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Abstract
BACKGROUND
Splenic artery aneurysm (SAA) is a rare vascular lesion conventionally treated by resection or interventional therapy. The surgical procedure usually involves splenectomy, and interventional therapy may cause post-embolization syndromes. Preservation of the spleen and its function is rarely reported during the management of SAA.

CASE SUMMARY
We report a patient with an asymptomatic SAA (3.5 cm in diameter), which was en-bloc resected laparoscopically using indocyanine green (ICG) fluorescence imaging to preserve the spleen and its function.

CONCLUSION
ICG fluorescence imaging for spleen preservation in laparoscopic SAA resection is safe and may be beneficial in avoiding splenectomy and maintaining splenic function.
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Core Tip: Currently, there are three main treatment methods for splenic artery aneurysm (SAA): Endovascular treatment, open surgery, and laparoscopic surgery. Laparoscopic SAA resection is inevitably concomitant with splenectomy due to end-organ ischemia at times. We here present a case of SAA treated by laparoscopic resection using indocyanine green fluorescence imaging for preserving spleen and its function. This is the first case successfully treated by this method reported in the literature.

INTRODUCTION
With further understanding of spleen function, and occurrence of complications such as overwhelming post-splenectomy infection, thrombocytosis, and portal vein thrombosis after splenectomy, surgeons have realized the importance of splenic preservation[1]. Protecting normal splenic artery blood flow is the key to maintain spleen function[2]. Preserving the spleen and its function is an important issue in the management of splenic artery aneurysm (SAA). We here report the application of indocyanine green (ICG)-enhanced fluorescence for spleen preservation in a patient during laparoscopic SAA resection. We also review the relevant literature.

CASE PRESENTATION
Chief complaints
A 50-year-old man was admitted to hospital due to an asymptomatic SAA found on medical examination.

History of present illness
Abdominal ultrasound showed a posterior pancreatic mass, which was diagnosed as an SAA 3.5 cm in diameter three days ago without any symptoms.

History of past illness
The patient denied a history of surgery or abdominal trauma, and had a free previous medical history.

Personal and family history
His personal history and family history were unremarkable. He denied history of consuming alcohol, tobacco, and psychoactive drugs.

Physical examination
No positive signs were found on abdominal examination and other physical examinations.

Laboratory examinations
Blood tests, blood biochemistry, coagulation function, urine and routine stool tests were all normal.

Imaging examinations
Ultrasound showed a posterior pancreatic mass and an SAA was considered. A contrast-enhanced celiac trunk (CT) scan revealed an SAA 3.5 cm in diameter with thrombosis located in the posterior pancreas. 3D virtual imaging revealed a 3.5 cm SAA located at approximately 3 cm from the CT (Figure 1). 

FINAL DIAGNOSIS
The final diagnosis of the presented case is an asymptomatic SAA (3.5 cm in diameter).

TREATMENT
Surgical treatment was selected based on the anatomic location of the aneurysm, possible rupture of the SAA and the patient’s choice. Endovascular treatment was not proposed as endovascular repair may increase the risk of subsequent complications and re-interventions during long-term follow-up[3]. Thus, laparoscopic SAA resection with ICG fluorescence imaging was performed. 
Five ports were inserted in the abdomen at a 15 mmHg pressure pneumoperitoneum. After that, the patient was placed in the reverse trendelenburg position. First, the gastrocolic ligament was divided to expose the pancreatic edge, identify splenic artery and aneurysm, then the proximal and distal parts were separated and ligated, respectively. An aneurysm, about 3.5 cm × 3.0 cm in size, was located approximately 3 cm from the CT, it had grown into the retroperitoneal pancreas parenchyma and was densely adhered to the splenic vein (Figure 2). It was partially ruptured with a 0.5 cm cleft, and protruded into the pancreatic parenchyma with thrombogenesis. The collateral vessels of the aneurysm were completely dissected, thus the aneurysm was en-bloc resected following separation of the surrounding tissues using an ultrasonic knife (Figure 2). At the end of the procedure, 2.5 mg ICG was injected into the peripheral vein, the whole spleen was stained green 6 min 50 s later, and the color faded completely 12 min 20 s after ICG injection, respectively (Figure 3). We irrigated the surgical field with normal saline and a tube was placed to drain the fluid. The operative time was approximately 140 min and blood loss was 50 mL.

OUTCOME AND FOLLOW-UP
Three days later, contrast-enhanced CT showed no splenic ischemia, localized fluid collections or splenic vein thrombosis, and the abdominal drainage tube was removed. The patient was discharged on postoperative day 8 after well recovery without any complications. Histopathology confirmed an aneurysm of the splenic artery. During the follow-up period, the blood platelet count was normal, and no abdominal pain, pancreatic insufficiency or recurrence of the aneurysm as well as no splenic infarction were observed. 

DISCUSSION
SAAs are the most common visceral aneurysms accounting for 60%-70% of all cases, with an estimated prevalence of 1% in the population[4]. Early recognition and treatment of an SAA are essential, as 2%-10% present with rupture, resulting in a mortality rate of 25%-70% depending on the underlying pathology[5]. The management of an asymptomatic SAA is still controversial. SAAs with high-risk characteristics for rupture such as lesions > 2 cm in size, pregnancy and portal hypertension should be treated[6]. The mean diameter of non-ruptured SAAs was 2.2 cm, while that of ruptured SAAs was 3.1 cm according to one of the largest series published[7]. Investigators have been inclined to raise the standard to 2.5 cm due to the very low rupture risk in aneurysms below the standard, which is supported by retrospective studies[8]. 
Aneurysmectomy and endovascular repair are usually performed to treat SAAs. However, the splenectomy rate is approximately 76% during surgical treatment regardless of the size of the aneurysm[9]. Moreover, distal pancreatectomy or aneurysmectomy with vascular reconstruction have occasionally been performed concomitantly[10]. Even with spleen preservation, end-organ ischemia risk can occur after surgery and after interventional therapy. The most common ischemic incidents were post-embolization syndromes presenting as fever, abdominal pain, elevated leukocyte level and multiple splenic abscesses at the high rate of 31.8%[2]. Moreover, recanalization, coil migration and splenic infarction with abscess formation may occur. Laparoscopic ligation of a SAA in the proximal splenic artery is another method of preventing potential rupture of the SAA; however, there is still a risk of deficient residual blood flow to the spleen, thus leading to splenic infarction and possible evolution into a splenic abscess[11]. In the present case, the SAA was 3.5 cm in diameter, located approximately 3 cm from the CT, and it ruptured and eroded into the pancreatic parenchyma, indicating that it required immediate treatment. We chose SAA resection instead of ligation or other procedures for the following reasons: First, the SAA protruded into the pancreatic parenchyma with thrombogenesis and could potentially cause an abdominal infection; second, SAA may recur if the collateral circulation of the SAA was not blocked completely; third, the SAA’ anatomical position nearby the CT, leading to a high risk of recanalization and coil migration with interventional therapy. It was crucial to find a way of assessing the blood supply to the spleen after surgery and to determine the optimal surgical strategy during preoperative evaluation. Preoperative 3D virtual reconstruction and intraoperative ultrasound are usually used to confirm the residual blood flow in the spleen[11]. However, collateral vessels of the splenic hilum are difficult to confirm due to abundant blood vessels in the posterior wall of the stomach and the pancreatic tail, surrounding the splenic hilum. In the present case, the collateral vessels of the spleen were too abundant and small to be seen clearly on the 3D images. ICG is widely used in general surgery for staining liver segments, locating hepatic carcinoma, visualizing bile ducts and evaluating anastomotic blood supply due to its special attribute of fluorescence imaging[12-14]. The price of ICG is affordable for most patients at $18.8 United States dollars. Based on the characteristics of ICG and experience of fluorescence imaging-guided laparoscopic hepatectomy, ICG fluorescence imaging can detect segmental blood supply to spleen theoretically. However, it is rarely reported in splenic surgery. A recent study showed that ICG could visualize the spleen to assess the splenic blood supply, facilitating laparoscopic partial splenectomy[15]. Based on the characteristics of ICG visualization, we injected 2.5 mg ICG into a peripheral vein at the end of surgery, the whole spleen was stained green 6 min 50 s later, which indicated that fluorescence staining was complete and the splenic blood supply was satisfactory. The staining faded completely 12 min 20 s after ICG injection, which indicated that the splenic vein reflux was normal with a low risk of congestive splenomegaly. During the follow-up period, the blood platelet count was normal at all time points after surgery, and no abdominal pain, pancreatic insufficiency or recurrence of the aneurysm as well as no splenic infarction were observed. ICG fluorescence imaging is an effective and easy way to assess residual blood supply to the spleen and determine whether to preserve the spleen after surgical treatment of SAA.

CONCLUSION
ICG fluorescence imaging for spleen preservation in laparoscopic SAA resection is safe and may be beneficial in avoiding splenectomy and maintaining splenic function.
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Figure 1 Contrast-enhanced celiac trunk and 3D reconstruction imaging. A: A 3.5 cm splenic artery aneurysm (SAA) in the proximal splenic artery located in the posterior pancreas; B: 3D reconstruction imaging shows a 3.5 cm SAA at the same location. CT: Celiac trunk; SA: Splenic artery; SAA: Splenic artery aneurysm.;
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Figure 2 Intraoperative imaging. A: The splenic artery aneurysm protruded into the pancreatic parenchyma adhered to the surrounding tissues; B: Both the proximal (1) and distal (2) aneurysms were occluded with aneurysmectomy. SA: Splenic artery; SAA: Splenic artery aneurysm; SV: Splenic vein. 
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Figure 3 Indocyanine green fluorescence imaging at the end of surgery. A: spleen before indocyanine green (ICG) injection; B: the whole spleen was stained green 6 min 50 s after ICG injection. 
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