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Abstract 
We report this case of a 43-year-old woman with Hepatitis-C cirrhosis who presented with a large right sided pleural effusion complicated by hypoxic respiratory failure and altered mentation necessitating dependence on mechanical ventilation. The pleural effusion spontaneously resolved upon initiation of mechanical positive pressure ventilation and recurred almost immediately after weaning the patient off the ventilator. The pre-ventilation, ventilation and post-ventilation chest X-ray films in chronological order present a striking visual demonstration of fluid dynamics and pathophysiology of hepatic hydrothorax, thereby obviating the need for a dedicated diagnostic test. We also report this case to highlight the treatment strategies for this often intractable complication. 
( 2013 Baishideng. All rights reserved.
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Core tip: We aim to publish this fascinating presentation of a case of hepatic hydrothorax that clearly provides an insight into pathophysiology of its development. We also presented its natural course and management. Such awareness will prompt institution of timely therapy and prevent long term sequelae of this potentially fatal condition.
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INTRODUCTION
Hepatic hydrothorax is an uncommon manifestation of portal hypertension from cirrhosis which results in extracellular fluid accumulation. Hepatic hydrothorax is defined as a transudative pleural effusion in cirrhotic patients without underlying pulmonary or cardiac disease and is often > 500 mL in volume[1,2]. It is seen in approximately 5%-12% of all patients with cirrhosis[1,3,4]. Accumulation of fluid within the pleural cavity has greater clinical ramifications when compared to ascites, as even lesser volumes (1-2L) can cause significant dyspnea and hypoxia. Therefore, prompt drainage of pleural fluid along with implementation of salt restriction and initiation of diuresis is often required. 
CASE REPORT
A 43-year-old Hispanic woman who was born and raised in the United States, presented to the hospital with acutely altered mental status. The patient was known to have liver cirrhosis (Child-Pugh Class: C) from Hepatitis-C infection. A provisional diagnosis of hepatic encephalopathy was made and the patient was admitted to the critical care unit. Physical examination at the time of admission revealed a tachypneic and hypoxic disoriented woman. Other pertinent positive findings of physical examination included icteric sclera, decreased breath sounds over the right lung fields and bilateral pitting type of pedal edema. The patient was intubated and placed on mechanical ventilation. A chest X-ray taken immediately after intubation showed complete opacification of right hemithorax from a massive pleural effusion (Figure 1A). 
Initial set of laboratory studies showed normocytic, normochromic anemia (Hemoglobin of 9.6 g/dL), severe thrombocytopenia (39 K/μL) , abnormal coagulation parameters (PT of 20.6 s and aPTT of 62.2 s) , abnormal liver enzymes (alanine transaminase of 41 IU/L, aspartate transaminase of 98 IU/L, elevated alkaline phosphatase of 193 IU/L) with jaundice (elevated total and direct bilirubin levels of 3.8 mg/dL and 2.8 mg/dL respectively), profound serum hypoalbuminemia (2.0 g/dL). Serum ammonia level was elevated at 245 μmol/L. Echocardiogram revealed concentric left ventricular hypertrophy with normal ejection fraction of 83%.  Thoracentesis was performed, with pleural fluid revealing a total protein of 1.0 gm/dL and a Serum-Pleural fluid Albumin Gradient of > 1.1, alluding to its transudative properties. 

Hospital course of the patient was marked by treatment for hepatic encephalopathy with Lactulose and Rifaximin; work-up for a possible underlying precipitating factor. Septic work up including blood and urine cultures were non-contributory. The patient was not started on intravenous diuretics, in-spite of hypervolemia, in view of progressively worsening renal function (serum creatinine had trended up from 1.1 mg/dL to 1.9 mg/dL) within 24 h of admission. Patient was initiated on intravenous Albumin infusions at a dose of 1 gm/kg. body weight/day. Renal function improved with these colloid infusions thus making Hepatorenal Syndrome unlikely and pre-renal azotemia secondary to third-spacing, more likely. Chest X-ray taken a day after the intubation revealed near-complete resolution of the right sided pleural effusion (Figure 1B). Patient was continued on mechanical ventilation for another day before being extubated upon improvement in her respiratory status. The patient was noted to have progressive improvement in her mentation and stable respiratory function over the next few days. On day-6 of hospitalization, patient was again found to be disoriented and hypoxic with a chest X-ray showing recurrence of the right sided pleural effusion (Figure 1C). The patient was reintubated and placed on mechanical ventilation. 
Patient was considered for a tracheostomy in view of prolonged and recurrent intubation. However she could not undergo the procedure in view of her unstable medical condition, severe thrombocytopenia and progressively worsening coagulopathy. Patient was subsequently transferred to hospice care unit for palliative extubation. 

DISCUSSION
This patient presented with multiple symptoms that are prototypical of hepatic hydrothorax secondary to decompensated liver cirrhosis, including dyspnea, hypoxia, laterality of pleural effusion (right sided in up to 65%-87% of cases)[4] , transudative nature of pleural effusion and intractable nature of the pleural effusion . Even as hepatic hydrothorax is extensively reported in literature and could be found in almost 5-10% of all patients with cirrhosis, the peculiar and strikingly labile presentation of hepatic hydrothorax in our patient, is noteworthy. 

Several mechanisms have been postulated to explain the development of hepatic hydrothorax including decreased colloid osmotic pressure from hypoalbuminemia[5], increased azygos system pressure leading to leakage of plasma into the pleural space[5,6] and transdiaphragmatic migration of peritoneal fluid into the pleural space via lymphatic channels[7]. However, the most widely accepted theory is of the leakage of ascitic fluid via diaphragmatic defects[8,9]. The development of hepatic hydrothorax parallels other forms of fluid accumulation in cirrhosis. The basic pathophysiology of accumulation of fluid within the third space in cirrhosis, involves development of portal hypertension[10]; splanchnic vasodilation with subsequent activation of RAAS (renin-angiotensin-aldosterone system), activation of sympathetic nervous system and augmentation of Vasopressin release[11-13]. 
The dynamics of third space fluid are governed by the pressures of the cavities in which it exists. The negative intrathoracic pressure during inspiration aids in migration of fluid from peritoneal to the pleural space[3]. If the volume of this fluid exceeds the absorptive capacity of the pleural membranes, hepatic hydrothorax ensues. Our patient clearly exhibited this remarkable physiology of fluid dynamics while on and off mechanical ventilation. Patient had severe intrinsic liver disease resulting in formation of ascites and subsequently hepatic hydrothorax by mechanisms aforementioned. Mechanical ventilation imparted positive pressure that is transmitted to the intrapleural space. This positive pressure pushed the fluid back into the now-less pressurized peritoneal cavity, explaining the complete resolution of the right sided pleural effusion, post-intubation. After weaning off the positive pressure ventilation, the negative intrapleural pressure was quickly reestablished to aid patient inspire. This collaterally led to transmigration of fluid from ascitic cavity into the pleural space, thereby leading to reestablishment of hepatic hydrothorax.

The corner stone of management of hepatic hydrothorax is evaluation for liver transplantation[14]. However, in patients such as ours, who are acutely symptomatic and are not candidates for liver transplantation, the goal is to provide symptomatic relief. These palliative measures include large volume therapeutic thoracentesis[15] without the placement of an indwelling chest tube[16,17], salt restriction and diuresis[1,3]. Patients with hydrothorax refractory to these conservative measures might benefit from TIPS (Transjugular Intrahepatic Portosystemic Shunt) placement. However the success rate of TIPS is not encouraging in patients with advanced liver disease (Child Pugh Class C) such as seen in our patient[18]. The patient was not an ideal candidate for TIPS placement in view of her hepatic encephalopathy as well. 

This case was unique, as it clearly demonstrates the fluid movements mirroring the pressure gradients between two different third space compartments, without the use of nuclear isotope studies involving the intraperitoneal administration of 99mTc-sulphur colloid or 99mTc-human serum albumin. This case highlights the challenges posed by refractory hepatic hydrothorax and often poor outcomes in presence of underlying advanced liver disease. 
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Figure 1 Pre-ventilation, ventilation and post-ventilation chest X-ray films in chronological order. A: Chest X-ray taken immediately after intubations showing complete opacification of right hemithorax from a massive pleural effusion; B: Chest X-ray taken a day after the intubation showing near-complete resolution of the right sided pleural effusion; C: Chest X-ray taken after extubation showing recurrence of the right sided pleural effusion.
