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Abstract
BACKGROUND
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Pancreatic accessory spleen (PAS) is an uncommon congenital abnormality of the spleen. Spleen hamartoma (SH) is also rare. Moreover, hamartoma in the PAS has not been reported thus far. We report the first case here.

CASE SUMMARY
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK201][bookmark: OLE_LINK202][bookmark: OLE_LINK199][bookmark: OLE_LINK200][bookmark: OLE_LINK197][bookmark: OLE_LINK198][bookmark: _Hlk99752641][bookmark: OLE_LINK1]A 26-year-old male presented with a one-month history of left upper quadrant abdominal pain, and computerized tomography (CT) examination suggested a mass in the pancreas tail. The patient then attended our hospital for diagnosis and treatment. Ultrasonography, CT, and magnetic resonance imaging revealed a solid mass with cystic degeneration growing from the tail of the pancreas. The tumor marker carbohydrate antigen 19-9 (CA19-9) increased to 96.7 U/mL (normal range 0-37 U/mL). An epidermoid cyst in a PAS was considered preoperatively. However, a malignant tumor cannot be ruled out. We performed laparoscopic surgery, and two pancreatic masses were found growing from the pancreatic tail. The two masses were so closely connected that preoperative imaging examinations suggested only one mass. We carefully isolated the masses from the splenic artery and vein. A laparoscopic spleen-preserving distal pancreatectomy was successfully performed. On pathological examination, the masses were well-defined, homogeneous red-tan, 4 × 3, and 4.5 × 1.5 in size, respectively. One of them was cystically degenerated. On microscopical examination, the mass contained unorganized small slit-like vascular channels enclosing red blood cells and lined with plump endothelial cells. No area of cytologic atypia was identified. Focal lymphoid aggregates were found in the intravascular areas. White pulp or fibrosis was not observed. The final diagnosis was pancreatic accessory SH with cystic degeneration. After the operation, CA19-9 was reduced to normal. The patient recovered well, and the 34-mo follow-up period was uneventful.

CONCLUSION
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Here, we report the first case of pancreatic accessory SH. A laparoscopic spleen-preserving distal pancreatectomy was successfully performed. The patient recovered well and had a good prognosis.
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[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Core Tip: Pancreatic accessory spleen (PAS) is an uncommon congenital abnormality of the spleen. Spleen hamartoma (SH) is also rale. Moreover, hamartoma in the PAS has not been reported thus far. Here, we report the first case of pancreatic accessory SH. The tumor marker carbohydrate antigen 19-9 was abnormal. A precise diagnosis was challenging to obtain preoperatively, and a malignant tumor could not be ruled out. We successfully performed laparoscopic spleen-preserving distal pancreatectomy. The patient recovered well and had a good prognosis.

INTRODUCTION
[bookmark: OLE_LINK36]An accessory spleen is a congenital defect caused by fusion failure of the splenic anlage during embryology. Approximately 10%-15% of the general population experiences this event. The splenic hilum is the most common location of an accessory spleen. Tissue is not commonly found in the pancreas (only 16% of cases)[1]. A pancreatic accessory spleen (PAS) is not always recognized preoperatively. Radiologically, the pancreatic accessory spleen appears to be a well-defined, solitary, and hypervascular lesion. The differential diagnosis includes well-differentiated adenocarcinoma, mucinous cystic neoplasm, neuroendocrine neoplasm, solid pseudopapillary tumor, or metastatic tumor to the pancreas[2]. PAS is a benign lesion and rarely causes any symptoms. It is rarely diagnosed preoperatively, and most cases are identified only after surgical resection.
Splenic hamartoma (SH), which was first described in 1861 by Rokitansky, is a rare benign lesion of the spleen[3]. SH is a very rare benign vascular lesion, with fewer than 200 cases reported in the English literature thus far[4]. SH occurs equally in men and women, and adults are the most affected population[5]. SH consists of disorganized sinusoid-like channels, such as red pulp tissue, the lining cells of which can be highlighted by CD8 immunopositivity. In contrast, no white pulp elements are observed in the lesion[6]. SH is generally a single lesion, and multiple lesions are rare. Patients are usually asymptomatic and diagnosed incidentally, while patients with large hamartomas can have symptoms such as nonspecific abdominal pain, thrombocytopenia, splenomegaly, fever, and night sweats[7]. To date, hamartoma in the PAS has not been reported. Here, we report the first case of pancreatic accessory SH. After laparoscopic spleen-preserving distal pancreatectomy, the patient recovered well and had a good prognosis.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]A 26-year-old male attended a local hospital because of left upper quadrant abdominal pain.

History of present illness
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Laboratory examination revealed carbohydrate antigen 19-9 (CA19-9) 41.7 U/mL (normal range 0-37 U/mL), and computerized tomography (CT) examination suggested a mass in the pancreatic tail. The patient was then referred to our hospital for diagnosis and treatment.

History of past illness
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]There was no other significant medical history. There was no relevant history, including past interventions and outcomes.

Personal and family history
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]The patient did not have a history of smoking or drinking alcohol. There was no relevant family history.

Physical examination
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]The patient’s vital signs were stable. The abdomen was soft and nondistended without evidence of a palpable mass.

Laboratory examinations
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Levels of the tumor markers CA19-9 were abnormal, 41.7 U/mL, 96.7 U/mL in the local hospital and our hospital, respectively. Tumor markers alpha-fetoprotein, CA125, and carcinoembryonic antigen were in the normal range. Other blood tests, fecal examinations, and coagulation function were normal.

Imaging examinations
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]On ultrasonography (US), a well-defined, inhomogeneous echoic mass with a size of 5.9 × 3.8 cm was seen growing from the tail of the pancreas with both hyperechoic solid and hypoechoic cystic parts, dominated by a solid part (Figure 1A). Color Doppler flow imaging showed dotted blood flow signals in the mass (Figure 1B). On CT imaging, a well-defined, 6.8 × 3.7 cm mass with cystic change was found growing from the tail of the pancreas. The mass was isointense relative to the normal splenic parenchyma on plain scanning (Figure 2A). After enhancement, the enhancement of the parenchyma was similar to that of the spleen (Figure 2B), and the mass was close to both the splenic artery (Figure 2C) and splenic vein (Figure 2D). The mass was isointense on T1-weighted magnetic resonance imaging (MRI) (Figure 3A). On T2-weighted MRI, heterogeneous hyperintensity was found, and the signal in the middle of the tumor was higher (Figure 3B). According to these results, an epidermoid cyst in a PAS was considered preoperatively. However, a malignant tumor cannot be ruled out.

[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Pathological findings and immunohistochemical staining
On pathological examination of surgical specimen, two well-defined, homogeneous red-tan masses were found to be 4 × 3 and 4.5 × 1.5 in size. The former was cystically degenerated. Hemorrhage or necrosis was not found. On microscopical examination, the mass grew from the pancreas (Figure 4A). It contained unorganized small slit-like vascular channels enclosing red blood cells and lined with plump endothelial cells. No area of cytologic atypia was identified. Focal lymphoid aggregates were found in the intravascular areas (Figure 4B). White pulp or fibrosis was not observed. On immunohistochemical staining, CD8 was positive in the lining cells and scattered lymphocytes (Figure 5A); CD34 was positive in vascular lining cells (Figure 5B).

FINAL DIAGNOSIS
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]The final diagnosis was pancreatic accessory SH with cystic degeneration.

TREATMENT
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]After sufficient preparation and consent from the patient and his family members, the surgery was performed. The patient was placed in a 45° head high position. Following anesthesia and sterilization of the surgery field, sterile drapes were whisked onto the patient's body. Subsequently, a 10 mm long incision was made in the superior border of the umbilicus. A CO2 pneumoperitoneum was set up with 15 mmHg intra-abdominal pressure using a Veress needle, and a 10 mm trocar puncture was made to insert a laparoscopic lens. Under direct vision, 10 mm and 5 mm incisions were made in the left and right abdomen, respectively, and corresponding trocars were implanted in each incision. Then, we inserted surgical instruments to operate the surgery. We exposed the pancreas with an ultrasonic scalpel. Two red pancreatic masses were found, close to each other and growing from the pancreatic tail. The upper and lower margins of the middle pancreas were isolated. We dissociated the superior mesenteric artery and portal vein from the lower margin of the pancreas and opened the posterior pancreatic passage along the portal vein sulcus. The body and tail of the pancreas were isolated toward the splenic hilum. We dissected the distal pancreas, including the masses, with a cutting closure device. The masses were close to both the splenic artery and vein. We carefully isolated the masses from the blood vessels. Finally, the distal pancreas and tumor were removed entirely, and the spleen was preserved by laparoscopic surgery.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]The patient recovered well with no pancreatic leakage postoperatively, and CA19-9 was reduced to normal. The patient left our hospital three days later. During the 34-mo follow-up period, the patient remained well without any complications.

DISCUSSION
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]PAS is an uncommon congenital abnormality of the spleen with an incidence of approximately 2%[8]. It is a benign lesion, and patients are usually asymptomatic. It is difficult to accurately diagnose preoperatively, and they are usually misdiagnosed as hypervascular pancreatic neoplasms. SH is a rare benign “tumor”, and fewer than 200 cases have been reported thus far. Moreover, hamartoma in PAS has not been reported. In the present study, we report the first case. SH can occur in any age group, usually asymptomatically with no sex predilection[9]. They are usually found incidentally during physical examination or at autopsy. The tumors vary in size, ranging from a few millimeters to a maximum of 20 cm, with a median size of 5 cm. Women often encounter larger masses, suggesting a hormonal influence[4].
Obtaining an accurate diagnosis of SH through the use of US, CT, and MRI is challenging[10]. On US, the lesion is usually solid and hyperechoic, relative to normal splenic tissue. Color Doppler flow imaging shows dotted blood flow signals in the lesion. It appears on CT as an isodense or hypoattenuating solid lesion compared to the normal splenic tissue. On MRI imaging, SH can show different findings depending on whether it is fibrous or not. Most SHs appear on MRI as isointense lesions on T1-weighted image and heterogeneously hyperintense on T2-weighted image. 
Although the use of multiple radiologic imaging techniques makes it possible to detect SH, definitive diagnosis still depends on pathological examination. SHs usually are well demarcated from normal spleen and present as dark red, solitary or multiple masses. Histologically, SH can be classified into white and red pulp subtypes, consisting of lymphoid tissue and a complex of sinuses, respectively[4]. The majority of SHs are mixtures of the different characteristics. Immunohistochemically, the lining cells of sinusoid-like channels are CD8-positive[11]. The cells are also positive for CD31, CD34, factor VIII–related antigen, and vimentin[12-14].
[bookmark: OLE_LINK2]The pathogenesis of SH is still controversial. One hypothesis is that the tumor is a congenital malformation of the red pulp, excessive and disorganized growth of abnormally formed red pulp, a neoplasm, or a reactive lesion to prior trauma[15,16]. SH has also been associated with other hamartomatous masses, such as tuberous sclerosis[17]. In some cases, SHs are combined with hematological disorders. But, the clear relationship between them has not been studied[18]. 
The radiological differential diagnosis of SH includes lymphoma, inflammatory myofibroblastic and metastatic tumors[19]. Pathologically, SH should be differentially diagnosed from other splenic vascular tumors, such as hemangioma, lymphangioma and so on[6]. Most patient of SH are asymptomatic. When a malignant tumor can not be eliminated, splenectomy may be a good choice for patient with an accidentally found splenic lesion[20]. In the present case, one lesion was found in the tail of the pancreas, and a pancreatic accessory spleen with epidermoid cystic change was considered preoperatively by multiple imaging examinations. 
Abnormally elevated CA19-9 often occurs in patients with malignancies or inflammation of the pancreatic, biliary and gynecological systems[21]. SH is a rare benign “tumor”, and fewer than 200 cases have been reported thus far. To date, only one study has reported the elevation of serum CA19-9 in a case of spleen hamartoma[22]. However, normalization was not reported after resection. In our case, the patient was symptomatic with left upper quadrant abdominal pain. In addition, laboratory examination revealed that CA19-9 was abnormally elevated (96.7 U/mL). A malignant tumor cannot be ruled out. Therefore, we successfully performed laparoscopic spleen-preserving distal pancreatectomy for the patient. The final diagnosis was pancreatic accessory splenic hamartoma with cystic degeneration. After resection, the serum CA19-9 level was reduced to normal, and CA19-9 immunostaining of the tissue was negative. As the case is extremely rare, the mechanism behind the occasional elevation of serum CA19-9 in the case of spleen hamartoma has not been studied thus far. In our case, the elevation of serum CA19-9 might be caused by the inflammation of the cystic degeneration of pancreatic accessory SH.

CONCLUSION
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]A PAS is an uncommon congenital abnormality. SH is also rale. Moreover, hamartoma in the PAS has not been reported thus far. Here, we report the first case. The tumor marker CA19-9 was abnormal, and a malignant tumor could not be ruled out preoperatively. We successfully performed laparoscopic spleen-preserving distal pancreatectomy, and the patient recovered well and had a good prognosis.
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Figure Legends
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[bookmark: OLE_LINK72][bookmark: OLE_LINK73]Figure 1 Ultrasound findings. A: A well-defined, inhomogeneous echoic mass (red arrow) with a size of 5.9 × 3.8 cm was seen growing from the tail of the pancreas with both hyperechoic solid and hypoechoic cystic parts, dominated by a solid part; B: Color Doppler flow imaging showed dotted blood flow signals in the mass. 

[image: ]
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Figure 2 Computerized tomography findings. A: A well-defined, 6.8 × 3.7cm mass (red arrow) with cystic change (green arrow), was found growing from the tail of the pancreas. The mass was isointense relative to the normal splenic parenchyma on plain scanning; B: After enhancement, the enhancement of parenchyma was similar to that of the spleen; C: The mass (red arrow) was close to splenic artery (yellow arrow); D: The mass (red arrow) was close to splenic vein (blue arrow). 
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[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK189][bookmark: OLE_LINK190]Figure 3 Magnetic resonance imaging findings. A: The mass (red arrow) was isointense on T1-weighted magnetic resonance imaging (MRI); B: On T2-weighted MRI, heterogeneously hyperintense was found, and the signal in the middle of the tumor was higher (green arrow). 
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[bookmark: OLE_LINK455][bookmark: OLE_LINK456]Figure 4 Microscopic examination. A: The mass grew from the pancreas [hematoxylin and eosin (HE), × 40]; B: The mass contained unorganized small slit-like vascular channels enclosing red blood cells and lined with plump endothelial cells. No area of cytologic atypia was identified. Focal lymphoid aggregates were found in the intravascular areas (HE, × 200). White pulp or fibrosis was not observed.
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[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Figure 5 Immunohistochemical staining. A: CD8 immunostaining was positive in the lining cells and scattered lymphocytes (× 10); B: Immunohistochemistry for CD34 was positive in vascular lining cells (× 10).
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