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Abstract
Following an increase in the use of the GIA stapler for treating a pancreatic stump, more techniques to prevent postoperative pancreatic juice leakage have been required. We describe one successful case using our new technique of invaginating the cut end of the pancreas into the stomach to prevent a pancreatic fistula (PF) from occurring. A 50-year-old woman with pancreatic cancer in the tail of the pancreas underwent distal pancreatectomy, causing a grade A PF. We resected the distal pancreas without additional reinforcement to invaginate the stump into the gastric posterior wall with single layer anastomosis using a 3-0 absorbable suture. The drain tubes were removed on the third postoperative day. Although a grade A PF was noted, the patient was discharged on foot on the eleventh postoperative day. Our technique may be a suitable method for patients with a pancreatic body and tail tumor.
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Core tip: More techniques for preventing postoperative pancreatic juice leakage have been required since the use of GIA stapler has increased. We describe one successful case wherein our new technique of invaginating the cut end of the pancreas into the stomach was used to prevent a pancreatic fistula (PF) from occurring. A 50-year-old woman with pancreatic cancer in the tail of the pancreas underwent distal pancreatectomy. Although a grade A PF was noted, the patient was discharged on foot on the eleventh postoperative day. Our technique may be a suitable method for patients with a pancreatic body and tail tumor.
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INTRODUCTION
Historically, it has been recognized that post-pancreatectomy complications can be severe[1]. Generally, pancreaticoduodenectomy or distal pancreatectomy will cause a pancreatic fistula (PF) to some extent, and it has been said that complete prevention of PF after pancreatectomy is impossible. A PF can cause an intra-abdominal abscess due to an activated bacterial infection, which can result in sepsis, hemorrhage[2-5], and delayed gastric emptying[6]. To prevent these complications, various methods have been reported; however, to date, none of them has become a standard procedure[7]. Here, we describe our experience invaginating the pancreatic stump into the stomach after distal pancreatectomy with an excellent result.

CASE REPORT
A 50-year-old woman had a hard navel mass. She regularly visited the Department of Internal Medicine at our hospital for the treatment of diabetes. In August 2011, she presented to the Department of Dermatology with a main complaint of an umbilical mass; however, she was sent to the Surgical Department because of the diagnosis of an umbilical lesion located deep in the abdomen. The hard mass, which was the size of a thumb, was palpable at her navel. She did not feel any pain.
An abdominal computed tomography (CT) scan showed the enhanced tumor; it was 2 cm in diameter and located in the pancreatic tail (Figure 1). The contrasting effect was poor compared to normal tissue, which was a finding suggestive of pancreatic cancer. The para-aortic lymph node was not swollen; however, low, enhanced foci were scattered in the spleen, which was a finding suggestive of metastasis.
The fluorodeoxyglucose-positron emission tomography (FDG-PET) scan showed swelling in the pancreatic tail with abnormal accumulation (Figure 2). This contrasting pattern along with the CT findings suggested pancreatic cancer. Accumulation in the spleen was noted, so we were unable to rule out the possibility of invasion. There was a small granular shadow with slight accumulation suggestive of lymph node metastases.
 Skin thickening and abnormal accumulation in the umbilical region were also noted. Consecutive accumulation was not observed in the peritoneum, which was suggestive of local inflammation, not dissemination. No other abnormality was found.

Operative findings
The patient was placed in a supine position for the operation. First, we used Kocher mobilization at the front part of the inferior vena cava, moving toward the anterior surface of left renal vein to back side of the superior mesenteric artery. We confirmed no para-aortic lymph node swelling. The greater omentum was resected from the spleen to the pancreas, transverse colon, and splenic flexure. The inferior mesenteric vein was set aside. The adhesion between the stomach and pancreas was opened. In addition, the posterior gastric vein was separated, and the coronary vein was preserved. The spleen was separated from the retroperitoneum. Next, the left adrenal gland was resected from the pancreas and preserved intact. The pancreas was cut at the anterior of the superior mesenteric artery, and the pancreatic tail, including the tumor, was extracted. The stump and tumor were quick frozen for pathological examination; the pancreatic duct stump was ligated with 5-0 prolene sutures. The patient was diagnosed as having pancreatic cancer, and the pancreatic stump was not malignant. The gastric posterior wall was transected to approximately 80% of the stump width. Single layer anastomosis was performed with 3-0 absorbable sutures (Figure 3A-E). One soft drain was placed under the left diaphragm and the hiatus of Winslow after washing with 2,000 mL of saline. The left side of the greater omentum was used to cover the stomach-pancreas anastomotic region. The operative time was 211 min, and the blood loss was 162 mL.
 
Results of the pathological examination
The invasive ductal carcinoma of the pancreatic tail, scirrhous, nodular, Infγ , ly0, v1, ne3, mpd(-), s(+), rp(-), PVsp(+), A(-), pcm(-), mdpm(-), and M1(umbilicus) carcinoma, formed the mass (30 × 25 mm) and showed serosa exposure and progress to the outer membrane of the spleen. This mass was a tub1(> tub2)-based tubular, scirrhous adenocarcinoma. It was accompanied by high neurologic and splenic vein invasion. Each excised stump was negative for malignancy.
Cytology of ascites showed that the umbilical region mass, the invasive ductal carcinoma, was a class V adenocarcinoma.
The drain was removed after the drain fluid amylase level decreased to 190 IU/L on day 3 from 1,595 IU/L on day 1. The patient was discharged without any problems on postoperative day 11.
We have followed the patient’s pancreatic stump in the stomach postoperatively for 1 year using a gastric fiber scope. After 1 week, the stump was massive; however, after 3 months, the gastric mucosa covered almost the entire stump end. After 1 year, we could not detect the stump in the stomach (Figure 4A-C).

DISCUSSION
Ligation of the main pancreatic duct with a fish-mouth-shaped closure of the cut end has long been considered a standard technique for distal pancreatectomy[7]. However, it has generally been said that the probability of PF occurrence is in the range of 32% to 57%[8-12]. This can cause an intra-abdominal abscess with lethal results. When an intra-abdominal hemorrhage occurs, there is a 30% to 50% possibility of death; therefore, it is important to prevent PF after distal pancreatectomy. A recently published systemic review appraised all available surgical alternatives for handling the pancreatic remnant after distal pancreatectomy[1]. However, in many cases, the improved surgical techniques could not significantly reduce the incidence of PF[13].
  Balcom et al[14] investigated 190 distal pancreatectomies over a 10-year period from April 1990 to October 2000 at the Massachusetts General Hospital. They divided the cases into three periods (from September 1998 to October 2000, from July 1995 to August 1998, and from April 1990 to June 1995), and the incidence rates of PF during each period were 12%, 17%, and 14%, respectively. In other words, the incidence of PF did not decrease from 1990 to 2000. As a result, several studies have tried to identify improved methods of preventing PF after distal pancreatectomy. We can classify these methods into the following categories: (1) operation apparatus development, (2) ingenuity in drainage, (3) choice of drugs, and (4) development of operative techniques.
Several apparatuses have been investigated: the supersonic wave surgery aspirator (cavitron ultrasonic surgical aspirator), supersonic wave solidification incision device, and automatic suture device. The frequencies of PF with these aforementioned apparatuses have been reported as 4%, 8%, and 5.5 to 34%, respectively[15,16]. None of the reported apparatuses has completely prevented PF.
There are few studies on the predictive value of amylase in drains[17]. Regarding the contrivance of the drainage method, Molinari et al[18] measured serum amylase levels in drainage fluid postoperatively. They reported that it is possible to identify the risk of PF formation and development of complications using an amylase level of > 5000 U/L on postoperative day 1. They also reported that patients may benefit from lengthening the time of intensive postoperative therapy. When a PF was confirmed or suspected, contrast examination of the drain was performed, and they determined the most effective drainage route by studying the flow of contrast media and performing enforced washing of saline (2000 mL/d). Continuous washing was performed for 1-3 wk depending on the clinical situation and amylase level of the drain.
The use of different drugs in an attempt to prevent PF has been reported. Konishi et al[19] reported the use of prolamine emulsion, which is regularly used to treat kidney tumors; it was injected into the main pancreatic duct. According to the authors, no patient developed a PF among the 51 cases of distal pancreatectomy. Suzuki et al[7] also reported the use of fibrin glue for sealing the pancreatic stump to prevent PF following distal pancreatectomy. They reported that 15.4% of patients in the fibrin glue sealing group and 40.0% of those in the control group were diagnosed as having a PF after distal pancreatectomy. However, they stated the following concerns: the injection of drugs may destroy the lobular structure of the parenchyma and cause atrophic fibrosis of the exocrine glands.
When it comes to the development of operative maneuvers, Kuroki et al[20] reported a trial of 20 patients in whom the pancreatic stump was covered with the gastric wall, and they compared these patients to 33 patients in whom the conventional method was performed. Using their new technique, only one case (5.0%) of PF occurred. Conversely, 12 cases (36.4%) of PF occurred in patients treated with the conventional method. Additionally, they discussed the hardness of the pancreas. Namely, PF can easily occur in a soft pancreas, so the hardness of the pancreas should be considered when comparing the incidence of PF between methods. Lillmoe et al[21] reported their method of covering the pancreatic stump with a ligament from the liver, and they asserted that it is easy to use.
Authors of these previous reports declared the superiority of their method; however, we do not believe that there have been enough cases to determine which method is best. These different techniques reflect the clinical heterogeneity in this field[1]. The impact of these techniques is difficult to interpret owing to small sample sizes, non-randomized study designs, and inconsistent study populations and fistula definitions.
Therefore, we developed our new method of invaginating the pancreatic stump into the stomach. Using this method, all leakage from the pancreatic stump flows into the stomach, so the results would not be dependent on the stiffness of the pancreas. This procedure does not require high-level techniques, and it only takes approximately 20 min to complete. The predicted disadvantages of this method include the following: (1) delayed gastric emptying may occur due to deformity of the stomach after fixation of the pancreas; (2) if a major leakage occurred from the gastropancreatic anastomosis, very severe complications would follow; and (3) if a future operation of the stomach is needed, it would be difficult to perform. However, this technique has been used for several years for pancreatoduodenectomy, with no major problems[22,23]. However, another limitation is that this procedure would not be beneficial in all cases. If the pancreatic tumor would have been on the left side of the portal vein and if the pancreatic resection line could not be moved to the left side of the portal vein, then we would not have been able to perform the invagination safely. In our case, if we had diagnosed the umbilical tumor as a metastasis of pancreatic cancer before the operation, pancreatectomy would not have been indicated. However, preoperative FDG-PET findings suggested that an inflammatory change had occurred, and we did not detect other metastases. We aimed to perform curative surgery and hoped to administer chemotherapy early. For these reasons, we needed to prevent PF as much as possible. Our patient was discharged on the eleventh day postoperatively and has not had any problems to date. We believe that our new method can be an effective procedure in some cases with distal pancreatectomy to prevent PF. We will continue to perform our method and collect data to examine its adequacy.
In conclusions, we obtained an excellent result in distal pancreatectomy invaginating the pancreatic stump into the stomach. Our new method may effectively prevent PF.
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COMMENTS
Case characteristics
A 50-year-old woman with a palpable umbilical mass at her navel.

Clinical diagnosis
A 2-cm-diameter tumor located in the pancreatic tail, along with low, enhanced foci scattered in the spleen. These findings suggested that the pancreatic cancer had already metastasized.

Imaging diagnosis
The abdominal computed tomography scan showed a 2-cm-diameter tumor located in the pancreatic tail. The para-aortic lymph node was not swollen; however, low, enhanced foci were scattered in the spleen. The fluorodeoxyglucose-positron emission tomography scan showed swelling in the pancreatic tail with abnormal accumulation.

Pathological diagnosis
Cytology of ascites showed that the umbilical region mass, the invasive ductal carcinoma, was a class V adenocarcinoma.

Treatments
The distal pancreas was resected without additional reinforcement to invaginate the stump into the gastric posterior wall with single layer anastomosis using a 3-0 absorbable suture.

Related reports
Ligation of the main pancreatic duct with a fish-mouth-shaped closure of the cut end has long been considered a standard technique for distal pancreatectomy. However, the probability of pancreatic fistula occurrence ranges from 32% to 57%

Term explanation
Pancreatectomy is performed to excise pancreatic tumors. This resection commonly results in a pancreatic fistula, which can further result in major complications.

Experiences and lessons
There is a high probability of pancreatic fistula occurrence after pancreatectomy. Here, we describe the technique of invaginating the pancreatic stump into the stomach. This method may effectively prevent pancreatic fistula.

Peer-review
The authors describe a new innovative approach for preventing postoperative pancreatic fistula.
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Figure 1 The low density tumor in the pancreatic tail (white arrow).
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Figure 2 Fluorodeoxyglucose-positron emission tomography scan showing the swollen part in the pancreas tail and umbilical region (white arrow) with abnormal accumulation.


[image: C:\Users\baishideng-2014\Desktop\revised-jyu\31193\31193-Figures\Figure 3.tif]
Figure 3 Our procedure. A: We invaginate the pancreatic stump into the posterior wall of the stomach with single layer anastomosis using a 3-0 absorbable suture; B: The pancreatic tail tumor is indicated by the index finger on the left-hand side; C: Measurement of the width of the stump; D: The cutting length is determined at about 80% of the stump width; E: Anastomosis is completed. The pancreatic stump is invaginated into the posterior wall of the stomach.
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Figure 4 The change of the invaginated pancreatic stump in the stomach. A: The invaginated pancreatic stump in the stomach after 1 wk; B: The stump after 3 mo; C: The stump after 1 year.
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