Name of Journal: World Journal of Clinical Cases
Manuscript NO: 59086
Manuscript Type: CASE REPORT

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Hemosuccus pancreaticus caused by gastroduodenal artery pseudoaneurysm associated with chronic pancreatitis: A case report and review of literature

[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK11]Cui HY et al. Hemosuccus pancreaticus and gastroduodenal artery pseudoaneurysm

Hai-Yu Cui, Cheng-Hang Jiang, Jie Dong, Yang Wen, You-Wei Chen

Hai-Yu Cui, Jie Dong, You-Wei Chen, Department of Gastroenterology, Zhejiang Provincial People’s Hospital, People’s Hospital of Hangzhou Medical College, Hangzhou 310014, Zhejiang Province, China

Cheng-Hang Jiang, Department of Emergency Medicine, Zhejiang Provincial People’s Hospital, People’s Hospital of Hangzhou Medical College, Hangzhou 310014, Zhejiang Province, China

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Yang Wen, Department of Radiology, Zhejiang Provincial People’s Hospital, People’s Hospital of Hangzhou Medical College, Hangzhou 310014, Zhejiang Province, China

[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Author contributions: Cui HY was responsible for collecting the medical history of the patient and drafting the paper; Jiang CH was responsible for collecting the medical history of the patient; Dong J was responsible for drafting the paper; Wen Y is a radiologist who provided the radiological results; Chen YW reviewed the literature and revised the manuscript; All authors issued final approval for the version to be submitted.

Corresponding author: You-Wei Chen, MSc, Chief Doctor, Department of Gastroenterology, Zhejiang Provincial People’s Hospital, People’s Hospital of Hangzhou Medical College, No. 158, Shangtang Road, Hangzhou 310014, Zhejiang Province, China. cyw@zju.edu.cn

Received: September 20, 2020
Revised: October 30, 2020
Accepted: November 9, 2020
Published online: January 6, 2021

 4 / 23

Abstract
BACKGROUND
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Hemosuccus pancreaticus is a very rare but severe form of upper gastrointestinal hemorrhage. The most common etiology is peripancreatic pseudoaneurysm secondary to chronic pancreatitis. Due to the rarity of gastroduodenal artery pseudoaneurysms, most of the current literature consists of case reports. Limited knowledge about the disease causes diagnostic difficulty.

CASE SUMMARY
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]A 39-year-old man with a previous history of chronic pancreatitis was hospitalized due to hematemesis and melena for 2 wk, with a new episode lasting 1 d. Two weeks prior, the patient had visited a local hospital for repeated hematemesis and melena. Esophagogastroduodenoscopy indicated hemorrhage in the descending duodenum. The patient was discharged after the bleeding stopped, but hematemesis and hematochezia recurred. Bedside esophago-gastroduodenoscopy showed no obvious bleeding lesion. On admission to our hospital, he had hematemesis, hematochezia, left middle and upper abdominal pain, severe anemia, and elevated blood amylase. After admission, intermittent hematochezia was observed. Abdominal contrast-enhanced computed tomography revealed a pseudoaneurysm in the pancreas head. Angiography confirmed the diagnosis of gastroduodenal artery pseudoaneurysm. The pseudoaneurysm was successfully embolized with a coil and cyanoacrylate. No bleeding was observed after the operation. After discharge from the hospital, a telephone follow-up showed no further bleeding signs.

CONCLUSION
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Hemosuccus pancreaticus caused by gastroduodenal artery pseudoaneurysm associated with chronic pancreatitis is very rare. This diagnosis should be considered when upper gastrointestinal bleeding and abdominal pain are intermittent. Abdominal enhanced computed tomography and angiography are important for diagnosis and treatment.
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[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Core Tip: Hemosuccus pancreaticus (HP) caused by gastroduodenal artery pseudoaneurysm associated with chronic pancreatitis is a very rare but severe form of upper gastrointestinal hemorrhage. Limited knowledge about the disease causes diagnostic difficulty. Here, we present a case of HP caused by gastroduodenal artery pseudoaneurysm associated with chronic pancreatitis, which was diagnosed by abdominal enhanced computed tomography and angiography and treated with transarterial embolization. The diagnosis of HP should be considered when upper gastrointestinal bleeding and abdominal pain are intermittent. Abdominal enhanced computed tomography and angiography are important for diagnosis and treatment.


INTRODUCTION
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Hemosuccus pancreaticus (HP) refers to the phenomenon of bleeding from the ampulla of Vater via the pancreatic duct to the intestine. The diagnosis of HP is very difficult. Intermittent abdominal pain and intermittent bleeding are characteristic manifestations of HP[1]. Angiography is currently the most widely used method for diagnosing HP, which has a sensitivity of 96%[2]. For treatment, angiography with endovascular embolization is reliable and minimally invasive and has a success rate of approximately 79%-100%[3].
HP is extremely rare, and only approximately 150 cases have been reported in the worldwide literature to date[4]. Peripancreatic pseudoaneurysm occurs in approximately 10% to 17% of all chronic pancreatitis[5], which is the main cause of HP[6]. The gastroduodenal artery pseudoaneurysm associated with chronic pancreatitis is the second cause of HP, accounting for approximately 10%-20% of HP cases[7]. This article reports a case of HP caused by gastroduodenal artery pseudoaneurysm secondary to chronic pancreatitis, which was successfully treated with endovascular embolization for hemostasis.

CASE PRESENTATION
Chief complaints
A 39-year-old man was admitted to the hospital due to hematemesis and melena for 2 wk, with a new episode lasting 1 d.

History of present illness
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Two weeks before admission, the patient had hematemesis and melena without obvious known causes. He vomited light red fluids 4-5 times/d and passed tarry stools 3-4 times/d; these events were accompanied by epigastric pain, abdominal distension, and fatigue. He had no dizziness or syncope. He was hospitalized at a local hospital where examinations showed a hemoglobin (Hb) level of 86 g/L. Esophagogastroduodenoscopy (EGD) showed fresh blood in the descending part of the duodenum but did not show a clear bleeding site. The patient was treated with blood transfusion, acid blockers, and intravenous (IV) fluid and discharged from the hospital after no recurrence of hematemesis or melena was observed. 
One day before admission to our hospital, the patient vomited bright red blood once and was admitted to the local hospital. Bedside EGD showed no obvious bleeding in the upper gastrointestinal tract. During his hospitalization, the patient had repeated hematemesis and hematochezia 4-5 times/d accompanied by left upper abdominal pain and fatigue. His minimum Hb level was 42 g/L. After treatment with blood transfusion, IV fluid, acid blockers, and hemostasis, he was transferred to our hospital for emergency admission.

History of past illness
The patient had a history of chronic pancreatitis. He denied chronic diseases such as hypertension, coronary heart disease, and diabetes, a history of abdominal surgery and trauma, and a history of food and drug allergy.

Personal and family history
The patient denied a history of smoking and drinking and any history of diseases in family members.

Physical examination
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]On admission, the patient had a body temperature of 37.2 °C, a pulse of 102 beats/min, a respiratory rate of 19 times/min, a blood pressure of 117/91 mmHg, and an oxygen saturation of 98%. The patient had manifestations of anemia and pale conjunctiva. His abdomen was soft with upper abdominal tenderness. No rebound tenderness was noted. No abdominal mass was palpable. No other obvious abnormality was noted.

Laboratory examinations
[bookmark: OLE_LINK30]The complete blood count on admission was as follows: White blood cell count, 8.00 × 109/L; red blood cell count, 2.34 × 109/L; Hb, 66 g/L; hematocrit, 0.192; platelet count, 108 × 109/L; total amylase, 198 U/L; D-dimer, 6060 µg/L; hypersensitive C-reactive protein, 40.1 mg/L; procalcitonin, 0.12 ng/mL; and serum albumin, 24 g/L (Table 1). Coagulation function, alanine aminotransferase, aspartate aminotransferase, total bilirubin, alkaline phosphatase, glutamyl transpeptidase, urinalysis results, stool analysis, tumor marker expression, troponin I, and electrocardiogram results were all within normal limits.

Imaging examinations
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]A noncontrast-enhanced computed tomography (CT) scan of the abdomen and pelvis showed pancreatic swelling, uneven density, vague edges, multiple spots of calcifications, and hyperintense opacities in the pancreatic head and body, indicating chronic pancreatitis and pancreatic head hemorrhage.
Subsequent contrast-enhanced CT of the abdomen showed isointense, rounded opacities with a diameter of approximately 41 mm in the pancreatic head that were enhanced with contrast in the arterial phase and were closely related to the gastroduodenal artery, indicating pseudoaneurysm (Figure 1). Furthermore, digital subtraction angiography performed via the celiac trunk showed the formation of pseudoaneurysms at the proximal gastroduodenal artery; the remaining blood vessels were unremarkable (Figure 2A, Video 1A).

FINAL DIAGNOSIS
The patient was diagnosed with HP caused by gastroduodenal artery pseudo-aneurysm associated with chronic pancreatitis.

TREATMENT
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Before the diagnosis was confirmed, the patient was treated with a transfusion of 6 U of red blood cells and 230 mL plasma, IV fluids, and acid blockers. A repeated test showed that the total blood amylase level had dropped to normal (75 U/L), and the Hb concentration fluctuated between 46 and 67 g/L. The patient still had repeated hemorrhaging and melena with intermittent upper abdominal pain. After the diagnosis of gastroduodenal artery pseudoaneurysm was confirmed, the pseudoaneurysm was embolized with a 4 mm × 4 mm coil, and the vessels proximal and distal to the pseudoaneurysm were embolized with an appropriate amount of medical glue (Figure 2B, Video 1B). After the operation, 5 U of red blood cells were transfused, and IV fluids were given.

OUTCOME AND FOLLOW-UP
After the operation, no hematemesis or hematochezia was reported, and the patient’s Hb level increased to 82 g/L. Upper abdominal pain was improved. At a telephone follow-up 2 mo after discharge from the hospital, the patient presented no symptoms of hematemesis, melena, hematochezia, or abdominal pain.

DISCUSSION
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]HP is the phenomenon of bleeding from the ampulla of Vater via the pancreatic duct to the intestine. HP was first described by Lower and Farrell[8] in 1931. In 1970, Sandblom[9] first used the term HP. HP is a rare but severe form of upper gastrointestinal bleeding. The degree of HP ranges from intermittent small bleeds to acute massive bleeding, and severe bleeding can lead to death[1]. The disease is very rare, and only approximately 150 cases have been reported in the worldwide literature to date[4]. Most cases have been reported in case reports or single center case series[10]. Only 21 cases of HP caused by gastroduodenal pseudoaneurysm have been reported in the English-language literature between 1977 and September 2020. Table 2 summarized the salient clinical features of 118 cases of HP published in the English literature.
The causes of HP include pancreatic inflammation, vascular lesions, tumors, surgery, and trauma. Peripancreatic pseudoaneurysm occurs in approximately 10% to 17% of all chronic pancreatitis[5], which is the main cause of HP[6]. The possible mechanism is that during the progression of pancreatic inflammation, pancreatic enzymes (mainly elastase) can erode the pancreatic blood vessels and tissues by proteolysis, causing vascular rupture and cyst formation; the resulting communication between the cyst and the artery forms a pseudoaneurysm. When the aneurysm ruptures into the pancreatic duct, it manifests as a pancreatic hemorrhage[7]. The main site of visceral pseudoaneurysm formation is the splenic artery (60%)[6]; other affected arteries include the superior mesenteric artery[10], celiac trunk[11], cystic artery[12], right hepatic artery[13], and inferior mesenteric artery[3]. The gastroduodenal artery is a rare site for visceral pseudoaneurysms, and its incidence rate are reported between approximately 1.5%[14] and 20%[7] of all visceral pseudoaneurysms. Given the rarity of the disease, the data may be biased. However, the gastroduodenal artery pseudoaneurysm is the second cause of HP, only next to splenic artery according to the current English-language literature. 
The diagnosis of HP is very difficult. The symptoms may vary among patients and are not typical in some cases. Thus, the disease is very easily missed or misdiagnosed. Common symptoms of HP include abdominal pain (52%, usually upper abdominal pain) and gastrointestinal bleeding symptoms (46%, melena, hematochezia, and hematemesis)[15]. Other possible clinical signs include hyperamylasemia[16], jaundice[17], nausea, vomiting, anorexia, weight loss, and a palpable upper abdominal pulsating mass[1].
Intermittent abdominal pain and intermittent bleeding are characteristic manifestations of HP[1]. The possible mechanism is blood clots blocking the pancreatic duct and causing increased pressure in the duct. As a result, bleeding is stopped, but abdominal pain may persist. After a period of time (from tens of minutes to several days), the blood clots are dissolved and passed, and the pressure in the pancreatic duct is reduced. At that time, the abdominal pain is relieved, but gastrointestinal bleeding resumes. The mechanism of hyperamylasemia remains unclear. Galanakis et al[16] proposed two explanations. One explanation is that the formation of blood clots in the pancreatic duct causes partial or full obstruction, which manifests as transient hyperamylasemia or hyperbilirubinemia. The other explanation is that due to the anatomical proximity of the gastroduodenal artery and the pancreaticobiliary drainage system, an aneurysm or a closed hematoma may cause exogenous compression of the common bile duct and main pancreatic duct. The former condition may explain the hyperamylasemia in the patient described in this case. This patient had intermittent abdominal pain, intermittent bleeding, and elevated amylase, leading to a suspicion of HP. 
Early confirmed diagnosis and intervention are very important. HP can cause fatal bleeding due to aneurysm rupture, and the risk is not related to the size of the pseudoaneurysm[18]. With the continuous development of technology, available diagnostic methods include EGD, CT, magnetic resonance imaging (MRI), angiography, endoscopic retrograde cholangiopancreatography[19,20], endoscopic ultrasound[14], Doppler ultrasound[21,22], and the radionuclide tracer technique[20]. EGD is the necessary and preferred method for diagnosing upper gastrointestinal bleeding. The presence of bright blood from the duodenal papilla during the operation is a direct sign of HP. Even if active bleeding from the ampulla cannot be observed, other diseases that can cause upper gastrointestinal bleeding (such as peptic ulcer, erosion hemorrhagic gastritis, and tumors) can be ruled out by normal EGD findings. If blood of an unknown origin is found in the descending part of the duodenum, HP should be suspected[20]. Sometimes, however, HP can be difficult to diagnose using EGD. Due to the characteristics of intermittent bleeding in HP, more than half of EGD results may be normal[23,24]. In addition, the duodenal papilla in some patients cannot be observed during EGD. A side-viewing duodenoscope can be used in this situation to observe whether bleeding from the ampulla is present. Therefore, in patients with recurring or persistent gastrointestinal bleeding, EGD should be performed repeatedly, or a side-viewing duodenoscope should be used. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Contrast-enhanced CT, CT angiography, or MRI are useful for diagnosing pseudoaneurysms. Among these techniques, abdominal contrast-enhanced CT is more convenient and efficient for primary diagnosis. Contrast-enhanced CT and CT angiography can simultaneously show arteries, aneurysms, and structures around the pancreas in the arterial phase, while continuous enhancement can be observed in pseudocysts in the venous phase[25]. In this case, if this patient had undergone an abdominal contrast-enhanced CT scan, his pseudoaneurysm might have been found earlier. MRI can be used as an alternative examination method for people who are allergic to iodine. MRI can reveal a small amount of blood in the pancreatic duct and duodenum and can also be used to distinguish pseudocysts from abscesses[26]. Angiography is currently the most widely used method for diagnosing and treating HP and has a sensitivity of 96%[2]. Angiography can reveal the parent blood vessel that is bleeding and can clearly show the anatomy of the target blood vessel and surrounding blood vessels. However, angiography has limitations, as it cannot accurately locate the diseased blood vessel in cases with minor or intermittent bleeding. In such cases, the diagnosis of HP usually requires the use of multiple methods. In the present case, EGD, abdominal contrast-enhanced CT, and digital subtraction angiography were used to confirm the diagnosis.
After the bleeding vessel is identified, the bleeding lesion must be treated immediately. Even after treatment, the mortality rate is still 25%-37% in patients with severe bleeding[27]. At present, the preferred treatment method is endovascular embolization to achieve hemostasis. This technique is reliable and minimally invasive with a success rate of approximately 79%-100%[3]. Coils are commonly used embolic materials[28]. A coil is packed into the lumen of the pseudoaneurysm to cause complete thrombosis; the lumen opening is then closed with the coil, and the distal and proximal ends of the parent vessel are embolized to ensure that the aneurysm is isolated from the blood circulation. Other embolic materials that can be used include n-butyl-cyanoacrylates[29], Spongostan[30], and thrombin[31]. The maximum probability of rebleeding is approximately 37% in patients who undergo vascular embolization[22]. The specific mechanism of rebleeding is not clear but may be related to the opening of collateral vessels. Some patients require re-embolization. A covered stent can be used for aneurysms in a large artery (such as the abdominal trunk) or a single artery without collateral circulation. Such stents cover the opening of the aneurysm to prevent blood from entering the aneurysm body while maintaining the patency of the blood vessels, thereby preventing ischemia in other tissues. Surgical treatment is a classic treatment method. However, due to the greater associated trauma, surgery is most suitable for patients for whom vascular interventional therapy has failed, those with unstable vital signs, and those requiring laparotomy (for example, when the bleeding site cannot be located on examination).
The patient in the present case was diagnosed with HP caused by gastroduodenal artery pseudoaneurysm associated with chronic pancreatitis and underwent coil and cyanoacrylate embolization in the distal and proximal parent blood vessel. No gastrointestinal bleeding was reported after the operation.

CONCLUSION
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]This article reports a case of HP caused by gastroduodenal artery pseudoaneurysm secondary to chronic pancreatitis, which was successfully treated with endovascular embolization for hemostasis. HP is a very rare disease, and the characteristic symptoms are intermittent abdominal pain and intermittent gastrointestinal bleeding. Missed diagnosis and misdiagnosis are common, thus complicating the clinical diagnosis. HP should be considered when upper gastrointestinal bleeding and abdominal pain are intermittent. Abdominal CT and digital subtraction angiography are important for confirming the diagnosis and treatment.
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Figure Legends
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Figure 1 Contrast-enhanced computed tomography of the abdomen. A: Noncontrast-enhanced computed tomography revealed pancreatic swelling, multiple granular calcifications in the parenchyma, pancreatic duct dilatation in the body and tail, and a circular hypointense opacity surrounded by a slightly hyperintense wall in the pancreatic head; B: Obvious enhancement in the pancreatic head lesion in the arterial phase, with a computed tomography value of approximately 195 HU and without enhancement of the surrounding tissue. The lesion is closely related to the gastroduodenal artery (arrow); C: Continuous enhancement in the pancreatic head lesion in the venous phase, with a computed tomography value of approximately 125 HU and without enhancement of the surrounding tissue; D: Sagittal view of multiplanar reconstruction showing the adjacent relationship between the pancreatic head lesion and surrounding structures.
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Figure 2 Abdominal digital subtraction angiography. A: Gastroduodenal artery pseudoaneurysm; B: Image after occlusion using a coil and cyanoacrylate embolization.

Table 1 Laboratory test results on admission
	Complete blood count 
	Results
	Reference range
	Unit

	White blood cell count
	8.00
	3.50-9.50
	109/L

	Red blood cell count
	2.34
	4.30-5.80
	109/L

	Hemoglobin
	66
	130-175
	g/L

	Hematocrit
	0.192
	0.400-0.500
	

	Platelet count
	108
	125-350
	109/L

	Total amylase
	198
	30-100
	U/L

	D-dimer
	6060
	0-500
	µg/L

	C-reactive protein
	40.1
	0.0-10.0
	mg/L

	Procalcitonin
	0.12
	0.00-0.50
	ng/mL

	Serum albumin
	24
	40-55
	g/L




Table 2 Salient clinical features of hemosuccus pancreaticus
	Characteristic
	n (%)

	Causes
	118

	[bookmark: _Hlk54904339]Splenic artery pseudoaneurysm
	23 (19.5)

	Gastroduodenal artery pseudoaneurysm
	21 (17.8)

	Other aneurysms or pseudoaneurysms
	37 (31.4)

	Pancreatic tumors
	14 (11.9)

	Vascular diseases
	8 (6.8)

	EUS-FNA
	3 (2.5)

	Surgery
	2 (1.7)

	Trauma
	1 (0.8)

	Unclear causes
	9 (7.6)

	Symptoms
	

	Melena
	62 (52.5)

	Abdominal pain
	54 (45.8)

	Hematemesis
	31 (26.3)

	Hematochezia
	16 (13.6)

	Gastrointestinal bleeding
	11 (9.3)

	Lab results
	

	Hyperamylasemia
	5 (4.2)

	Hyperbilirubinemia
	2 (1.7)

	Endoscopic findings
	118

	Positive1
	56 (47.5)

	Negative2
	62 (52.5)

	Imaging findings
	118

	Positive3
	74 (62.7)

	Negative4
	44 (37.2)

	Treatment
	118

	Artery embolization
	52 (44.1)

	Surgery
	45 (38.1)

	Stent placement
	9 (7.6)

	Conservative treatment
	9 (7.6)

	Thrombin injection
	4 (3.4)


1Positive: Esophagogastroduodenoscopy or side-viewing duodenoscopy observed bleeding from the ampulla of Vater.
2Negative: Esophagogastroduodenoscopy or side-viewing duodenoscopy did not observe bleeding from the ampulla of Vater.
3Positive: Imaging results suggest the cause of hemosuccus pancreaticus.
4Negative: Imaging results fail to suggest the cause of hemosuccus pancreaticus. EUS-FNA: Endoscopic ultrasound-fine need aspiration.
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