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ABSTRACT

Intrahepatic splenosis is quite rare and is often misdiagnosed as other lesions. We present two cases of intrahepatic

splenosis examined with hepatobiliary contrast agents, intravoxel incoherent motion diffusion-weighted imaging and
magnetic resonance elastography. We discuss various imaging modalities and the roles of various magnetic resonance
imaging methods in diagnosis. We also discuss the differentiating features that allow the correct diagnosis to be made
and provide a brief review of the literature.

SUMMARY

Spleen implantation is a space-occupying lesion caused by
the growth of splenic tissue in organs or tissues other than
the spleen; this lesion usually arises after splenic trauma or
surgery. Intrahepatic splenosis (IHS) is rare and is difficult
to diagnose clinically because its imaging manifestations
are similar to the imaging manifestations of other intrahe-
patic neoplastic lesions. In this report, we retrospectively
analysed two clinical cases of IHS confirmed by surgical
resection and histopathological examination. We also
summarized the clinical imaging characteristics of IHS,
especially with the application of liver-specific contrast
agents, intravoxel incoherent motion diffusion-weighted
imaging (IVIM-DWI) and magnetic resonance elastog-
raphy (MRE), to provide more references for the diagnosis
of this disease, to improve the diagnostic accuracy of this
disease and to reduce unnecessary surgical exploration.

CASE ONE

A 37-year-old male was admitted to our hospital for further
investigation of an intrahepatic mass found during a
routine examination. The patient claimed to experience no
discomfort and had a history of posttraumatic splenectomy
24 years prior to admission. The routine blood and liver-
renal function laboratory test results remained normal,

and the serological biomarkers of hepatitis B virus (HBV)
and hepatitis C virus (HCV) infections were negative. The
serum levels of tumour biomarkers [alpha-fetoprotein
(AFP), carcinoembryonic antigen (CEA), CA-199, CA-125,
and CA-153] were within the normal range.

Computed tomography (CT) scanning revealed a slightly
hypodense mass located in segment II/IV of the left lobe
of the liver, and the mass measured 5.6 x 3.7cm and had
an unclear boundary. After contrast injection, the lesion
showed heterogeneous hyperenhancement in the arte-
rial phase, isodensity in the portal venous phase, slight
hypodensity in the delayed phase and delayed enhance-
ment of the capsule (Figure 1). The spleen was not seen on
CT. A diagnosis of focal nodular hyperplasia (FNH) was
made based on the CT findings.

Magnetic resonance imaging (MRI) showed that the
segment II/IV mass was hypointense on T;-weighted
imaging (T1WI), slightly hyperintense on T,-weighted
imaging (T2WI) and hyperintense diffusion-weighted
imaging (DWI). After the injection of gadolinium
ethoxybenzyl dimeglumine (Gd-EOB-DTPA) (Bayer
Healthcare, Berlin, Germany), the mass appeared hetero-
geneously hyperintense during the early and late arterial
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Figure 1. CT images of IHS in case one. Non-contrast CT
revealed a round, slightly hypodense mass located in segment
II/IV of the left lobe of the liver with an unclear boundary (A,
arrow). After contrast injection, the mass exhibited hetero-
geneous hyperenhancement in the arterial phase (B, arrow),
isodensity in the portal venous phase (C, arrow), slight hypo-
density in the delayed phase (D, arrow) and delayed enhance-
ment of the capsule (C, D, arrow).

phases, relatively slightly hypointense in the portal vein phase,
hypointense in the transitional phase, and obviously hypointense
in the hepatobiliary phase (Figure 2). Moreover, IVIM-DWTI and
60Hz 3D-MRE examinations were performed in this patient.
Compared to those of the surrounding liver parenchyma,
the ADCgy, ADCp,; and f of the mass were decreased, and the
ADCy,,, was increased (Figure 3A-E). The stiffness value of the
mass in 3D-MRE was 3.7kPa, while the surrounding normal
liver parenchyma was 1.8 kPa (Figure 3F). A diagnosis of atypical
FNH was made based on MRI, but a hepatic adenoma or a low-
grade malignant tumour could not be ruled out.

A partial hepatectomy was performed because the imaging
examinations did not rule out malignant tumours. During
surgery, abdominal exploration revealed that the mass was
located in segment II/IV of the left lobe of the liver. It was greyish
red, exogenous, adhered to the peritoneum, and had an intact
capsule, clear boundary and soft texture. The spleen was absent,
and the mass was completely removed during the surgery. Histo-
pathology, including postoperative haematoxylin and eosin (HE)
staining, revealed that the mass consisted of splenic tissue, there
was a capsule that separated the splenic tissue from the liver
tissue (Figure 4), and the diagnosis of IHS was confirmed. The
patient was discharged uneventfully after the operation, and no
recurrence was observed during the 2 years of follow-up.

CASE TWO

A 39-year-old male was admitted to the hospital with an intrahe-
patic lesion found on an abdominal ultrasound examination. He
underwent splenectomy in 2002 due to a car accident. No signif-
icant signs were observed during the physical examination, and
no obvious abnormalities were observed in the routine blood

Figure 2. MRI images of IHS in case one. The segment II/IV
mass was slightly hyperintense on the T,-weighted images
(A), hyperintense on the diffusion-weighted images (B), and
hypointense on the T;-weighted images (C). After injection of
Gd-EOB-DTPA, the mass appeared heterogeneous hyperin-
tense during the early and late arterial phases (D, E, arrow),
relatively slightly hypointense in the portal vein phase (F,
arrow), hypointense in the transitional phase (G), and obvi-
ously hypointense in the hepatobiliary phase (H).

and biochemical examinations. Moreover, the patient’s serolog-
ical analyses for HBV or HCV infections were negative.

Abdominal ultrasound showed that a slightly circular isoechoic
lesion in the left hepatic outer lobe had a size of 2.0 x 1.8 cm with
unclear boundaries, and the internal echotexture was relatively
homogenous. Contrast-enhanced ultrasonography (CEUS) with
Sonovue (Bracco, Milan, Italy) showed that the lesion had a high
enhancement in the arterial phase, with a large vessel entering
the lesion, and a continued slightly high enhancement in the
portal vein phase and the sinusoidal phase (Figure 5).

MRI showed that the hepatic nodule in segment II was
hypointense on T1WI and T2WTI and had clear boundaries and
a size of approximately 2.1 x 1.7cm. Dynamic-enhanced MR
scanning with gadobenate dimeglumine (Gd-BOPTA) (Bracco,
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Figure 3. Intravoxel incoherent motion diffusion-weighted
imaging (IVIM-DWI) and magnetic resonance elastography
(MRE) of IHS in case one. The segment II/IV mass was hyper-
intense on DWI (A, b = Os/mm? arrow); compared with
those of the adjacent normal liver parenchyma, the ADCgqy
(B, arrow), ADCr, (D, arrow) and f (E, arrow) of the mass
were decreased, and the ADCy,,, (C, arrow) was increased.
The stiffness value of IHS was 3.7 kPa on MRE, higher than the
surrounding normal liver parenchyma (F, arrow).

Shanghai, China) showed that the lesion exhibited isointense
enhancement in the arterial phase, hypointensity in the portal
vein phase and delayed phase, and an enhancement defect in the
hepatobiliary phase after a delay of 2h (Figure 6). The mass was
relatively isointense on DWI. The IDEAL IQ sequence showed
that the R2* value in the lesion was 228 ~ 274. Moreover, an
IVIM-DWI examination was performed and compared with
those of the adjacent normal liver parenchyma, the ADCj,,

Figure 4. Pathological images of IHS in case one. H&E staining
(A, low power field, 40%x) shows that the splenic tissues on
the left and the liver tissues on the right are clearly demar-
cated by thick fibrous capsules (arrow). The hepatic lesion
was composed of white pulp and red pulp (B, low-power field,
100x), consistent with splenosis. (L, liver; M, mass; R, red pulp;
W, white pulp; arrow, fibrous capsule).

Liu et a/

Figure 5. Ultrasound images of IHS in case two. The lesion in
segment Il was a homogenous isoechoic nodule (A, arrow)
and had a size of 2.0 x 1.8cm with an unclear boundary.
Contrast-enhanced ultrasonography showed that the lesion
exhibited a high enhancement in the arterial phase with a
large vessel entering the lesion (A, arrow) and a continued
slightly high enhancement in the sinusoidal phase (B, arrow).

ADCyqyy» ADCpg and f of the lesion were all reduced (Figure 7).
A diagnosis of segment II hepatic benign nodule with iron over-
load was made based on MRI, and the differential diagnosis
included atypical neoplasm or ITHS.

Based on the imaging findings alone, tumours could not be
excluded, and the patient subsequently underwent a left lateral
segmentectomy. The surgical findings showed that there was a
dark red nodule located between the diaphragm and the hepatic
left lateral lobe, and the nodule had a smooth surface, a soft
texture and an intact capsule. The lesion was embedded within
the left hepatic lateral lobe. Histopathology showed that red pulp
and white pulp structures could be seen in the lesion under a
microscope, and the histopathological diagnosis of IHS was
established (Figure 8).

DISCUSSION

IHS is extremely rare, with fewer than 60 cases published to
date."” Non-invasive diagnosis of IHS is often challenging since
itis prone to mimicking other liver tumours or neoplastic lesions.
IHS is usually an incidental asymptomatic finding. According to
a review of previous literature reports, almost all his patients,
except two, had a history of splenectomy."*” Furthermore, the
main reason for splenectomy was traumatic rupture of the spleen.
The above two cases were consistent with literature reports.
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Figure 6. MRl images of IHS in case two. The lesion in segment
Il had a low signal on T2WI-FS (A, arrow) and was located
in the peritoneal folding area between the diaphragm, falci-
form ligament, and left hepatic capsule (B, arrow). The lesion
was relatively isointense on DWI (C, arrow) and hypointense
on TIWI (D, arrow) with a clear boundary. After the injection
of Gd-BOPTA, the lesion exhibited isointense enhancement
in the arterial phase (E, arrow), hypointensity in the portal
vein phase (F, arrow) and delayed phase (G, arrow), and an
enhancement defect in the hepatobiliary phase after a delay
of 2h (H, arrow).

Figure 8. Histopathological features of IHS in case two. H&E
staining showed that the lesion was composed of white pulp
(arrow) and red pulp (A, low power field, 100x; B, middle
power field, 200x).

Figure 7. Intravoxel incoherent motion diffusion-weighted
imaging (IVIM-DWI) of IHS in case two. Compared with those
of the adjacent normal liver parenchyma, the ADCyy (A,
arrow), ADCqo,, (B, arrow), ADCrss (C, arrow) and £ (D, arrow)
of the lesion in segment II were all reduced.

According to the literature review,"* " THS usually presents as

single or multiple lesions at the surface of the liver or within
the liver parenchyma, especially between the diaphragm, falci-
form ligament, and left hepatic capsule. In our two cases, IHS
was described as invagination of the peritoneal folding area
between the diaphragm, falciform ligament, and left hepatic
capsule, which involved almost the same location as the liter-
ature reports.” "> This peritoneal folding area was considered
the specific hepatic splenosis site and an important imaging
feature for THS.” The mechanism underlying this phenomenon
may be the direct dissemination of splenic tissue in the peri-
toneal folding area, and the chronic effect of compressing the
diaphragm easily leads to the invasion of the splenic tissue into
the liver parenchyma."’

The characteristic imaging of IHS on CT findings includes lesions
that are hypodense on non-contrast CT, hyperdense in the arte-
rial phase, isodense in the portal venous phase, and hypodense in
the delayed phase.”'' The CT findings of case one of our report
are similar to those from previous literature; in addition, the
lesion had an enhancement rim in the portal venous phase and
delayed phase, which has rarely been reported in the literature.”""
This rim was actually a pseudocapsule. Because the lesion was
close to the perihepatic capsule, we speculated that it gradually
grew and then eventually compressed the adjacent liver capsule
to form a pseudocapsule. The presence of a rim surrounding the
lesion has been described as a characteristic finding of IHS."'
This rim could show thin hyperechoic areas on ultrasonography,
low densities on CT or low signal intensities on TIWI and T2WI,
or a delayed enhancement ring, which represents a thin layer of
fat or fibrous capsule around the lesion.”*"'"'* 1>

The MRI findings of ITHS included homogeneous hypointensity
in TIWI and hyperintensity in T2WL.'' However, the lesion in
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case two of our report showed a low signal on T2WI, which is
rare in the literature.'* "’ Although berlin blue staining was not
performed on this lesion, the R2* value of the lesion was 228 ~
274 in the IDEAL-IQ sequence, which is a quantitative indicator
of iron deposition,” suggesting iron overload in the lesion. This
may be caused by the phagocytosis of iron particles by splenic
reticuloendothelial cells and can be confirmed by histology to
help support this speculation.'® Therefore, intrahepatic lesions
that demonstrate either iso- or hypointensity on T2W MRI may
also support the diagnosis of IHS.

The two cases in our study were given hepatocyte-specific MR
contrast agents that can be taken up specifically by hepatocytes
and then excreted by the bile ducts. Hepatocyte-specific contrast
agents in these two cases had different manifestations in the arte-
rial phase, presumably due to iron overload in case two. Both
cases of THS in our report showed strong hypointensity in the
hepatobiliary phase, which was useful to indicate that the lesions
had no hepatocytes, and it can be conducive to differentiating
lesions that involve the presence of normal hepatocytes, such
as FNH. In the literature, only four studies on IHS that used
hepatocyte-specific contrast agents for enhanced scanning have
been published.””'>"” In clinical practice, the combination of
conventional MRI findings and hepatobiliary phase images is
very helpful for differentiating intrahepatic lesions.

To the best of our knowledge, we are the first report the use of
MRE for the diagnosis of IHS. In case one, the lesion (3.7 kPa)
had a higher tissue stiffness than the healthy liver (1.8kPa).
Several studies have shown that the stiffnesses of healthy liver,
benign liver tumours or malignant liver tumours were 2.7 *
0.4kPa, 2.3 + 0.3kPa or 10.1 + 3.6kPa, respectively.” >’ Based
on the reference values for tissue stiffness, the lesion in our study
should be a benign mass. Mannelli et al”* reported that normal
spleen stiffness is not significantly correlated with age, body mass
index, arterial mean blood pressure, spleen volume or liver stift-
ness. The reported normal spleen stiffness can vary from 2.35
to 5kPa, with a mean value of 3.6kPa.”*”” Therefore, the IHS in
case one had a stiffness value similar to that of a healthy spleen.
We believe that the stiffness value of MRE is helpful to distin-
guish THS from hepatic malignant tumours, but this speculation
needs to be confirmed by more research in the future.

According to the review of previous literature, only four cases
reported the manifestations of IHS on the DWI sequence’® *” ;
all of these studies showed relatively high signals on DWI, and
one study showed a signal reduction in the ADC images. In the
present cases, IHS also had a high signal on DWIand a decreased
ADC value, which was consistent with the previous literature
and similar to the performance of the normal spleen. However,
there were no signal differences on DWI between the IHS and
the nearby hepatic tissue in case two, which was hypothesised to
be the result of iron overload.

In addition, IVIM-DWI was performed in these present two
patients, and this has not been reported in the previous liter-
ature. The ADC,; of THS was lower than that of the adjacent
liver tissue, while the ADCy, and f of the perfusion-related

coefficient were also decreased. This indicates that the degree
of restricted THS diffusion was higher than that in the liver,
and the blood perfusion was lower than that in the liver. This
may be because THS is supplied by surrounding vessels.'"’
IVIM-DWTI could be helpful when the gadolinium dose is
decreased or not given due to contraindications in renal failure
patients.

The total number of case reports about IHS with CEUS exam-
ination is small,”**"*" and CEUS imaging of THS includes vari-
able arterial phase enhancement and sustained enhancement
throughout the portal and sinusoidal phases. Based on the phar-
macological kinetics in the SonoVue contrast study,”” Lim et al
thought that SonoVue may be a spleen-specific enhancement
agent because this contrast agent remains in the spleen for up
to 5min. This characteristic CEUS finding has a specific value
for the diagnosis of IHS, and it needs to be further verified in a
larger sample size.

In general, the imaging features of IHS are not characteristic;
therefore, differential diagnosis is very important. Since IHS
usually has a rich blood supply, it is necessary to distinguish ITHS
from other hypervascularised lesions, such as HCC, FNH and
hepatic adenoma. For hepatic lesions in patients with high-risk
factors for HCC, the differentiation between HCC and IHS is
very important. According to a recent literature review (which
summarised 59 patients with THS during the period of 1939 to
2019),' 17 patients had HBV and/or cirrhosis of high-risk factors
for HCC, and 14 of these patients were initially misdiagnosed
with HCC. Therefore, it is very important to exclude HCC in this
group of patients. Combining factors such as normal AFP, the
history of traumatic splenectomy, peritoneal folding of specific
hepatic splenosis sites, lack of intralesional fat, lack of intral-
esional necrosis, lack of signs of malignant invasion, lack of
obvious washout, strong hypointensity in the hepatobiliary phase
with hepatocyte-specific MR contrast agents, similar normal
spleen stiffness value on MRE, etc,, it is useful to exclusion of
the possibility of HCC. At this point, Tc-99m heat-damaged RBC
scintigraphy examination is a non-invasive, specific and rela-
tively sensitive method to confirm the diagnosis of splenosis,”” as
the spleen contains more than 90% of heat-damaged RBCs.”"
However, the improper preparation of heat-damaged RBCs, such
as with overheating or underheating, may result in false nega-
tive results,”® and Toh et al' showed that Tc-99 m-labelled heat-
damaged RBCs were not widely used to diagnose IHS, possibly
due to their limited availability or cost.

Previous literature has reported that superparamagnetic iron
oxide (SPIO)-MRI is helpful for differentiating HCC from IHS.
IHS often exhibits hypointensity on T,-weighted MRI images
due to the phagocytosis of iron particles by splenic reticuloen-
dothelial cells, while HCC (without reticuloendothelial cells)
is relatively hyperintense on T2WIL."" However, IHS showed
only a 50% loss in the signal intensity and remained slightly
hyperintense relative to the hypointense liver parenchyma'®"’
; these findings might not be helpful for the diagnosis. Further-
more, SPIO-MRI is not currently available for use in humans
worldwide.
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If the patient does not have a high risk for HCC, IHS should be
distinguished from intrahepatic benign lesions, such as FNH,
hepatic adenoma, and haemangioma. FNH on MRI appears
almost as an isointensity on TIWI, T2WI and DWI, and the
central scar of FNH shows a low signal on T1WI, a high signal on
T2WI, and delayed enhancement. In addition, the key imaging
findings for the differentiation of FNH from IHS are a high/
iso signal intensity on HBP with hepatobiliary contrast agents.
Hepatic adenoma is more common in young females, usually
contains fatty degeneration and capsular signs, and often pres-
ents with concurrent bleeding and necrosis. These manifesta-
tions are helpful for the differential diagnosis of THS.

In conclusion, IHS is rare, and patients usually have a history
of traumatic splenic rupture and splenectomy, incidental asymp-
tomatic findings, and normal laboratory examination. IHS
mainly occurred near the hepatic capsule, especially the perito-
neal folding area between the diaphragm, falciform ligament, and
left hepatic capsule. The imaging findings include variable arte-
rial phase enhancement, sustained enhancement or washout in
the portal venous phase and delayed phase, a pseudocapsule rim
sign, strong hypointensity in the hepatobiliary phase, relatively
high signal on DWT or IVIM-DWI, similar normal spleen stiff-
ness value on MRE, and sometimes iron overload. Combining
US, CT, MRI (including the use of hepatobiliary contrast agents),
IVIM, MRE and other imaging methods, including Tc-99m heat-
damaged RBC scintigraphy, these multimodal imaging technol-
ogies are helpful for the non-invasive diagnosis and differential
diagnosis of IHS.

LEARNING POINTS
1. Inthe case of hepaticlesions with incidental asymptomatic
findings, if the patient had a history of splenectomy due to

splenic trauma, no high-risk factors for HCC, and normal
laboratory examination, IHS should be considered in the
differential diagnosis.

2. THS often exhibits variable arterial phase enhancement,
sustained enhancement throughout the portal and
sinusoidal phases on CEUS, sustained enhancement or
washout in the portal venous phase and delayed phase of
CE-CT/MRI, and strong hypointensity in the hepatobiliary
phase with hepatocyte-specific MR contrast agents.

3. IHS mainly occurs near the hepatic capsule, especially
the peritoneal folding area between the diaphragm,
falciform ligament, and left hepatic capsule, often has a
pseudocapsule rim, and sometimes exhibits iron overload.

4. THS has stiffness values similar to those of normal spleen
tissue on MRE, which may be helpful to distinguish THS
from HCC.

5. IHS often shows a relatively high signal on DWI, the
ADCgyq of THS is lower than that of the adjacent liver
tissue, and the ADCg,g and f are also decreased on IVIM-
DWI.
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