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Abstract
A primary benign schwannoma of the liver is extremely 
rare and is difficult to preoperatively discriminate from 
a malignant tumor. We compared the imaging and 
pathological findings, and examined the possibility of 
preoperatively diagnosing a benign liver schwannoma. 
A 72-year-old woman was admitted to our hospital 
because of a 4.6-cm mass in the liver. A malignant tu-
mor was suspected, and a right hepatectomy was per-
formed. After this, the diagnosis of a primary benign 
schwannoma of the liver was made through pathologi-
cal examination. Contrast-enhanced ultrasonography 

(CEUS) with Sonazoid showed minute blood flows into 
the septum and solid areas of the tumor in the vas-
cular phase; most likely due to increased arterial flow 
associated with infiltration of chronic inflammatory 
cells. In the postvascular phase, CEUS showed contrast 
defect of cystic areas and delayed enhancement of 
solid areas; most likely due to aggregation of sidero-
phores. Because discriminating between a benign and 
malignant schwannoma of the liver is difficult, surgery 
is generally recommended. However, the two key find-
ings from CEUS may be useful in discriminating ancient 
schwannoma by recognizing the hemorrhage involved 
in the secondary degeneration and aggregation of sid-
erophores.
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INTRODUCTION
A schwannoma is a benign nerve sheath tumor that 
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originates from the Schwann cells of  the nerve sheath. 
Schwannomas can occur in patients at any age, but are 
most commonly detected in patients between 20 years 
and 50 years of  age. Although a schwannoma can de-
velop in any part of  the body, the most common sites 
include the head, neck, and flexor surfaces of  the extrem-
ities[1]. Schwannomas develop infrequently in the gastro-
intestinal tract, the retroperitoneal cavity, and any other 
part of  the body[2]. Thus, a primary benign schwannoma 
of  the liver is extremely rare. Preoperative discrimination 
between a benign and malignant schwannoma is difficult; 
therefore, operation is typically recommended for a di-
agnosis. In the current study, we used a combination of  
computed tomography (CT), magnetic resonance imag-
ing (MRI), and positron emission tomography (PET), but 
discrimination was still difficult. The use of  preoperative 
imaging findings to detect liver schwannoma or the use 
of  contrast-enhanced ultrasonography (CEUS) to detect 
and characterize focal liver lesions has not been previous-
ly undertaken. In this paper, we report a case of  benign 
schwannoma, which we diagnosed using a novel method 
that combined CEUS with CT, MRI and PET imaging. 
In addition, we compared the imaging and pathological 
findings.

CASE REPORT
A 72-year-old woman was admitted to our hospital 
because a 4.6-cm mass was detected in her liver by ul-
trasonography (US) at a private clinic. Upon physical 
examination, the abdomen was soft and flat without ten-
derness. The liver, spleen, and superficial lymph nodes 
were not palpable. Blood analysis showed almost normal 
liver function. Carcinoembryonic antigen (CEA) and 
α-fetoprotein (AFP) were both negative. Hepatitis B 
surface antigen and hepatitis B e antibody were positive, 
but hepatitis C virus marker was negative. The patient’s 
serum antibodies were negative for specific echinococcal 
antigens.

CT, MRI, PET and CEUS were used for the qualita-
tive diagnosis of  the liver mass. Multiphasic contrast-
enhanced CT in the arterial dominant, portal venous 
and late venous phases was performed using a 64-slice 
CT scanner. A CT scan of  the abdomen showed an ap-
proximately 5-cm, well-defined round tumor in segment 
8 of  the right hepatic lobe. The mass was hypodense and 
contained a minute partial calcification (Figure 1A). The 
mass showed heterogeneous enhancement in the arterial 
dominant phase (Figure 1B) and delayed enhancement 
until the portal venous (Figure 1C) and late venous (Figure 
1D) phases. There was no evidence of  fatty infiltration or 
cirrhosis in the background liver.

MRI revealed a hypointense mass with T1-weighted 
imaging (Figure 2A) and a mixed hypo- and hyperin-
tense mass with T2-weighted imaging (Figure 2B) and 
diffusion-weighted imaging (DWI) (Figure 2C). The 
diffusion images were obtained with a b value of  1000 
s/mm2. Because the mass was hyperintense on the appar-

ent diffusion coefficient maps, it was also hyperintense 
on DWI under the influence of  the T2 shine-through. 
Gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic 
acid (Gd-EOB-DTPA) was injected at 0.025 mmol/kg 
body weight. Gd-EOB-DTPA-enhanced MRI showed 
heterogeneous enhancement in the arterial phase and 
delayed enhancement until the late venous phase (similar 
to dynamic CT imaging), but a defect in the hepatobiliary 
phase (Figure 2D).

An F-18 fluorodeoxyglucose PET (FDG-PET) sys-
tem was used (Discovery VCT; GE Healthcare, Tokyo, 
Japan) with the following conditions: PET, 2-3 min/1 
bed, 3.75-mm slice; CT, 120 kV, 100 mA with auto mA; 
tube rotation time, 0.6 s/rotation; detector collimation, 
64 mm × 1.25 mm; beam pitch, 0.984; section thickness, 
5.0 mm; and reconstruction pitch, 3.27 mm. FDG-PET 
revealed abnormal uptake in the lesion, with a maximum 
standardized uptake value of  3.9. There was no additional 
lesion in the liver, no evidence of  extrahepatic disease, 
and no lymphadenopathy.

US showed a 4.6-cm mass that contained multiple 
hypoechoic cysts with mixed internal septations and solid 
areas (Figure 3A). CEUS with Sonazoid showed minute 
blood flows into the septum and solid areas of  the tumor 
in the vascular phase (Figure 3B), and contrast defects of  
cystic areas and delayed enhancement of  solid areas in 
the postvascular phase (Figure 3C).

A malignant tumor, such as a biliary cystadeno-
carcinoma or cholangiocellular carcinoma (CCC), was 
suspected. Because there was danger of  seeding, we did 
not perform a biopsy. An operation was performed to 
remove the mass. At surgery, it was discovered that the 
tumor originated from the anterior segment of  Glisson’s 
sheath, but was tightly attached to the posterior segment 
of  the sheath. Intraoperative cholangiography revealed 
a stricture in the posterior segment of  the bile duct, and 
there was no extension of  the distal bile duct. The bile 
duct did not have a tumor projection until strangulation. 
Because the tumor involved the bile duct, dissection 
was not possible; therefore, the patient underwent right 
hepatectomy. 

The gross findings were a well-circumscribed, whit-
ish/brownish, localized mass, 4.5 cm in size, which was 
surrounded by a fibrous capsule. The division surface 
of  the tumor showed large and small multilocular cysts. 
Microscopic examination revealed that the tumor was 
adjacent to the peripheral nerve of  the portal area, and 
the Antoni A hypercellular area and Antoni B hypocel-
lular area were present in a complex (Figure 4A). In the 
Antoni A region, an array of  irregular groups of  spindle 
cells was seen, but nuclear palisading with Verocay bod-
ies was not observed. In the Antoni B region, there was 
edematous stroma, vasodilatation, aggregation of  sidero-
phores, and slight permeation of  chronic inflammatory 
cells of  the histiocyte and the lymphocyte types (Figure 
4B). Immunohistochemical staining showed a strong 
positive S-100 protein reaction. Vimentin, nonspecific 
enolase, bcl-2, and MIC2 (also known as CD99) staining 
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Figure 1  Abdominal computed tomography. A: Plain; B: Arterial dominant phase; C: Portal venous phase; D: Late venous phase. Abdominal computed tomography 
(CT) showed an approximately 5-cm well-defined round tumor in segment 8 of the right hepatic lobe. CT showed heterogeneous enhancement in the arterial dominant 
phase; and delayed the enhancement until the portal venous and late venous phases. 
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Figure 2  Magnetic resonance imaging. A: T1-weighted imaging; B: T2-weighted imaging; C: Diffusion-weighted imaging (DWI); D: Hepatobiliary phase. Magnetic 
resonance imaging (MRI) revealed a hypointense mass on T1-weighted imaging, and a mixed hypo- and hyperintense mass on T2-weighted imaging and on DWI. 
Gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic acid-enhanced MRI showed a defect in the hepatobiliary phase. 
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There are no specific characteristics with regard to the 
radiological appearance[1].

We reviewed the country of  origin, size, age, sex, as-
sociated diseases, diagnosis, and prognosis of  primary be-
nign or malignant schwannomas; the findings are shown 
in Table 1[3-18]. Primary benign or malignant schwannomas 
were found in 14 women and 4 men. The age of  onset 
was from 35 years to 74 years, and the mean age of  on-
set was 57.5 years. While 13 cases were Asian in origin, 
there were no race differences. Although many hepatic 
schwannomas were Asian in origin, there has been no 
report of  a causal relationship with hepatitis-associated vi-
ruses, and thus the reason for this correlation is unknown.

Generally, a CT scan depicts a schwannoma as a 
well-defined hypodense area, and enhanced CT shows 
peripheral enhancement, with an irregular pattern on the 
inside[10]. A delayed peripheral subject enhancement until 
the late venous phase in the CT scan reflects a fibrous 
capsule and an internal fibrillary element. With the aid of  
MRI, schwannomas have been described as masses with 
hypointensity on T1-weighted images and as masses with 
inhomogeneous hyperintensity or, in some cases, masses 
with internal heterogeneous mixed hypo- and hyperin-

was also positive. The MIB-1 index was 2%. However, 
desmin, α-smooth muscle actin, CD34, c-kit, HMB-45, 
neurofilament, glial fibrillary acidic protein, and cytokera-
tin (AE1/AE3) staining was all negative. 

On the basis of  these findings, we diagnosed the patient 
as having a primary benign schwannoma of  the liver. The 
patient was healthy and free from recurrence at a follow-up 
CT scan, which was performed 12 mo after surgery.

DISCUSSION
Histologically, schwannomas are encapsulated tumors 
that arise within nerve sheaths and consist of  a highly 
ordered cellular component (Antoni A area) and a loose 
myxoid component (Antoni B area). In the subcellular 
component, spindle cells are present. Larger schwanno-
mas have a tendency to undergo secondary degeneration, 
such as pseudocystic regression, hemorrhage, and calcifi-
cation[3]. A primary benign schwannoma of  the liver is an 
isolated benign tumor surrounded by a fibrous capsule. 
Immunohistochemical staining is diffusely and strongly 
positive for S-100 protein in a schwannoma, which is 
consistent with the markers for a nerve sheath tumor[3]. 

CBA

Figure 3  Contrast-enhanced ultrasonography with Sonazoid. A: B-mode ultrasound; B: Vascular phase; C: Postvascular phase. Ultrasonography showed a 4.6-cm 
mass that contained multiple hypoechoic cysts with mixed internal septations and solid areas. Contrast-enhanced ultrasonography with Sonazoid showed minute 
blood flow into the septum and solid areas of the tumor in the vascular phase, and contrast defect of cystic areas (white arrow) and delayed enhancement of solid 
areas (red arrow) in the postvascular phase. 

BA

Figure 4  Microscopic examination. A: B-mode ultrasound. Microscopic examination revealed that Antoni A hypercellular area (black arrow) and Antoni B hypocel-
lular area (red arrow) existed together in a complex; B: Vascular phase. In the Antoni B region, there were edematous stroma, vasodilatation, aggregation of sidero-
phores (black arrow), and slight permeation of chronic inflammatory cells of the histiocyte and lymphocyte types (red arrow).
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tensity on T2-weighted images[8]. These findings reflect 
secondary degeneration, such as pseudocystic regression 
and hemorrhage. Abnormal uptake in FDG-PET reflects 
the high cellular density of  schwannomas[19] (Table 2).

 In this study, CT and MRI showed a tumor contain-
ing multiple cysts. Therefore, echinococcosis, hepatobili-
ary cystadenoma/adenocarcinoma or cystic liver metas-
tasis of  epithelial tumor, angiomyolipoma, leiomyoma, 
solitary fibrous tumor, schwannoma, or neurofibroma 
of  the mesenchyma were possible differential diagnoses. 
However, it is very difficult to diagnose a schwannoma 
preoperatively based on its radiological appearance. Fur-
thermore, abnormal uptake in FDG-PET did not aid the 
diagnosis.

Therefore, we used CEUS with Sonazoid for the pre-
operative diagnosis. Mixed internal septations and solid 
areas in B mode were reflected faithfully in the gross 
findings of  a division surface with large and small mul-
tilocular cysts. CEUS showed minute blood flows into 
the septum and solid areas of  the tumor in the vascular 
phase. The start of  an inflow into a node can be con-
firmed within 18 s after the administration of  Sonazoid. 
We accordingly determined that the minute blood flows 

were derived from the hepatic artery. Increased arterial 
flows were observed with the infiltration of  chronic in-
flammatory cells of  the histiocyte and lymphocyte types. 

CEUS showed a contrast defect in the cystic areas 
and a delayed enhancement of  the solid areas in the 
postvascular phase, which may reflect aggregation of  
siderophores. For example, in the case of  echinococco-
sis, hepatobiliary cystadenoma/adenocarcinoma, cystic 
metastases, or CCC, CEUS shows contrast defects of  the 
entire tumor in the postvascular phase (Table 2). There-
fore, the two findings in CEUS (minute arterial flows into 
the tumor along the nodal septum in the vascular phase 
and contrast defects of  the cystic areas and delayed en-
hancement of  solid areas in the postvascular phase) are 
potentially useful for diagnosing an ancient schwannoma 
by recognizing the hemorrhage involved in the secondary 
degeneration and aggregation of  siderophores.

The discrimination of  a benign or a malignant sch
wannoma is difficult with preoperative imaging. However, 
some findings may indicate the presence of  rare neo-
plasms such as a malignant schwannoma. The radiological 
features of  hepatic malignant schwannoma include a well-
demarcated, hypodense mass on CT, non-enhancement 

Table 1  Review of primary benign or malignant schwannoma

Ref. Age/sex Country of origin Size (cm) Associated diseases Diagnosis Prognosis

Tuder et al[18]   74/M North America 21 × 12 × 8 None Surgery/autopsy Death
Abe et al[17] 68/F Asia 8.0 × 6.0 × 4.5 None Surgery Survival
Hytiroglou et al[16]   67/M North America 13 × 11 × 10 None - -
Heffron et al[15] 38/F North America 5 None Surgery Survival
Yoshida et al[14] 56/F Asia 16 None - -
Morikawa et al[13]   63/M Asia 20 × 13 None Autopsy Death
Sheikh et al[12] 35/F Asia - None - -
Fiel et al[11]   49/M North America - None - -
Wada et al[10] 69/F Asia 15 × 13 None Surgery Survival
Wada et al[10] 64/F Asia 4 Early gastric cancer Surgery Survival
Flemming et al[9] 57/F Europa Huge None Surgery Survival
Momtahen et al[8] 52/F Asia 4.4 × 3.6 × 2.9 None Surgery Survival
Lee et al[7] 36/F Asia 5 × 4 × 2 None Surgery Survival
Akin et al[6] 66/F Asia 3 × 5 × 4 Breast cancer Biopsy/surgery Survival
Shih et al[5] 58/F Asia 9.1 × 7.1 × 8.9 None Surgery Survival
Sukegawa et al[4] 55/F Asia 4.0 × 2.5 × 2.0 None Surgery Survival
Ozkan et al[3] 56/F Asia 15 × 10 × 10 None Surgery Survival
Ota et al (present case) 72/F Asia 4.6 None Surgery Survival

M: Male; F: Female. 

Table 2  Comparison between preoperative imaging and pathological findings

Preoperative imaging technique Characteristics Pathology

Dynamic CT Delayed peripheral subject enhancement A fibrous capsule 
An internal fibrillary element

T2-weighted MRI Internal heterogeneous mixed hypo- and 
hyperintensity

Secondary degeneration such as pseudocystic regression and 
hemorrhage

FDG-PET Abnormal uptake High cellular density (Antoni A area)
Ultrasonography B mode Mixed internal septations and solid areas Division surface showed big and small multilocular cysts

Vascular phase Minute blood flows into septum and solid 
areas

Increased arterial vessel flows associated with infiltration of 
chronic inflammatory cells

Postvascular phase Delayed enhancement of solid areas Aggregation of siderophores

CT: Computed tomography; MRI: Magnetic resonance imaging; FDG-PET: F-18 fluorodeoxyglucose-positron emission tomography. 
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on enhanced CT, and hypovascularity on angiography; in 
particular, hypovascularity may be an important finding 
for diagnosis, because most malignant hepatic tumors are 
hypervascular. Another important finding is the high level 
of  alkaline phosphatase in serum with normal serum lev-
els of  hepatic transaminase and tumor markers, including 
CEA and AFP[13]. Nonetheless, because discrimination 
between a benign and malignant schwannoma is difficult, 
surgery is typically recommended.

In cases of  malignant schwannoma, there are no report-
ed chemotherapies and the prognosis is poor. Because the 
schwannoma may be tightly attached to Glisson’s sheath (as 
in this case), surgical removal of  the tumor could be very 
difficult, and hepatectomy that includes Glisson’s sheath 
could be required.

In conclusion, here, we report a case of  benign sch
wannoma, which we diagnosed using a novel method that 
combined CEUS with CT, MRI and PET. Because it is 
difficult to discriminate between a benign or malignant 
schwannoma of  the liver, surgery is generally recommended 
for such tumors. Our findings with CEUS revealed minute 
arterial flow into the tumor along the nodal septum in the 
vascular phase, and delayed enhancement of  solid areas in 
the postvascular phase. These two key observations may be 
useful in diagnosing an ancient schwannoma by recogniz-
ing the hemorrhage involved in the secondary degeneration 
and aggregation of  siderophores.
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