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Abstract
Portal hypertension is a major complication of cirrhosis characterized by a pathological hepatic venous pressure gradient 
(HVPG) ≥ 5 mmHg. The structural changes observed in the liver leading to intrahepatic vascular resistance and, conse-
quently, portal hypertension appear in the early stages of cirrhosis. Clinically significant portal hypertension (HVPG ≥ 10 
mmHg) is associated with several clinical consequences, such as ascites, hyponatremia, gastroesophageal variceal bleeding, 
hepatorenal syndrome, cardiopulmonary complications, adrenal insufficiency, and hepatic encephalopathy. The diagnosis 
and management of these complications depend on their early identification and treatment. Regarding ascites, diuretics are 
a useful treatment, although plasma sodium levels must be properly controlled to avoid hyponatremia. The management 
of hypovolemic hyponatremia usually consists in stopping diuretics and the administration of volume. On the contrary, 
hypervolemic hyponatremia is managed with fluid and sodium restriction. Transjugular intrahepatic portosystemic shunt 
(TIPS) should be considered in patients with refractory ascites. Primary prophylaxis of variceal bleeding should be based 
mainly on non-selective beta-blockers. Management of acute gastroesophageal variceal bleeding includes vasoactive drugs 
and endoscopic band ligation and, in patients at high risk of failure and rebleeding, preemptive use of TIPS. Secondary 
prophylaxis with a combination of non-selective beta-blockers and endoscopic band ligation is the treatment of choice. This 
article focuses on the management of ascites, hyponatremia, and gastroesophageal variceal bleeding.
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1 Introduction

Portal hypertension is a major complication of cirrhosis 
characterized by a pathological increase in the portal pres-
sure gradient. This gradient is defined as the pressure dif-
ference between the portal vein (inflow to the liver) and the 
inferior vena cava (outflow from the liver). A gradient of 
less than 5 mmHg is considered normal, while ≥ 5 mmHg 
defines portal hypertension. Clinical complications develop 
when there is a gradient ≥ 10 mmHg, which defines the 
so-called clinically significant portal hypertension. Medical 
management should be aimed at avoiding the progression of 
liver disease and preventing decompensation [1]. The devel-
opment of portal hypertension is due in part to the forma-
tion of scar tissue that leads to an increase in intrahepatic 
vascular resistance [1].

Clinically significant portal hypertension is associated 
with several clinical consequences. Once portal hyperten-
sion is established, compensatory mechanisms develop, such 
as the growth of collateral circulation and an increase in the 
plasma concentration of vasodilator substances (nitric oxide, 
prostacyclin, and endocannabinoids) that attempt to reverse 
the increase in intrahepatic resistance. However, these mech-
anisms are insufficient and, in fact, produce a decrease in 
splanchnic and systemic vascular resistance that results in 
a decrease in the effective arterial blood volume. The kid-
neys detect this theoretical decrease in volume and activate 
compensatory mechanisms such as the renin-angiotensin-
aldosterone system, the sympathetic system, and antidiuretic 
hormone. These mechanisms lead to an increase in sodium 
and water retention that promote the development of ascites 
[2–4]. The onset of renal sodium retention and ascites is 
associated with a decrease in the excretion of free water. 
The retained water dilutes the internal milieu and produces 
hyponatremia [5, 6].

In addition to ascites and hyponatremia, other compli-
cations of portal hypertension include gastroesophageal 
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Key Points 

Ascites, hyponatremia, and variceal bleeding are com-
plications associated with advanced chronic liver disease 
and portal hypertension.

Ascites should be managed with dietary sodium intake 
restriction and diuretics (spironolactone alone or in com-
bination with furosemide). In patients with refractory 
ascites, transjugular intrahepatic portosystemic shunt 
(TIPS) should be considered.

Hypovolemic hyponatremia is rare and should be man-
aged by stopping diuretics and expanding the plasma 
volume with isotonic solutions. Hypervolemic hypona-
tremia should be managed with fluid and dietary sodium 
restriction.

Primary prophylaxis of acute gastroesophageal variceal 
bleeding should be based on non-selective beta block-
ers (NSBB). Preemptive use of TIPS in patients with 
variceal bleeding and high risk of failure and rebleeding 
should be considered. Secondary prophylaxis should be 
based on NSBB plus endoscopic band ligation.

clear pathological significance. The need for antibiotic treat-
ment in these cases should be discussed and individualized 
according to the isolated organism and the clinical condition 
of the patient [2, 9, 10].

All patients who have recovered from an episode of SBP 
should receive long-term antibiotic prophylaxis. Impor-
tantly, primary SBP prophylaxis should also be initiated in 
patients with high-risk criteria (low protein ascites < 1.5 
g/L and liver failure with bilirubin > 3 mg/dL). A special 
mention should be made to point out the risk of renal impair-
ment in patients presenting with SBP. In patients with SBP, 
besides administering antibiotic therapy, it has been demon-
strated that the use of intravenous albumin infusion reduces 
the incidence of renal impairment and in-hospital mortality 
in comparison with treatment with an antibiotic alone [11].

Focusing on the management of ascites, the first step in 
its treatment is to establish a low sodium diet. However, 
it is controversial how strict the salt restriction diet has to 
be. In very restrictive low sodium diets (< 5 g/day, < 85 
mmol sodium/day), a very high rate of adverse events such 
as hyponatremia, hepatic encephalopathy or hepatorenal 
syndrome have been reported. Moreover, this diet is difficult 
to follow and leads to reduced caloric intake. On the other 
hand, a moderate salt-restricted diet (5–6.5 g/day) could 
achieve higher adherence and better results, with quicker 
disappearance of the ascites and, importantly, fewer adverse 
events [12, 13].

The second step in the management of ascites is the use of 
diuretics. There are two families of diuretics that have been 
shown to be highly effective in the management of ascites 
in patients with cirrhosis: loop diuretics (furosemide) and 
potassium-sparing diuretics (spironolactone). Furosemide 
has a more immediate effect and a response rate of 52%. Its 
maximum recommended dosage is 160 mg/day. Spironolac-
tone has a slower effect (it takes approximately 3–4 days to 
appreciate its effects), which requires caution when adjusting 
the dose. It has a response rate of 95%, and the maximum 
recommended dosage is 400 mg/day [14–16]. It is recom-
mended to start with a combination of spironolactone and 
furosemide, adjusting their doses according to the response 
achieved [2]. The goals to be achieved with treatment will 
vary depending on whether the patient presents with ascites 
and edema, in which case a reduction of 1 kg of weight per 
day is intended, or if the patient presents only with isolated 
ascites, in which case the goal is a reduction of 0.5 kg per 
day. These goals are set to avoid severe renal vasoconstric-
tion and protect renal function. Spot urine sodium/potas-
sium ratio will allow us to measure the degree of treatment 
response and whether the patient is correctly following a 
hyposodic diet. A random spot urine sodium:potassium ratio 
between 1.8 and 2.5 has a sensitivity of 87.5%, specificity of 
56–87.5%, and accuracy of 70–85% in predicting a 24-h uri-
nary sodium excretion of 78 mmol/day (the aim of diuretic 

variceal bleeding, hepatorenal syndrome, cardiopulmonary 
complications, adrenal insufficiency, or hepatic encepha-
lopathy, among others. In this article, we will focus on the 
management of ascites, hyponatremia, and gastroesophageal 
variceal bleeding.

2  Diagnosis and Management of Ascites

Ascites is due to cirrhosis in approximately 80% of cases [7]. 
Approximately 20% of patients with cirrhosis have ascites at 
diagnosis, and 20% of those with ascites die within the first 
year of diagnosis [8]. To evaluate patients presenting with 
ascitic decompensation for the first time, it is necessary to 
perform a complete diagnostic work-up of liver disease and 
rule out malignancy and other causes of ascites. A diagnostic 
paracentesis will determine whether the characteristics of 
the ascitic fluid are compatible with cirrhosis. Typically, in 
cirrhotic ascites, a low protein concentration (< 15 g/L) and 
a serum albumin gradient ≥ 11 g/L are detected. In addi-
tion, it is also necessary to rule out spontaneous bacterial 
peritonitis (SBP), which is characterized by a neutrophil 
count > 250 cells/mm3. It is important to always culture 
the ascitic fluid to guide the antibiotic treatment of SBP. 
In other cases, the ascites culture can be positive but the 
neutrophil count is below < 250 cells/mm3. This scenario 
is known as bacterioascites, not SBP, and it does not have a 
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therapy is to ensure that urinary sodium excretion exceeds 
78 mmol/day) [2].

Despite treatment, approximately 10–20% of patients will 
develop refractory ascites. Refractory ascites can be diu-
retic-resistant ascites or diuretic-intractable ascites. Diuretic-
resistant ascites is ascites that persists despite a low-sodium 
diet and a maximum dosage of diuretics (spironolactone 400 
mg and furosemide 160 mg per day). Diuretic-intractable 
ascites appears when the maximum dose of diuretics can-
not be reached because the patient develops adverse effects 
earlier, such as hyponatremia or encephalopathy [2]. In these 
situations, it is recommended to perform a large volume par-
acentesis to reduce tension in the abdomen. To minimize 
the risk of adverse events (injury of the inferior epigastric 
artery and injury of the liver and spleen), the point of punc-
ture should be at least 8 cm from the middle line and 5 cm 
above the symphysis in the left lower abdominal quadrant. 
It is important to be aware that the extraction of more than 
5 L of ascites at one time can lead to abrupt hemodynamic 
changes (circulatory dysfunction), with marked reactivation 
of the neurohumoural response and increased fluid retention, 
with consequent renal failure and a risk of hyponatremia [17, 
18]. To counteract this, 8 g of albumin must be administered 
for each liter of ascites removed [19].

Refractory ascites decreases the survival of patients with 
cirrhosis. The probability of survival is 52% at 1 year and 
45% at 2 years [20]. Thus, other therapeutic strategies should 
be considered, such as liver transplantation. However, this 
strategy is not suitable for all patients due to long wait-
ing lists and transplant contraindications. In patients with 
refractory ascites without access to liver transplantation, the 
placement of transjugular intrahepatic portosystemic shunts 
(TIPS) is a good alternative. Several studies have shown that 
TIPS provides better survival and control of ascites than 
paracentesis in patients with refractory ascites [21, 22]. 
Importantly, it has been proved that the benefit of TIPS in 
the setting of ascites is greater in those patients with a lower 
severity of ascites, not meeting the strict criteria of refrac-
tory ascites but of recurrent ascites. Thus, currently TIPS 
placement is indicated for the management of difficult-to-
treat recurrent ascites [23].

3  Management of Hyponatremia

Hyponatremia is a severe complication of ascites and diu-
retic treatment. It is defined as a decrease in plasma sodium 
levels below 135 mmol/L. It can be mild (130–135 mmol/L), 
moderate (125–129 mmol/L), or severe (< 125 mmol/L). 
Hyponatremia is a relevant and potentially severe complica-
tion that can be associated with hepatorenal syndrome, SBP, 
refractory ascites, hepatic encephalopathy, and increased 
mortality [5, 6].

There are three types of hyponatremia: euvolemic, 
hypovolemic, and hypervolemic hyponatremia. Euvolemic 
hyponatremia is uncommon in patients with cirrhosis and 
should be managed based on the specific underlying cause. 
Hypovolemic hyponatremia, which represents 10% of all 
hyponatremias in patients with cirrhosis, is caused by an 
excessive loss of both extracellular volume fluid and sodium, 
either by excessive diuretic therapy or by conditions leading 
to dehydration (i.e., diarrhea or vomiting). It is character-
ized by a low serum sodium concentration and hypovolemia 
that leads to reduced renal perfusion. The management of 
hypovolemic hyponatremia consists of stopping diuretics 
and fluid resuscitation expanding the plasma volume with 
isotonic solutions [24].

Hypervolemic hyponatremia is much more common in 
cirrhotic patients. It is caused by hypersecretion of vaso-
pressin and enhanced proximal nephron sodium reabsorp-
tion with impaired free-water clearance, leading to dilutional 
hyponatremia with a high absolute amount of sodium. Its 
management consists of restricting fluids (1–1.5 L/day) and 
sodium. Careful replenishment with hypertonic sodium 
chloride should be reserved only for patients with severe 
acute symptomatic hyponatremia and always with close 
monitoring to avoid complications such as central pontine 
myelinolysis [24, 25].

4  Management of Gastroesophageal 
Variceal Bleeding

Variceal bleeding is one of the most severe and feared com-
plications of portal hypertension. Gastroesophageal varices 
appear in 25–35% of patients with cirrhosis, in 40% of com-
pensated cirrhotic patients, and in 85% of decompensated 
cirrhotic patients. Variceal bleeding has a high mortality 
rate. Despite applying the gold-standard therapy, 10–15% 
of patients with acute variceal bleeding experience treat-
ment failure, 21% rebleed, and 24% die during the first 6 
weeks [26].

Portal hypertension is the main driver of varices devel-
opment and variceal bleeding. Gastroesophageal varices 
develop when the hepatic venous pressure gradient (HVPG) 
rises over 10 mmHg. Varices needing treatment are large 
or have high-risk signs and should be managed with pro-
phylactic treatment to prevent bleeding. When the HVPG is 
12 mmHg or higher, the risk of variceal bleeding is greatly 
increased. During acute variceal bleeding episodes, an 
HVPG of 20 mmHg and above is associated with a high 
risk of failure and mortality [27].

Figure 1 shows an algorithm of prophylaxis for gas-
troesophageal varices. In compensated patients with clini-
cally significant portal hypertension who have not yet 
developed varices, long-term prophylactic treatment with 
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noncardioselective beta-blockers (NSBBs) may increase 
decompensation-free survival, mainly by decreasing the 
incidence of ascites [28]. In patients who have developed 
gastroesophageal varices but have not yet presented with 
bleeding, primary prophylaxis with NSBBs or the use of 
endoscopic band ligation is recommended. Both have been 
shown to be equally effective in primary prophylaxis of gas-
troesophageal variceal bleeding, but only NSBB impacts the 
natural history of the disease and improves survival with a 
better safety profile [26, 29]. Table 1 shows a comparison 
of the dosage and therapeutic goals of beta-blockers and 
endoscopic band ligation of primary prophylaxis for acute 
variceal bleeding [27].

Regarding the election of NSBB, carvedilol has been 
demonstrated to have a more potent effect in reducing HVPG 
and is better tolerated. Also, carvedilol improves outcome 
and is better at preventing decompensation when compared 
to the traditional NSBB propranolol and nadolol. In addi-
tion, the use of carvedilol has been recently accepted for the 
prevention of first decompensation in patients with clini-
cally significant portal hypertension, even in the absence of 
varices [28].

Management of acute variceal bleeding (Fig. 2) includes 
general management of critically ill patients, careful volume 
restitution, and antibiotics. Administration of vasoactive 
drugs such as somatostatin, terlipressin, or octreotide (they 
have all shown similar efficacy) should be started as soon 
as possible to decrease the portal pressure. Simultaneously, 
the prevention of complications such as bronchoaspiration, 
bacterial infection, hepatic encephalopathy, and acute kidney 
injury must be ensured. Subsequently, endoscopic evaluation 

and band ligation should be performed with the aim of con-
trolling the bleeding. If the bleeding cannot be controlled 
either pharmacologically or endoscopically, the placement 
of TIPS (rescue TIPS) should be considered [27].

After controlling the bleeding, the risk of rebleeding must 
be assessed [27]. Several factors can be used to stratify the 
risk of rebleeding, but one of the most effective scores to 
tailor therapy is the Child–Turcott–Pugh (CTP) score and 
the endoscopic findings. In low-risk patients (CTP A or CTP 
B without active bleeding at endoscopy), standard second-
ary prophylaxis with NSBB and endoscopic band ligation 
is recommended. In high-risk patients (CTP B > 7 + active 
bleeding or CTP C < 14), preemptive TIPS will be consid-
ered as soon as possible with the final aim of preventing 
failure, rebleeding, and mortality [27, 30, 31]. Finally, in 
very high-risk patients (CTP C 14–15), the use of preemp-
tive TIPS would be futile if it cannot be followed by liver 
transplantation, and only secondary prophylaxis with NSBB 
and band ligation is recommended.

5  Conclusions

Ascites, hyponatremia, and gastroesophageal variceal bleed-
ing are clinical consequences of portal hypertension. Early 
identification and the diagnosis of patients at risk is essential 
to prevent and treat them adequately.

Diagnostic paracentesis is required to determine if ascites 
is related to portal hypertension rather than cirrhosis, rule 
out malignancy, and diagnose SBP. Ascites should be man-
aged with dietary sodium intake restriction and diuretics 

Fig. 1  Prophylaxis of gastroe-
sophageal varices. NSBB non-
cardioselective beta-blockers
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(spironolactone alone or in combination with furosemide). 
In patients with refractory ascites, TIPS should always be 
considered.

Accurate assessment of hyponatremia in patients with 
cirrhosis is always necessary. Hypovolemic hyponatremia 
should be managed by stopping diuretics and expanding the 
plasma volume with fluid resuscitation. On the other hand, 
hypervolemic hyponatremia, the most frequent cause of low 
sodium in patients with cirrhosis, should be managed with 
fluid and sodium restriction.

In patients with clinically significant portal hypertension, 
preprimary prophylaxis with NSBB should be considered, 
as it may prevent hepatic decompensation. Primary prophy-
laxis of variceal bleeding with NSBB or band ligation is 
recommended in patients with high-risk varices. In patients 
with acute variceal bleeding and a high risk of failure and 
rebleeding, preemptive TIPS should be considered as early 
as possible during admission. Secondary prophylaxis for 
acute variceal bleeding should be based on the combination 
of NSBB and endoscopic band ligation.

Table 1  Primary prophylaxis of acute variceal bleeding with beta-blockers

Therapy Propranolol Nadolol Carvedilol

Recommended dose • Begin with 20–40 mg orally twice a day and 
increase by 20 mg every 2–3 days until reaching 
the treatment goal. Decrease stepwise if not 
tolerated

• Maximal dosage: 320 mg/day
• 160 mg/day in patients with severe ascites

• Begin with 20–40 mg orally once a day and 
increase by 20 mg every 2–3 days until reaching 
the treatment goal. Decrease stepwise if not 
tolerated

• Maximal daily dose: 160 mg/day

• Start with 6.25 
mg once a day

• After 3 days, 
increase to 
6.25 mg twice 
a day

• Maximal dose: 
12.5 mg/day

Therapy goals • Resting heart rate 55–60 beats per minute
• Maintain systolic blood pressure > 90 mmHg

• Same as propranolol • Systolic blood 
pressure > 90 
mmHg

• Heart rate 
reduction is 
not used for 
dose titration

Fig. 2  Management of acute 
variceal bleeding. CTP Child–
Turcott–Pugh, EBL endoscopic 
band ligation, TIPS transjugular 
intrahepatic portosystemic shunt
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