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Abstract
Severe chronic liver disease (CLD) may result from portal hypertension, hepatocellular failure or the combination of both. Some of these patients may develop pulmonary complications independent from any pulmonary pathology that they may have. Among them the hepatopulmonary syndrome (HPS), portopulmonary hypertension (PPH) and hepatic hydrothorax (HH) are described in detail in this literature review. HPS is encountered in approximately 15% to 30% of the patients and its presence is associated with increase in mortality and also requires liver transplantation in many cases. PPH has been reported among 4%-8% of the patient with CLD who have undergone liver transplantation. The HH is another entity, which has the prevalence rate of 5% to 6% and is associated in the absence of cardiopulmonary disease. These clinical syndromes occur in similar pathophysiologic environments. Most treatment modalities work as temporizing measures. The ultimate treatment of choice is liver transplant. This clinical review provides basic concepts; pathophysiology and clinical presentation that will allow the clinician to better understand these potentially life-threatening complications. This article will review up-to-date information on the pathophysiology, clinical features and the treatment of the pulmonary complications among liver disease patients.
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Core tip: Pulmonary complications are found in some patients with liver disease. The hepatopulmonary syndrome is found in 15% to 30% and, its presence, increases mortality and risk of requiring liver transplantation. Portopulmonary hypertension has been reported to be present in 4% to 8% in patients whom have undergone liver transplant evaluation. Hepatic hydrothorax, with a prevalence of 5%-6% in these patients, is suspected when a patient develops pleural effusions without presence of cardiopulmonary disease. All of these entities can only be solved with successful liver transplant.
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INTRODUCTION
Patients with chronic liver disease (CLD) can develop extra-hepatic pulmonary complications[1]. Among them, three life-threatening conditions are of concern. The hepatopulmonary syndrome (HPS), in which there is vasodilatation of the microvascular vessels of the lungs, with or without the presence of hypoxemia in patients where other cardiopulmonary conditions has been excluded[2]. Portopulmonary hypertension (PPH) results from arterial vasoconstriction linked to remodeling of the vascularity of the lung due to prolonged portal hypertension, which causes pulmonary arterial hypertension[3]. This entity is rare, but when present is seen in females and patients with autoimmune hepatitis. Lastly, hepatic hydrothorax (HH) is a more common clinical entity that is suspected when a pleural effusion is present in patients with liver disease in the absence of cardiopulmonary conditions[4]. 
This article reviews existing and up-to-date information on the epidemiology, pathophysiology, clinical manifestations, diagnosis and treatment options for these patients.

EPIDEMIOLOGY
Cirrhosis is the final pathway of CLD. In the United States, this condition has a prevalence of approximately of 0.27%[5]. The prevalence is higher among non-Hispanic blacks, and Mexican Americans[5]. Despite advances in its management, it has a reported mortality of 26.4% per-2-year interval compared with 8.4% in propensity matched-controls and the highest mortality in Latin America is found in Mexico[5,6]. The HPS is found in approximately 15% to 30% of patients who has cirrhosis. HPS is infrequent among smokers[7,8]. On the other hand, PPH has an estimated prevalence of 2% to 5% of patients with portal hypertension, and 4% to 6% in patients that are evaluated for liver transplant[9]. The prevalence of HH, in patients with cirrhosis is approximately 4% to 6%[10]. 

PATHOPHYSIOLOGY
In the HPS, there is excessive vasodilatation of pre-capillary and post-capillary vasculature, resulting in impaired oxygenation of venous blood as it passes through the lung, is the primary pathological insult[11]. Several human studies have demonstrated the increase in nitric oxide production among these patients[12,13]. This is thought to be related to shear stress and the production of endothelin-1 and tumor necrosis alpha (TNFα) in the liver, which in turn, activates the endothelial nitric oxide synthase (eNOS) and inducible nitric oxide synthase (iNOS) in the lungs[14]. Both, eNOS and iNOS, contribute to the monocyte accumulation of the Beta-Endothelin (ETβ) receptor overexpression, in the pulmonary vascular endothelium[15-17]. Other factors that can contribute to this monocyte accumulation include bacterial translocation and endotoxemia[18]. The endothelial activation of the fractalkaline chemokine (CX3CL1) in the lungs is a common pathway as it pertains to monocyte adherence in the pulmonary microcirculation[17,19]. It has been postulated that this activation is part of the pathway of angiogenesis[20]. In addition, another factor in activating eNOS and iNOS, is the increased carbon monoxide (CO) production in monocytes[17,21]. Once these processes occur, the monocytes start to bind growing factors, such as the vasculo-endothelial growth factor-A (VEGF-A), causing angiogenesis and activating angiogenic signaling pathways[17,20,22]. The more angiogenesis, the more intravascular monocytes, and finally an excessive vasodilatation (Figure 1).
 
Definition
PPH is defined in patients with CLD as pulmonary arterial hypertension with mean pulmonary artery pressure (MPAP) > 25 mmHg at rest or MPAP > 30 mmHg with exercise and pulmonary capillary wedge pressure (PAOP) of < 15 mmHg and pulmonary vascular resistance > 240 dynes·s·cm-5)[9,17,23]. The pathogenesis is not fully understood, as this entity has a low prevalence[24,25]. Some authors describe the histopathology of PPH identical to that of idiopathic pulmonary arterial hypertension[3,26]. In both instances, there is vascular injury caused by shear stress and vasoactive mediators (Endothelin-1, prostacyclin and thromboxane)[9,17,27]. Moreover, these promote inflammatory processes with establishment of plexogenic arteriopathy, which advances to concentric intimal fibrosis, and smooth muscle hyperplasia and hypertrophy[28]. Patients with autoimmune liver disease can develop PPH, but its relationship is not clear, and it is possible that these diseases should be regarded as systemic multi-organ manifestations[29-31]. 

Pathogenesis
The most accepted pathogenesis for HH is the direct passage of ascitic fluid from the peritoneal cavity to the pleural space due to defects in the diaphragm[4]. This is possible with a “valvular” mechanism, when the negative intra thoracic pressure favors the transfer of fluid across the defects[30]. Some risk factors for HH include anatomic thinning and separation of tightly drawn collagenous fibers in the tendinous portion of the diaphragm (includes congenital factors), cirrhotic cachexia secondary to protein malnutrition, an increased in the intra abdominal pressure due to ascites that causes the peritoneum lining to evaginates, which results in formation of pleuroperitoneal blebs that are likely to rupture with unidirectional migration of ascitic fluid into the pleural cavity[10,30,32]. Most of these defects measure less than 1 centimeter in diameter[30]. Most of the effusions are right sided, in close to 85% of patients with HH, due to the fact that the tendinous portion of the diaphragm predominates[32,33]. Bilateral effusions occur in only 2% of these patients[34]. Other theories involves: the azygous vein, which increases it pressure and flow, leading to subsequent leakage of plasma; the movement of peritoneal fluid to the pleural space via transdiaphragmatic lymphatics; the leakage of the thoracic duct; and the decrease of the colloid-osmotic pressure due to hypoalbuminemia[35-37]. Occasionally, some patients with CLD without ascites, may develop HH, as a result of the one way or unidirectional flow of the ascitic fluid into the pleural space, exceeding the capacity of the pleura to resorb ascites[38]. 

CLINICAL MANIFESTATIONS
In patients with CLD, the pulmonary complications may be subtle or life-threatening[1,39]. These patients may have concurrent pulmonary conditions, such as chronic pulmonary obstructive disease.

HPS
Most patients are asymptomatic. However, 18% of HHS patients may have a clinical presentation that starts with an insidious onset of dyspnea during the early stages of the syndrome[2,40]. Platypnea, which is worsening dyspnea during standing, or orthodeoxia (defined as hypoxemia that is exacerbated in the upright position), are seen in symptomatic patients with HPS[2,11,12]. The cutoff value for orthodeoxia is deﬁned as decrease in PaO2 of 5% or 4 mmHg from the supine position[17,41]. This hypoxemia is caused due to vasodilatation at the lower lobes of the lungs and an increased shunting through these regions when the patient is in the upright position[42]. Significant desaturaion during sleep may occur in these patients, even if the daytime hypoxemia is moderate[11,43]. Patients with severe HHS, may display digital clubbing as well as cyanosis[11, 44].

PPH
Most patients complain of is dyspnea, that may be accompanied with orthopnea, fatigue, syncope, chest pain (that patients refer as oppressive), and lightheadedness[9,45,46]. On physical examination, a tricuspid regurgitation murmur, with a pronounced P2 sound can be heard. In addition, increased jugular venous pressure, peripheral edema and ascites[9,47,48]. PPH is classified based on the MPAP values into mild (25-35 mmHg), moderate (35-50 mmHg), and severe (> 50 mmHg)[46,49]. 

HH
When a patient with CLD develops a pleural effusion, we must suspect HH, even if ascites is absent[38,50,51]. As noted, these patients could be totally asymptomatic or can exhibit symptoms of dyspnea on exertion, dry and non-productive cough, chest discomfort, hypoxemia and even respiratory failure[37,52,53]. Relatively small amounts of fluid in the thoracic cavity (e.g., 1-2 L) can cause symptoms. Occasionally, patients with HH may have life-threatening complications such as acute tension hydrothorax (TH). In patients with TH, severe dyspnea and hypotension are seen[52,53]. This process occurs rapidly, usually over the course of an hour, and be secondary to sudden pleuroperitoneal bleb[50,54,55]. Spontaneous bacterial empyema (SBE), which is under-recognized because it is rarely described, may occur in 2% of cirrhotic patients, and 13%-16% among cirrhotic patients with hepatic hydrothorax[10,34,56]. SBE may be confused with pleural empyema, as there is no evidence of abscess formation in the chest cavity and is commonly related to pneumonia[10,56,57]. This clinical entity has a mortality rate of 20% to 38% and rapid diagnosis is essential for appropriate and timely initiation of treatment[56,58]. 

DIAGNOSIS
HPS
The criterion for the diagnosis of HPS requires the presence of gas exchange abnormalities (due to intrapulmonary vasodilatation), and this can be measured with arterial blood gases, calculation of Alveolar-arterial oxygen gradient (abnormal if > 15-20 mmHg, on room air; age corrected) with or without hypoxemia (PaO2). All of this is measured in the sitting position[11,26]. In addition, contrast-enhanced echocardiography can be used to screen for intrapulmonary vasodilatation[59]. When intrapulmonary shunting is present, the left ventricle gets opacified with the contrast at least 3 heartbeats after the right ventricle (delayed shunting)[60]. 
Once the diagnosis of HHS is made it is important to classify its severity depending on the changes in partial pressure of oxygen, into: mild with PaO2 > 80 mmHg, moderate > 60 mmHg to < 80 mmHg, severe > 50 mmHg to < 60 mmHg or very severe < 50 mmHg[12]. Pulmonary angiography may assist in the diagnosis and two patterns are commonly seen: First pattern seen has a finely diffuse, spidery arterial vascular abnormalities due to diffuse spongy appearance, and the second one has discrete, localized arteriovenous communications[61]. As this is an invasive procedure, this is not commonly performed. A computed tomography (CT) of the chest can be useful, but it is less sensitive[1,62]. 

PPH 
Transthoracic echocardiography (TTE) has been deemed as one of the most practical method to detect PPH[45]. This diagnostic technique attempts to identify the tricuspid regurgitant peak velocity, which helps in estimating the right atrial pressure by inferior vena cava changes on inspiration, and by using the modified Bernoulli equation, estimates the right ventricular systolic pressure in over 80% of patients with portal hypertension[3]. It has a high sensitivity and specificity if the pressure of the right ventricle is > 40 mmHg. In that case the sensitivity in the diagnosis of PPH is 100% and the specificity is 82%[63]. The American Association for the Study of Liver Disease recommends TTE to detect pulmonary hypertension in all the patients that are considered for liver transplant in the United States[45]. These patients may present right-sided systolic dysfunction and finally cor pulmonale.

HH
A simple chest X-ray can be used to confirm pleural effusions, and a thoracentesis can then be performed to confirm the presence of peritoneal fluid[10]. In the later test cell count, gram stain, culture, protein, albumin, lactate dehydrogenase and bilirubin are commonly analyzed. The pleural fluid composition in hepatic hydrothorax is usually transudative, however, due to a difference in the water reabsorptive capacity between the pleural space and peritoneal cavity, it has a higher protein concentration than ascitic fluid. If excessive diuresis is used, this fluid can be exudative[38]. In these patients, a CT of the chest can be helpful in differentiating and eliminating the pulmonary or pleural pathologies of left-sided pleural effusions[55]. Ultrasonography and magnetic resonance can be utilized to visualize diaphragmatic defects[32,50]. 

TREATMENT
HPS
To date, there is no effective medical therapy for this clinical condition. Spontaneous resolution is quite rare. In uncontrolled clinical trials, the use of beta-blockers, steroids, cyclophosphamide and/or nitric oxide have shown no mortality benefit[2,12,23,26]. As the mortality rate is quite high in these patients, the only chance for clinical improvement is undergoing liver transplant. This therapeutic intervention is successful in up to 85% of the patients with HHS that undergo this life-saving technique[11]. Priority of transplant is given to patients with HHS that also present hypoxemia (PaO2 < 60 mmHg)[64]. 

PPH 
The primary goal in these patients is to reduce the obstruction of pulmonary artery blood flow, in an attempt to improve hemodynamics[49-51]. This is accomplished by reducing the MPAP, and the pulmonary vascular resistance[45]. A secondary goal is to normalize the right ventricular pressure[3,25,29]. A variety of medications have been tried in these patients targeting pulmonary arterial hypertension. Among them, endothelin receptor antagonist, phosphodiesterase type-5 inhibitors, prostanoids, and combination therapy have been utilized[65,66]. Sildenafil as a single agent or in combination with prostacyclins is commonly used (Table 1)[49,67]. These agents are usually used to improve symptoms, prior to liver transplantation[63]. Failure to reduce the MPAP to < 50 mmHg, is considered a contraindication for transplant[68]. 
Over the past two decades, transjugular intrahepatic portosystemic shunting (TIPS), has been used as a treatment for uncontrolled gastrointestinal bleeding, refractory ascites or hydrothorax in patients with CLD. It can temporarily increase the MPAP, carbon monoxide and PVR and clinicians must be vigilant of these changes[69]. A contraindication to this procedure is a right ventricular systolic pressure > 50 mmHg, as well as an abnormal right ventricular size and function[25,49,68]. The pathophysiology, comparing the HPS and PPH is shown in Figure 1. Table 2 illustrates the pathophysiology, clinical features, diagnoses and treatment between these two diseases entity.

HH
Once the HH is managed emergently, these patients must be evaluated for liver transplant[51]. The primary treatment objective is to reduce the ascitic fluid accumulation and to relieve symptoms. In addition, preventing complications is paramount in these patients[4,30,37]. Sodium restriction is the first-line treatment, as well as gentle diuresis (e.g. spironolactone at a dose of 50-100 up to 400 mg per day)[34,37,70]. Before using a second diuretic, the dose of spironolactone must be increased gradually. A low-sodium diet, with 70-90 mmol per day, and weight loss of 0.5 kg per day in patients without edema, and 1.0 kg per day in those with edema is an initial goal of therapy. Thoracentesis is helpful for immediate symptomatic relief, and it is indicated for large pleural effusions (1.5-2.0 L) and for those with refractory hydrothorax and patients who are not candidates for TIPS[70,71]. As noted above, TIPS could be used to decompress the portal tract and decrease the portal venous pressure and can help in decreasing the rate of ascites formation. This intervention partially resolves the pathogenesis of ascites formation and it is a better alternative than that repeated thoracentesis[72]. In these individuals, the indications for TIPS are the patients with refractory ascites, failure to respond to adequate diuretic therapy, and frequent thoracentesis (> 1 in a period of 2-3 wk)[73]. TIPS can be done safely in patients < 65 years of age with a serum bilirubin < 3 mg/dL, ALT < 100 IU/L and a Child-Pugh score < 10[31]. Other contraindications in the context of HH include hepatic encephalopathy, pulmonary hypertension and an ejection fraction < 60%[74]. 

CONCLUSION
The pulmonary complications seen in patients with CLD frequently require liver transplant evaluation. The HPS is more frequent than PPH hypertension and HH, and the best chance for improved life-quality in these patients is liver transplant. PPH can be confused with idiopathic pulmonary hypertension. TIPS can be used in some of these patients. Of all the complications reviewed in this manuscript, HH has the best outcomes.
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Figure 1 Pathophysiology of the hepatopulmonary syndrome and portopulmonary hypertension. TNF α: Tumoral necrosis factor alpha; ETB: Endothelin type B; iNOS: Inducible nitric oxide synthase; HO-1: Heme oxygenase 1; VEGF: Vascular endothelial growth factor; eNOS: Endothelial nitric oxide synthase; CO: Carbon monoxide; NO: Nitric oxide. 



Table 1 Pulmonary hypertension; drug classification
	Classification
	Name
	Mechanism of action

	Endothelin receptor antagonist
	Bosentan
	Dual ETA and ETB receptor subtypes antagonist. Specifically, inhibition of ET-1 receptors

	 
	Ambrisentan
	Highly selective ETA receptor inhibition

	 
	Macitentan
	High affinity ETA than ETB antagonist.

	Phosphodiesterase 5 inhibitors 
	Sildenafil
	High selectivity for PD5 versus PD2, 3 and 4.

	 
	Tadalafil
	High selectivity for PD5 compared with PD1, 4, 7 and 10.

	Prostanoids
	Epoprostenol
	Synthetic prostacyclin with potent effects of vasodilatation and platelet aggregator inhibitor.

	 
	Treprostinil
	Long acting tricyclic benzindene synthetic analogue of prostacyclin. Vasodilator and inhibits platelet inhibition.





Table 2 Differences between the hepatopulmonary syndrome and portopulmonary hypertension
	
	Hepatopulmonary Syndrome
	Portopulmonary Hypertension

	Pathophysiology
	Severe vasodilatation.
Production of endothelin-1 and tumor necrosis alpha and eNOS and iNOS.
Increase of CO.
Vasculoendothelial growth factor-A.
Angiogenesis.
	Severe vasoconstriction
Concentric intimal fibrosis, and smooth muscle hyperplasia and hypertrophy.
Endothelin-1, prostacyclin and thromboxane.

	Clinical features
	Most patients are asymptomatic.
Dyspnea.
Platypnea.
Orthodeoxia.
Significant sleep-time oxygen desaturation.
	Dyspnea.
Orthopnea.
Fatigue.
Syncope.
Chest pain
Lightheadedness
Tricuspid regurgitation murmur, with a pronounced P2 sound.
Increased jugular venous pressure.
Peripheral edema.
Ascites.

	Diagnosis
	Corrected alveolar-arterial oxygen gradient (Abnormal if >15-20 mmHg) with or without hypoxemia (PaO2), all in sitting position.
Contrast-enhanced echocardiography.
Degree of severity: Alveolar-Arterial oxygen gradient > 15 mmHg,mild with PaO2 > 80 mmHg, moderate > 60 mmHg to < 80 mmHg, severe > 50 mmHg to < 60 mmHg or very severe < 50 mmHg.
Pulmonary angiography
	Transthoracic echocardiography.


	Treatment
	Liver transplant
	Endothelin receptor antagonist, phosphodiesterase type-5inhibitors, prostanoids, and combination therapy
Sildenafil alone or combined with prostacyclins.
Transjugular intrahepatic portosystemic shunting.
Liver transplant.



eNOS: Endothelial nitric oxide synthase; CO: Carbon monoxide; NO: Nitric oxide.
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