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Abstract

Ascites and hyponatremia are the most common complications in patients with liver cirrhosis and develop as a consequence of a severe impairment of liver function and portal hypertension. Increasing evidences support the central role of renal function alterations in the pathogenesis of hydroelectrolytic imbalances in cirrhotic patients, thus implying a dense cross-talk between liver and kidney in the systemic and splanchnic vascular homeostasis in such subjects. Since Arginin Vasopressin (AVP) hyperincretion occurs at late stage of cirrhosis and plays an important role in the development of refractory ascites, dilutional hyponatremia and finally hepato-renal syndrome, selective antagonists of AVP receptors V2 (vaptans) have been recently introduced in the therapeutic algorithm of advanced cirrhotic patients. Despite the promising results of earlier phase-two studies, randomized controlled trials failed to find significant results in terms of efficacy of such drugs both in refractory ascites and hyponatremia. Moreover, concerns on their safety profile arise, due to the number of potentially severe side effects of vaptans in the clinical setting, such as hypernatremia, dehydration, renal impairment, and osmotic demyelination syndrome. More robust data from randomized controlled trials are needed in order to confirm the potential role of vaptans in the management of advanced cirrhotic patients.
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Key words: Cirrhosis; Vaptans; Portal hypertension; Arginin vasopressin; Liver
Core tip: Increasing evidences support the central role of renal function alterations in the pathogenesis of hydroelectrolytic imbalances in cirrhotic patients. Since Arginin Vasopressin (AVP) plays an important role in the development of refractory ascites, dilutional hyponatremia and hepato-renal syndrome, selective antagonists of AVP receptors V2 (vaptans) have been recently introduced in the therapeutic algorithm of advanced cirrhotic patients. Despite the promising results of earlier phase-two studies, randomized controlled trials failed to find significant results in terms of efficacy. Moreover, concerns on their safety profile arise. More robust data from randomized controlled trials are needed.

Facciorusso A, Amoruso A, Neve V, Antonino M, Del Prete V, Barone M. Role of vaptans in the management of hydroelectrolytic imbalance in liver cirrhosis. World J Hepatol 2014; 6(11): 793-799 Available from: URL: http://www.wjgnet.com/1948-5182/full/v6/i11/793.htm DOI: http://dx.doi.org/10.4254/wjh.v6.i11.793

INTRODUCTION

Ascites is the most common complication in patients with cirrhosis and develops as a consequence of a severe impairment of liver function and portal hypertension[1]. In fact, there is substantial evidence that severe portal hypertension is the main disorder in the occurrence of ascites in cirrhosis as ascitic patients have significantly higher portal pressure than those without ascites. In particular, an hepatic venous pressure gradient (estimation of the intrahepatic vascular resistance) of more than 12 mmHg has been found to cause the occurrence of ascites in cirrhotics[2,3]. 

Increasing evidences support the central role of renal function alterations in the pathogenesis of hydroelectrolytic imbalances in cirrhotic patients, thus implying a dense cross-talk between liver and kidney in the systemic and splanchnic vascular homeostasis in such subjects. 

Each step of this cross-talk could represent a potential target for the pharmacological management of cirrhotic patients. 

PATHOGENESIS OF ASCITES AND DILUTIONAL HYPONATREMIA

It is now evident that ascites is related more to alterations in the arterial vascular compartment and in kidneys than in the portal venous system[4].

Ascites has been traditionally considered as a consequence of backward transmission of the increased intrahepatic hydrostatic pressure into the splanchnic microcirculation and of the decrease in intravascular oncotic pressure because of the impaired hepatic synthesis of albumin. 
More recently, the splanchnic arterial vasodilatation secondary to portal hypertension has been found as the central event of ascites formation in cirrhosis[5]. Such mechanism simultaneously induces two different types of events: a “forward” increase in capillary pressure because of a greater inflow of blood at high pressure into the splanchnic microcirculation with consequent passage of fluid into the peritoneal cavity, and the impairment of systemic hemodynamics and renal function, which leads to sodium and water retention[6].

Splanchnic and systemic vasodilatation is due to the excretion by sinusoids of vasoactive mediators, for instance nitric oxid (NO), together with glucagon and other vasodilator molecules[7]. As a consequence of this process, the efforts made by the organism in order to obviate to the imbalance in favor of vasoactive molecules generate a well described chain of processes leading to a “vicious” circle and hence an impairment of the above cited pathological events. Particularly, the followings steps are reported: (1) “underfilling” of effective arterial blood volume; (2) impairment of renal perfusion and deterioration of glomerular filtration rate; (3) release of catecholamines by sympathetic nervous system (SNS) as response to decreased volemia leading to increase in cardiac output and renal vasoconstriction; (4) hyperactivation of Renin-Angiotensin-Aldosterone system (RAAS) and secondary hyperaldosteronism; and (5) release of Adiuretin (ADH), also called arginin vasopressin (AVP), and decrease in levels of Atrial Natriuretic Peptide.

Initially, as long as cirrhosis is compensated and patients don’t develop any hydro-electrolytic imbalance, the retained fluid volume suppresses renal reuptake of sodium and water and resets fluid balance, thus leading, together with the augmented cardiac output and cathecolamine incretion, to a general increase in arterial volemia. However, as the disease progresses the effective arterial blood volume isn’t maintained any longer by the aforementioned mechanisms and ascites occurs as a consequence of the “vicious circle” due to the continuous retention of water and sodium by the kidneys[7,8].

Due to the above cited mechanisms, the decompensated cirrhotic patient, although the marked hydrosaline reuptake, presents hypovolemia, periferic arterial vasodilatation and tachycardia. 

In the earlier phases of ascites onset, the RAAS and the SNS are not activated, hence the cause of sodium retention in this period is still unclear. Afterward, the two systems increase the release of mediators thus leading to further reduction in urine sodium excretion[7].

Finally, hyperincretion of ADH occurs and this explains the late onset of hyponatremia in decompensated cirrhotic patients. In fact, ADH is less sensitive than the SNS and RAAS to changes in the effective volemia[9].

Finally, in this setting, hepato-renal syndrome (HRS) occurs as extreme consequence of such imbalances (see below). The mechanisms leading to ascites occurrence are described in Figure 1.

RENAL ALTERATIONS IN CIRRHOSIS

As above specified, activation of RAAS has a key role in the occurrence of hydroelectrolytic imbalances in cirrhotics. Such activation, as well that of SNS and the hyperincretion of ADH, is a homeostatic response aimed at maintaining blood pressure at normal levels in cirrhotic patients with ascites. In fact, the infusion of selective antagonists of angiotensin II or antidiuretic hormone (V1 antagonists) to experimental animals or ascitic patients leads to a profound hypotensive response secondary to a decrease in peripheral vascular resistance[10]. Among the main stimuli leading to the activation of these systems, arterial vasodilatation and secondary arterial hypotension play a pivotal role. 

Other system implied in the pathogenesis of renal sodium retention is the SNS, which increases sodium reabsorption in the proximal tubule, loop of Henle, and distal tubule[11]. As decompensated liver diseases progresses, patients develop a decreased renal ability to excrete free water. This water dilutes the interior milieu and produces hyponatremia and hypo-osmolality. Water retention and dilutional hyponatremia develop months after the onset of sodium retention and ascites and are secondary to non-osmotic hypersecretion of AVP from the neurohypophysis in response to the reduced effective intravascular volume in cirrhosis[12,13]. Higher levels of AVP are responsible for water reabsorption in the distal collecting duct of the kidney. Water retention in patients with dilutional hyponatremia is a part of the positive fluid balance and contributes to the occurrence of ascites[12].

Interestingly, the renal synthesis of prostaglandin E2  is increased in cirrhotics to counteract the water-retaining effect of AVP and hence Non Steroid Anti-Inflammatory Drugs  may worsen the renal excretion of solute-free water in these patients[14,15].

As previously stated, the clinical consequence of solute-free water excretion impairment is the development of hyponatremia. This type of hyponatremia is referred to as dilutional hyponatremia because it occurs in the setting of increased total body water and dilution of extracellular fluid volume.

Hyponatremia in cirrhosis and ascites has gained attention as a strong prognostic marker, particularly in patients awaiting liver transplantation, given that several reports indicate that when serum sodium concentration if combined with the Model for End-Stage Liver Disease (MELD) score improves the prognostic accuracy of MELD in patients listed for orthotopic liver transplantation[16-18].
In most patients the degree of hyponatremia is mild and the condition is asyntomatic and needs no specific therapy. 
Renal vasoconstriction is the renal functional abnormality that develops later in patients with cirrhosis and ascites[19,20]. 
The occurrence of renal vasoconstriction in patients with cirrhosis and ascites is clinically relevant for several reasons. First, a significant proportion of these patients have refractory ascites, as sodium and water excretion are markedly impaired. Second, it predisposes to the development of HRS[21]. 

An increased activity of vasoconstrictor factors (mainly plasma renin activity and norepinephrine) and reduced activity of renal vasodilator factors acting on the renal circulation play the most important role in the pathogenesis of HRS because renal vasoconstriction in cirrhosis occurs in the absence of morphologic changes in the kidney[22].

The pathogenesis of renal vasoconstriction in cirrhosis is also related to changes in systemic hemodynamics. The most accepted theory considers renal vasoconstriction as the consequence of the extreme underfilling of the systemic arterial circulation due to marked vasodilatation of the splanchnic circulation, which activates homeostatic vasoconstrictor systems, whose effect on the kidney vasculature cannot be counterbalanced by either renal or systemic vasodilators[23,24].

Progression of functional renal alterations paralleled with cirrhosis course is shown in Figure 2.

VASOPRESSIN RECEPTOR ANTAGONISTS

Due to the aforementioned circulatory dysfunctions and activation of neuro-humoral systems leading to sodium and water retention, there has been an increasing interest in research on drugs that may improve circulatory and renal function in cirrhotics with refractory ascites and/or hyponatremia. Among such drugs, many affords have been sustained in developing and testing selective antagonists of the V2-receptors of vasopressin, known as vaptans.
AVP is a neuropeptide hormone synthesized by two hypothalamic nuclei (supraoptic and paraventricular nuclei) and secreted by the posterior pituitary in response to an increase in plasma tonicity or decrease in plasma volume[25].

The actions of AVP are mediated by three receptor subtypes: V1a, V1b and V2, all of them being G protein-coupled receptors and classified by their location[26]. V1a receptors are present on vascular smooth muscle cells, myocardium, platelets, and hepatocytes, and mediate vasoconstriction, platelet aggregation, and glycogenolysis[25,27,28]. V1b receptors have little selective distribution in the central nervous system. V2 receptors are expressed in principal cells of the renal collecting duct system. As shown in Figure 3, they mobilize intracellular vesicles of aquaporin 2 to the apical plasma membrane of collecting duct cells causing an increase in the reabsorption of free water. AVP acts on V2 receptors on the basolateral surface of principal cells resulting in activation of adenylyl cyclase. This leads to protein kinase activation resulting in preformed cytoplasmic vesicles called aquaporins getting inserted into the luminal membrane. They span the luminal membrane and permit movement of water down an osmotic gradient. The water absorbed is returned to the systemic circulation across the basolateral membrane. When the effect of AVP has worn off, water channels are removed from the luminal membrane by endocytosis, aggregate within clathrin-coated pits, and are returned to the cytoplasm[29].

Orally and intravenously active non-peptide vasopressin receptor antagonists are called vaptans. They cause aquaresis, that is, excretion of solute-free urine (Figure 3). They differ from the diuretics as they promote excretion of water without the loss of electrolytes and hence are categorized as aquaretics.

USE OF VAPTANS IN THE MANAGEMENT OF REFRACTORY ASCITES

Two phase-2 studies have recently tested satavaptan associated to diuretics finding a therapeutic benefit[30,31]. Such result was confirmed in the setting of ascites recurrence after large-volume paracentesis (LVP) in another phase-2 study[32]. Unfortunately phase-3 randomized, placebo-controlled studies found a non-superiority and a worse safety profile of satavaptan in combination with diuretics in ascitic patients with even an increased morbidity and mortality for unknown reasons[33].

Therefore, both European and American guidelines suggest as first-line therapy of refractory ascites repeated LVPs + albumin (8 g/L of ascites removed) and Transjugular Intrahepatic Porto-Systemic Shunt as rescue therapy for patients with very frequent requirement of LVPs[34,35]. Main characteristics of vaptans recently tested in clinical trials are reported in Table 1.

USE OF VAPTANS IN THE MANAGEMENT OF DILUTIONAL HYPONATREMIA

Due to the aforementioned prognostic impact of hyponatremia in cirrhotic patients and the well-known association between low serum sodium and comorbidities (neurological complications, above all), in the last years many efforts in order to define an effective and safe therapeutic algorithm for dilutional hyponatremia have been made. 

The main therapy of hyponatremia, consisting of increasing solute-free water excretion, has recently been implemented with the introduction of vaptans[36,37]. A number of evidences show that a short-therapy with vaptans (1 wk to 1 mo) ameliorates solute-free water excretion and leads to the increase in serum sodium levels in 45%-82% of patients without particular side effects on renal function, urine sodium, circulatory function, and activity of RAAS[38-41].

Thirst is the main complication related to vaptans. Other possible consequences of vaptan use in cirrhotics are hypernatremia, dehydration, kidney failure, and osmotic demyelination syndrome due to an unregulated increase in serum sodium levels. On the other hand, these concerns found little confirm in the aforementioned studies and their low frequency makes such considerations more theoretical assumptions than real problems[38-41]. Nevertheless, in light of these reported complications, therapy with vaptans should always be started under medical control with an “in-hospital” regime and serum sodium shouldn’t increase of more than 8-10 mmol/L per day[34]. Furthermore, vaptan therapy should be avoided in individuals affected by encephalopathy or who cannot guarantee an appropriate uptake of water due to the risk of dehydration and hypernatremia. The metabolism of these drugs is on charge of hepatic CYP3A enzymes; therefore, an unexpected increase in hematic vaptan levels could be due to drugs or compounds known as strong inhibitors of CYP3A such as ketoconazole, grapefruit juice, and clarithromycin. On the other hand, inducers of the CYP3A system, such as rifampicin, barbiturates, and phenytoin, may lead to a severe impairment of vaptan efficacy.

Tolvaptan was approved in the United States and Europe for the treatment of severe hypervolemic hyponatremia (< 125 mmol/L) due to SIADH, while for other conditions such as cirrhosis, ascites, and heart failure, only the American Food and Drug Administration (FDA) had licensed the drug.

Tolvaptan should be started with 15 mg/d and titrated progressively to 30 and 60 mg/d, if needed, following the serum sodium concentration. In the above reported studies, concerns raised only for some reported cases of gastrointestinal bleeding. Except for the aforementioned event, the safety profile of the drug resulted acceptable but clinicians should be aware that robust long-term data are lacking. However, in a recent placebo-controlled and open-label extension study of chronically administered tolvaptan in patients with autosomal dominant polycystic kidney disease, three cases of serious liver injury attributed to tolvaptan were observed[42]. Therefore, in a recently published safety announcement, FDA has forbidden the use of tolvaptan in patients with underlying liver disease, including cirrhosis, because the ability to recover may be impaired[43]. 

Conivaptan has also been licensed by FDA for the short term (5 d) intravenous treatment of hypervolemic hyponatremia but in cirrhosis data form randomized trials are lacking. 

Given the narrow therapeutic window of these drugs, current practical guidelines state that management of symptomatic hyponatremia relies on infusion of saline and removal of the underlying etiologic mechanism (usually due to diuretic therapy)[34,35]. Vaptan therapy should be reserved to cases of severe hypervolemic hyponatremia (< 125 mmol/L) and should be introduced under careful medical monitoring in hospital regime. Patients may be discharged when sodium levels’ stabilization is reached and no further adjustments of vaptan dose are needed. The proper length of therapy with vaptans is still unclear and concerns raise for long-term courses (> 1 mo)[34].
CONCLUSION

Vaptans represent a modern and promising therapeutic tool in the management of hydroelectrolytic imbalances in cirrhotic patients. Their safety profile and efficacy need further validation by randomized controlled trials. 
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Figure Legends
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Figure 1  Hemodynamic alterations underlying the role of portal hypertension in the ascites, hyponatremia and hepato-renal occurrence in liver cirrhosis. HRS: Hepato-renal syndrome.

[image: image2.png]Arterial vasodilatation

Compensated cirthosis | Ascites ——» Hyponatremia ——>  HRS

Mild sodium
Retention

Sodium retention

Solut-free water
Retention

Renal vasocostriction





Figure 2  Progression of the alterations of renal functionality in cirrhotics. HRS: Hepato-renal syndrome.
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Figure 3  Mechanism of action of vaptans. In physiologic conditions, binding of arginine vasopressin to its receptor, raises introcytoplasmatic levels of cyclic adenosine monophosphate, thus resulting in increased expression of aquaporin on the luminal membrane of principal cells in collecting duct. Therefore, free water move down gradient via aquaporin from ductal lumen to blood. Vaptans, by blocking binding of arginine vasopressin to its receptor, inhibit water reabsorption. cAMP: Cyclic adenosine mono-phosphate. 
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Table 1  Vaptans tested in trials


  Name


�
Receptor selectivity


�
Administration


�
Dose (mg)


�
Half-life (h)


�
�
  Conivaptan


�
V1aR/V2R


�
Oral, IV


�
40-80


�
31-78


�
�
  Tolvaptan


�
V2R


�
Oral


�
15-60


�
6-8


�
�
  Lixivaptan


�
V2R


�
Oral


�
50-400


�
7-10


�
�
  Satavaptan


�
V2R


�
Oral


�
5-25


�
14-17


�
�
  Mozavaptan


�
V2R


�
Oral


�
30-60


�
-


�
�
IV: Intravenous.











