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Abstract
BACKGROUND
Splenic vein thrombosis is a known complication of pancreatitis. It can lead to increased blood flow through mesenteric collaterals. This segmental hypertension may result in the development of colonic varices (CV) with a high risk of severe gastrointestinal bleeding. While clear guidelines for treatment are lacking, splenectomy or splenic artery embolization are often used to treat bleeding. Splenic vein stenting has been shown to be a safe option.

CASE SUMMARY
A 45-year-old female patient was admitted due to recurrent gastrointestinal bleeding. She was anemic with a hemoglobin of 8.0 g/dL. As a source of bleeding, CV were identified. Computed tomography scans revealed thrombotic occlusion of the splenic vein, presumably as a result of a severe acute pancreatitis 8 years prior. In a selective angiography, a dilated mesenterial collateral leading from the spleen to enlarged vessels in the right colonic flexure and draining into the superior mesenteric vein could be confirmed. The hepatic venous pressure gradient was within normal range. In an interdisciplinary board, transhepatic recanalization of the splenic vein via balloon dilatation and consecutive stenting, as well as coiling of the aberrant veins was discussed and successfully performed. Consecutive evaluation revealed complete regression of CV and splenomegaly as well as normalization of the red blood cell count during follow-up.

CONCLUSION
Recanalization and stenting of splenic vein thrombosis might be considered in patients with gastrointestinal bleeding due to CV. However, a multidisciplinary approach with a thorough workup and discussion of individualized therapeutic strategies is crucial in these difficult to treat patients.
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Core Tip: Splenic vein thrombosis (SVT) is a complication of pancreatitis and can lead to development of varices with a high risk of gastrointestinal bleeding. While clear guidelines are lacking, splenectomy or splenic artery embolization are often employed. We present a rare case of recurrently bleeding colonic varices (CV) due to pancreatitis-induced (PI) SVT. In an interdisciplinary board, transhepatic recanalization of the splenic vein and consecutive stenting, as well as coiling of aberrant veins was decided and successfully performed. Follow-up revealed complete regression of varices. According to our knowledge, there is no case report in English literature describing stenting of PISVT in a patient with CV.

INTRODUCTION
Gastrointestinal bleeding due to colonic varices (CV) is rare but can be severe[1,2]. CV may be caused by thrombosis of the splenic vein. In our patient this was due to an episode of acute pancreatitis. Moreover, treatment is challenging, and a multidisciplinary individualized approach is warranted in these patients. Cases are rare and clear guidelines for management are lacking, as the available data is heterogenous and case numbers for interventional recanalization are low. Therefore, we present a patient with CV due to pancreatitis-induced splenic vein thrombosis (PISVT) and summarize the clinical features, treatment options and available data in the current literature.

SVT
The splenic vein is located at the posterior surface of the pancreas and is fed by tributaries from the spleen, the inferior mesenteric vein, the short gastric veins, the left gastroepiploic vein and pancreatic veins[2]. Isolated obstruction can occur as a result of external compression due to malignancy, retroperitoneal disease or splenic artery aneurysms[2,3]. In addition, SVT can be associated with a variety of diseases shown in Table 1[2,4,5].

PISVT
[bookmark: OLE_LINK1612][bookmark: OLE_LINK1613][bookmark: OLE_LINK1458][bookmark: OLE_LINK1997][bookmark: OLE_LINK2340][bookmark: OLE_LINK3164][bookmark: _Hlk24624036][bookmark: OLE_LINK1464][bookmark: OLE_LINK1465][bookmark: OLE_LINK1400][bookmark: _Hlk24624024]The predominant cause in approximately 50%-60% of isolated SVT is acute or chronic pancreatitis[5,6]. While Butler et al[7] yielded an overall incidence of PISVT of 14.1% in patients with pancreatitis (22.6% in acute and 12.4% in chronic pancreatitis), a meta-analysis including over 10000 patients reported the pooled prevalence of SVT in pancreatitis to be as high as 11.2%[7,8]. Thrombosis is a consequence of the associated inflammatory process of the pancreas, fostered by endothelial damage, the release of prothrombotic cytokines and vein compression due to edema, lymphadenopathy or pseudocysts causing stasis of blood flow[6]. However, it is still unclear if the risk of thrombosis correlates with the severity of pancreatitis[2,8]. Since PISVT is mainly diagnosed after the acute phase, recurrent indolent episodes of pancreatitis could play a major role in its development[6]. The diagnosis can be challenging as the accuracy of doppler sonography to diagnose SVT is low due to the small size, the location of the splenic vein and the presence of adjacent collaterals[6]. In addition, the incidence of compensatory splenomegaly in SVT was reported at 51.9%, rendering it unreliable for diagnosis[8]. Additionally, D-dimer levels can be elevated in SVT, but are also unspecific[4]. The diagnostic test of choice to assess the presence of SVT is late-phase celiac angiography [computed tomography (CT) or magnetic resonance imaging][6]. Ultimately, the gold standard to confirm SVT is selective angiography of the splenic artery with lacking drainage via the splenic vein[6]. Clinical symptoms of SVT are nonspecific and include abdominal pain and nausea[4]. Historically, patients with SVT were commonly described to present with acute bleeding, thereby overestimating the risk for hemorrhage, which has since been thought to be about 4%-17%[9,10]. Due to a broader availability and improvement of imaging, at present the majority of cases are diagnosed at an asymptomatic state[8].

Segmental Hypertension
PISVT can lead to increased blood flow through splenoportal, gastroepiploic or mesenteric collaterals creating a localized form of venous hypertension referred to as “segmental”, “sinistral” or “linear hypertension”[8]. This results in the development of varices in the area decompressing the corresponding segment and entails an increased risk of severe hemorrhage[2]. Frequently, the short gastric veins collateralize through portosystemic esophageal veins to the azygos system leading to esophageal varices[11]. Other pathways decompress the short gastric veins via the coronary vein into the portal vein or via the gastroepiploic arcade into the vena mesenterica superior creating gastric varices[11]. Another path runs along the left gastroepiploic vein to the left colic and inferior mesenteric vein[11]. Furthermore, collateral channels along intercostal and diaphragmatic veins draining into the vena cava inferior and a pathway via the adrenal vein into the renal vein have been described[11]. Segmental hypertension occurred in 12.5% in acute pancreatitis and in 2.7% in chronic pancreatitis[10,12]. Identified risk factors for the development of PISVT in pancreatitis were smoking, alcohol consumption, hypertriglyceridemia, diabetes, recurrent acute pancreatitis, infection of necrosis and pseudocysts[10,12]. Gastrointestinal varices are found in 53% of PISVT and are gastric in the majority (77.3%) of cases[8]. This is especially relevant as the rate of bleeding in patients with PISVT was reported to be 12.3%[8]. In case of varices the bleeding rate was at 19.1% and seemed to be higher in alcoholic than in non-alcoholic pancreatitis[12,13].

CV
CV associated with PISVT are very rare, data is scarce and only a few case reports exist[1,14-17]. In these cases, splenectomy was performed to manage bleeding and decompress the varices. The incidence rate of CV in general is estimated at 0.07%[3,18]. Causes of CV include liver cirrhosis (as the most frequent etiology), congestive heart failure, porto-mesenteric thrombosis, post-operative adhesions, inherited vascular anomalies (e.g., Klippel-Trenaunay-Weber syndrome) and idiopathic varices[18,19]. Diagnosis is primarily established via colonoscopy, although selective mesenteric angiography is the gold standard, as varices can be missed when flattened with insufflation and in hypotensive patients, especially if active bleeding is present[3]. Ectopic varices are reported to be more prone to bleeding and can have a mortality rate as high as 40%[20]. CV are rarer than small bowel and rectal varices; in one recent study only 3.5% of ectopic varices were situated in the colon[18,21].

CASE PRESENTATION
Chief complaints
We present a 45-year-old female who was admitted to the hospital due to recurrent hematochezia.

History of present illness
She denied abdominal pain, weight loss, fever or night sweats and there was no history of malignancy or inflammatory bowel disease.

History of past illness
Patient history included alcohol misuse, bipolar disorder, arterial hypertension, cholecystolithiasis, pancreatic insufficiency and an episode of severe acute pancreatitis 8 years prior, which required intensive care treatment.

Personal and family history
Family history for gastrointestinal disease, tumor or bleeding was negative.

Physical examination
On presentation, abdominal examination was unremarkable and vital signs were stable.

Laboratory examinations
Blood work showed anemia with a hemoglobin of 8 g/dL (12-15.4 g/dL), a mean corpuscular volume of 70 fL (80-99 fL) and a mean corpuscular hemoglobin of 22 pg (27-33.5 pg) while coagulation parameters were within normal range.

Imaging examinations
Gastroscopy revealed reflux esophagitis of grade A and a mild duodenitis. There was no evidence for varices or ulcers. During colonoscopy, largely dilated and tortuous varices spreading from the right transverse colon to just underneath the right colonic flexure were diagnosed (Figure 1). There was no active bleeding. A CT angiography confirmed an extensive venous convolute at the right colonic flexure and evidenced an aberrant mesenteric collateral coming from the splenic hilum as its feeding vein (Figure 2). The varices’ draining vein could be identified and lead to the superior mesenteric vein. In addition, splenomegaly (15 cm) and thrombotic occlusion of the splenic vein were diagnosed, while the portal vein and superior mesenteric vein were perfused regularly.
Selective angiography of the spleen via the femoral artery observed a long-segment occlusion of the splenic vein up to the confluence of the portal vein. It confirmed the findings of the CT angiography and noted that almost the entire venous drainage of the spleen occurred via mesenteric collaterals (Figure 2). Simultaneously, an arterio-portal fistula was ruled out. There was no evidence of liver cirrhosis or portal hypertension. Laboratory investigations showed transaminases, albumin and coagulation parameters within normal range. Platelets were slightly decreased due to splenomegaly. Transient elastography showed a value of 7.5 kPa and the hepatic venous pressure gradient was normal (3 mmHg).

FINAL DIAGNOSIS
Presumably, the splenic vein thrombosis was a result of the reported acute severe pancreatitis 8 years prior. Consequently, we postulated that PISVT prompted the formation of collaterals which lead to CV and gastrointestinal bleeding.

TREATMENT
In an interdisciplinary board, interventional transhepatic recanalization of the splenic vein via balloon dilatation and consecutive stenting, as well as coiling of the aberrant mesenteric veins under general anesthesia was planned. The splenic artery was cannulated via the femoral artery and a microcatheter was used to reach the splenic hilus and monitor venous drainage during the procedure (Figure 3A). Subsequently, right portal vein access was obtained transhepatically, a 6-French vascular sheath (Biotronik®, Berlin, Germany) was placed and a contrast venogram showed the expected occlusion of the splenic vein measuring 8 cm (Figure 3B and C). The aberrant vein feeding the varices was contrasted (Figure 3D). The obstructed vein was successfully cannulated using a 5-MP catheter and a Progreat-microcatheter (Terumo Interventional Systems, Somerset, NJ, United States). After crossing the occlusion, balloon angioplasty with a 3 mm × 12 mm and a 5 mm × 40 mm percutaneous transluminal angioplasty balloon was performed and was followed by deployment of two overlapping stentgrafts (8 mm × 57mm and 8 mm × 37 mm, BeGraft, Bentley), achieving successful recanalization of the splenic vein (Figure 3E and F). A follow-up venography confirmed restoration of antegrade flow. Afterwards, the dilated mesenteric collateral vein leading from the splenic hilum to the colon was cannulated via stentgrafts and a distal and proximal embolization by the deployment of multiple coils (Boston Scientific Interlock®; Marlborough, MA, United States) was performed (Figure 3G). A small gastral aberrant vein was also coiled. Follow-up angiography demonstrated patent stentgrafts allowing complete drainage of the spleen through the splenic vein (Figure 3H). The transhepatic access tract was occluded by means of gelfoam slurry (EmboCubes®; Merit Medical, South Jordan, UT, United States) and the femoral access using AngioSeal® (Terumo Interventional Systems).

OUTCOME AND FOLLOW-UP
A consecutive Doppler examination revealed antegrade perfusion of the splenic vein and regression of splenomegaly (1 d post-recanalization 15 cm, after 4 d 13 cm). At follow-up 2 mo later, lab results found a normalization of red blood cell count (hemoglobin 12.1 g/dL) and a colonoscopy confirmed drastic regression of CV with few residual veins in the right colonic flexure (Figure 4A). One year post-intervention, hemoglobin was at 13.2 g/dL, the spleen measured 11.5 cm, the splenic vein stent was patent with orthograde perfusion on duplex sonography and residual veins had completely disappeared (Figure 4B).

DISCUSSION
Gastrointestinal bleeding due to CV caused by PISVT is rare and difficult to treat[1,14-17]. Time from the onset of pancreatitis to the detection of SVT is highly variable ranging between 10 d and 9 years[10]. In our patient, there was an 8 year gap between the episode of pancreatitis and diagnosis of PISVT.
Due to limited data, clear guidelines for the treatment of CV are lacking. The use of non-selective beta-blockers for bleeding prophylaxis has been recommended with a low quality of evidence[22,23]. Conservative treatment also includes iron supplements and avoiding constipation[24]. The use of anticoagulation (AC) in chronic SVT with collaterals is controversial and dependent on etiology, risk of recurrence, progression and hemorrhage[5]. Considering the low rate of recanalization as well as the substantial bleeding risk if varices are present, an individualized risk assessment is necessary[4,5,10]. In our case, AC was not viable due to ongoing intermittent bleeding. However, our patient had suffered from acute pancreatitis previously and AC might be beneficial in acute pancreatitis to avoid SVT[25]. In acute pancreatitis and PISVT, data on AC are conflicting regarding recanalization and bleeding rate[10,26-28].
Endoscopic therapies such as variceal ligation, injection of cyanoacrylate or sclerotherapy may be performed for bleeding control in localized varices, but success depends on the location and expansion of the varices[2,18,23]. In addition, these techniques do not treat the underlying cause, thereby resulting in high re-bleeding rates[2,23]. In the setting of portal hypertension, transjugular intrahepatic portosystemic shunt (TIPS) is an option and achieved 100% initial hemostasis in ectopic variceal bleeding, with a subsequent re-bleeding rate of 21%[29]. Nevertheless, TIPS is not expedient in segmental hypertension when portal pressure and hepatic function are normal[2,23]. Another option to manage CV is embolization of the feeding veins[23,29]. Complications are rare and include post-embolization syndrome, infection, vessel injury and thromboembolism[30]. Embolization represents another short-term therapy with a high rate of successful bleeding control, but does not influence portal pressure, thus entailing high re-bleeding rates[23].
Surgical treatment, as for example, colon resection, can be required in cases of uncontrolled bleeding or when extensive varices are present[24]. Surgical devascularization, shunt procedures or other local therapy depending on the underlying etiology have been reported[23,29]. Historically, the surgical treatment of choice for PISVT is splenectomy, which eliminates the collateral outflow[6,31]. In patients with hemorrhage unresponsive to conservative management or a history of bleeding, it is still the treatment of choice[2]. However, considering the reported lack of progression and rarity of hemorrhage in patients with asymptomatic varices, as well as operative risk, risk of postoperative infection and portal vein thrombosis, “prophylactic splenectomy” in patients without evidence of bleeding remains controversial[2,6,11,31]. Splenic artery embolization (SAE) resulting in splenic infarction represents an option, although the risk of splenic abscess and intervention associated morbidity is considerable[2,6].
Reports on splenic vein recanalization and thereby minimizing blood flow to collaterals in segmental hypertension are scarce[11]. A retrospective study of endovascular splenic vein recanalization in patients with SVT by a transjugular approach achieved success in 8 of 11 cases[32]. Another study reported effective splenic vein stenting in 3 patients using a transhepatic approach[33]. Recently, Liu et al[34] compared 9 patients with splenic vein stenting, 12 cases of splenectomy and 12 patients with conservative treatment in PISVT and there were no recurrent bleeding or major complications in the interventional group[34]. Stent patency was 100% and PISVT receded significantly[34]. Furthermore, a retrospective analysis comparing splenic vein stenting and SAE in SVT related bleeding found significantly less re-bleeding in the recanalization group[35].
In our patient, endoscopic treatment and TIPS were not viable options due to the localization, size and extension of the varices and absence of portal hypertension. Embolization alone, balloon-occluded retrograde transvenous obliteration (commonly referred to as BRTO) or segmental colonic resection were considered as short-term options, but were unlikely to prevent future bleeding because of potential collateral development. Moreover, splenectomy to alleviate the segmental hypertension was discussed, but as the patient was stable and preferred a less invasive alternative, we opted to perform transhepatic recanalization of the splenic vein and consecutive stenting, as well as coiling of the feeding veins. Splenic vein stenting has been shown to be a safe option[32, 33]. According to our knowledge, there is no case report in the English literature describing recanalization and stenting of PISVT in a patient with CV. We found two case reports using recanalization and stenting in superior mesenteric vein thrombosis – one in hepatitis with CV and one in PISVT and associated duodenal varices with excellent results[18,36]. Also, there is a case report of successful splenic vein stenting in PISVT with gastric varices[11]. In the current case, we describe a successful transhepatic endovascular recanalization and stenting of a fully occluded splenic vein and embolization of aberrant veins in the setting of PISVT and CV with gastrointestinal bleeding. It can be argued, that coiling of the dilated aberrant veins leads to faster recompensation but may increase risk of splenic rupture in acute stent failure[35].

CONCLUSION
In summary, splenic vein recanalization seems to be an effective and safe procedure to resolve variceal complications in PISVT. An interdisciplinary discussion of potential therapeutic options is crucial as the available experience is important and an individualized approach to these patients is mandatory.
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Figure Legends
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Figure 1 Dilated and tortuous colonic varices on endoscopy without active bleeding. A: Right transverse colon; B: Right colonic flexure.
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Figure 2 Angiography images and computed tomography images. A: Angiography of splenic artery; B: Angiography of the mesenterial vein draining the spleen; C: Computed tomography (CT)-angiography showing colonic varices; D-G: 3D-Reconstruction of CT imaging. 3D-Reconstruction with the thrombosis of the splenic vein (arrowhead) and collateral vessels to the colon indicated by arrows.
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Figure 3 Angiography images. A: Right portal vein access; B: Simultaneously performed direct portography and indirect mesentericography via the splenic artery showing complete obstruction of the splenic vein; C: Successful cannulation of the obstructed splenic vein (SV); D: Phlebography of the colonic varices (CV) arising from the splenic hilum; E: Recanalization of the SV using balloon and stentgrafts; F: Successful recanalization of the SV; G: Coiling of the aberrant vein feeding the CV; H: Patent stentgraft with drainage of the spleen through the splenic vein.
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Figure 4 Follow-up colonoscopy. A: Right colonic flexure 2 mo after intervention; B: Transverse colon 1 year after intervention.


Table 1 Possible etiologies of splenic vein thrombosis[2,4,5]
	Pancreatic diseases1
	- Carcinoma 

	
	- All forms of pancreatitis

	
	- Pseudocysts

	
	- Abscess

	
	- Pancreas divisum

	Liver diseases
	- Liver cirrhosis

	
	- Budd-Chiari syndrome

	Coagulation disorders
	- Thrombocythemia

	
	- Deficiency of antithrombin III, Protein S or C

	
	- Antiphospholipid syndrome

	
	- Mutation of factor V

	
	- Myeloproliferative disorders

	Inflammatory disorders
	- Autoimmune disease

	
	- Inflammatory bowel disease

	
	- Intraabdominal inflammation

	Others
	- Prior abdominal surgery

	
	- Hormonal therapy

	
	- Paroxysmal nocturnal hemoglobinuria

	
	- Bechet’s disease

	
	- Retroperitoneal fibrosis

	
	- Tuberculous adenitis


1Most common due to local proximity.
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