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Abstract
Portal vein thrombosis (PVT) is a rare but serious postoperative complication associated with irreversible electroporation (IRE). We report a case of postoperative PVT in a 54-year-old woman who underwent IRE for locally advanced pancreatic cancer. Drain removal and discharge of the patient from the hospital were scheduled on postoperative day (POD) 7; however, a magnetic resonance imaging scan revealed the presence of PVT. We suspected postoperative inflammation in the pancreas as the main cause of PVT. However, the patient did not undergo any medical treatment because she did not have any clinical symptoms, and she was discharged on POD 8. 
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Core tip: Irreversible electroporation (IRE) is a medical technique that utilizes high voltage pulses to create permanent nanopores in the cell membrane, which in turn induces apoptosis of the targeted cells. Portal vein thrombosis (PVT) is a rare but serious postoperative complication associated with IRE. This review focuses on the mechanism of PVT after IRE for locally advanced pancreatic cancer.

INTRODUCTION
Irreversible electroporation (IRE) is a medical technique that utilizes high voltage pulses to create permanent nanopores in the cell membrane, which in turn induces apoptosis of the targeted cells[1-4]. The main advantage of IRE over other approaches is the avoidance of thermal injury to the surrounding structures, thereby sparing essential structures such as the nerves, vessels, and bile ducts[5-8]. Although there are benefits of IRE, many adverse events should be taken into consideration before its use, including mild hypertension and hemodynamically relevant arrhythmia. Initial long-term survival data in animals have confirmed the safety of IRE as it does not show vascular thrombosis as a related complication[9,10]. We report a case of successful IRE in a patient with locally advanced pancreatic cancer who developed PVT shortly after IRE.

CASE REPORT
We report the case of a 54-year-old woman who was diagnosed with tumor in the body of the pancreas, using computed tomography (CT). Magnetic resonance imaging (MRI) of the abdomen also revealed a tumor mass located at the pancreatic body; hence, pancreatic cancer was suspected. Artery invasion was seen near the celiac axis (Figure 1). 
The patient underwent abdominal vascular ultrasonographic scanning of the hepatic vein, inferior vena cava, superior mesenteric vein, splenic vein, and portal vein, which showed that the blood flow was unobstructed prior to the surgery. The blood flow volume of the splenic vein was 14.5 cm/s and that of the superior mesenteric vein was 18.8 cm/s. The diameter of the portal vein was 1.1 cm and its blood flow volume was 28.8 cm/s. The patient underwent IRE ablation under balanced general anesthesia for pancreatic cancer because the tumor mass was considered unresectable because of tumor infiltration of the celiac axis root and major abdominal blood vessels. Furthermore, multiple metastases were established in the lymph nodes of different regions. Before the IRE ablation, we performed tumor mass biopsies. The patient was admitted to the hospital after routine blood tests, which showed normal levels of leukocytes, neutrophils, erythrocytes, leukocytes, platelets, and amylase. These levels increased on postoperative day (POD) 2. The levels of C-reactive protein (CRP), interleukin-6 (IL-6), interleukin-8 (IL-8), and tumor necrosis factor (TNF) were also increased on POD 2. The amylase level of the drain from the IRE was 922.8 U/L on POD 3, which was 6 times higher than the upper limit of the normal serum amylase level, indicating the presence of postoperative pancreatic fistula according to the International Study Group on Pancreatic Fistula classification[11]. The drain amylase level reached the normal serum range on POD 5 and after the drain removal. The levels of cancer antigen 199 in the serum were decreased after the surgery. The re-evaluation MRI scan following the IRE ablation demonstrated thrombosis of the portal vein trunk on POD 7 and revealed that the tumor size had decreased (Figure 2).
Non-occlusive PVT did not affect the patient’s general condition, and the patient was discharged from the hospital on POD 8 because she showed no other complications. The patient currently has good quality of life.

DISCUSSION
There is no effective treatment available for patients with pancreatic cancer. Therefore, we put forward a novel method of minimally invasive IRE for the treatment of pancreatic tumors, which was reported recently in 2008. Although IRE is now regarded as an attractive treatment option for locally advanced pancreatic cancer, there are some complications associated with the use of this method. PVT is a rare but serious postoperative complication of IRE[12]. Although the mechanism is still unclear[13], medical literature on the occurrence of PVT reports that it is associated with three factors: endothelial cell injury, slow blood flow, and hypercoagulable state of the blood. In pancreatitis, various inflammatory mediators are released with concomitant thrombosis, resulting in high levels of IL-6, IL-8, and TNF. These factors stimulate the hepatic cells, which in turn produce large quantities of CRP. CRP is a sensitive indicator of the severity of inflammation. The initial clinical signs of PVT are often subtle and similar to those observed in postoperative pancreatitis. PVT can be detected using CT, MRI, and Doppler ultrasonography. Doppler ultrasonography is a non-invasive, easily available bedside examination with an 89% sensitivity and 92% specificity in detecting PVT[14]. Early diagnosis of PVT might provide clinicians an opportunity for intervention before severe damage occurs. Once the thrombus is formed, thrombolysis and anticoagulation must be performed as soon as possible, including surgical treatment if necessary. In this case, the patient developed PVT, which did not completely block the portal vein. No clinical symptoms such as abdominal pain and portal hypertension were observed; hence, anticoagulant was not administered. However, the case was closely followed. The patient was administered no special medical treatment during the follow-up period because she recovered from acute pancreatitis and showed no signs of thrombus. In this case, the levels of prothrombin time, activated partial thromboplastin time, fibrinogen, and thrombin time were normal before the operation. But after surgery, the patient developed abnormal blood coagulation and significantly increased white blood cells, CRP, IL-6, IL-8, and TNF, which explains that PTV occurred due to abdominal surgery.

COMMENTS
Case characteristics
A 54-year-old woman was referred to our hospital because of a tumor in the body of the pancreas found by physical examination.
Clinical diagnosis
The abdomen was soft, lax, and nondistended without evidence of a palpable mass.
Differential diagnosis
Abdominal sarcoma, abdominal neurogenic tumor, and cholangiocarcinoma.  
Laboratory diagnosis
Before surgery, laboratory results were normal.
Imaging diagnosis
Computed tomography scan showed a locally advanced malignant pancreatic mass of 34 mm in diameter that surrounded and narrowed the coeliac trunk. MRI demonstrated the mass located in the pancreatic body.
Pathological diagnosis
The tumor was diagnosed as a low differentiated adenocarcinoma in the pancreas. 
Treatment
The patient underwent irreversible electroporation (IRE) for locally advanced pancreatic cancer.
Related reports
Portal vein thrombosis (PVT) is a rare but serious postoperative complication associated with IRE. To date, only a few cases have been reported in the English literature, including our case presented in this report.
Experiences and lessons
PVT is a rare but serious postoperative complication associated with IRE. A patient with locally advanced pancreatic cancer who developed PVT shortly after IRE makes us suspect postoperative inflammation in the pancreas as the main cause of PVT.
Peer-review
This study highlights the mechanism of PVT after IRE in locally advanced pancreatic cancer and the authors also conducted a literature review so as to deepen the understanding of the subject. The information of this paper is valuable to the readers.
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Figure 1  Computed tomography and magnetic resonance imaging photographs. A: Computed tomography scan showed a locally advanced malignant pancreatic mass of 34 mm in diameter surrounding and narrowing the coeliac trunk (arrow); B: Magnetic resonance imaging demonstrating the mass located in the pancreatic body (arrow).
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Figure 2  Magnetic resonance imaging findings. Magnetic resonance imaging showed thrombosis of the portal vein trunk.
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