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Abstract
Hepatic hydrothorax is a relatively uncommon complication of cirrhosis, which generally portends a poor prognosis. The pathogenesis, evaluation, and management 
of hepatic hydrothorax is herein reviewed, based on current literature. In general, treatment focuses on symptomatic relief and prevention of respiratory compromise. 
The only form of definite management of hepatic hydrothorax is liver transplantation, and so all patients in which it is diagnosed warrant further evaluation for 
transplantation candidacy.
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Introduction
Hepatic hydrothorax refers to a large accumulation of fluid in the 

pleural space (generally greater than 500 mL), occurring in a patient 
with cirrhosis and evidence of portal hypertension. Exclusion of 
primary cardiopulmonary and malignant etiology of pleural effusion 
is generally required. The estimated prevalence of hepatic hydrothorax 
is 5-12% in patients with cirrhosis [1]. In terms of laterality, while 
classically thought of as an isolated right-sided effusion, which occurs 
in about 85% of cases, it can also occur as a left sided effusion (13%) or 
as bilateral effusions (2%) [2]. Furthermore, while its most common 
presentation is within patients with cirrhosis and severe ascites, there 
are reports of hepatic hydrothorax occurring in patients with only 
minimal ascites. 

The general tolerance of cirrhotic patients to large volume ascites 
is often observed, owing to the inherent capacitance of the peritoneal 
cavity [3]. However, even small amounts of fluid in the pleural space 
can lead to respiratory symptoms, such as resting dyspnea, hypoxemia, 
pleuritic pain, and cough, due to the more restrictive nature of the 
thoracic cavity [3,4]. 

Pathogenesis
The mechanism of hepatic hydrothorax is the subject of much 

debate. Several speculative mechanisms have been put forth, including 
(a) hypoalbuminemia resulting in decreased plasma oncotic pressure; 
(b) increased venous pressure in the azygous venous system; (c) 
transdiaphragmatic migration of peritoneal fluid via diaphragmatic 
lymphatic channels [3]. However, none of these mechanisms account 
for the right-sided predominance of hepatic hydrothorax. Moreover, 
the above stated processes occur commonly in cirrhotic patients, and 
would suggest that hepatic hydrothorax invariably be present in most 
cirrhotic patients. To the contrary, it remains a relatively uncommon 
complication of end stage liver disease.

The most widely accepted mechanism of hepatic hydrothorax is 
small subcentimeter diaphragmatic defects, present in the tendinous 
portions of the diaphragm. In the setting of increased intra-abdominal 
pressure (e.g. ascites, sneezing, coughing), small portions of peritoneum 
herniate through gaps in the muscle fibers of the diaphragm, and into 

the pleural space [3,4]. These herniations, called pleuro-peritoneal 
blebs, can rupture, and the ensuing defects serve as communication 
between the pleural and peritoneal cavity, through which fluid can 
directly traverse. 

This mechanism has been corroborated by autopsy, video 
thorascopically [5], as well as with studies with peritoneal scintigraphy 
that demonstrate rapid migration of radiolabeled tracer from 
intraperitoneal injection into pleural fluid (tracer is not absorbed by 
the peritoneum, and thus the only mechanism of pleural accumulation 
is direct translocation through the anatomic defect) [6,7]. The direct 
passage of fluid between the two cavities accounts for the rapidity 
with which hepatic hydrothorax tends to re-accumulate following 
thoracentesis [6]. This mechanism furthermore provides explanation 
for the right-sided predominance of hepatic hydrothorax, given 
the increased likelihood of developmental defects in the right 
hemidiaphragm, the direct apposition of the liver to the right 
hemidiaphragm, allowing direct leakage of fluid through defects [1]. 

As studies of peritoneal scintigraphy have further suggested, the 
translocation of fluid is unidirectional. Negative intrathoracic pressure 
during the inspiratory phase of the respiratory cycle and increased 
intra-abdominal pressure favor the translocation of fluid from the 
peritoneal to the pleural space, and trapping of fluid into this space 
[4,7]. Hydrothorax occurs when the amount of fluid exceeds the 
reabsorptive capacity of the pleura [2,4].

Evaluation 
The evaluation of hepatic hydrothorax is centered on confirmation 

of pleural effusion and the exclusion of other etiologies that may result 
in a similar finding. The typical first step in this algorithm involves a 
chest radiograph, which can confirm the presence of pleural effusion. 
Although hepatic hydrothorax tends to involve the right hemithorax, 
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the presence of left-sided or bilateral effusion(s) does not exclude this 
diagnosis. Chest radiograph is followed by thoracentesis and other 
imaging modalities to rule out alternative causes of pleural effusion.

Thoracentesis

After obtaining pleural fluid, many diagnostic tests may be 
performed in order to further delineate the etiology of the pleural 
effusion. These tests include cell count and differential, gram stain, 
culture, protein, albumin, lactate dehydrogenase, glucose, bilirubin 
concentration, and pH. In the case of hepatic hydrothorax, analyses 
may demonstrate a paucicellular transudate, normal glucose, and pH 
> 7.4 [8] (Table 1). If other diagnoses are suspected, further diagnostic 
studies may be performed on the pleural fluid, including but not limited 
to, triglyceride level, amylase concentration, adenosine deaminase, and 
cytology [2,4,8,9].

Imaging modalities

In the setting of suspected hepatic hydrothorax, computed 
tomography scans are primarily used to exclude lesions within the 
mediastinum, lung parenchyma, or pleura [2]. If malignancy is a 
concern and pleural fluid cytologic examination is non-diagnostic, 
thoracoscopy and pleural biopsy may be indicated [4]. In all patients 
with suspected hepatic hydrothorax, an echocardiogram should be 
completed to evaluate for cardiac causes of pleural effusion.  

In cases where the diagnosis of hepatic hydrothorax is equivocal, 
scintigraphic studies using intraperitoneal injection of 99mTc-sulphur 
colloid or 99mTc-human serum albumin may be useful [10]. These 
radioisotopes travel in a unidirectional fashion, from the peritoneal 
cavity into the pleural space [11]. This study is optimally completed 
shortly after thoracentesis, when fluid tends to re-accumulate in the 
pleural cavity [12].

After the diagnosis of hepatic hydrothorax has been established, an 
abdominal ultrasound with Doppler study must be completed to assess 
the liver structure, visualize patency of the portal and hepatic veins, and 
identify ascites.  If abdominal ascites is present, paracentesis should be 
performed [4].

Management
The mainstay of management for hepatic hydrothorax is similar to 

that for portal hypertensive ascites, and begins with sodium restriction 
and diuretic therapy.

Sodium management

Fluid accumulation in cirrhosis occurs as a consequence of several 
confounding processes, including portal hypertension resulting from 
distortion of hepatic architecture and neurohormonally mediated 
splanchnic arterial vasodilatation [13]. These processes lead to 
decreased effective circulating volume [14], leading to reflexive 
activation of systems that increase renal sodium avidity. Fluid retention 
is in large part mediated by this increase in renal sodium retention, 

which can be counteracted by maintaining negative sodium balance. 
This can be achieved either by decreasing sodium intake, or increasing 
urinary sodium excretion [14]. 

Patients are advised to restrict sodium intake to 88 mmol per day 
(2000 mg) [15], which is usually well-tolerated [2]. The small portion of 
patients who achieve sufficient spontaneous naturesis can be managed 
with dietary sodium restriction alone [15], while the remainder require 
diuretic therapy [2].  Moreover, most patients opt in favor of some 
form of diuretic therapy to allow for liberalization of their sodium 
intake [14,15]. Diuretic therapy is usually initiated at furosemide 40 
mg daily and spironolactone 100 mg daily, and increased in a step-
wise fashion, i.e., doubling the dose every 3-5 days, while maintaining 
the 100 mg; 40 mg ratio until adequate clinical response is achieved 
[15]. Unresponsiveness to maximal diuretic therapy (furosemide 
160 mg daily, spironolactone 400 mg daily) [16] is termed refractory 
hydrothorax, and is managed as described below. In addition, diuretic 
therapy may be limited by development of renal insufficiency, 
electrolyte derangements, or hepatic encephalopathy [17,18].

Thoracentesis

Many large-volume effusions (>1.5L) may benefit from therapeutic 
thoracentesis. This should be completed with caution, and no more than 
2 L of fluid should be removed, given the reported risk of re-expansion, 
pulmonary edema and hypotension [12,19,20]. Despite the significant 
and rapid relief of reported symptoms by patients, continued therapy 
with diuretics is recommended. In a select group of patients with 
sufficient natriuresis, this management alone is adequate. However, in 
patients with significant sodium retention (urine sodium <10 mmol/
day), repeated thoracentesis every 2-3 weeks may be necessary for 
continued symptomatic relief [2]. In this patient population, repeated 
thoracenteses may impair quality of life and is associated with potential 
complications; consequently the placement of an indwelling pleural 
catheter (IPC) is often questioned.

While some advocate for the liberal use of IPCs, others suggest its 
use in cases when maximal medical therapy has failed, given the risk 
of IPC-related complications [21-24]. These complications include, 
but are not limited to, pleural infection, fluid loculation, drain site 
infections, acute renal failure, blockage, and mechanical failure of 
the drain itself [22]. In the case of hepatic hydrothorax, this palliative 
measure may be considered if Transjugular Intrahepatic Portosystemic 
Shunt (TIPS) is not possible, or as a bridge to liver transplantation [22]. 

Transjugular intrahepatic portosystemic shunt (TIPS)

Several studies have demonstrated the benefit of TIPS placement 
for management of refractory hepatic hydrothorax, mainly as a bridge 
to curative liver transplantation. In contrast to the more conservative 
measures detailed above, TIPS addresses the underlying cause of 
hepatic hydrothorax by creating a bypass channel between the portal 
system and the hepatic vein, in order to achieve portal decompression. 
Furthermore, the negative effects on systemic hemodynamics and renal 
function that limit the use of diuretic therapy and repeat large volume 
thoracentesis are not seen with TIPS [17]. To the contrary, TIPS leads 
to improvement in renal blood flow, urinary sodium and creatinine 
excretion [17]. Aggregates of small studies have demonstrated 
favorable clinical response in 60-70% of patients [16,25]. Small studies 
have demonstrated 1-year survival rate for refractory hydrothorax 
treated with TIPS was between 40-60% [26,27], and a 5 year survival of 
15% [16] in another study. Prognostic factors for survival included age, 
pre-TIPS MELD score and creatinine clearance [15,26,27].  Surviving 

Cell Count <250 polymorphonuclear cells/mm3

Total Protein Concentration <2.5 g/dL
Pleural fluid/serum total protein ratio <0.5
Pleural fluid/serum lactate dehydrogenase ratio <0.6
Serum-to-pleural fluid albumin gradient >1.1 g/dL
Pleural fluid/serum bilirubin ratio <0.6
pH  7.40-7.55

Table 1. Characteristics of pleural fluid in hepatic hydrothorax.
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patients showed improvement in Child-Pugh score and renal function 
[26]. The most frequent complications of TIPS include portosystemic 
encephalopathy, due to direct passage of toxic metabolites normally 
cleared by the liver into systemic circulation [1], technical complications 
of the procedure, and shunt thrombosis or stenosis [21].  

Other options

In patients who are non-responsive or intolerant of alternative 
therapies, chemical pleurodesis can be considered, which is often 
unsuccessful and results in recurrence of hydrothorax [21,28]. Other 
options include thorascopic repair of diaphragmatic defect [29]. 
Ultimately, these therapies are temporizing measures for management 
of symptoms resulting from hepatic hydrothorax, as the only form 
of definitive management is liver transplantation. For this reason, all 
patients with hepatic hydrothorax should undergo evaluation for liver 
transplantation candidacy. 

Conclusion
Hepatic hydrothorax is a complication of end stage liver 

dysfunction, much in the same way as ascites, hepatic encephalopathy, 
or esophageal varices. In this cohort of patients, patients with hepatic 
hydrothorax have worse outcomes than would be predicted by MELD 
model predictions alone [30]. This highlights the importance of further 
study of this phenomenon. The diagnosis of hepatic hydrothorax 
in a patient should lead to warrant immediate evaluation for liver 
transplantation, as it is the only form of definitive management.

Abbreviations
Model for End Stage Liver Disease (MELD), Transjugular 

Intrahepatic Portosystemic Shunt (TIPS), Indwelling Pleural Catheter 
(IPC).  
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