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Abstract
BACKGROUND
Among the various types and causes of mesenteric ischemia, superior mesenteric vein (SMV) thrombosis is a rare and ambiguous disease. If a patient presents with SMV thrombosis, past medical history should be reviewed, and the patient should be screened for underlying disease. SMV thrombosis may also occur due to systemic infection. In this report, we describe a case of SMV thrombosis complicated by influenza B infection.

CASE SUMMARY
A 64-year-old male visited the hospital with general weakness, muscle aches, fever, and abdominal pain. The patient underwent computed tomography (CT) and was diagnosed with SMV thrombosis. Since the patient’s muscle pain and fever could not be explained by the SMV thrombosis, the clinician performed a test for influenza, which produced a positive result for influenza B. The patient had a thrombus in the SMV only, with no invasion of the portal or splenic veins, and was clinically stable. Anticoagulation treatment was prescribed without surgery or other procedures. The follow-up CT scan showed improvement, and the patient was subsequently discharged with continued oral anticoagulant treatment.

CONCLUSION
This case provides evidence that influenza may be a possible risk factor for SMV thrombosis. If unexplained abdominal pain is accompanied by an influenza infection, examination of an abdominal CT scan may be necessary to screen for possible SMV thrombosis.
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[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK145][bookmark: OLE_LINK146]Core tip: Superior mesenteric vein (SMV) thrombosis, a potentially fatal type of mesenteric ischemia, usually occurs in individuals with predisposed factors that should be investigated upon diagnosis. Identification of a predisposed factor is crucial in SMV thrombosis because recurrence may be prevented by treatment of the underlying condition. Rarely, an influenza infection can complicate SMV thrombosis, and this report presents the third known case of this occurrence. The evidence presented in this report indicates that SMV thrombosis possibly induced by an influenza virus should be considered when an influenza patient presents with unexplained abdominal pain, or conversely, when an SMV thrombosis patient presents with a high fever of unknown cause. Moreover, the potential treatments for SMV thrombosis including medical interventions, transvenous catheter-based interventions, or surgery may differ according to the degree of vascular involvement and symptoms. These differences are highlighted in this report when the current case is compared to the two previously reported cases.


INTRODUCTION
Mesenteric ischemia is always a serious concern for clinicians. Although epidemiologically mesenteric ischemia is not common, it is a serious disease that may cause patient death. Notably, the symptoms, findings of physical examinations, and complaints from patients with potential mesenteric ischemia are variable, therefore doctors must always be alert to its possible occurrence[1].
Mesenteric ischemia may exhibit different clinical manifestations and display a variable progression, including the type of involved blood vessel, the anatomical location supplied by the damaged blood vessel, the type of vessel damage, whether the vessel is torn or blocked, the timing of the injury, whether the injury is acute or chronic, and the range of the injury[2]. Acute and extensive damage may lead to death due to intestinal necrosis, or the patient may only complain of minor abdominal pain as the collateral vessel has already occurred in a chronic course of the disease.
Among the types of mesenteric ischemia, SMV thrombosis is moderately rare (5%-15%)[3]. The fatality rate of SMV thrombosis is relatively low at 10%-20%; however it is a disease where potentially causal predisposed factors must be investigated[4,5]. SMV thrombosis is typically caused by tumors or inflammation in the abdominal cavity, or by hematological disease and a tendency for over-coagulation. However, in rare cases, SMV thrombosis may occur due to viral infection such as influenza. It is worth noting influenza's extraordinary complications, since influenza A and B infections is occurring in large quantities worldwide regardless of age[6-8]. Herein we report a case of SMV thrombosis complicated by influenza B infection.

CASE PRESENTATION
Chief complaints
A 64-year-old man visited the local medical center on March 4th with a complaint of general weakness, myalgia, and abdominal pain, which had begun a week prior to the visit.

History of present illness
The patient underwent computed tomography (CT) at the local medical center where he was diagnosed with thrombosis of the SMV, and was subsequently transferred to our hospital. The abdominal CT scan revealed a large thrombus running straight from the SMV gastrocolic trunk to the distal site, totally obstructing a segmental portion of the SMV. Additionally, the surrounding fat stranding and bowel wall edema of the ascending colon were confirmed.
The patient had a fever of 37.9 °C at the time of the visit, and complained that he felt hot. He also complained of a headache, but there was no cough, sputum, diarrhea, or vomiting.

History of past illness
Over the previous 5-years, the patient had been prescribed 1000 mg metformin once daily (Q.D.), 1 mg glimepiride Q.D., 2.5 mg linagliptin Q.D., 50 mg losartan Q.D., and 10 mg rosuvastatin Q.D. for hypertension and diabetes.

Physical examination
The patient continued to complain of a dull pressing pain in the right upper quadrant, with mild tenderness in the area during the physical examination. The bowel sound was hypo-active, and there were no other specific findings in other physical examinations.

Laboratory examinations
Blood tests revealed that the white blood cell count was 16160 /mL, the level of ESR was 86 mm/hr, and the level of HS-CRP was 16 mg/dL. Although SMV thrombosis was diagnosed, the patient only complained of mild tenderness, and no rebound tenderness. However, there were complaints of fever and muscle pain throughout the body. Since the patient’s symptoms were considered atypical for SMV thrombosis, a sample was collected through a nasopharyngeal swab and an Influenza A/B rapid antigen test was performed. The influenza test was performed using "The BD Veritor™ Plus System for Rapid Detection of Flu A+B" kit, sensitivity 81.3% (71.1%, 88.5%, 95% confidence interval), specificity 98.2% (95.7%, 99.3%, 95% confidence interval). In addition, after collecting samples through nasopharyngeal swab, coronavirus disease-2019 (COVID-19) test by RT-PCR was performed by taking account of recent pandemic situation".

Imaging examinations
The abdominal CT scan revealed a large thrombus running straight from the SMV gastrocolic trunk to the distal site, totally obstructing a segmental portion of the SMV. Additionally, the surrounding fat stranding and bowel wall edema of the ascending colon were confirmed.

FINAL DIAGNOSIS
The test showed a positive result for influenza B. The test for COVID-19 was negative.

TREATMENT
A single dose of 300 mg of peramivir was administered intravenously (Figure 1). An emergency laparotomy was not performed. However, the patient was admitted to the intensive care unit (ICU) for close observation, and a dose of 60 mg of low molecular weight heparin (LMWH) was subcutaneously injected twice per day (B.I.D.). The patient was not allowed any oral intake, and total parenteral nutrition was administered. In addition, a dose of 2 g ceftriaxone was administered Q.D. as a prophylactic antibiotic. The patient exhibited fever until March 6th (day 2 of the hospital visit), which subsequently abated. He complained of abdominal pain until March 7th (day 3), and continued to complain of abdominal discomfort until March 10th (day 6). A follow-up CT scan was performed on March 12th (day 8), and revealed that the overall size of the thrombus had decreased. The patient drank some water, and the medication was changed from LMWH to 15 mg rivaroxaban B.I.D. on March 13th. Subsequently, the patient ate a soft diet and was moved from the ICU to the general hospital ward on March 14th (day 10).
The 3rd follow-up CT scan was performed on March 19th, and revealed that the thrombus was markedly reduced. The patient was discharged on March 20th (day 16). During the hospital stay, the patient was tested for several factors which could potentially cause hypercoagulation, including tumor markers, lupus anticoagulant, rheumatoid factor, protein S activity, and protein C activity. All the results were negative. A consultation with a rheumatology and hematology specialist did not uncover any other suspected underlying diseases.

OUTCOME AND FOLLOW-UP
After discharge, regular outpatient follow-up visits are underway, and all symptoms have improved. The patient underwent CT again one month after discharge (day 45), and SMV thrombosis was not seen.

DISCUSSION
SMV thrombosis is a rare disease. A study in Sweden found that only 2.7 of the 100,000 patients developed SMV thrombosis between 2000–2006[9]. Approximately, 5%-15% of all acute mesenteric thromboses are SMV thrombosis, with a low rate of vascular bowel disease[4]. If mesenteric venous thrombosis does occur, it is necessary to determine whether it is caused by certain risk factors. Risk factors include venous compression due to abdominal mass (tumor, cyst), inflammation of the abdomen (pancreatitis, diverticulitis, and inflammatory bowel disease)[10], portal hypertension, and liver cirrhosis. It is also important to determine whether the mesenteric venous thrombosis resulted from acquired thrombophilia (malignancy), or inherited thrombophilia (Factor V Leiden mutation, the prothrombin G20210A mutation, protein S deficiency, protein C deficiency, antithrombin III deficiency, activated protein C resistance, or antiphospholipid syndrome), and any personal or family history of thromboembolism must be confirmed[3,11]. SMV thrombosis is rarely caused by viral infection[12,13]. However, the SMV thrombosis case in this report occurred simultaneously with influenza B.
Previous studies have shown that influenza infection may cause thrombosis[14]. Thromboses caused by viral infection may be explained as a results of systemic infection, rather than a local infection in the abdominal cavity. Systemic infections activate IL-6, IL-1b, and TNF-a. These proteins are proinflammatory cytokines that activate platelets and activated platelets adhere to endothelial cells. Infections also increase transcription of tissue factor (TF), which combines with factor VIIa to form the TF-VIIa complex. The TF-VIIa complex activates factor X as factor Xa, and forms a prothrombinase complex with other coagulation factors. This cascade eventually forms thrombin, and transforms fibrinogen into fibrin. The inflammation due to infection creates thrombosis through activation of platelets, which bind to damaged cells, and activate coagulation factors[15-17]. Also, thrombosis is observed in 6.4 % of patients with acute cytomegalovirus infection[18] and 2.6/10000 patient-years with chronic human immunodeficiency virus infection[19]. Deep vein thrombosis is highly occurred after community-acquired upper respiratory infection and urinary tract infection[20], and hypercoagulation and disseminated intravascular coagulation are caused by several bacterial infections like sepsis[21].
According to previous reports, there have been two cases of SMV thrombosis associated with influenza; the first case was an influenza A patient with protein S deficiency, and the second case was an influenza B patient without any other identified underlying diseases (Table 1)[12,13].
In the first case, a 5-year-old girl presented with abdominal pain and bloody stool 2 wk after a diagnosis of influenza A. After examination, complete thrombosis of the SMV, and partial thromboses of the portal vein (PV) and splenic vein were identified. In addition, bowel ischemia of the small intestine was confirmed, and surgical excision was performed. Subsequently, the patient was prescribed preventative warfarin. Sequence analysis detected a heterozygous K196E mutation in the PROS1 gene, and type 2 protein S deficiency was diagnosed.
In the second case, a 44-year-old man with no medical history was diagnosed with influenza B after experiencing a fever for one day. The patient returned 3 d after the influenza diagnosis with a complaint of abdominal pain. During the examination, a thrombus extending to the main PV and splenic vein as well as the SMV was identified, and the patient received transhepatic thrombolysis. The patient subsequently recovered and was discharged with a prescription for rivaroxaban.
The case described in this report is the third case documenting SMV thrombosis combined with influenza infection. Since the PV was not invaded, this case followed a more stable course compared to the previous cases, without any requirement for surgery or other procedures.
Current treatment of SMV thrombosis includes anticoagulation therapy, laparoscopic exploration with thrombectomy, transvenous thrombolysis, or transvenous thrombectomy[12,22]. There are no clear guidelines on the proper choice of treatments, however emergency surgery should not be delayed if the patient exhibits intestinal necrosis. Fortunately, in our case, the patient only required anticoagulants and other conservative treatments, unlike the patients in the previously published case reports. Since catheter-based techniques have been widely recognized for vascular disease, it is thought that further studies on the effect of transvenous catheter-based techniques on SMV thrombosis are needed.
The current case describes a patient presenting with abdominal pain who underwent CT, enabling a diagnosis of SMV thrombosis. However, since the clinical features and symptoms were not typical for SMV thrombosis, influenza was suspected, and a subsequent test result was positive for influenza B. Collectively, this information allowed the patient to receive adequate treatment resulting in a favorable clinical outcome. 

CONCLUSION
Herein we report a rare case of influenza B complicating SMV thrombosis, and compare it with two separate previously published cases documenting either influenza A or B combined with SMV thrombosis. Based on the current case, we determined that if an influenza patient presents with a complaint of unexplained abdominal pain, SMV thrombosis should be considered, and a proper examination, such as a CT scan, should be performed to enable a correct diagnosis.
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Figure legends
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Figure 1 Case in-hospital course with computed tomography scan, medication, and symptoms. CT: Computed tomography; LMWH: Low molecular weight heparin.


Table 1 Comparison of three cases of superior mesenteric vein thrombosis complicated by influenza 
	No.
	Age (yr)
	Sex
	Symptom
	Comorbidity
	Blocked vessel
	Surgery and other procedures 
	Oral medication

	1
	5
	Female
	Abdominal pain, vomiting and bloody stool after 2 wk of influenza A
	Influenza A and protein S deficiency
	Complete SMV thrombosis and partial PV and SV thrombosis
	Surgical resection of small bowel
	Warfarin

	2
	44
	Male
	Abdominal pain (twisting and pulling inside) after 3 d of influenza B
	Influenza B
	Complete SMV thrombosis and partial PV and SV thrombosis
	Transhepatic thrombolysis
	Rivaroxaban

	This case
	64
	Male
	Fever and abdominal pain for 7 d
	Influenza B
	Complete SMV thrombosis not
involving PV and SV
	None
	Rivaroxaban


[bookmark: _GoBack]SMV: Superior mesensteric vein; PV: Portal vein; SV: Splenic vein.
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