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Abstract
Persistent ascites (PA) after liver transplantation (LT), commonly defined as ascites lasting more than 4 wk after LT, can be expected in up to 7% of patients. Despite being relatively rare, it is associated with worse clinical outcomes, including higher 1-year mortality. The cause of PA can be divided into vascular, hepatic, or extrahepatic. Vascular causes of PA include hepatic outflow and inflow obstructions, which are usually successfully treated. Regarding modifiable hepatic causes, recurrent hepatitis C and acute cellular rejection are the leading ones. Considering predictors for PA, the presence of ascites, refractory ascites, hepato-renal syndrome type 1, spontaneous bacterial peritonitis, hepatic encephalopathy, and prolonged ischemic time significantly influence the development of PA after LT. The initial approach to patients with PA should be to diagnose the treatable cause of PA. The stepwise approach in evaluating PA includes diagnostic paracentesis, ultrasound with Doppler, and an echocardiogram when a cardiac cause is suspected. Finally, a percutaneous or transjugular liver biopsy should be performed in cases where the diagnosis is unclear. PA of unknown cause should be treated with diuretics and paracentesis, while transjugular intrahepatic portosystemic shunt and splenic artery embolization are treatment methods in patients with refractory ascites after LT.
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Core Tip: Despite being relatively rare, persistent ascites after liver transplantation is associated with worse clinical outcomes. Therefore, it is of primary concern to promptly diagnose and treat modifiable causes of ascites. Early evaluation should include ultrasound with Doppler and diagnostic paracentesis. Common treatable causes include hepatic inflow and outflow obstruction, recurrent hepatitis C infection, and acute cellular rejection. Ascites of unknown cause should be treated with diuretics and paracentesis, while transjugular intrahepatic portosystemic shunt and splenic artery embolization can be used in patients with refractory ascites. The latter option represents a novel treatment modality with promising results.

INTRODUCTION
Ascites represents the most common manifestation of decompensated cirrhosis[1]. About 5% to 10% of patients with compensated cirrhosis develop ascites annually[1]. The presence of ascites in a patient with cirrhosis is associated with a poor prognosis, as transplant-free survival is about 50% at 1 year and 20% after 5 years after decompensation[2,3]. Splanchnic arterial vasodilation secondary to nitric oxide that results in reduced effective circulatory volume and renal sodium retention is the principal cause of ascites formation in cirrhotic patients[4,5]. Portal hypertension and an increase in hepatic lymph formation also contribute to these complications of cirrhosis[4,5]. Liver transplantation (LT) is the best treatment option for patients with decompensated cirrhosis and ascites, as it induces resolution of ascites by reversing hemodynamic derangements and functional renal impairment. However, small to moderate ascites after liver transplantation is frequent in the early postoperative period and usually resolve within 2 to 4 wk after transplantation[5]. Persistent ascites after LT, commonly defined as ascites lasting more than 4 wk after LT, is an infrequent complication with a reported incidence of 5-7%[6,7]. Despite being relatively rare, it is associated with worse clinical outcomes, including higher morbidity and reduced 1-year survival[6,7].

ETIOLOGY
The etiology of persistent ascites after LT can be divided into vascular, hepatic, and extrahepatic causes (Figure 1). 

Vascular causes
Vascular causes of persistent ascites (PA) include hepatic outflow and inflow obstructions[8]. Inferior vena cava stenosis is a rare complication after LT, with a reported incidence of 1%[9]. This commonly iatrogenic complication is usually located at the anastomosis site or just superior to it[9]. According to the results of Cirera et al[6], the principal mechanism for massive ascites formation after LT is postsinusoidal portal hypertension secondary to hepatic vein outflow difficulty. In their work, from the hemodynamic data, the gradient between free hepatic vein pressure and right atrial pressure was significantly greater in patients who developed ascites than in patients who did not. However, ascites only was detected when the wedged hepatic venous pressure that mirrors sinusoidal pressure overcomes the threshold of 12 mmHg. Because evident stenosis or thrombosis in the studied population was detected in just 1 patient with ascites, hepatic vein outflow difficulty was probably due to a kinking of inferior caval vein or graft malposition. This explanation is supported by the resolution of ascites after reconstruction of caval anastomosis in some patients. Furthermore, in the same study, inferior vena cava preservation with the piggyback technique was performed more frequently in patients with PA after LT (72% vs 41%; P = 0.01)[6]. After analysis of these results, they changed the piggyback technique that previously included the origin of the left and medium hepatic veins to all three hepatic veins to ease venous graft drainage. Following this change, massive ascites in their patients have become extremely rare. The study by Nishida et al[10] confirmed that outflow obstruction due to stenosis of caval anastomosis is the cause of PA after LT, regardless of the type of vena cava anastomosis piggyback or caval anastomosis. 
Portal vein stenosis and portal vein thrombosis are rare causes of PA after LT, with an incidence of 1%-2%[11]. Bonnel et al[12] showed that portal vein thrombosis after LT is more common in patients with prior PVT history. Hepatic artery to portal vein fistula is an infrequent complication after LT, and according to published case reports, patients with this type of vascular abnormality can present with ascites[8]. Arterioportal fistulas are associated with percutaneous transhepatic procedures such as percutaneous liver biopsies and percutaneous transhepatic cholangiograms with or without percutaneous biliary drain placement[13].

Hepatic causes
Acute cellular rejection with decreased liver vascular compliance during the rejection episode is one of the proposed mechanisms of ascites formation after LT[14,15]. This theory is supported by the results of the study by Gadano et al[16], where patients with severe acute rejection had a higher hepatic venous pressure gradient than those with moderate or mild rejection. Following the treatment of acute cellular rejection, ascites usually resolves[17]. 
Stewart et al[5] demonstrated that cirrhosis induced by hepatitis C as well as recurrent hepatitis C contribute to PA after LT. Based on histologic findings, most patients with recurrent hepatitis C and PA had cirrhosis or bridging fibrosis, well-known factors associated with portal hypertension and ascites. However, it should be emphasized that PA can develop in patients with recurrent hepatitis C without significant fibrosis[18-20].
In the study by Lan et al[18] among 173 hepatitis C virus (HCV) transplants, 18 patients (10%) developed posttransplant ascites, with two-thirds of ascites episodes occurring without significant fibrosis. In the retrospective study of 82 liver transplant recipients with HCV recurrence, 17% of patients developed refractory ascites, and in some patients, refractory ascites occurred in the absence of advanced fibrosis[19]. In the same study, positive cryoglobulinemia that was systematically tested (P = 0.02) and perisinusoidal fibrosis at 1 year (P = 0.02) were independently associated with posttransplant ascites[19]. These results indicate that liver microangiopathy is involved in the development of ascites in patients with recurrent HCV after LT. Nevertheless, this cause of PA will most likely become uncommon in the era of widespread use of direct-acting antivirals.
Considering pretransplant predictors for PA, the presence of ascites, refractory ascites, hepato-renal syndrome type 1, spontaneous bacterial peritonitis, and hepatic encephalopathy significantly influence the development of PA after LT[5,7,19]. Male sex was also found to be a strong risk factor for PA after LT[6]. However, data on sex as a risk factor for this complication are conflicting[18]. Factors associated with the surgical procedure, such as cold ischemic (CI) time and size of the graft, contribute to PA after LT[5,21]. Several studies have shown that prolonged CI significantly influences PA development after LT[5,6,18]. Considering that CI time plays a significant part in the ischemic injury of the liver that primarily damages sinusoidal endothelium and results in increased hepatic resistance, PA can be expected if CI is prolonged[17,18]. A retrospective study involving 439 patients after living donor liver transplantation found that recipient spleen to graft volume ratio > 1.3, left lobe graft and graft recipient weight ratio < 0.8 were risk factors for persistent massive ascites after LT[22]. In the same study, pretransplant serum creatinine > 1.5 mg/dL and more than 1000 mL ascites at laparotomy were also risk factors for PA after LT. These five perioperative risk factors were used to develop the clinical scoring system (range from 0 to 7) for predicting PA after LT. Based on their internal validation, a cut-off of 4 points might be used as decision-changing, but only in cases of liver donor transplantation[22]. Finally, based on published case reports, PA after LT can occur due to sinusoidal obstruction syndrome, or it can be tacrolimus-induced[23,24].

Extrahepatic causes
The workup of patients with PA after LT should be directed to exclude extrahepatic causes of ascites, such as heart failure, chronic renal disease, malignancy, or infection[17]. Finally, the etiology of PA after LT can remain unknown. One hypothesis is that this type of ascites result from persisting collateral circulation and large splanchnic blood volume resulting from a disproportion between portal venous blood volume and liver uptake[25-27].
PROGNOSIS
The major negative impact of persistent ascites after LT is reduced patient survival[7,18]. In a retrospective study including 585 patients, PA was associated with reduced 1-year survival (92.3% vs 75.8%, P = 0.05)[7]. Nishida et al[10] showed that the mortality rate was nearly 8.6 times higher in patients with refractory ascites after LT while it was ongoing. However, the additional risk of death disappeared if the refractory ascites disappeared. In the same study, patients with an unknown reason for refractory ascites after LT had a significantly higher rate of RA disappearance[10]. Furthermore, persistent ascites after LT is associated with renal impairment, increased incidence of peritonitis and prolonged hospitalization[6].

EVALUATION
Blood analysis should be performed to evaluate liver and renal function, including complete blood cell counts, liver enzymes, albumin level, immunosuppressant level, and renal parameters. There should be a low threshold to evaluate for viral causes, primarily hepatitis C, due to relatively high incidence and available treatment options. In cases where cardiac etiology is clinically possible, N-terminal pro B-type natriuretic peptide (NTproBNP) level should be measured. The next step should be a diagnostic paracentesis, primarily to evaluate for infections such as bacterial peritonitis. A serum to ascites albumin gradient should be determined. However, its use for the assessment of portal hypertension is limited in post-transplantation settings[17]. 
As proposed earlier, the next step in the evaluation should be an ultrasound of the abdomen with included Doppler to assess for mechanical obstructions (vascular pathology). During the examination, it is recommended to measure liver graft and spleen size and calculate spleen to graft volume ratio as it might influence the treatment modalities, depending on the final diagnosis[8,17,28]. Angiography and invasive hemodynamic evaluation should be performed as a confirmation method for suspected mechanical obstruction[8]. In most common cases of hepatic vein stenosis, an invasively measured gradient greater than three mmHg is considered significant[8,29]. An echocardiogram should be done when a cardiac cause is suspected or in cases of elevated NTproBNP levels. 
A percutaneous or transjugular liver biopsy should be performed in cases where the diagnosis is unclear, when there is a high probability of rejection, or when the presence of hepatitis and fibrosis should be assessed[8,17]. Despite both available options, in our opinion, the transjugular approach is more relevant due to the additional information regarding invasive pressure gradients[8,10,30].

TREATMENT
As aforementioned, the etiology of PA can be divided into vascular, hepatic, and extrahepatic. That being said, the primary goal of therapy should be directed toward the initial cause when one is known and it is modifiable. However, during diagnostic evaluation or when the cause of PA is unknown, the treatment approach to ascites after LT should follow the same principles as those in the pretransplant setting. Patients with moderate ascites should be treated with diuretics, anti-mineralocorticoid drugs or furosemide, in conjunction with a moderate restriction of sodium intake[4]. Large-volume paracentesis followed by plasma volume expansion is indicated in patients with large ascites or the case of refractory ascites[4]. Transjugular intrahepatic portosystemic shunt (TIPS) and splenic artery embolization (SAE) are treatment methods in patients with refractory ascites of unknown cause after LT. In a retrospective study by Saad et al[31], transplantation did not pose a technical challenge to TIPS creation. However, data on TIPS success in managing refractory ascites after LT are variable[31]. Nevertheless, most studies report 16% to 58% success, which is lower than in the pretransplant population[8]. This lower success of TIPS after LT can be due to the different pathophysiology of ascites after LT[8]. 
SAE is an emerging option for the treatment of PA after liver transplantation. The procedure itself has been widely used in multiple pathologies, including hematologic disorders and splenic trauma, just as in settings of chronic liver disease[32-34]. The idea behind the procedure is to cause a splenic infarction, which leads to decreased flow through the spleen with a consequent reduction in portal vein flow, portal pressure and hepatic congestion[28,35,36]. Based on published reports, the procedure is effective when the initial spleen to liver volume ratio is > 0.5[28,35,37,38]. Efficacy of the SAE can be almost immediately observed as the reduction in portal vein velocities. The procedure is considered relatively safe. In the largest report presented by Presser et al[38], only 1 of 54 patients developed post-splenectomy syndrome. However, severe complications have been described, including splenic abscess and perforation or pancreatitis[35]. It has been recommended to perform proximal rather than distal SAE, as it induces a reduction of the flow while allowing distal revascularization, minimizing the risk of complications[8].
Vascular complications causing stenosis are considered completely curable when diagnosed and treated promptly[17]. The most common of those, stenosis of the hepatic vein, is easily treated with plain balloon angioplasty. Successful procedure results in immediate resolution of pressure gradient followed by early clinical resolution of ascites[8,29]. However, a stent should be placed in cases who are irresponsive to balloon angioplasty or those who develop “restenosis” due to recoil[39,40]. The procedure is safe without significant complications and can be performed irrespective of the type of surgical anastomosis made. The same approach is used in the case of portal vein stenosis with a similar success rate. A somewhat higher risk of primarily bleeding complications relates to the transhepatic approach. However, they can be successfully treated with embolization[41]. On the other hand, stenosis of the inferior vena cava is usually iatrogenic or connected to scar formation. Because of this, larger balloons with multiple inflations are needed to achieve adequate results. For the same reason, stent placement is more common than other types of stenosis[8]. 
Hepatic causes, including recurrent hepatitis C and acute cellular rejection, should be treated following the latest guidelines. In the case of peritonitis, empirical intravenous antibiotics should be started immediately as the prognosis of patients with bacterial peritonitis as a cause of ascites after LT is associated with poor outcomes[10]. A brief overview of etiology, diagnosis and treatment options is summarized in Table 1.

CONCLUSION
In summary, persistent ascites after LT is an infrequent complication associated with higher morbidity and mortality. The PA can result from vascular complications, or hepatic and extrahepatic diseases can cause it. The initial approach to the patient with PA should be directed to diagnose a modifiable cause and treat accordingly. If the etiology of PA remains unknown, treatment of ascites includes diuretics and paracentesis. TIPS or SAE should be offered when conservative treatment fails. TIPS in posttransplant settings is less effective for the treatment of ascites, while SAE is emerging as a potential alternative treatment option that is considered relatively safe.
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Figure 1 Etiology and risk factors of persistent ascites after liver transplantation.


Table 1 Overview of etiology, diagnosis, and treatment options for persistent ascites after liver transplantation
	Etiology
	Diagnosis 
	Treatment option1

	Vascular
	Hepatic outflow obstruction
	Ultrasound of the abdomen with Doppler; 
Angiography and invasive hemodynamic evaluation
	Balloon angioplasty +/- stent implantation; 
Surgical reconstruction

	
	Hepatic inflow obstruction
	
	

	
	Arterioportal fistulas
	
	

	Hepatic
	Acute cellular rejection
	Evaluate liver function; 
Biopsy
	Modify immunosuppressive therapy

	
	HCV recurrence
	HCV serology; 
Biopsy
	Antiviral drugs

	Extrahepatic
	Heart failure
	NTproBNP; 
Echocardiogram
	Treatment according to specialist recommendations

	
	Chronic kidney disease
	Evaluate kidney function; 
Ultrasound
	

	
	Infection
	Paracentesis; 
Determine site of the infection
	Antibiotics

	Unknown cause or refractory ascites
	Preform all above mentioned diagnostic procedures
	Transjugular intrahepatic portosystemic shunt
Splenic artery embolization2


1All patients should be treated with diuretics, antimineralocorticoid drugs or furosemide, in conjunction with a moderate restriction of sodium intake.
2Consider splenic artery embolization as the first treatment option when the initial spleen to liver volume ratio is > 0.5. 
HCV: Hepatitis C virus; NTproBNP: N-terminal pro B-type natriuretic peptide.
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