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Abstract
AIM: To determine the optimal initial treatment modality for acute superior mesenteric vein thrombosis (ASMVT) in patients with circumscribed peritonitis.

METHODS: A retrospective review was made of the Vascular Surgery Department’s medical records to identify adult patients (≥ 18-years-old) presenting with circumscribed peritonitis and diagnosed with ASMVT by imaging or endoscopic examination. Patients were selected from the time period between October 2009 and October 2012 to assess the overall performance of a new first-line treatment policy implemented in May 2011 for patients with circumscribed peritonitis, recommending transcatheter thrombolysis with local anticoagulation and endovascular mechanical thrombectomy. Of the 25 patients selected for study inclusion, 12 had undergone emergency surgical exploration (group 1) and 13 had undergone the initial catheter-directed thrombolysis (group 2). Data extracted from each patient’s records for statistical analyses included method of diagnosis, symptoms, etiology and risk factors, thrombus location, initial management, morbidity, mortality, duration and total cost of hospitalization (in Renminbi, RNB), secondary operation, total length of bowel resection, duration of and findings in follow-up, and death/survival.

RESULTS: The two treatment groups showed similar rates of morbidity, 30-d mortality, and 1-year survival, as well as similar demographic characteristics, etiology or risk factors, computed tomography scan characteristics, symptoms, findings of blood testing at admission, complications, secondary operations, and follow-up outcomes. In contrast, the patients who received the initial non-operative treatment of transcatheter thrombolysis had significantly shorter durations of admission to symptom elimination (group 1: 18.25 ± 7.69 d vs group 2: 7.23 ± 2.42 d), initial treatment to enteral or oral nutrition restoration (20.50 ± 5.13 d vs 8.92 ± 1.89 d) and hospital stay (43.00 ± 13.77 vs 20.46 ± 6.59), as well as significantly less total length of bowel resection (170.83 ± 61.27 cm vs 29.23 ± 50.24 cm) and lower total cost (200020.4 ± 91505.62 RNB vs 72785.6 ± 21828.16 RNB) (all P < 0.05). Statistical analyses suggested that initial transcatheter thrombolysis is correlated with quicker resolution of the thrombus, earlier improvement of symptoms, stimulation of collateral vessels development, reversal of intestinal ischemia, receipt of localizing bowel resection to prevent short bowel syndrome, shorter hospitalization, and lower overall cost of treatment.

CONCLUSION: For ASMVT patients with circumscribed peritonitis, early diagnosis is key to survival, and non-operative transcatheter thrombolysis is feasible and effective as an initial treatment.

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.  
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Core tip: There is no consensus on the recommendation of initial management of acute superior mesenteric venous thrombosis (ASMVT) with moderate, circumscribed peritonitis of suspected bowel infarction. Signs of peritonitis have traditionally been considered an indicator for prompt surgery, but patients undergoing extensive bowel resection during an acute inflammatory phase frequently manifest short bowel syndrome. A non-operative treatment modality was recently developed to overcome this clinical challenge. Intravascular thrombolysis therapy has since been widely applied and favorable clinical outcomes have been reported. This study systematically investigates the outcome of transcatheter thrombolysis as a first-line treatment for ASMVT patients with circumscribed peritonitis.
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INTRODUCTION

Acute superior mesenteric vein thrombosis (ASMVT) is a rare but potentially lethal abdominal condition, and accounts for 6% to 9% of all reported cases of acute mesenteric ischemia1[]
. Intestinal gangrene, caused by mesenteric venous occlusion and treated by bowel resection, was first reported in 18952[]
, but it was not until 1935 that mesenteric vein thrombosis (MVT) was described in detail and recognized as a distinct clinical entity3[]
. To date, no distinctive symptom has been characterized, and the vague symptomological profile makes clinical diagnosis difficult. The most commonly reported clinical symptom is crampy abdominal pain, and MVT is suspected when treating physicians deem the pain to be out of proportion to other physical findings. 

The advent of contrast-enhanced computed tomography (CT) and application for portal venography has remarkably improved the rate of early detection of ASMVT prior to laparotomy, with a reported sensitivity of greater than 90%
 ADDIN EN.CITE 

[4]
. The current consensus for clinical management of diagnosed ASMVT is prompt systemic anticoagulation, with emergency laparotomy considered imperative for cases with diffuse peritonitis or confirmed bowel perforation and/or transmural necrosis
 ADDIN EN.CITE 

[5-7]
. Cases of ASMVT with moderate, circumscribed peritonitis and suspected bowel infarction are relatively common. No definitive initial management strategy has been established to address this complex condition, and conflicting data have been reported for the efficacies of prompt surgical exploration and non-operative treatment. 

Signs of peritonitis have traditionally been considered as an indicator for prompt surgery
 ADDIN EN.CITE 

[5,8]
. However, the border between ischemic and viable bowel observable in exploratory laparotomy is obscure during the acute phase
 ADDIN EN.CITE 

[9,10]
. Moreover, extensive bowel resection carries a risk of manifesting short bowel syndrome (SBS), which is strongly associated with high 30-d mortality and low 5-year survival
 ADDIN EN.CITE 

[11]
. Non-operative treatment approaches, such as the recently developed intravascular thrombolysis therapy, are based on early recanalization of the superior mesenteric vein (SMV) in the ischemic bowel to conserve as much of the bowel as much as possible; in general, these approaches have produced favorable clinical outcomes
 ADDIN EN.CITE 

[12-17]
. For example, compared to the mortality rates reported for surgical treatment (29%-38%), the non-operative treatments are much lower (13%-19%)
 ADDIN EN.CITE 

[14]
.

Recent retrospective studies have shown that performing initial non-surgical management with systemic anticoagulation delayed or precluded surgical treatment, thereby lowering the rates of SBS in these patients
 ADDIN EN.CITE 

[8,17-20]
. The non-surgical method of transcatheter thrombolysis therapy has been shown to not only effectively regress the ischemic lesion but to consequently reduce the rates of cases requiring subsequent surgical treatment
 ADDIN EN.CITE 

[13,21-24]
. This study was designed to analyze and compare the features and outcomes of ASMVT cases with circumscribed peritonitis administered prompt surgical treatment with cases given intravascular interventional therapy. The results will help to identify the optimal initial treatment strategy for patients with this complex condition; in addition, this is the first study to investigate the clinical utility and safety of transcatheter thrombolysis as a first-line treatment for ASMVT with circumscribed peritonitis.
MATERIALS AND METHODS

Ethics statement

This retrospective observational study was designed according to the ethical principles outlined by the Declaration of Helsinki and approved by the local ethic’s committee of Jinling Hospital.

Study design and patient selection

The medical records of Jinling Hospital’s Vascular Surgery Department were searched to identify patients with intraoperative or admitting diagnosis of acute mesenteric venous thrombosis according to the ICD-10 coding system during the 3-year period of October 2009 to October 2012. The 150 medical records retrieved were compiled into an anonymized (coded) database created using SPSS statistical software (SPSS Inc., Chicago, IL, United States). The patient data was then filtered to select for the following inclusion criteria: diagnosis of ASMVT by imaging examination [contrast-enhanced computed tomography (CT), magnetic resonance imaging (MRI), or digital subtraction angiography (DSA) portal venography] or exploratory laparotomy; receipt of initial treatment within 4 wk of symptom onset; adult patients between the ages of 18- and 80-years-old; signs of circumscribed peritonitis (abdominal guarding and/or rebound tenderness); and no history of splanchnic venous thrombosis. Patients were excluded according to: presence of hepatic or renal failure, malignancies or other serious systemic illnesses at admission; incomplete medical records or imaging data; follow-up participation for < 1 year; allergy to anticoagulant or thrombolytic agents. In total, 125 patients were excluded from the study. 

Twenty-five patients fit the criteria for study participation, including 12 who underwent emergency surgical exploration (group 1) and 13 who underwent initial catheter-directed thrombolysis (group 2). In agreement with accepted standards
 ADDIN EN.CITE 

[7,25,26]
, our hospital considered peritonitis with suspected bowel infarction as an indicator for prompt surgery to treat ASMVT. The majority of surgically-treated cases required extensive bowel resection and a high incidence of subsequent SBS was noted by the hospital staff. These administrative observations led to the implementation of a new policy in May 2011, recommending transcatheter thrombolysis with local anticoagulation and endovascular mechanical thrombectomy in lieu of prompt laparotomy as the first-line treatment for patients with circumscribed peritonitis. 

Each patient in this study was assessed for medical history, thrombus characteristics, initial management, morbidity, 30-d mortality, duration (in days) and total cost (in Renminbi, RNB) of hospitalization, secondary operation, total length (in cm) of bowel resection, duration (in days) of follow-up, and survival at 1-year. 

Pre-treatment evaluation, clinical management, and follow-up

During the hospitalization period, in-patients underwent a physical examination at least twice daily, along with daily evaluation of white blood cell count and plasma C-reactive protein (CRP) and lactic acid levels. Systemic coagulation function was closely monitored by measuring the prothrombin time, activated partial thromboplastin time, international normalized ratio (INR), fibrinogen level, antithrombin III level, and hemostasis (by thromboelastography). Hematological testing was performed in-house and used to determine the etiology. Pathological analysis of the resected bowel was performed to determine the proportion of ischemic to non-ischemic tissue. 

All patients were treated with nasogastric suction (to reduce bowel movements and intraluminal pressure), broad-spectrum prophylactic antibiotics, and solutes (to maintain normal fluid, electrolyte and acid/base balance). In cases of poor microcirculation or low fluid volume, dextran was administered. In general, administration of vasopressors or somatostatin was discouraged to avoid exacerbation of the intestinal circulatory compromise. Immediately upon diagnosis, all patients were started on an anticoagulant regimen (5 mg/d oral fondaparinux sodium (GlaxoSmithKline, Greenford, United Kingdom) and 80 mL/d argatroban injection (TIPR Pharmaceutical Responsible Co., Ltd, Tianjing, China).
The transcatheter thrombolysis was administered directly via the percutaneous transhepatic or transjugular intrahepatic route, or indirectly via superior mesenteric artery access (SMA). The thrombolysis step was initiated by local delivery of an anticoagulation agent (100000 IU injection of urokinase; Nanjing Nanda Pharmaceutical Co., Ltd, Nanjing, China), after which a continuous infusion of urokinase (200000-300000 IU/d) with fondaparinux sodium (5 mg/d) plus argatroban (80 mL/d) was delivered through a 5-Fr multiple side-hole infusion catheter (Angiodynamics, Queensbury, NY, United States). In cases of secondary mesenteric arteriospasm, pavarin (Northeast Pharmaceutical Group Shenyang No. 1 Pharmaceutical Co., Ltd, Shenyang, China) was administered continuously via SMA (120 mg/d) until the condition resolved.
In cases with late stricture, bowel resection with primary anastomosis was carried out (Figure 1). In cases with bowel necrosis or perforation, a two-step resection, based on the “damage control surgery” concept27[]
, was carried out using jejunostomy plus ileostomy (Figure 1E), or an open abdomen technique was used with sequential resuscitation and organ function support in the intensive care unit. When thrombi were present within the trunk, intraoperative thrombectomy was performed with Fogarty catheters followed by an immediate injection of 4100 IU of low-molecular-weight heparin (Fraxiparine; GlaxoSmithKline) (Figure 1C). The definitive surgery of bowel anastomosis was scheduled to be performed following 3-6 mo of enteral nutrition therapy. 

Oral anticoagulation therapy (warfarin sodium; Jiufu Pharmaceutical Co., Ltd., Shanghai, China) was given as a 6-mo or permanent post-discharge regimen, respectively, for patients with known reversible factors or with idiopathic thromboembolism or thrombophilia. The patients on anticoagulation treatment were monitored by measuring the INR (target: 2-3 times the control value).

Follow-up assessment included clinical and imaging examinations, starting at 1-mo post-treatment, then every 2 mo over the next 6 mo and thereafter every 3 mo. The clinical examination included clinician observations and patient reports of symptoms and signs, laboratory testing of routine blood parameters, hepatic and renal function markers and coagulation. The imaging examination included contrast-enhanced CT and ultrasonography of the portal vein and SMV. The rates of 30-d and 1-year mortality and recurrence were calculated.

Statistical analysis

All statistical analyses were carried out using the SPSS statistical software suite v14.0 (SPSS Inc.). Means ± standard deviations of continuous variables were calculated if the values were normally distributed, otherwise median and interquartile ranges (IQR; 25th percentile to 75th percentile) were calculated. Differences between two groups were assessed by t-test or Mann–Whitney U-test (for normally and non-normally distributed continuous variables, respectively) or Fisher’s exact test (for categorical variables), with a P-value of < 0.05 set as the threshold for significance. Kaplan-Meier estimates were used to assess survival, and the log-rank test was used to test for differences in survival between groups.

RESULTS

Clinical characteristics and etiology/risk factors

The study population of 25 ASMVT patients with circumscribed peritonitis was composed of 10 women and 15 men, with a mean age of 45.08 ± 11.74-years-old. Among the total ASMVT study population, nine patients tested positive in thrombophilia screening; the etiologies are listed in Table 1. High-risk factors of ASMVT were found for each patient in their medical history (including on-going comorbidities) and sub-group analysis of thrombophilic and non-thrombophilic patients showed no statistically significant differences between the two (Table 1).

Means of diagnosis among the two treatment-type groups were distinct in that group 1 mainly occurred by exploratory laparotomy (n = 10) with the remaining 2 patients diagnosed by CT portal venography, in contrast to the majority of patients in group 2 who were primarily diagnosed by CT portal venography (n = 12) with the remaining 1 patient diagnosed by MRI portal venography. The most common presenting symptoms were abdominal pain and distension; however, sub-group analysis of group 1 and group 2 showed no significant differences for any of the presenting symptoms. In contrast, group 1 did show a significantly shorter duration of symptoms before admission (6.25 ± 2.09 d vs group 2: 9.07 ± 2.40 d, P < 0.05). For the total ASMVT study group, the most common clinical signs at hospital admission were decreased bowel sounds and ascites, and pyrexia was infrequent; all but one patient presented with an elevated CRP level (75.50 ± 75.59 mg/L; normal value: < 8 mg/L).

Imaging characteristics

According to results from enhanced helical CT portal venography scanning for the total ASMVT study group, thrombi were most common in the SMV + PV (portal vein); however, the thrombus location profiles of groups 1 and 2 were not significantly different. All of the ASMVT-related features detected by CT upon admission were remarkably improved following receipt of the thrombolysis therapy (Figure 2C, D, F and G). Two of the patients in group 2 with CT-detected thrombi also underwent MRI portal venography (Figure 2A and B). The extent of thrombolysis achieved by catheter-directed therapy of SMV was assessed using DSA and color duplex ultrasonography (Figure 2E and H). 

The CT image taken at admission was used to estimate the length of bowel affected by ischemia and compared to the length of resected bowel. As shown in Table 2, the thrombolysis therapy led to significantly shorter sections of bowel requiring resection.

Treatment course

All patients in this study were diagnosed in less than one week. After resuscitation and receipt of initial anticoagulation and supportive care, patients in group 1 underwent extensive bowel resection surgery (mean resected length: 170.83 ± 61.27 cm) within 12 h of admission (Figure 1A). Eight of the patients in group 1 received post-operative systemic anticoagulation, and four of the patients underwent transcatheter thrombolysis with local anticoagulation at 3-6 d after the surgery. Two patients necessitated a second-look laparotomy due to suspicion of perforation and stricture, respectively (Table 3). 

The features of the initial transcatheter thrombolysis given to each patient in group 2 are summarized in Table 2. Complete lysis was achieved in most (11/13) cases; however, 4 of those patients required delayed bowel resection to treat localized bowel infarction (n = 2) and secondary stricture (n = 2). In addition, 4 patients underwent diagnostic laparoscopy to assess bowel viability and bowel necrosis or potential perforation during the thrombolysis treatment course (Table 3).

Outcome, complications and findings during follow-up

As shown in Table 3, group 2 had significantly lower rate of SBS and significantly better treatment-related characteristics, including length of resection, days from treatment to symptom elimination, days from admission to enteral or oral nutrition, length of hospitalization, and total cost. However, there was no significant difference between groups 1 and 2 in the rates of 30-d mortality and 1-year survival. One patient in group 1 died of septic shock during hospitalization. 

Group 2 had a shorter mean duration of follow-up (28.3 ± 13.5 mo vs 19.0 ± 4.8 mo). During the follow-up, 3 patients in group 1 developed complications, including secondary portal hypertension (n = 1) and cavernous transformation of the portal vein (n = 2); no patients in group 2 developed complications during the follow-up. In addition, a total of 3 patients in group 1 died during the follow-up period, and the causes included acute myocardial infarction (at follow-up month 2), massive variceal hemorrhage (at follow-up month 7), and clear-cell carcinoma of kidney (at follow-up month 8). One patient in group 2 died of multiple organ dysfunction syndrome (at follow-up month 9). No patient in either group experienced thrombosis recurrence.
DISCUSSION

In recent years, the ASMVT incidence has increased worldwide; using Sweden as an example, the incidence of 2.0 per 100000 patient-years reported between 1970 and 1982 rose to 2.7 per 100000 patient-years between 2000 and 200628[]
. This increase in diagnosis may merely reflect the improved diagnostic capabilities and widespread application of ultrasonography and high-resolution CT venography
 ADDIN EN.CITE 

[4,19]
. DSA portal venography, the gold- standard of MVT, is reserved for equivocal cases on non-invasive imaging and used in conjunction with catheter-directed thrombolysis
 ADDIN EN.CITE 

[18]
. 

The etiological profile of ASMVT has remained steady during this period of increased incidence, with the two main causes being primary hypercoagulable states (i.e., factor V Leiden gene mutation, hyperhomocysteinemia, hyperfibrinogenemia, paroxysmal, nocturnal hemoglobinuria, antithrombin III deficiency, protein C/S deficiency, antiphospholipid or anticardiolipin antibody syndrome, collagen vascular disease, and dysfibrinogenemia) and local inflammation factors (i.e., cirrhosis, portal hypertension, abdominal trauma, post-splenectomy, malignancy, inflammatory state, pregnancy, and oral contraceptive use)
 ADDIN EN.CITE 

[8,29]
. Not surprisingly, the number of primary or idiopathic ASMVT cases has continued to decrease as the ability to diagnose inherited hypercoagulable states has continued to improve6[]
. 

Advances in the diagnostic technologies and attainment of a better understanding of the predisposing factors for this disease have promoted physicians’ abilities to recognize cases in the early stage and to initiate treatment when non-operative approaches may be feasible
 ADDIN EN.CITE 

[8,18]
. Absence of transmural bowel necrosis is the prerequisite to initiate non-operative treatment for ASMVT. Peritoneal signs have traditionally been considered as indication for surgical exploration30[]
. However, cases have been reported of patients without peritonitis requiring emergency surgery during anticoagulation therapy for mucosal necrosis (instead of transmural necrosis) with peritoneal signs as well as for delayed bowel perforation secondary to transmural necrosis
 ADDIN EN.CITE 

[14,17]
. Further research is necessary to understand the potential new indications for emergency surgical exploration, such as specific CT findings and measurements of gastric intramural pH measurement or serum markers, because peritonitis may not strictly correlate with bowel infarction. In fact, some investigators have already suggested new criteria for prompt surgery, including bowel-wall thickness and enhancement on the arterial phase of CT
 ADDIN EN.CITE 

[14,31]
. In our experience, patients with severe, diffuse peritonitis, particularly those featuring pungent smell, fresh appearance and bloody ascites, should be treated with laparotomy as soon as possible; in contrast, initial operation should be avoided for patients with moderate, localized peritonitis, if recanalization could be achieved in a short period.

Historically, the initial management of ASMVT has mainly relied upon early surgical exploration32[]
. However, no guideline of optimal management has been developed and no consensus has been reached for the complex cases of suspected bowel infarction in particular. Early anticoagulation to prevent thrombus propagation is a mainstay among treating physicians and used to avoid resection of the macroscopically infarcted (but potentially reversible) bowel because non-transmural infarction is a common clinical observation (in 83% of resected specimens of early surgery)
 ADDIN EN.CITE 

[8,17,18,33]
. Nevertheless, for ASMVT patients with circumscribed peritonitis and high risk of bowel infarction or extensive thrombi, conservative management of systemic anticoagulation requires a prolonged treatment period and hospitalization yet is associated with a low likelihood of rapid thrombus removal and a high risk of hemorrhage5[]
. Additionally, secondary mesenteric arteriolar spasm frequently occurs, and delays the transmural infarction
 ADDIN EN.CITE 

[1,14]
. Moreover, the safety and efficacy of systemic anticoagulation in portomesenteric venous thrombosis patients with cirrhosis or acute pancreatitis remains controversial
 ADDIN EN.CITE 

[34,35]
. 

In this study, catheter-directed thrombolysis was used as the initial treatment of ASMVT patients with circumscribed peritonitis and favorable outcomes were achieved. At our institute, interventional route selection involves panel discussion by a medical team made up of interventionalists, radiologists and gastrointestinal surgeons, who consider the thrombus extent and location (according to CT imaging) and the patient’s vascular and general condition. Percutaneous transhepatic access is technically easier under the guidance of ultrasound or X-ray, and is most effective at removal of larger thrombi within the trunk of SMV
 ADDIN EN.CITE 

[22,36-38]
. Since this approach traverses the hepatic capsule and the thrombolysis plus anticoagulation are initiated sequentially, then postinterventional embolization of the tract is required to prevent intraperitoneal or subcapsular hepatic hemorrhage
 ADDIN EN.CITE 

[39,40]
. For patients with ascites or coagulation disorder, a transjugular intrahepatic approach is safer since it avoids traversing the hepatic capsule and allows for additional therapies to be implemented, such as venoplasty and stent placement for elastic recoil or stenosis
 ADDIN EN.CITE 

[23,24,41,42]
. 

Despite the technical difficulty and potential for inducing hepatic function injury or intra-abdominal bleeding
 ADDIN EN.CITE 

[23]
, this route is most often applied at our institute. Indirect thrombolytic therapy via SMA is technically simpler and more efficient in resolving thrombi within capillaries and venules
 ADDIN EN.CITE 

[21,43]
. Furthermore, pavarin infusion into SMA is effective for relieving mesenteric arteriospasm secondary to venous engorgement1[]
. However, this approach may result in lytic agents being diverted through patent branches or collaterals, ultimately prolonging the thrombolysis
 ADDIN EN.CITE 

[13,44]
. Techniques of mechanical thrombectomy (e.g., stent implantation, angioplasty, transjugular intrahepatic portosystemic shunt creation, and aspiration thrombectomy), which augment the ability of rapid thrombus removal and recanalization, have evolved as a significant step in thrombolysis
 ADDIN EN.CITE 

[37,45,46]
. 

It is critical to monitor a patient’s response to therapy during the initial thrombolysis treatment. Urgent surgery remains the only option to treat irreversible mesenteric venous ischemia that develops in response to either bowel gangrene or perforation and late stricture after SMV recanalization. Postoperative recurrent thrombosis, which frequently develops at the anastomosis site, is catastrophic due to the secondary extended bowel resection and extra risk associated with the re-operation procedure
 ADDIN EN.CITE 

[47,48]
. The liberal application of a “second-look” laparotomy, which a recent study indicated as positive in only 23.5% of cases20[]
, has resulted in an unacceptable amount of cases put at unnecessary risk
 ADDIN EN.CITE 

[49,50]
. Therefore, the two-stepped operation modality based on the “damage control surgery” concept has been employed at our institute
 ADDIN EN.CITE 

[51,52]
. In our experience, laparoscopy is a safe, effective and minimally invasive tool to assess bowel viability for ASMVT, either in early surgical exploration during thrombolysis or as a post-operative second-look strategy; this approach has been reported as preventing unnecessary laparotomies when noninvasive investigations fail to detect the degree of bowel ischemia
 ADDIN EN.CITE 

[53,54]
. 

Both anticoagulation and thrombolysis predispose a patient to pathological hemorrhage. Close monitoring of systemic coagulation by daily testing using thromboelastography was used in this study, and only 1 case of transient bleeding at the puncture site and 1 case of gastrointestinal bleeding occurred in the study cohort. Extrahepatic portal hypertension and cavernous transformation of the portal vein might have been prevented, as no patients developed these two long-term complications; other studies of transcatheter thrombolysis for ASMVT reported similar results during the follow-up
 ADDIN EN.CITE 

[13,21-24]
. 

Some limitations to the current study design may have impacted our findings and should be considered when interpreting our results. Mainly, the inherent traits of a retrospective observational study and the single-institution series are of concern. On account of the rareness of ASMVT, the number of cases in our cohort was small. Although the thrombus location in each patient was classified, stratification analysis by precise location was not performed, and this may be a variable that could impact the treatment outcome. During the study period, a detailed algorithm of treatment had not been established at our institute. In addition, long-term follow-up outcomes are not available yet. Randomized prospective trials are underway to provide higher quality evidence in the future.

In summary, initial transcatheter thrombolysis for ASMVT is feasible and efficient when early diagnosis is established by CT portal venography. Though initial surgical and non-operative management produced similar rates of morbidity, mortality, and overall survival in this small-scale study, initial catheter-directed thrombolysis is beneficial in avoiding extensive resection of potentially reversible bowel to prevent SBS. In addition, the thrombus was resolved with abundant collateral vessels development and rapid improvement in symptomology. Patients were able to undergo earlier enteral or oral nutrition and experienced a shortened hospitalization with less cost. New indicators of prompt surgery, augmenting the signs of peritonitis alone, are necessary and should be addressed by future studies.

COMMENTS

Background

Acute superior mesenteric vein thrombosis (ASMVT) is a rare but potentially lethal abdominal condition. Recent widespread use of contrast-enhanced computed tomography portal venography has facilitated early detection of ASMVT prior to laparotomy, thereby reducing the high mortality rate of cases. Currently, the consensus for management is prompt initiation of systemic anticoagulants upon diagnosis, which has been demonstrated as more effective for patients without peritonitis; moreover, emergency laparotomy is imperative for cases with diffuse peritonitis or other definitive evidence of bowel perforation and transmural necrosis. However, ASMVT with moderate, circumscribed peritonitis of suspected bowel infarction is frequently encountered by treating physicians, yet remains a clinical dilemma as to which treatment approach will be most efficacious and safe. The optimal approach for initial management remains to be established with reports of outcomes from prompt surgical exploration and non-operative treatment modalities showing inconsistent data findings.

Research frontiers

Endovascular therapies, such as transcatheter thrombolysis via percutaneous transhepatic, transjugular intrahepatic, superior mesenteric arterial route or surgically placed mesenteric vein catheter, mechanical thrombectomy and other endovascular manipulations, alone or as part of a hybrid procedure, have yielded favorable clinical outcomes and are emerging as a key method of revascularization in ASMVT.

Innovations and breakthroughs

Clinical signs of peritonitis are often considered an indicator for prompt surgery. Unfortunately, the laparoscopic view of the border between ischemic and viable bowel is not clear when the disease is in the acute phase; moreover, surgeons must be careful to not perform too extensive resection of the bowel as there is a high risk for inducing short bowel syndrome, which is strongly associated with high 30-d mortality and low 5-year survival. Non-operative treatment modalities, especially the recently developed intravascular thrombolysis therapy, can achieve early recanalization of the superior mesenteric vein and conserve as much of the ischemic bowel as possible; as such, these procedures have gained popularity as a treatment for ASMVT and the reported clinical outcomes have been largely favorable. The study described herein represents the first reported investigation of the efficacy and safety of non-operative transcatheter thrombolysis-based management as a first-line treatment using a cohort of ASMVT patients, and comparing to exploratory surgery.

Applications 

The results suggest that ASMVT patients with circumscribed peritonitis benefit from initial transcatheter thrombolysis by achieving rapid resolution of their thrombi, early improvement of their symptoms, stimulated development of collateral vessels, reversal of intestinal ischemia, and better localization of the necessary bowel length for resection to prevent short bowel syndrome; ultimately, use of this non-surgical procedure as a first-line treatment shortened the patient’s hospitalization and decreased the monetary cost.

Terminology

Mesenteric vein thrombosis is an uncommon yet potentially life-threatening abdominal disease, which is established during hypercoagulable states and local-abdominal processes and leads to impaired venous return, bowel-wall edema, impaired microvascular perfusion, bowel distention, and consequent infarction of the involved intestinal segments; the most common vessels involved include the superior mesenteric vein, the portal vein, and the inferior mesenteric vein. Transcatheter thrombolysis is a non-surgical medical procedure used to treat vascular diseases, such as mesenteric vein thrombosis, which can be delivered directly (via the percutaneous transhepatic and transjugular intrahepatic route) or indirectly (via superior mesenteric artery access).

Peer review

The authors present their experience with transcutaneous catheter-directed thrombolysis as a treatment of mesenteric vein thrombosis. The data of patient outcome, as compared to that of the traditional exploratory surgery, provides novel insights that will be of particular interest to treating physicians as a consensus of clinical management is currently lacking for this life-threatening disease. This retrospective clinical study was well-designed and the results indicate that initial transcatheter thrombolysis for ASMVT is a feasible and efficient approach for treating patients when an early diagnosis is established by contrast-enhanced computed tomography of the portal vein phase.
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Figure 1 Various surgical procedures used to remove the thrombus in acute superior mesenteric vein thrombosis cases. Intra-operative images are presented from representative cases in groups 1 and 2. A: Extensive bowel ischemia during initial surgery (patient 2, group 1); B, C: Localized bowel necrosis and stricture during delayed operation after transcatheter thrombolysis (patient 3, group 2); D: Intraoperative thrombectomy (patient 3, group 1); E: Jejunostomy plus ileostomy with an open abdomen was carried out in a septic patient with high risk of post-operative abdominal compartment syndrome and recurrence (patient 3, group 2).
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Figure 2 Portal venography results from different modalities used at admission and after thrombolysis. A, B: Transverse and coronal reformation of magnetic resonance imaging portal venography showed hypointensity in the superior mesenteric venous (SMV) (white arrow) at admission; C, D, F, G: Transverse and coronal reformation on three-dimensional helical computed tomography (CT) portal venography showed a filling defect and refilling in the SMV (white arrow) at admission and after thrombolysis; contrast enhanced CT image showed bowel dilatation, bowel wall thickening, and peritoneal effusion secondary to acute superior mesenteric vein thrombosis; E, H: Portal venography in digital subtraction angiography showed a filling defect and refilling of contrast medium in the trunk of the SMV at admission and after thrombolysis.

Table 1 Clinical characteristics and etiology/risk factors of the acute superior mesenteric vein thrombosis patient cohort n (%)

	Variable
	Overall
(n = 25)
	Group 1
(n = 12)
	Group 2
(n = 13)
	P

	Age (yr)1
	45.08 ± 11.74
	46.69 ± 12.69
	43.33 ± 10.88
	0.48

	Sex
	
	
	
	

	Male
	15 (60.0)
	9 (75.0)
	6 (46.2)
	0.23



	Female
	10 (40.0)
	3 (25.0)
	7 (53.9)
	

	Primary
	
	
	
	

	Protein C deficiency
	2 (8.0)
	1 (8.3)
	1 (7.7)
	1.00

	Protein S deficiency
	2 (8.0)
	0 (0)
	2 (15.4)
	0.48

	Antithrombin III deficiency 
	2 (8.0)
	1 (8.3)
	1 (7.7)
	1.00

	Factor V Leiden disorder
	1 (4.0)
	1 (8.3)
	0 (0)
	0.48

	Antiphospholipid syndrome
	2 (8.0)
	1 (8.3)
	1 (7.7)
	1.00

	No thrombophilia
	16 (64.0)
	8 (66.7)
	8 (61.5)
	1.00

	Secondary
	
	
	

	History of splenectomy
	6 (24.0)
	4 (33.3)
	2 (15.4)
	0.38

	Other earlier abdominal surgery
	6 (24.0)
	4 (33.3)
	2 (15.4)
	0.38

	Prior DVT/PE
	3 (12.0)
	1 (8.3)
	2 (15.4)
	1.00

	Cerebral infarction
	4 (16.0)
	3 (25.0)
	1 (7.7)
	0.32

	Pancreatitis
	2 (8.0)
	1 (8.3)
	1 (7.7)
	1.00

	Inflammatory bowel disease
	1 (4.0)
	1 (8.3)
	0 (0)
	0.48

	Oral contraceptive use
	3 (12.0)
	1 (8.3)
	2 (15.4)
	1.00

	Pregnancy
	3 (12.0)
	2 (16.7)
	1 (7.7)
	0.59

	Alcohol abuse
	4 (16.0)
	2 (16.7)
	2 (15.4)
	1.00

	Malignancy
	3 (12.0)
	1 (8.3)
	2 (15.4)
	1.00

	Cirrhosis/portal hypertension
	8 (32.0)
	3 (25.0)
	5 (38.5)
	0.67

	Bilharzial cirrhosis
	2 (8.0)
	1 (8.3)
	1 (7.7)
	1.00

	Non-bilharzial cirrhosis
	6 (24.0)
	2 (16.7)
	4 (30.8)
	0.65

	Diabetes mellitus
	1 (4.0)
	1 (8.3)
	0 (0)
	0.48

	Hypertension
	1 (4.0)
	0 (0)
	1 (7.7)
	1.00


1Analysis was performed by t-test or Fisher’s exact test. DVT: Deep vein thrombosis; PE: Pulmonary embolism.

Table 2 Procedure and outcome of transcatheter thrombolysis therapy in group 2 n (%)
	Patient No. 
	Route
	Duration of thrombolysis (d)
	Lysis degree
	Percentage of ischemic bowel at admission (estimated length in cm)
	Length of resection (cm)
	P

	1
	SMA
	13
	Complete
	10 (50)
	0
	

	2
	PT
	14
	Partial
	20 (100)
	0
	

	3
	PT
	12
	Complete
	10 (50)
	0
	

	4
	TI
	15
	Complete
	15 (75)
	0
	

	5
	TI + SMA
	13
	Partial
	30 (150)
	80
	

	6
	TI + SMA
	12
	Partial
	20 (100)
	50
	

	7
	PT
	10
	Complete
	10 (50)
	0
	

	8
	TI + SMA
	11
	Complete
	20 (100)
	0
	

	9
	TI + SMA
	12
	Partial
	50 (250)
	150
	

	10
	SMA
	15
	Partial
	40 (200)
	100
	

	11
	PT + SMA
	12
	Complete
	15 (75)
	0
	

	12
	SMA
	13
	Complete
	15 (75)
	0
	

	13
	TI
	14
	Partial
	25 (125)
	0
	

	Average
	
	12.77 ± 1.48
	
	100 (range: 62.5, 137.5)
	0 (range: 0, 65)
	0.002


SMA: Superior mesenteric artery access; PT: Percutaneous transhepatic route; TI: Transjugular intrahepatic route.
Table 3 Treatment outcomes of acute superior mesenteric vein thrombosis patients n (%)
	Outcome
	Overall
(n = 25)
	Group 1
(n = 12)
	Group 2
(n = 13)
	P

	Morbidity
	
	
	
	

	Bleeding
	4 (16.0)
	1 (8.3)
	3 (23.1)
	0.59

	Wound infection 
	3 (12.0)
	3 (25.0)
	0 (0)
	0.10

	Acute kidney injury
	4 (16.0)
	2 (16.7)
	2 (15.4)
	1.00

	Short bowel syndrome
	5 (20.0)
	5 (41.7)
	0 (0)
	0.02

	Secondary portal hypertension
	1 (4.0)
	1 (8.3)
	0 (0)
	0.48

	Cavernous transformation of the portal vein
	2 (8.0)
	2 (16.7)
	0 (0)
	0.22

	Delayed or secondary operation
	6 (24.0)
	2 (16.7)
	4 (30.8)
	0.65

	Bowel transmural necrosis
	2 (8.0)
	0 (0)
	2 (15.4)
	0.48

	Bowel perforation
	1 (4.0)
	1 (8.3)
	0 (0)
	0.48

	Bowel stricture
	3 (12.0)
	1 (8.3)
	2 (15.4)
	1.00

	Laparoscopic surgery
	4 (16.0)
	0 (0)
	4 (30.8)
	0.10

	Length of resection (cm)2
	100 (range: 0, 155)
	155 (105, 200)
	0 (0, 65)
	< 0.001

	Time from treatment to symptom elimination1
	12.52 ± 7.85
	18.25 ± 7.69
	7.23 ± 2.42
	< 0.001

	Time from admission to enteral or oral nutrition (d)1
	14.48 ± 6.98
	20.50 ± 5.13
	8.92 ± 1.89
	< 0.001

	Duration of hospitalization in (d)1
	31.28 ± 15.51
	43.00 ± 13.77
	20.46 ± 6.59
	< 0.001

	Total cost in RNB1
	133895.20 ± 90996.47
	200020.40 ± 91505.62
	72785.60 ± 21828.16
	0.001

	< 30-d mortality
	24 (96.0)
	11 (91.7)
	0 (0)
	0.48

	1-yr survival
	21 (84.0)
	9 (75.0)
	12 (92.3)
	0.32


Analysis was performed by t-test1, Mann-Whitney U test2, or Fisher’s exact test.

