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Abstract
Background: A majority of gastrinomas causing Zollinger–Ellison syndrome are located in the duodenum or pancreas. Primary hepatic gastrinomas are rare and difficult to diagnose. We report a rare case of primary hepatic gastrinoma, which could be diagnosed preoperatively.
Case presentation: A 29-year-old man with a 55-mm tumor in segments 5 and 6 (S 5/6) of the liver was admitted to
our hospital. After thorough investigations, he was treated for a suspected inflammatory pseudotumor and advised
to undergo routine follow-up. Two years later, he revisited our hospital with a complaint of abdominal pain, vomiting, and diarrhea. Upper gastrointestinal endoscopy revealed multiple duodenal ulcers. His serum gastrin level was
2350 pg/mL (normal: 37–172 pg/mL), suggesting Zollinger–Ellison syndrome. Abdominal computed tomography
showed a 78-mm hypervascular tumor with cystic degeneration in the S 5/6 region of the liver, with a potential to
increase over time. The tumor showed hypointensity on T2-weighted and hyperintensity on diffusion-weighted
abdominal contrast-enhanced magnetic resonance imaging. Somatostatin receptor scintigraphy (SRS) only detected
a hepatic tumor. No tumors in the gastrinoma triangle were detected by endoscopic ultrasonography. Hence, selective arterial calcium injection (SACI) test was performed to determine the location of the gastrinoma. The serum
gastrin concentration increased from 4620 pg/mL to 23,600 pg/mL at 20 s after calcium gluconate injection into the
proper hepatic artery. Conversely, no effect on serum gastrin level was observed after the injection into any other
arteries. Extended right hepatic lobectomy and cholecystectomy were performed after percutaneous transhepatic
portal vein embolization. A histopathological examination of the liver tumor revealed a gastrinoma. The patient’s
serum gastrin concentration on postoperative day 1 decreased to 65 pg/mL.
Conclusion: We report a surgical case of primary hepatic gastrinoma correctly diagnosed preoperatively. The patient
underwent extended right hepatic lobectomy, resulting in a histological definitive diagnosis of primary hepatic
gastrinoma.
Keywords: Primary hepatic gastrinoma, Zollinger–Ellison syndrome, Selective arterial calcium injection test,
Somatostatin receptor scintigraphy
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Background
Gastrinomas are the most common pancreatic neuroendocrine tumors, and most of them cause Zollinger–Ellison syndrome (ZES) [1]. A majority of gastrinomas are
located within the gastrinoma triangle that is bounded
by the confluence of the cystic and common bile ducts,
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the second and third portions of the duodenum, and the
head and tail of the pancreas [2].
Primary hepatic gastrinoma is rare and the diagnosis is
often difficult to perform preoperatively. In most cases,
the diagnosis could be made postoperatively by histological examinations in resected specimen. The exclusion of
both the presence of tumor in the gastrinoma triangle
and the possibility of being a metastasis from other intraabdominal organs are necessary, using multiple modalities, such as upper gastrointestinal endoscopy, computed
tomography (CT), somatostatin receptor scintigraphy
(SRS), and selective arterial calcium injection (SACI) test.
In this paper, we report a rare case of primary hepatic
gastrinoma that could be diagnosed preoperatively in a
patient who underwent liver resection, resulting in a histological definitive diagnosis.

Case presentation
A 29-year-old man with a 55-mm tumor in segments 5
and 6 (S 5/6) of the liver was admitted to our hospital.
After thorough investigations, a malignant tumor could
not be ruled out, and the plan was to perform an operation on the patient. However, a month later, the CT
showed a tendency for the tumor to shrink, which is suggestive of a pseudo-inflammatory tumor. Thus, we suspected that his tumor was an inflammatory pseudotumor
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and advised him to undergo routine follow-up CT. Two
years later, he revisited our hospital with a complaint of
abdominal pain, vomiting, and diarrhea. We performed
an upper gastrointestinal endoscopy and noted multiple
duodenal ulcers. His serum gastrin level was 2350 pg/mL
(normal range: 37–172 pg/mL), which was suggestive of
ZES.
Given that the patient was suspected of having a metastatic gastrinoma from other intra-abdominal organs,
we performed several imaging studies, such as abdominal contrast-enhanced CT, magnetic resonance imaging (MRI), SRS, and SACI test. Abdominal CT showed a
78-mm hypervascular tumor with cystic degeneration in
the S 5/6 region of the liver, with a potential to increase
over time (Fig. 1a–c). The tumor showed hyperintensity
on diffusion-weighted imaging using abdominal contrastenhanced MRI (Fig. 1d). On SRS, a strong accumulation
was found on the hepatic tumor (Fig. 1e). We performed
endoscopic ultrasonography, but were unable to identify
any tumors in the gastrinoma triangle. We detected multiple duodenal ulcers (H1 stage) by upper gastrointestinal
endoscopy (Fig. 1f ).
We performed a SACI test to investigate which site
secretes gastrin. The superior mesenteric artery, proximal and distal sides of the splenic artery, and the proper
hepatic artery were selectively catheterized and rapidly
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Fig. 1 Preoperative imaging. a Abdominal contrast-enhanced computed tomography (CT) showed a tumor at the first visit (55 mm). b Abdominal
contrast-enhanced CT showed a hypervascular tumor with cystic degeneration in segment 5/6 of the right hepatic lobe (78 mm). The tumor is
in close proximity to the right branch of the portal vein (arrow). c The tumor partly involved the S4a region, and invasion to the middle hepatic
vein (MHV) was suspected (arrow). d Magnetic resonance imaging (MRI) showed a hyperintensity on diffusion-weighted imaging. e Somatostatin
receptor scintigraphy (SRS) showed abnormal uptakes in the liver. f Upper gastrointestinal endoscopy showed multiple duodenal ulcers (H1 stage)
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injected with calcium gluconate. Blood samples were
obtained through a catheter from the right hepatic vein
(RHV) and middle hepatic vein (MHV) at the following
time points: pre-injection, and at 20, 40, 60, 90, and 120 s
after the calcium gluconate injection. The serum gastrin
concentration increased from 4620 to 23,600 pg/mL at
20 s in RHV, and from 5800 to 10,700 pg/mL at 90 s in
MHV after calcium gluconate injection into the proper
hepatic artery. No increase of serum gastrin levels was
observed when calcium gluconate was injected into the
remaining arteries (Fig. 2). Therefore, we confirmed the
diagnosis of “primary” hepatic gastrinoma.
Brain and neck CT were performed to rule out multiple
endocrine neoplasia type 1 (MEN-1); however, we found
no abnormalities in the pituitary or parathyroid glands.
The serum levels of calcium, phosphorous, prolactin, and
parathyroid hormones were normal.
The tumor is in close proximity to the hilar region of
the liver, especially the right branch of the portal vein,
and partly involved the S4a region. Furthermore, it
invades the MHV and requires combined resection of
the MHV (Fig. 1b, c). His liver function was good, with
a Child–Pugh Score of 5 points, score A (prothrombin
rate 111%, total bilirubin 0.7 mg/dL, albumin 4.7 g/
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dL), indocyanine green clearance (K-ICG) of 0.247, and
indocyanine green retention rate (R15) of 0%. In CT
volumetry, the residual liver volume (after extended
right hepatic lobectomy) was 547 mL (31%), and the
predicted remnant K-ICG was 0.074, which was the
lower limit of the safe range; thus, percutaneous transhepatic portal vein embolization (PTPE) of the right
portal vein was required. After PTPE of the right portal vein, the residual liver volume increased to 876 mL
(41.5%), and the predicted remnant K-ICG was 0.102.
The excision allowance was met.
We performed an extended right hepatic lobectomy
after 4 weeks of PTPE. In the resected liver, there was
a solid mass with a cystic lesion measuring 73 mm in
diameter (Fig. 3).
A histopathological examination of the liver tumor
revealed that it was a neuroendocrine tumor (Fig. 4a–
d). The tumor cells were positive for gastrin, synaptophysin, chromogranin A, and CD56. The Ki-67 index
of the tumor was 3.71%; hence, it was diagnosed as a
grade 2 tumor.
The patient’s serum gastrin concentration on postoperative day 1 decreased to 65 pg/mL. He was discharged
on postoperative day 12 without any comorbidity.

Fig. 2 The selective arterial calcium injection (SACI) test. This test showed a significant increase of the serum gastrin level from 4620 to 23,600 pg/
mL at 20 s after the injection from the proper hepatic artery (PHA)
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Fig. 3 Macroscopic findings of the resected specimen. The solid mass with cystic degeneration (73 mm in diameter) was present

Conclusions
ZES, a common presentation of most gastrinomas, was
first reported in 1955, and is caused by malignant gastrin-producing neuroendocrine tumors [1]. Approximately 20–30% of patients with ZES have MEN-1. The
commonly reported cure rate for gastrinomas is approximately 26% for sporadic disease [3].
Only 5.6% of all gastrinomas are located outside the triangle, which means they are extra-pancreatic, extra-duodenal, and extra-lymphatic gastrinomas [2]. A National
Institutes of Health study reported that primary hepatic
gastrinomas occurred in < 2% of all ZES patients [4].
Thus, primary hepatic gastrinomas are very rare.
Our patient presented with abdominal pain, vomiting,
and diarrhea, which are considered characteristic symptoms of ZES. However, unfortunately, the diagnosis of
ZES is becoming more difficult due to the widespread use
of proton pump inhibitors (PPIs); long-term treatment
with PPIs can mask the symptoms of ZES. Therefore, it
may be difficult to diagnose this disease when its characteristic symptoms, such as abdominal pain, diarrhea,
heartburn, and weight loss, are masked [5].
Pancreatic gastrinomas tend to be relatively large, with
a mean reported diameter of 2.7–3.2 cm [3]. In contrast,
49%–80% of duodenal gastrinomas are < 1 cm in diameter
[3, 5, 6]. The median size of primary hepatic gastrinomas
was 4.8 cm in diameter. The sensitivity of investigative
modalities, such as ultrasonography, CT, MRI, SRS, and

SACI test, depends on the size of the tumor; it may be as
high as 96% for neuroendocrine tumors larger than 2 cm,
and it is closer to 30% for those smaller than 1 cm [3].
A gastrinoma can cause metastases even if the primary lesion is small, and the liver is a common site for
metastases. It is often difficult to distinguish a primary
tumor from a metastatic tumor. Most reports of gastrinomas originating in the liver have shown that the imaging
and intraoperative findings of these patients revealed no
lesion in any other site suspected to be the origin, and
they had a high preoperative serum gastrin level that
decreased immediately after resection and remained in
the normal range for a certain period after the surgery
[7]. Based on these findings, the liver was determined to
be a primary site of these tumors.
Similar to other primary gastrinomas, the SACI test
is also used to diagnose a primary hepatic gastrinoma.
Gastrinomas have calcium channels; therefore, a high
extracellular calcium concentration causes degranulation
of the gastrinoma cells and subsequent release of gastrin. The vascular structure of a hepatic neuroendocrine
tumor, such as gastrinoma, is characterized by abundant
tumor vessels that lack portal blood supply and provide
purely arterial nourishment [8]. Therefore, a calcium
injection into vascular territories not involving gastrinomas does not cause a rise in the serum gastrin level.
To the best of our knowledge, till date, only 35 cases
of primary hepatic gastrinomas have been reported,
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Fig. 4 Microscopic findings of the resected specimen. a Hematoxylin and eosin staining of the liver mass showed a tubular, funicular, and
solid increase of small cube-shaped, atypical cells. b Immunostaining for gastrin of the liver mass was positive (arrow). c Immunostaining for
synaptophysin of the liver mass was positive (arrow). d Immunostaining for chromogranin A of the liver mass was positive (arrow)

including our case (Table 1) [7–36]. Our review of the
other cases reveals that the median age of patients with
primary hepatic gastrinomas is 42 years, which is lower
than the prevalent age (52 years) of patients with gastrinomas in the pancreatic-duodenal region [37]. No
apparent sex difference was noted in the cases (male,
19 cases [54%] and female, 16 cases [46%]). Most of the
reported cases were solitary tumors, and only 5 (14%)
were multiple tumors. The median tumor diameter was
48 mm. In all cases, the preoperative diagnosis was ZES.
SRS or SACI tests were performed for preoperative localization diagnosis in 8 cases (23%), whereas both modalities were used together in 3 cases (8%). In the SACI test,
only our case had blood samples obtained from both the
RHV and MHV to assess the serum gastrin levels. It was
suggested that the evaluation of these factors would allow
for a more reliable diagnosis of localization.
Surgical resection was performed in all, but one
case, and the prognosis was good. Except for 3 cases

(1 enucleation case, 1 partial resection case, and 1 liver
transplantation case), anatomic resection was performed.
There were no cases of lymph node dissection. Some
clinicians argue that lymph node dissection should be
performed in pancreatic, duodenal, and lymphatic gastrinomas, but the significance of lymph node dissection
is unclear in primary hepatic gastrinomas. Thus, future
studies on the presence and pattern of recurrence with
long-term follow-up are warranted.
The median observation period was 24 months, and
all patients survived in that period. Recurrence was
observed in 4 cases, and the site of recurrence was the
residual liver in 3 cases and lymph node in 1 case. The
fasting serum gastrin level is a useful marker of recurrence; however, caution is necessary when using it to
monitor recurrence because it is known to be high, even
after the administration of PPIs [35].
A few important points should be noted when following up patients with gastrinomas. First, the median
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time of recurrence in patients with all types of gastrinomas was 5 years. The removal of a metastatic source can
result in the normalization of symptoms and biochemical indices in the early postoperative period. In addition,
a recurrence of a missed primary tumor can occur after
a significant period following the initial operation [38].
Therefore, in this case, a long-term follow-up period is
necessary to ensure that there is no primary site.
We reported a rare case of primary hepatic gastrinoma.
There is a lack of novelty in terms of clinical course and
treatment in our report, however there have been no
reports of long-term follow-up. Therefore, we intend to
continue to follow up our case. It is difficult to diagnose
the “primary site” of such gastrinomas. For locating a
functional endocrine tumor, tests such as SACI and SRS
are useful; however, their results should be interpreted
with caution. We performed a surgical excision of the
tumor in our patient, which led to his recovery. We propose that some points must be considered while treating
such patients. First, there must be a clear clinical and biochemical evidence of ZES. Second, appropriate pre- and
intra-operative searches for an occult primary tumor,
especially in the duodenum, must be carried out. Last, a
long-term clinical, biochemical, and radiologic follow-up
must be performed.
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