average
diameter cannot be correctly calculated (one was only 8 mm in diameter, and two
had more than one metastasis with diameters not specified by the surgeon). Those
three patients also had a longer mean interval between imaging and operation (CT
60 d, CEUS 31 d).
There was no significant difference between the sensitivities of the methods
(73.3% vs. 80%, p = 1.00).
It would be interesting to investigate the performance for number and size of
lesions; however, our study was too low-powered to test the answer, as the numbers
were too small for a proper analysis (7/15 had only one metastasis [diameter 16.4
mm; 6 detected, 1 undetected by imaging], 2/15 had two or three metastases [max
diameter 24 mm, all detected] and 6/15 had multiple [four detected, two undetected
by imaging]). The sensitivity of different imaging methods relative to lesion number
and size is as follows:
CEUS: one lesion, 85.7% (6/7); two to three lesions, 100% (2/2); and more than three
lesions, 66.7% (4/6); <1 cm, 50.0% (1/2); 1–2 cm, 100% (6/6); and >2 cm, 71.4% (5/7).
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CT: one lesion, 86.7% (6/7); two to three lesions, 100% (2/2); and more than three
lesions, 50.0% (3/6); <1 cm, 50% (1/2); 1–2 cm, 83.3% (5/6); and >2 cm, 71.4% (5/7).
It could be suggested that larger and multiple lesions would be easier to detect
as opposed to smaller individual ones. In our study, the one undetected lesion was
only 8 mm and located on the liver surface, which made it even more difficult to
visualize on any imaging technique. However, one third (2/6) of multiple metastases
were missed. It is possible that other factors played a role, such as the previously
mentioned interval (31 d between CEUS and operation); however, this interval did
not differ from other studies in detection of liver metastasis from gastrointestinal
cancer (4 wk in paper by Piscaglia [18]. The real importance of a shorter interval
stays open and will be a topic for further clinical discussion.
Table 2. Focal liver lesions found by CEUS
Lesions

Frequency (n)

Percentage of n = 36

Malignant
Metastases

7

19.4%

Metastases and cysts

2

5.5%

Metastases, cysts and hemangioma

1

2.8%

Metastases, hemangioma and steatosis

1

2.8%

Metastases and steatosis

2

5.5%

Total malignant

13

36.1%

Benign
Cysts

16

44.4%

Hemangioma

1

2.8%

Cysts and steatosis

1

2.8%

Hemangioma and steatosis

1

2.8%

Abscess (bacterial)

1

2.8%

Abscess (amoeba)

1

2.8%

Focal non-steatosis

2

5.5%

Total non-malignant

23

63.9%

Total lesions

36

100%

CT and CEUS were both significant univariate predictors for the presence of liver
metastasis in patients with pancreatic cancer. To compare CT and CEUS as predictors of liver metastasis, the results of both imaging methods were simultaneously
entered into a logistic regression model. CEUS remained significant (p < 0.001),
whereas CT did not add any additional information (p = 0.292).
A Venn diagram (Fig. 2) shows results of all possible metastases outcomes between
both imaging methods (CT and CEUS) and the gold standard. Of notice is a large red
area representing false-positive CT results.
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Biliary drainage, stents and surgery
During CEUS, 6/89 (6.7%) patients had a percutaneous transhepatic cholangiography
drain, 61/89 (68.5%) had a biliary stent and 4/89 (4.5%) had both a stent and a drain.
A total of 80 patients underwent surgery/diagnostic laparoscopy, whereas surgery
was not performed in 17 patients. However, six (35.2%) of these patients did not
undergo surgery because both CT and CEUS had already visualized suspicious lesions. In those patients, the lesions were proven to be malignant during further
clinical observation.
Six patients who underwent surgery had actual liver metastases, diagnosed by
perioperative biopsy. In three (50%) of those patients, the suspected lesions had
already been observed by CEUS (CEUS alone in one patient; by both CEUS and CT
in two patients). These lesions could not be histologically confirmed pre-operatively
due to small size.

Fig. 2. Venn diagram showing results of all possible metastases outcomes between both imaging
methods (CT and CEUS) and the gold standard. Of notice is a large red area representing false
positive CT results. CT = computer tomography; CEUS = contrast-enhanced ultrasound; GS = gold
standard.

DISCUSSION
The good performance of CEUS in detecting liver metastasis is already well known
and established [19]. Still, in most studies, the patient population had liver metastases from various primary extra-hepatic tumors or only from colorectal cancer. Here,
we present the first study in which CEUS was performed to assess the detection of
liver metastases only in patients suspected of having pancreatic or periampullary
carcinomas.
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According to the results of this study, we can conclude that CEUS has a comparable
sensitivity to CT in the detection of liver metastases (80% CEUS v. 73.3% CT, p = 1.00
by exact test) from suspected pancreatic or periampullary cancer. As already stated
in a previous study [18], several metastatic lesions were detected by only one of the
techniques, CT or CEUS, and this fact reflects complementarity of both methods with
possible clinical implementation of both modalities in clinical practice. Sensitivity
of CEUS and CT in detecting metastases was somehow lower in our study compared
to previous reports (CEUS: 80% – 95%, CT 76% – 91% [20]); whether this reflects different characteristics of pancreatic adenocarcinoma remains an open question.
However, the main difference between CT and CEUS in our study was the ability
of CEUS to differentiate between metastasis and accidental liver lesions that were
later shown to be benign (cysts in two patients and lesions that were difficult to correctly characterize on CT in three patients, one due to suboptimal scan quality, one
hypervascular lesion that turned out to be shunt [on MRI] and one lesion thought to
be a metastasis or a focal bile duct dilation that turned out to be the latter on CEUS).
In all these cases, CT yielded a higher number of false-positive results and thus a
lower PPV (68.7% vs. 92.3%).
In a logistic regression model, CEUS remained significant (p < 0.001), whereas CT
did not provide any additional information.
CEUS is accurate in distinguishing between malignant and benign liver lesions. We
should keep in mind that benign liver lesions can be found at the same frequency in
patients with liver metastases as in the healthy population. In our study, 29% of the
patients had benign focal lesions in their livers that were unrelated to pancreatic
cancer. CEUS may thus reduce the number of unnecessary imaging procedures and
invasive examinations and even prevent unnecessary laparotomies. Thus far, only a
few false-positive malignant liver findings have been observed by CEUS, mainly due
to abscesses, necrosis, focal scar tissue, sarcoidosis or inflammatory pseudotumors
[21].
Several studies have evaluated the costs of liver CEUS compared with CT. The main
conclusion of those studies was that CEUS is a cost-efficient method for the detection of focal liver lesions during first-line diagnosis compared with first-line contrast
CT or first-line contrast MRI [22-23]. CT cannot be replaced by CEUS and is still necessary to define the local resectability of the primary tumor, thus the comparison of
cost efficiency between first-performed diagnostic CT and CEUS does not arise. Still,
the costs of unnecessary laparotomies and further imaging can be prevented when
CEUS is adopted as an indispensable part of the diagnostic algorithm, perhaps in
combination with percutaneous biopsy to characterize unclear lesions.
Even for multi-detector CT, the ability to detect small hepatic metastases is approximately 75% [24-25]. CT has difficulty in differentiating small hypo-vascular liver
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metastasis from small benign lesions that also appear hypovascular, such as cysts
and hemangiomas. The sensitivity of CEUS in detecting liver metastasis is generally approximately 86%–94% [26]. During CEUS, the metastasis typically appears as
a very short arterial enhancement (peripheral or diffuse) or remains isoechogenic,
followed by rapid washout in the portal phase. The primary advantages of CEUS are
its realtime scanning capability and high temporal resolution. A CT obtained at a
single time-point can miss shorter, early enhancements. Additionally, in contrast to
CT, rapid and complete washout in the portal phase is an invariable characteristic of
metastasis during CEUS [27].
In primary pancreas tumor staging, CT is mandatory and cannot be replaced by
CEUS. However, complementary CEUS after CT scan can rule out both false-positive
(i.e., small or unclear lesions) and false-negative CT findings in the liver, and so CEUS
can hold an important role in the patient’s workup.
The limitations of this study include small sample size. Whether a longer interval
between imaging and operation can play a role in false-negative CT and CEUS is an
open question, as our performance results come from current clinical practice. It
would be also nice to include size and number of lesion study performance; however, our study power was too low.
Several limitations of ultrasound also remain, such as its operator dependence and
the limited visibility of certain portions of the liver, especially in an obese patient
with liver steatosis. In our series, the one false-positive diagnosis of metastasis was
due to liver steatosis in which an area of focal non-steatosis mimicked a hypoechogenic tumor. This lesion was observed but was incorrectly interpreted. In a case of
doubt we can increase CEUS performance by repeating contrast agent injection(s)
and/or with ultrasound setting adjustment.

CONCLUSION
CEUS can improve the detection of liver metastases in patients with suspected
pancreatic cancer in comparison with CT. Our data suggest that CEUS can improve
the determination of benign versus malignant liver lesions, detect false-positive or
indeterminate CT results and spare the patient unnecessary diagnostic procedures.
Therefore, CEUS could be recommended as a part of screening protocol before
pancreatic resection.
Acknowledgment— The study was partially funded by ZonMW, The Netherlands,
dossier number 170991010. Period 2009–2011.
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