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Abstract
BACKGROUND
Hepatic steatosis is a common radiologic finding. Some imaging inklings are the absence of a mass effect, and there is currently no report of hepatic steatosis with mass effect.

CASE SUMMARY
A 23-year-old female was admitted due to a liver mass for half a month. No obvious abnormalities were found in physical and laboratory examinations. Ultrasound, computed tomography, and magnetic resonance imaging showed a huge mass between the liver and stomach with a significant mass effect, and the caudate lobe and left lobe of the liver were involved. The signal on T2- and T1- weighted fat-saturated images of the mass was significantly reduced, and the enhanced scan showed inhomogeneous enhancement. Surgical and pathological findings indicated the diagnosis of hepatic steatosis. The operation and re-review of the patient's images showed that the lesion was supplied by the branch of the hepatic artery. The signal on T1-weighted out-of-phase images of the lesion was lower than on in-phase images, and there was no black rim cancellation artifact around the hepatic steatosis area on T1-weighted out-of-phase images. The dynamic enhancement pattern of the lesion was similar to that of the adjacent normal liver parenchyma. The above characteristics suggested that the lesion was hepatic steatosis. However, in this case, the lesion showed exogenous growth and was mass-like, with an obvious mass effect, which has not been reported previously.

CONCLUSION
Hepatic steatosis could grow exogenously and has an obvious mass effect. It needs to be distinguished from fat-rich tumors. The T1-weighted in- and out-of-phase images and dynamic enhanced scanning are valuable for differential diagnosis of this lesion.
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Core Tip: Hepatic steatosis is a common radiologic finding, which can be divided into diffuse, geographic, focal, multifocal, perivascular, and subcapsular patterns. Some imaging inklings are the absence of a mass effect. Here, we present a case of hepatic steatosis with obvious mass effect and exogenous growth. It needs to be distinguished from liver tumors and other abdominal tumors containing fat. The T1-weighted in- and out-of-phase images and dynamic enhanced scanning have great differential diagnostic values.

INTRODUCTION
Hepatic steatosis is caused by the abnormal and excessive intracellular accumulation of fat (mainly triglycerides) in hepatocytes[1,2]. It is a common radiologic finding. There are six patterns of fat accumulation in the liver, including diffuse, geographic, focal, subcapsular, multifocal, and perivascular patterns[3-6]. Some imaging inklings are the absence of mass effect, stability in size over time, and enhancement similar to the hepatic parenchyma[7]. To the best of our knowledge, hepatic steatosis with mass effect has not been reported. It needs to be distinguished from liver tumors and other abdominal tumors containing fat. Here, we described a case of hepatic steatosis with exogenous growth and mass effect.

CASE PRESENTATION
Chief complaints
The patient was a 23-year-old female who was admitted due to a liver mass for more than half a month. The patient had no obvious symptoms.

History of present illness
The liver mass was found by computed tomography (CT) examination during routine physical examination in another hospital half a month ago.

History of past illness
She had chronic gastritis for more than 3 years and had taken medications (including omeprazole and hydrotalcite chewable tablets) intermittently.

Personal and family history
The patient’s family history was unremarkable.

Physical examination
No obvious abnormality was found during physical examination.

Laboratory examinations
The laboratory examination was unremarkable. Blood routine tests showed that red blood cell count was 4.40 × 1012 /L; hemoglobin was 128 g/L; white blood cell count was 5.65 × 109 /L; C-reactive protein level was 0.25 mg/L; D-dimer level was 0.57 μg/mL; and, low density lipoprotein level was 1.28 mmol/L, which were all within normal range. The results for viral hepatitis markers were negative. The carcinoembryonic antigen was 0.50 ng/mL; the alpha-fetoprotein was 2.17 ng/mL; and, the carbohydrate antigen 19-9 was 4.47 U/mL, which were all within normal range, indicating negative results for tumor markers.

Imaging examinations
Ultrasound showed a large hyperechoic mass with a size of 13 cm × 10 cm × 7 cm in the parenchyma of the caudate lobe of the liver, with clear boundary, irregular shape and inhomogeneous internal echo (Figure 1). CT examination showed an irregular mass in the caudate lobe of the liver with a size of about 12 cm × 6 cm × 10 cm, locally protruding beyond the liver outline. It had a clear boundary and inhomogeneous density. The unenhanced CT attenuation value was 5 - 31 HU (Figure 2A). The contrast-enhanced CT attenuation value was 21 - 44 HU in the arterial phase (Figure 2B), 39 - 66 HU in the portal vein phase (Figure 2C), and 21 - 59 HU in the delayed phase (Figure 2D). The dynamic enhancement pattern of the lesion was similar to that of the adjacent normal liver parenchyma, and the lesion was hypovascular compared with the background liver in all three contrast-enhanced phases. There were branches of the hepatic artery inside the mass (Figure 2E). The intrahepatic and extrahepatic bile ducts, hepatic arteries, and the trunk and branches of the portal vein were compressed and displaced (Figure 2F). The stomach and the duodenum were slightly compressed. One nodule in the mass was observed on CT images. The attenuation of the nodule on the unenhanced scan was the same as that of normal liver parenchyma (Figure 2G), and the dynamic enhancement-mode of the nodule was synchronous with that of normal liver parenchyma (Figure 2H).
Magnetic resonance imaging (MRI) examination: T2-weighted non-fat-saturated image showed slight hyperintensity (Figure 3A). The signal intensity was reduced on T2- and T1- weighted fat-saturated images (Figure 3B and C). T1-weighted in-phase image showed slight hyperintensity (Figure 3D), and the signal intensity of the T1-weighted out-of-phase image decreased obviously (Figure 3E). The degree of reduction of the T1-weighted out-of-phase image was higher than that of T1- weighted fat-saturated image. Diffusion-Weighted Imaging (b value = 800) showed slight hypointensity. Apparent diffusion coefficient mapping showed hyperintensity and isointensity. The enhancement pattern of MRI was the same as that of CT. No abnormality was found in the remaining liver parenchyma.

FURTHER DIAGNOSTIC WORK-UP
The fatty mass originating from the caudate lobe of the liver was removed completely by the caudate lobectomy, with the patient under general anesthesia. Surgical findings: the lesion was an exogenous mass with root in the caudate lobe of the liver and with soft texture similar to the liver tissue. It adhered closely to the left liver surface, crossed the hepatoduodenal ligament forward, and protruded behind the left lobe of the liver, with a size of about 12 cm × 8 cm. There was a fibrous capsule on the surface of the mass. The blood supply of the mass was rich. The supplying artery was from the left hepatic artery, and the drainage vein was connected with the inferior vena cava and portal vein.
The pathological results of the resected mass were analyzed. Macroscopically, the resected mass was 13 cm × 10 cm × 4 cm in size, with smooth surface and grayish red color. Most of the fibrous capsule was complete. The section of the mass was grayish-yellow, grayish red, solid, soft, and nodular. Microscopically, some normal structures of liver tissue disappeared. No obvious hepatic lobular structure was found. There was extensive steatosis in hepatocytes, intrahepatic vascular proliferation, local vascular dilatation, and a fibrous cell layer around the lesion (Figure 4A). Immunohistochemical staining results were as follows: Hep Par 1 (hepatocyte paraffin 1) (+) (Figure 4B), GPC-3 (glypican-3) (-) (Figure 4C), CD34 vascular (+), Cytokeratin 19 (CK19) focus (+), S-100 (-), HMB-45 (human melanoma black-45) (-), Melan-A (melanocyte antigen) (-), MDM2 (murine double minute 2) (-), CDK4 (cyclin-dependent kinase 4) (-) and Ki-67 index (2%) (Figure 4D).

FINAL DIAGNOSIS
Surgical and pathological findings suggested the diagnosis of hepatic steatosis.

TREATMENT
The patient received the caudate lobectomy to completely remove the mass.

OUTCOME AND FOLLOW-UP
After 10 mo of follow-up, the patient showed no signs of disease relapse.

DISCUSSION
Hepatic steatosis, also known as fatty liver, is a common radiologic finding. It is caused by the dysfunction of liver fat metabolism and the excessive accumulation of fat in hepatocytes[1,2,8]. Hepatic steatosis has no mass effect. Its size is stable over time, and its enhancement is similar to that of liver parenchyma[7]. Hepatic steatosis with mass effect has not been reported in the literature. In this report, the case had hepatic steatosis with exogenous growth and obvious mass effect. The signal intensity of hepatic steatosis in the T1-weighted out-of-phase images decreased significantly compared with in-phase images. The dynamic enhanced scanning mode is similar to the normal liver parenchyma. The T1-weighted in- and out-of-phase images and dynamic enhanced scanning have great value in differential diagnosis.
Fatty infiltration of the liver occurs in many forms, depending on the amount and distribution of liver parenchymal fat[9]. It can be divided into diffuse, geographic, focal, subcapsular, multifocal, and perivascular hepatic steatosis[3-6]. Clinically, diffuse hepatic steatosis is more common, which is characterized by a decreased diffusing density of the liver. Geographic hepatic steatosis is a frequently encountered variant. Different geographic hepatic steatosis can be attributed to specific causes. It may be secondary to an injury to the liver parenchyma[3]. The focal hepatic steatosis is characterized by the geographic location of the fat distribution such as adjacent to the falciform ligament or ligamentum venosum, in the porta hepatis, and the gallbladder fossa[5]. Subcapsular hepatic steatosis may present as small fat nodules or as a confluent peripheral region of fat confined to a subcapsular zone[4]. It is seen in patients with renal failure and insulin-dependent diabetes[6]. Multifocal hepatic steatosis involves multiple scattered foci of fat resembling true nodules. Perivascular hepatic steatosis is characterized by fat infiltration around the hepatic veins and portal veins. Focal and multifocal hepatic steatosis need to be differentiated from benign and malignant liver tumors. The absence of mass effect, stability in size over time, and enhancement similar to the hepatic parenchyma are the characteristics of hepatic steatosis[10]. The case in this report was hepatic steatosis in the caudate lobe, which was an exogenous mass with significant mass effect. The imaging findings of the case were different from those of the previous types.
The lesion of this case was located in the caudate lobe of the liver, obviously protruding beyond the outline of the liver. It was closely related to the left lobe of the liver, and compressed adjacent structures. The mass effect of the lesion was significant. The preoperative localization of the mass appeared to be in the hepatogastric space, and it involved the caudate lobe and left lobe of the liver. After operation and re-reviewing the images, it was found that the blood supply of the mass was from the branch of the hepatic artery. Ultrasound showed that the lesion was inhomogeneous hyperechoic. The characteristics of dynamic enhanced scanning of hepatic steatosis are similar to those of normal liver parenchyma[7]. The hepatic steatosis is hypovascular compared with the background liver[11]. The case reported in this study also has such characteristics. The nodule in the mass was observed on CT images. The attenuation of the unenhanced scan of the nodule was the same as that of normal liver parenchyma, and the dynamic enhancement-mode was synchronous with that of normal liver parenchyma. This sign is helpful for distinguishing hepatic steatosis from other lesions. The mass showed inhomogeneous low density, slight hyperintensity on T2-weighted non-fat-saturated image, and decreased signal intensity on T2- and T1-weighted fat-saturated images. These signs suggested that it contained fatty substances, which included adipose tissue and steatosis. The MRI findings of adipose tissue and steatosis are different. Adipose tissue shows hyperintensity on T1-weighted in-phase image, hyperintensity in the center of adipose tissue on T1-weighted out-of-phase image, with a black rim cancellation artifact. The signal on T2- and T1-weighted fat-saturated images of the mass is significantly reduced[12]. Steatosis shows isointensity or slight hyperintensity on T1-weighted in-phase image. The signal intensity of the T1-weighted out-of-phase image decreases significantly. The signal of fat-saturated images can be reduced, but the reduction range is often less than that of the T1-weighted out-of-phase image[8]. The MRI signal characteristics of this case were consistent with those of steatosis.
Pathological findings were most reliable in the diagnosis of this case. Immunohistochemistry was also helpful in making differential diagnosis. Although initially reversible, hepatic steatosis may progress into cirrhosis and hepatocellular carcinoma (HCC)[4]. Hep Par 1, GPC-3, and CD 34 are sensitive and specific markers for HCC[13,14]. Hep Par 1 is mainly strongly positive in HCC and can also be expressed in normal liver tissue. In a normal liver, immunohistochemistry for CD34 stains the endothelial cells of blood vessels in the portal tracts and the fibrous septa[15]. The case reported here was positive for Hep Par 1, negative for GPC-3 and positive for CD34 vascular, which ruled out the diagnosis of HCC. CK19 is a immunohistochemical marker of intrahepatic cholangiocarcinoma[15]. This case showed focal positivity, excluding the diagnosis of intrahepatic cholangiocarcinoma. MDM2 and CDK4 are immunohistochemical markers of liposarcoma, and they are positive in different degrees in liposarcoma[16]. This case was negative for MDM2 and CDK4, excluding liposarcoma. S-100 positive indicates the source of neural tissue, and this case was negative for S-100. HMB-45 and Melan-A are important immunohistochemical markers in the diagnosis of melanoma[17]. This case was negative for HMB-45 and Melan-A, excluding the diagnosis of melanoma. The Ki-67 index was 2%, indicating that the cell proliferation of the lesion was inactive.
Hepatic steatosis with mass effect needs to be distinguished from liver tumors and other abdominal tumors containing fat. The following points are of great value in the diagnosis of hepatic steatosis with mass effect: The blood supply of the hepatic artery, the signal of the T1-weighted out-of-phase image significantly lower than that of the T1-weighted in-phase image, no black rim cancellation artifact around hepatic steatosis area on T1-weighted out-of-phase images, and dynamic enhanced scanning mode similar to the normal liver parenchyma. Because there is a lack of previous understanding of the hepatic steatosis with mass effect, the diagnosis of liver tumor was highly suspected based on imaging findings, and thus surgical resection was performed in this case. The diagnosis of hepatic steatosis with mass effect was made post-operatively. However, surgical resection is not recommended as the first choice for treatment of hepatic steatosis with mass effect. If similar imaging characteristics to this case are present but the diagnosis is not clear, tissue biopsy and pathological examination should be performed to facilitate clear diagnosis.  

CONCLUSION
In summary, hepatic steatosis in this case could grow exogenously and has an obvious mass effect. It needs to be distinguished from fat-rich tumors. The T1-weighted in- and out-of-phase images and dynamic enhanced scanning play an important role in differential diagnosis.
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Figure Legends
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Figure 1 Ultrasonic image of hepatic steatosis with mass effect. Ultrasound showed a large hyperechoic mass in the parenchyma of the caudate lobe of the liver (arrow), with clear boundary, irregular shape and inhomogeneous internal echo.
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Figure 2 Computed tomography images of hepatic steatosis with mass effect. A: The unenhanced computed tomography (CT) showed irregular and inhomogeneous low-density lesion in the caudate lobe of the liver with clear boundary (arrow); B: Dynamic enhanced scanning showed mild enhancement of the lesion in the arterial phase (arrow); C: Dynamic enhanced scanning showed peak enhancement in the portal vein phase (arrow); D: Dynamic enhanced scanning showed lower enhancement in the delayed phase than in portal vein phase (arrow). The dynamic enhancement pattern of the lesion was similar to that of the adjacent normal liver parenchyma, and the lesion was hypovascular compared with the background liver in all three contrast-enhanced phases; E: The minimum intensity projection in the arterial phase of contrast-enhanced scanning showed that the blood supply of the lesion was from the branch of the hepatic artery (arrow). There were branches of the hepatic artery inside the mass (arrowhead); F: The mass effect of the lesion was significant. The hepatic artery and branches were compressed and displaced; G: A focal nodule (arrow) in the lesion was observed on unenhanced CT; H: The focal nodule (arrow) in the lesion was also observed on contrast-enhanced CT. The attenuation of unenhanced CT and enhancement mode was similar to that of normal liver parenchyma.
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Figure 3 Magnetic resonance imaging of hepatic steatosis with mass effect. A: Coronal T2-weighted non-fat-saturated image revealed that the lesion (arrow) in the caudate lobe of the liver showed slight hyperintensity and locally protruding beyond the liver outline; B: The signal intensity was reduced on axial T2-weighted fat-saturated images; C: The signal intensity was also decreased on axial T1-weighted fat-saturated images; D: Axial T1-weighted in-phase image showed slight hyperintensity; E: The signal intensity of out-of-phase image decreased significantly. The degree of reduction of the T1-weighted out-of-phase image was higher than that of T1-weighted fat-saturated image.
[image: ]
Figure 4 Pathological changes of hepatic steatosis with mass effect. The HE (hematoxylin and eosin) and immunohistochemical staining of resected specimen at × 100 magnification. A: HE staining of the specimen showed that some normal structures of liver tissue disappeared. No obvious lobular structure was found. There were extensive steatosis of hepatocytes (*), and fibrous cell layer around the lesions (arrow). B: Immunohistochemical staining: Hep Par 1 (hepatocyte paraffin 1) (+); C: Immunohistochemical staining: GPC-3 (glypican-3) (-); D: Immunohistochemical staining: Ki-67 index (2%).
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