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Abstract
[bookmark: _GoBack]Hepatic hemangioma (HH) is the most common benign liver tumor and it is usually found incidentally during radiological studies. This tumor arises from a vascular malformation; however, the pathophysiology has not been clearly elucidated. Symptoms usually correlate with the size and location of the tumor. Less commonly the presence of a large HH may cause life-threatening conditions. The diagnosis can be established by the identification of HH hallmarks in several imaging studies. In patients that present with abdominal symptoms other etiologies should be excluded first before attributing HH as the cause. In asymptomatic patient’s treatment is not required and follow up is usually reserved for HH of more than 5 cm. Symptomatic patients can be managed surgically or with other non-surgical modalities such as transcatheter arterial embolization or radiofrequency ablation. Enucleation surgery has shown to have fewer complications as compared to hepatectomy or other surgical techniques. Progression of the tumor is seen in less than 40%. Hormone stimulation may play a role in HH growth; however, there are no contraindications for hormonal therapy in patients with HH due to the lack of concrete evidence. When clinicians encounter this condition, they should discern between observation and surgical or non-surgical management based on the clinical presentation. 
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Core tip: Hepatic hemangioma is the most common benign liver tumor and it is usually found incidentally during radiological studies. This tumor arises from a vascular malformation. Symptoms usually correlate with the size and location of the tumor. Symptomatic patients can be managed surgically or with other non-surgical modalities.


INTRODUCTION
Hepatic hemangioma (HH) is a mesoderm-derived tumor consisting of a blood-filled space, fed by hepatic arterial circulation and lined by a single layer of flat endothelial cells[1]. It is the most common benign liver tumor, presenting as a well- circumscribed hypervascular lesion, more commonly found in women with a prevalence that ranges from 0.4% to 7.3% (based on autopsy findings) and an incidence of 0.4%-20% in the general population[1-5].
HH presents commonly as an incidental finding during radiological imaging and are describe as solitary or multiple lesions. They may be confined to one lobe (more in the right hepatic lobe) or extend throughout the entire liver. According to their dimension they can be small or giant (> 5 cm) and may range from 1 mm up to 50 cm[2,6]. HH are classified by their nature as cavernous, capillary and sclerosing hemangioma; the latter is characterized by degeneration and fibrous replacement and can be misdiagnosed as a malignant tumor[7,8].

PATHOGENESIS
The pathophysiology of HH is not completely understood, and in some cases, a genetic predisposition has been described[9]. HH arises from a vascular malformation with a growing pattern secondary to dilation rather than hypertrophy or hyperplasia. 
One hypothesis suggest HH results from abnormal angiogenesis and an increase in pro-angiogenic factors[10].
Vascular endothelial growth factor (VEGF) is an important pro-angiogenic factor for endothelial cells. Mammalian target of rapamycin (mTOR) stimulates an autocrine loop of VEGF signaling and increase cell proliferation in vascular endotelial cells. TOR proteins are a group of serine/threanine kinases involved in ribosomal biogenesis, mRNA translation and cell mass growth and proliferation[11]. Zhang et al[12] found an increased expression of VEGF-A, pro-matrix metalloproteinase 2, and activated metalloproteinase 2 in HH cells compared to normal human liver endothelial cells.
Rapamycin inhibits mTOR and has been studied in mouse models and mouse cells as a possible treatment for vascular cell growths (mainly malignancies)[11].
Rapamycin is currently used as an antifungal, antineoplastic and antibacterial macrolide drug, but no human studies aimed to HH have been done. 
Hormones such as estrogens play a role in HH growth, as they are seen more frequently among women and their size increase after hormone replacement therapy (HRT), oral contraceptive pills (OCPs), and pregnancy[13,14]. The direct mechanisms of hormone effects are unknown, as HH are negative for estrogen and progesterone receptors and current evidence does not support a contraindication of OCPs/HRT/anabolic steroids in patients with HH[15-18].

SYMPTOMS 
HH are usually asymptomatic, however symptoms may present when a HH is larger than > 5 cm[19]. Symptoms are nonspecific, patients usually describe abdominal pain, discomfort and fullness in the right upper quadrant, secondary to stretching and inflammation of the Glisson’s capsule. Tumors > 10 cm present with abdominal distention[19,20]. The location of the liver mass may cause pressure and compression of adjacent structures causing other symptoms such as nausea, early satiety, and postprandial bloating. Less commonly associated symptoms include fever, jaundice, dyspnea, high-output cardiac failure, and haemobilia[21-24].
Giant HH may cause a life-threatening coagulation disorder known as Kasabach-Merrit syndrome (thrombocytopenia, disseminated intravascular coagulation, and systemic bleeding) presenting with coagulopathy secondary to thrombocytopenia, anemia, hypofibrinogenimia, a decrease in prothrombin time, and increase in D-dimer. This syndrome has been reported with an incidence ranging from 0.3% of all HH to 26% in tumors > 15 cm[19,25].
Another serious complication is bleeding from spontaneous or traumatic rupture (in peripherally located and exophytic giant lesions), however the risk is extremely low (0.47%)[26]. 

GROWTH PATTERN
The natural progression of HH varies, previously these lesions were considered to remain stable. However, multiple studies have shown progression and increase in size when followed throughout the years[27,28]. In a study of 236 patients with a median follow up of 48 mo (3-26), 61% experienced HH size increase with a peak growth rate when HH was 8-10 cm (0.80 ± 0.62 cm/year) and in patients less than 30 years of age[29].
In another study with 123 patients (163 HH) a 50.9% grew by any amount in absolute mean linear dimension with an annual growth rate of 0.03 cm for all lesions and 0.19 cm for those that grew > 5%. This study also found a correlation with increased annual growth in HH of 5 cm or more at initial size. They predicted an annual growth rate for all HH of 0.34 mm[5].

DIAGNOSIS
HH unique features by imaging are the presence of peripheral nodular enhancement and a progressive centripetal fill-in. Ultrasound (US), computed tomography (CT), and magnetic resonance imaging (MRI) are the most common imaging tests. Atypical lesions may require more than one imaging test.
US is usually the first diagnostic imaging test due to its availability. HH appears as a well-defined, homogeneously hyper echoic mass with posterior acoustic enhancement (Figure 1). Color-Doppler US does not improve accuracy in diagnosis as it only shows blood flow in HH with an intra arterio-portal shunt[30,31].
US has a sensitivity of 96.9% and a specificity of 60.3%[32]. Some malignant hepatic lesions (Hepatocellular carcinoma and hepatic metastases) may produce similar acoustic patterns and other imaging modality must be used to confirm diagnosis. 
Contrast-enhanced US (CEUS) uses gas-filled micro bubbles that delineate the signal produced by blood flow. HH shows a peripheral nodular contrast enhancement in the early phase (arterial) with centripetal filling in later phases.
 Some studies have proven CEUS improves characterization and specificity for HH diagnosis[33,34]. 
CT has a sensitivity of 98.3% and a specificity of 55%[32]. HH are described as well-demarcated hypodense masses (Figure 2). When contrast is used, a peripheral nodular enhancement with centripetal homogeneous filling is expected, however small lesions and HH with cystic areas, fibrosis or thrombosis may show an atypical pattern[35].
MRI shows a well-defined, smooth, homogenous lesion, hypointense on T1 and hyperintense on T2 weighted images (Figure 3). Some malignant lesions may show a similar hyperintensity on T2, to differentiate HH from solid neoplastic liver lesions the echo time is increased which causes signal from malignant lesions to decrease and signal from HH to increase. Gadolinium administration shows a peripheral enhancement on arterial phase and contrast retention on delayed phases, which allows differentiating from hypervascular tumors that usually have a contrast washout on delayed phase. MRI has been considered the best imaging method for HH with a sensitivity of 90%-100% and a specificity of 91%-99%[32,36].
Angiography is the best option for atypical HH that are difficult to diagnose with other imaging test. HH appears as a “snowy-tree” or “cotton wool” with a large feeding vessel and diffuse pooling of contrast that continues during delayed phase. Technetium-99m pertechnetate-labeled red blood cell pool scintigraphy, single photon emission computed tomography and positron emission tomography/CT are other imaging modalities available to diagnose HH in patients with atypical tumors, history of chronic liver disease or malignancy[37,38].
Needle aspiration biopsy is not recommended because of the high risk of hemorrhage and a low diagnostic yield[39-41].

MANAGEMENT
Small, asymptomatic HH do not require treatment or follow up. Some authors suggest to follow-up in HH > 5 cm at 6-12 mo to asses for rapid growth with the same imaging test used at diagnosis[42].
Treatment should be restricted to symptomatic patients, with continuous mass growth, compression of adjacent organs (gastric outlet obstruction, Budd-Chiari syndrome) or complications such as rupture with intraperitoneal bleeding or Kasabach-Merrit syndrome. 
Abdominal pain should be carefully evaluated in patients with HH and other possible causes should be kept in mind before definitive treatment is decided. Farges et al[43] diagnosed 87 patients with abdominal pain and HH, from these, 54% were found to have other condition responsible from the abdominal pain. Specific treatment for abdominal pain and HH was required in 14 patients and half of them remained symptomatic after treatment, suggesting another etiology causing the pain. In another study, the majority of patients with abdominal pain and HH were found to have symptoms attributable to different gastrointestinal diseases (Irritable bowel syndrome, gastroesophageal reflux disease, hepatitis, peptic ulcer, gallbladder disease) and in only 21.7% of symptomatic patients, abdominal pain was attributable to HH[44].

Surgery
Surgery continues to be the most common treatment for HH. Surgical management includes liver resection, enucleation, hepatic artery ligation and liver transplantation. The most common procedures worldwide are liver resection and enucleation (open surgery, laparoscopy or robot)[45-48]. 
The first hepatic resection for HH was done in 1987 by Schwartz et al[49] and in 1988 Alper et al[50] reported the first nine patients treated with enucleation.
The choice of procedure depends on the size, number of lesions, location, surgeon experience, and institutional resources. Both techniques carry minimal postoperative morbidity. 
In the last years several studies have evaluated enucleation vs hepatectomy and most have concluded that enucleation is associated with lower morbidity, shorter operation time, less blood loss and fewer complications[47,48,51]. However, when HH is larger than 10 cm, Zhang et al[52] found no difference in operation time, blood loss, complications or hospital stay between enucleation and resection.
Enucleation is technically easier in peripherally located HH, when done in centrally located HH the procedure causes a longer vascular inflow occlusion time, longer operating time and more blood loss[53]. Centrally located HH (Segments I, IV, V and VIII) are treated with extended right and left hepatectomy. This therapy may remove 60% to 80% of liver parenchyma, which convey a higher risk of postsurgical liver failure. Some lesions are suitable for a wedge resection[53].
Improvement in laparoscopic surgery has increased the cases treated with minimally invasive surgery for either resection or enucleation. Laparoscopic liver surgery is preferred in small, left lateral lesions with minor resections[32,54]. 
A recent retrospective study compared open versus laparoscopic liver surgery for HH; results favored laparoscopic therapy with less blood loss, lower complication rates, and a shorter postoperative hospital stay. However, baseline patient characteristics between the two groups were not equal as surgeons decided open or laparoscopic surgery based on tumor characteristics[54].
Liver transplantation for benign solid tumors is not considered a first line treatment due to morbidity and organ shortage. A study published in 2015 analyzed data from the United Network of Organ Sharing from 1988 to 2013 and found 147 (0.17%) liver transplants in US patients were performed for benign tumors of the liver, including 25 for HH[55]. 
Liver transplantation is reserved for unresectable giants HH causing severe symptoms (respiratory distress, abdominal pain), failure of previous interventions or life-threating complications such as Kasabach Merrit syndrome[56,57]. 

Non-surgical management
Transcatheter arterial embolization (TAE) is used to control acute bleeding or shrink HH prior to surgery with metallic coils, gelform particles, polyvinyl alcohol and liquid agents such as N-butyl-2-cyanoacrylate, bleomycin-lipiodol[58-61]. However, TAE as also been used as single treatment with acceptable results[62,63]. 
A mix of pingyangmycin/lipiodol was first studied as a single treatment for HH. Two studies reported good results with significant reduction of HH volume and relief of symptoms[64,65]. Pingyagmycin is only available in China, similar studies have been carried in other places with bleomycin as substitute for pingyagmycin[62,63].
 A study with 23 patients (29 HH) managed with TAE with bleomycin-lipiodol concluded 73.9% of patients had > 50% volume regression of HH[62]. Bleomycin administration results in micro-thrombi formation, which leads to atrophy and fibrosis of the tumor. It also induces a non-specific inflammatory process around the HH and in the portal area. Acute liver failure, liver infarction, abscess, intrahepatic biloma, cholecystitis, splenic infarction, hepatic artery perforation, and sclerosing cholangitis have been reported as associated complications of TAE with Bleomycin[66].
Radiofrequency ablation (RFA) can be used percutaneously, laparoscopically or by open surgery. RFA induces a thermal damage to endothelial vascular structures and promotes thrombosis. RFA is usually performed under US guidance; CT guidance for percutaneous RFA is suitable for HH located deeply in liver parenchyma[67].
Laparoscopic RFA with US guidance is preferred for subcapsular HH[68]. Laparoscopic RFA compared with open resection is associated with shorter operative time, less pain, shorter hospital stay and the lower hospital cost[69,70].
Lengthy RFA is prone to cause hemolysis, hemoglobinuria and acute kidney injury, thus is not suitable for large HH[71]. Other complications of RFA include bleeding at the electrode entry site, rupture of HH and injury to adjacent organs by puncture or thermal injury. 
The established indications for RFA in this population are maximum diameter of HH > 5 cm, tumor gaining enlargement > 1 cm within 2 years, persistent HH related abdominal pain with exclusion of other GI diseases. Contraindications include patients with severe bleeding tendency, malignant tumors, Kasabach-Merrit syndrome, infection (biliary system inflammation), low immune function, and severe organ failure[67].
The use of anti-VEGF such as sorafenib and bevacizumab have been reported in case reports to incidentally reduce HH size[72,73]. A retrospective study aimed to study HH size reduction with anti VEGF (bevacizumab or sunitinib) showed no significant volume reduction[10]. Metformin has also been reported in a case report to incidentally reduce HH size[74]. 

Liver transplant with liver resection graft of HH
In the last years, the donor’s criteria for liver transplant has expanded to overcome organ shortage. Liver donors with the discarded partial liver resection from HH have proved to be a viable source for liver transplant with acceptable receptor outcomes and no growth of HH[75-77].

CONCLUSION
Most HH are diagnosed incidentally on imaging tests since most patients remain asymptomatic throughout their life. Patients who present with symptoms are usually due to larger lesions. 
Since the natural history of HH is benign and an increase in size progression occurs in less than 40%, most patients can be reassured and only observed. When a patient is symptomatic, the first step is to exclude other causes of their symptoms. Once excluding other etiologies and HH is considered the cause of symptoms, treatment modalities are decided based on size, anatomy and comorbidities of the patient. 
Over the last years, non-surgical minimal invasive procedures for tumor reduction and laparoscopic surgery have proven good results in selected patients. 
Rarely HH present with life-threatening conditions such as an acute traumatic rupture or coagulation disorders. Only in these instances, emergent surgical management is warranted. 
Clinicians should discern between observation and the best optimal management based on the clinical presentation. If treatment is needed, a minimal invasive approach should be pursued. Future research will help clinicians understand HH pathogenesis and guide management. 
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Figure Legends
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Figure 1 Liver ultrasound (left) and computed tomography abdomen with contrast (right) of a patient with hepatic hemangioma (55 mm × 46 mm).
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Figure 2 Hepatic hemangioma of 49 mm × 30 mm. A: Non-contrast phase; B: Arterial phase; C: Venous phase; D: Delayed phase; E: Coronal view of computed tomography scan (venous phase).
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Figure 3 Computed tomography abdomen with contrast (red arrow) and magnetic resonance imaging T2-weighted scan (green arrow) with hepatic hemangioma 45 mm × 30 mm. 
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