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ABSTRACT

Ultrafiltration represents an alternative strategy to diuretic therapy in edematous syndromes, particularly in 
cases of diuretic resistance and/or the need to limit dosage due to worsening renal function or electrolyte im-
balances. The two main techniques enabling this treatment are hemodialysis (HD) and peritoneal dialysis (PD). 
Extracorporeal ultrafiltration is indicated in emergency situations requiring rapid and effective fluid removal. 
However, this approach is associated with a higher risk of bleeding and anemia, accelerated decline of glomeru-
lar filtration rate, and increased costs compared to peritoneal dialysis. PD appears to offer advantages in hepa-
torenal syndrome. Ascites, the primary complication of cirrhosis, is defined as the pathological accumulation of 
fluid in the peritoneal cavity driven by portal hypertension. It results from a series of biochemical and vascular 
disturbances leading to abnormal fluid retention. Conventional therapeutic measures, including salt restriction 
and the use of loop diuretics combined with spironolactone, fail in approximately 10% of cases due to renal func-
tion deterioration and development of diuretic resistance, necessitating alternative therapies. PD may provide 
clinical benefits in this context.
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Hepatorenal Syndrome: Definition, Pathophysiology, 
and Clinical Implications

The first definition of Hepatorenal Syndrome (HRS) dates back 
to 1996, with a subsequent revision published in 2007 [1-3]. The di-
agnostic criteria imply the presence of extensive pathophysiological 
correlations between hepatic and renal dysfunction. Two types of HRS 
have been described: Type 1 and Type 2. Type 1 HRS is characterized 
by an acute onset and a rapidly progressive decline in renal function. 
It often arises following gastrointestinal bleeding, large-volume para-
centesis, acute alcoholic hepatitis, or spontaneous bacterial peritoni-
tis. Its clinical course is frequently complicated by heart failure, acute 

cerebrovascular events, and adrenal insufficiency. Type 2 HRS, in con-
trast, presents a more chronic evolution and is defined by a slow and 
progressive decline in renal function, potentially leading to end-stage 
renal disease (ESRD). The exact pathophysiological mechanisms un-
derlying the development of HRS remain incompletely understood; 
however, it is now well established that splanchnic vasodilation rep-
resents the primum movens in its pathogenesis. In the early stages of 
cirrhosis, hepatic inflammation promotes collagen deposition with-
in hepatic sinusoids, increasing intrahepatic vascular resistance and 
worsening portal hypertension. As a consequence, there is a massive 
upregulation of nitric oxide (NO) and other vasodilatory mediators 
released by endothelial cells.
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The increased shear stress on the sinusoidal walls contributes to 
the development of collateral vessels through the reopening of previ-
ously closed arterial channels and neoangiogenesis. This neovascu-
larization is mediated by elevated production of growth factors such 
as endothelial growth factor (EGF) and platelet-derived growth factor 
(PDGF). A reduction in glomerular filtration rate (GFR) is closely as-
sociated with a decrease in effective plasma volume due to marked 
splanchnic vasodilation. This leads to activation of the renin–angio-
tensin–aldosterone system (RAAS) and the sympathetic nervous 
system (SNS), alongside increased secretion of antidiuretic hormone 
(ADH). The net effect is afferent arteriolar vasoconstriction, further 
reducing GFR. Patients with HRS typically exhibit low urinary sodi-
um excretion due to increased tubular reabsorption, despite reduced 
GFR. Consequently, diuretic therapy with furosemide and spironolac-
tone is often ineffective, given the reduced sodium delivery to the loop 
of Henle and distal tubules. Additionally, small amounts of water are 
reabsorbed in the distal nephron in response to elevated ADH levels, 
contributing to oligo-anuria. The translocation of gut-derived bacte-
ria into the portal circulation is also implicated in HRS pathogenesis, 
triggering immune activation and a massive release of pro-inflam-
matory cytokines such as TNF-α, IL-6, and IL-1α. These cytokines 
contribute to systemic inflammation involving the lungs, heart, and 
kidneys [4-6].

From a clinical standpoint, hepatic failure-regardless of its dura-
tion-induces severe protein–energy malnutrition, hypoalbuminemia, 
hyperammonemia, and electrolyte disturbances. These patients also 
exhibit poor response to diuretics, chronic vasodilation, increased 
susceptibility to infections, and coagulopathy. The metabolic com-
plications of renal failure further worsen the prognosis. In patients 
with HRS, dialysis is associated with significantly higher risks com-
pared to non-cirrhotic patients, and there are no conclusive data re-
garding long-term outcomes [6-9]. Hemodialysis is often associated 
with serious complications. Severe comorbidities frequently result in 
poor vascular access options for arteriovenous fistula creation. The 
requirement for heparin administration during dialysis sessions may 
exacerbate underlying coagulopathy. The greatest risks arise from 
acute fluid shifts in patients with already reduced effective circulat-
ing volume and third-space fluid accumulation, leading to further he-
modynamic instability. As a result, quality of life in these patients is 
markedly compromised, with substantial economic burden [10,11].

Diuretic Resistance: Mechanisms and Clinical 
Implications in Renal and Hepatic Disease

Diuretic resistance is defined as the failure to achieve adequate 
relief of volume overload, edema, or congestion despite the use of 
maximally titrated doses of loop diuretics (e.g., furosemide ≥80 mg 
once or multiple times daily in patients with reduced glomerular 
filtration rate or heart failure). This condition presents a significant 
therapeutic challenge in managing syndromes such as congestive 
heart failure, liver cirrhosis, and nephrotic syndrome [1-2].

The pathophysiology of diuretic resistance is multifactorial and 
involves several mechanisms:

1.	 Neurohormonal activation: Increased activity of the re-
nin-angiotensin-aldosterone system (RAAS) and the sympathetic 
nervous system promotes sodium and water retention, blunting 
the natriuretic effects of diuretics.

2.	 Tubular adaptation: Chronic diuretic therapy can induce 
compensatory hypertrophy and enhanced sodium reabsorption 
in distal nephron segments, reducing drug efficacy over time.

3.	 Reduced renal perfusion: In advanced heart failure or liv-
er cirrhosis, renal hypoperfusion may limit delivery of the drug to 
its site of action in the nephron.

4.	 Pharmacokinetic alterations: Reduced bioavailability, al-
tered clearance, and the short half-life of loop diuretics may all 
contribute to suboptimal responses. The short duration of action 
in particular allows for post-diuretic sodium retention during in-
terdose intervals 

5.	 Excessive sodium intake and electrolyte imbalances: 
High daily sodium intake exceeding the diuretic-induced natri-
uresis, as well as associated electrolyte disturbances such as hy-
ponatremia, hypokalemic hypochloremic metabolic alkalosis, and 
reflex neurohormonal activation, can further aggravate resistance 
[1-3,12,13].

Diuretic resistance may present in two forms:

•	 Acute resistance, or the “braking phenomenon,” is charac-
terized by a transient reduction in response occurring shortly af-
ter treatment initiation.

•	 Chronic resistance refers to a sustained inadequate re-
sponse despite dose escalation or combination therapy [1-3].

In patients with chronic kidney disease (CKD), higher doses of fu-
rosemide are often required due to several additional factors. These 
include reduced renal perfusion, an expanded volume of distribution 
caused by hypoalbuminemia and impaired protein binding, decreased 
secretion of the drug into the proximal tubule due to competition for 
organic anion transporters (notably by urate and other retained sol-
utes), and a reduced filtered sodium load resulting from impaired glo-
merular filtration [2,3,12,13]. In patients with advanced liver disease, 
particularly those with cirrhosis and ascites, diuretic resistance is a 
common and complex clinical issue. It results from a combination of 
hemodynamic, hormonal, and pharmacokinetic alterations unique to 
the cirrhotic state. Splanchnic vasodilation leads to effective hypovo-
lemia, which triggers intense activation of RAAS, sympathetic nervous 
system, and antidiuretic hormone (ADH) release, all of which favor 
sodium and water retention. This neurohormonal activation is exac-
erbated by hypoalbuminemia, which reduces oncotic pressure and 
alters drug distribution and binding. Furthermore, reduced renal per-
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fusion and glomerular filtration contribute to impaired drug delivery 
and sodium filtration.

Hypokalemia and metabolic alkalosis, often worsened by aldoste-
rone excess and diuretic therapy, may further limit the response. In 
this context, diuretic resistance is typically defined by the failure to 
mobilize ascitic fluid despite maximum tolerated doses of spironolac-
tone and furosemide, and it often marks a transition to more advanced 
stages of cirrhosis, where options such as large-volume paracentesis, 
albumin infusion, or transjugular intrahepatic portosystemic shunt 
(TIPS) may be required [7-9].

Peritoneal Replacement Therapy in Hepatorenal 
Syndrome

Peritoneal dialysis (PD) removes excess water and sodium pri-
marily through osmotic ultrafiltration. Dialysis solutions containing 
glucose are commonly used; glucose acts as an osmotic agent, draw-
ing water from the peritoneal capillaries into the dialysate. Sodium 
is removed via both convective and diffusive mechanisms. However, 
after a typical 4-hour dwell time, the osmotic gradient generated 
by glucose diminishes due to its absorption into the systemic circu-
lation. For this reason, icodextrin-a glucose polymer-is increasingly 
employed as an alternative osmotic agent, providing sustained and 
effective ultrafiltration during long dwell periods. Peritoneal dialysis 
(PD) may represent a beneficial renal replacement therapy (RRT) in 
patients with hepatorenal syndrome (HRS) [11,14-18]. In cirrhotic 
patients, in addition to the removal of conventional uremic toxins, 
there is also a need to eliminate liver-derived toxins, many of which 
are protein-bound, particularly to albumin. Among extracorporeal 
therapies, hemofiltration-as compared to conventional hemodialysis 
(HD)-allows for enhanced removal of endotoxins and middle mole-
cules, improving cardiovascular stability and reducing the risk of hy-
potension. Peritoneal dialysis, on the other hand, enables a gradual 
and continuous removal of solutes and fluids, thus better preserving 
residual renal function when present and potentially facilitating renal 
recovery when reversibility exists. Ascitic fluid contains reabsorbable 
toxins that may return to the plasma.

Frequent drainage of ascites and lavage of the peritoneal cav-
ity using PD may reduce the concentration gradient of such toxins, 
thereby limiting reabsorption and enhancing their clearance [15-20]. 
Peritoneal clearance is generally satisfactory, also due to a common-
ly observed high or high-average peritoneal membrane permeabili-
ty, though the underlying reasons for this characteristic remain un-
clear. In non-cirrhotic patients, ultrafiltration may be reduced due 
to increased glucose absorption and a decreased osmotic gradient 
between dialysate and plasma, resulting in impaired fluid removal. 
In contrast, cirrhotic patients often maintain effective ultrafiltration 
despite high peritoneal permeability. This paradox may be explained 
by increased intracapillary pressure, which drives fluid into the peri-
toneal cavity via a mechanism akin to ascites formation. Additionally, 

hypoalbuminemia facilitates transudation even when dialysate osmo-
lality is reduced. Enhanced peritoneal permeability-driven by elevat-
ed intracapillary pressures-may support the clearance of otherwise 
poorly dialyzable toxins, particularly those with limiting size, charge, 
or conformational properties. In most patients, peritoneal drainage 
leads to progressive and continuous removal of ascitic fluid, which 
may induce sustained interstitial and intracellular fluid refilling into 
the vascular compartment, thereby improving fluid and electrolyte 
balance. Furthermore, PD enables individualized dialysis prescrip-
tion.

In many cases-especially in the presence of residual diuresis or 
moderate ascites-1 to 2 daily exchanges, even with prolonged dwell 
times, may provide adequate solute clearance [14-20]. Notably, in 
high-permeability patients, PD effluent may contain albumin con-
centrations of 1–2 g/L after a few hours of dwell, suggesting that 
standard PD may already contribute to bilirubin clearance [20]. Mal-
nutrition and hypoalbuminemia are frequently associated with both 
cirrhosis and dialysis. Splanchnic vasodilation and increased peri-
toneal permeability may contribute to significant losses of low- to 
medium-molecular-weight proteins (e.g., albumin, ferritin), as well 
as protein-bound or amino acid-derived toxins. Cirrhotic patients on 
PD exhibit higher early protein clearance than non-cirrhotic coun-
terparts, although these losses tend to decline over time and do not 
typically result in significant reductions in plasma protein concentra-
tions. In hepatic insufficiency, continuous glucose absorption through 
PD may be beneficial in the setting of impaired hepatic glycogen me-
tabolism, thereby enhancing caloric intake. Current evidence does not 
support a detrimental effect of PD on nutritional status in cirrhotic 
patients. Caution is warranted regarding the use of amino acid-based 
PD solutions in cirrhotics. Commercial amino acid dialysates are often 
ineffective due to impaired hepatic protein metabolism and may con-
tain excessive quantities of amino acids that are poorly metabolized, 
potentially leading to accumulation [17-22].

Both HD and PD maintain acceptable acid–base balance through 
acid removal and buffer provision. In HD, bicarbonate is the most 
common buffer. PD solutions typically contain either bicarbonate 
or lactate, which is metabolized by the liver into bicarbonate. In pa-
tients with hepatic failure, the continuous absorption and impaired 
metabolism of lactate could theoretically cause lactic acidosis and 
reach cardiotoxic levels. However, studies evaluating acid–base status 
in cirrhotic PD patients treated with lactate-buffered solutions have 
found values comparable to non-cirrhotic patients, and no reports of 
lactate-associated cardiac toxicity have been published [11]. Recent 
years have seen few studies on long-term outcomes in cirrhotic pa-
tients undergoing PD. Most publications are limited to case reports 
or small case series, often focused on patients with hepatorenal syn-
drome. The heterogeneity in etiology and clinical presentation among 
these patients makes group comparisons difficult. Furthermore, it is 
often challenging to distinguish between structural and functional re-
nal failure, the latter of which may be reversible-a distinction that is 
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critical when considering isolated liver transplantation versus com-
bined liver-kidney transplantation [17-22]. Chronic hypotension is 
common in cirrhosis and nearly universal during extracorporeal ther-
apies. In HD, rapid fluid and osmotic shifts may induce intradialytic 
hypotension via activation of nitric oxide and kinin pathways.

In contrast, PD, through its continuous and gentle ultrafiltration, 
ensures more hemodynamic stability due to consistent vascular refill-
ing. Interestingly, increased intra-abdominal pressure during PD may 
activate the renin–angiotensin–aldosterone system due to decreased 
renal perfusion. This mechanism may support the preservation or re-
covery of residual renal function [11]. Further support comes from a 
large cohort study conducted in Taiwan, which reported a significant-
ly lower mortality in cirrhotic patients with end-stage kidney disease 
(ESKD) treated with PD compared to HD. This survival benefit persist-
ed even after adjusting for key confounders such as Child–Pugh score, 
albumin levels, and comorbidities. The authors hypothesized that the 
more gradual fluid shifts and lower cardiovascular stress associated 
with PD may contribute to improved outcomes in these patients [23]. 
In the context of acute-on-chronic liver failure (ACLF) and severe 
AKI-a frequent scenario in type 1 HRS-a prospective Brazilian study 
investigated the safety and efficacy of high-volume PD. The study 
demonstrated that PD was able to achieve progressive ultrafiltration 
and correction of metabolic disturbances, despite the high severity 
of illness (mean MELD score >30). Although in-hospital mortality re-
mained high (71.7%), PD was deemed technically feasible and safe 
in critically ill cirrhotic patients, offering an alternative in settings 
where extracorporeal techniques are not tolerated or available [24]. 
A recent systematic review and meta-analysis by Renaud, et al. [21].

Evaluated the outcomes of PD in cirrhotic patients and found no 
significant difference in mortality when compared to HD. Notably, 
while peritonitis and hypotension were slightly more common in 
the PD group, the overall risk of PD technique failure or switch to HD 
was not significantly increased, suggesting that PD remains a feasible 
long-term modality even in the presence of cirrhosis [22]. Neverthe-
less, PD in cirrhotic patients is not free of complications. The presence 
of a peritoneal catheter in the context of impaired tissue repair may 
predispose to pressure sores or peritoneal bleeding. Ascitic fluid at 
the catheter insertion site may impair proper healing and increase 
the risk of leakage or incisional hernias. Moreover, PD may exacerbate 
the risk of hernias and hydrothorax [11]. Bajo et al. reported such 
complications, although these were not observed by other authors, 
possibly because effective PD reduces ascitic volume [19]. Gastro-
intestinal symptoms such as delayed gastric emptying are observed 
in both non-dialyzed cirrhotic patients and those on PD. While para-
centesis does not improve gastric motility, drainage of the peritoneal 
cavity in PD may resolve this issue [19,22]. Infectious risk is also a 
concern. Viral transmission (HIV, HBV, HCV) via peritoneal effluent 
has been described, although viral loads are typically lower than in 

plasma. Use of twin-bag systems and sodium hypochlorite in drain 
bags has minimized transmission risks, with no reported infections 
among household contacts of PD patients [18-20].

However, cirrhotic patients’ heightened susceptibility to infec-
tions may increase the risk of peritonitis or catheter tract infections. 
Cirrhotics are inherently at risk for spontaneous bacterial peritonitis 
(SBP), primarily caused by gram-negative bacteria translocated via 
lymphatic and hematogenous routes from the gut. This risk is com-
pounded by diagnostic or therapeutic paracentesis procedures, which 
may introduce gram-positive organisms [74–79]. In larger cohorts, 
the incidence of gram-negative peritonitis was similar across cirrhot-
ic and non-cirrhotic PD patients and matched controls [20]. This may 
reflect the protective effect of continuous peritoneal lavage in remov-
ing translocated bacteria, potentially outweighing the reduced local 
immune defenses [11]. Nonetheless, treating peritonitis in cirrhotics 
is more complex. Hepatically metabolized antibiotics may exhibit 
altered clearance, and their intraperitoneal absorption may be in-
creased due to high membrane permeability, requiring dose adjust-
ments for both systemic and intraperitoneal routes [15]. Encapsulat-
ing peritoneal sclerosis (EPS) has been reported in ~10% of cirrhotic 
patients on long-term PD-a higher prevalence than in non-cirrhotics, 
although the etiology remains unclear. A number of case reports and 
small series support that liver cirrhosis is a condition in which EPS 
can occur, sometimes in conjunction with other risk factors, some-
times in the absence of classic ones.

Watanabe Kusunoki et al. describe a patient with alcoholic liver 
cirrhosis and end‐stage renal disease (ESRD) who developed EPS af-
ter 4 years of peritoneal dialysis, despite PD durations of >5 years be-
ing the more usual risk [24]. Another report escribes EPS in a patient 
after liver transplant (the patient had hepatitis C cirrhosis originally) 
[25]. EPS may also occur in cirrhotic patients not on PD, possibly re-
lated to recurrent peritonitis and associated peritoneal fibrosis. The 
exact pathophysiology remains unclear, but several factors have been 
implicated. Chronic liver disease and portal hypertension lead to al-
terations in the mesenteric microcirculation, which may predispose 
the peritoneum to fibrosis and encapsulation. Inflammation, triggered 
by recurrent episodes of SBP, may contribute to the formation of fi-
brous tissue in the peritoneal cavity, eventually leading to the char-
acteristic thickening and encapsulation of the intestine. Additionally, 
the presence of ascitic fluid, particularly in patients with poor ascitic 
control or frequent paracentesis, may further exacerbate peritoneal 
injury and fibrosis. Another proposed mechanism involves the dys-
regulation of the immune response in cirrhotic patients, which may 
promote the excessive deposition of extracellular matrix proteins and 
the development of peritoneal sclerosis. ESP is associated with signif-
icant morbidity and mortality, and its diagnosis is often challenging, 
requiring a high index of suspicion, imaging studies, and histopatho-
logical examination [24-32].
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Conclusions
Although peritoneal dialysis does not significantly improve over-

all mortality in cirrhotic patients-whose prognosis is often poor due 
to underlying hepatic disease-it may enhance quality of life. Taken 
together, these data suggest that PD, when carefully selected and 
managed, may represent a viable and often underappreciated op-
tion for renal support in patients with cirrhosis and HRS or AKI. Its 
benefits may be particularly pronounced in patients with refractory 
ascites, unstable hemodynamics, or contraindications to anticoagula-
tion. However, further randomized trials and prospective studies are 
needed to establish standardized protocols and better identify which 
subgroups benefit most from this approach. Encapsulating sclerosing 
peritonitis is more prevalent in cirrhotic patients, but the underlying 
mechanisms require further investigation.

Conflict of Interest
The authors declare that they have no financial interests and no 

conflicts of interest.

References
1.	 Chaudhary K, Khanna R (2008) Renal replacement therapy in end-stage 

renal disease patients with chronic liver disease and ascites: role of peri-
toneal dialysis. Perit Dial Int 28(2): 113-117.

2.	 De Vecchi AF (2009) La dialisi peritoneale nei pazienti con cirrosi epatica. 
Giornale Italiano di Nefrologia 26(2): 215-224.

3.	 Di Lullo L, Ronco C, Vincenzo Barbera, Francesca Santoboni, Antonio Bel-
lasi (2017) La sindrome epato-renale. GIN 34(S69).

4.	 Chow KM, Szeto CC, Wu AKL, Leung CB, Bonnie Ching Ha Kwan, et al. 
(2006) Continuous ambulatory peritoneal dialysis in patients with hepa-
titis B liver disease. Perit Dial Int 26(2): 213-217.

5.	 De Vecchi AF, Colucci P, Salerno F, Scalamogna A, Ponticelli C (2002) Out-
come of peritoneal dialysis in cirrhotic patients with chronic renal failure. 
Am J Kidney Dis 40(1): 161-168.

6.	 Marcus RG, Messana J, Swartz R (1992) Peritoneal dialysis in end-stage 
renal disease patients with preexisting chronic liver disease and ascites. 
Am J Med 93(1): 35-40.

7.	 Ginés P, Quintero E, Arroyo V, J Terés, M Bruguera, et al. (1987) Compen-
sated cirrhosis: natural history and prognostic factors. Hepatology 7(1): 
122-128.

8.	 Runyon BA (1997) Historical aspects of treatment of patients with cirrho-
sis and ascites. Semin Liver Dis 17(2): 163-173.

9.	 García Pagán JC, Salmerón JM, Feu F, A Luca, P Ginés, et al. (1994) Effects 
of low-sodium diet and spironolactone on portal pressure in patients with 
compensated cirrhosis. Hepatology 19(5): 1095-1099.

10.	 Bajo MA, Selgas R, C Jimenez, G Del Peso, M J Fernandez Reyes, et al. (1994) 
CAPD for treatment of ESRD patients with ascites secondary to liver cir-
rhosis. Adv Perit Dial 10: 73-76.

11.	 Ros Ruiz S, Gutiérrez Vilchez R, T P García Frías, T M Martín Velázquez, L 
Blanca Martos, et al. (2011) The role of peritoneal dialysis in the treatment 
of ascites. Nefrologia 31(6): 648-655.

12.	 Watanabe Kusonoki A, Yoshihiro Kusunoki, Junichi Goto, Kazutaka Kuki-

ta (2021) Liver cirrhosis with encapsulating peritoneal sclerosis after 4 
years of peritoneal dialysis: a case report. Medicine (Baltimore) 100 (51): 
e28169.

13.	 Selgas R, Bajo MA, Del Peso G, Rafael Sánchez Villanueva, Elena Gonza-
lez, et al. (2008) Peritoneal dialysis in the comprehensive management of 
end-stage renal disease patients with liver cirrhosis and ascites: practical 
aspects and review of the literature. Perit Dial Int 28(2): 118–122.

14.	 Sweet DH, Bush KT, Nigam SK (2001) The organic anion transporter fami-
ly: from physiology to ontogeny and the clinic. Am J Physiol Renal Physiol 
281(1): F197-F205.

15.	 Uwai Y, Saito H, Hashimoto Y, Inui KI (2000) Interaction and transport of 
thiazide diuretics, loop diuretics, and acetazolamide via rat renal organic 
anion transporter rOAT-1. J Pharmacol Exp Ther 295(1): 261-265.

16.	 Wilcox CS, Jeffrey Moore Testani, Bertram Pitt (2020) Pathophysiology 
of diuretic resistance and its implications for the management of chronic 
heart failure. Hypertension 76(4): 1045-1054.

17.	 Chawla LS, Danielle L Davison, Ermira Brasha Mitchell, Jay L Koyner, John 
M Arthur, et al. (2013) Development and standardization of a furosemide 
stress test to predict the severity of acute kidney injury. Crit Care 17(5): 
R207.

18.	 La Milia V (2010) Valutazione funzionale della membrana peritoneale. 
Gruppo di Studio Dialisi Peritoneale Nephromeet.

19.	 Mujais S, Nolph K, Gokal R, P Blake, J Burkart, et al. (2000) Evaluation and 
management of ultrafiltration problems in peritoneal dialysis Interna-
tional Society for Peritoneal Dialysis Ad Hoc Committee on Ultrafiltration 
Management in Peritoneal Dialysis. Perit Dial Int 20 (Suppl 4): S5-S21.

20.	 Olszowska A, Zelichowski G, Waniewski J, Joanna Stachowska Pietka, An-
drzej Weryński, et al. (2009) The kinetics of water transperitoneal trans-
port during long-term peritoneal dialysis performed using icodextrin dial-
ysis fluid. Pol Arch Med Wewn 119(5): 305-310.

21.	 Renaud CJ, Supawadee Suppadungsuk, Charat Thongprayoon, Jing Miao, 
Natnicha Leelaviwat, et al. (2024) Outcomes of peritoneal dialysis in cir-
rhosis: a systematic review and meta-analysis. Perit Dial Int 45(2): 93-105.

22.	 Chou CY, Shu Ming Wang, Chih Chia Liang, Chiz Tzung Chang, Jiung Hsiun 
Liu, et al. (2016) Peritoneal dialysis is associated with a better survival in 
cirrhotic patients with chronic kidney disease. Sci Rep 95(4): e2465.

23.	 Ponce D, Welder Zamoner, Dayana Bitencourt Dias, Erica Pires da Rocha, 
Christiane Kojima, et al. (2021) The role of peritoneal dialysis in the treat-
ment of acute kidney injury in patients with acute-on-chronic liver failure: 
a prospective Brazilian study. Front Med (Lausanne) 8: 713160.

24.	 Watanabe Kusunoki K, Kusunoki Y, Goto J, Kido K, Ohtsuka Y, et al. (2021) 
Liver cirrhosis with encapsulating peritoneal sclerosis after 4 years of 
peritoneal dialysis: A case report. Medicine (Baltimore) 100(51): e28350.

25.	 Hirose R (2004) Sclerosing encapsulating peritonitis in two patients with 
severe liver cirrhosis. J Gastroenterol 39(3): 276-280.

26.	 Castro PT, Silva DMM, Oliveira RMF, Costa IPR, Barbosa VL, et al. (2021) 
Encapsulating peritoneal sclerosis in a patient after liver transplantation: 
an autopsy case report. Autops Case Rep 11: e2021272.

27.	 Tanaka H, Yamamoto T, Kurashina K (2021) Encapsulating peritoneal 
sclerosis following cell-free and concentrated ascites reinfusion therapy 
(CART): a case report. J Med Case Rep 15(1): 135.

28.	 Honda K, Nitta K, Horita S, Yumura W, Nihei H (2008) Increased expres-
sion of transforming growth factor-beta1 in the peritoneum of a patient 
with encapsulating peritoneal sclerosis after renal transplantation. Clin 
Nephrol 70(3): 262-266.

https://dx.doi.org/10.26717/BJSTR.2025.63.009880
https://pubmed.ncbi.nlm.nih.gov/18332442/
https://pubmed.ncbi.nlm.nih.gov/18332442/
https://pubmed.ncbi.nlm.nih.gov/18332442/
http://www.nephromeet.com/web/eventi/GIN/dl/storico/2009/2/215-224i.pdf
http://www.nephromeet.com/web/eventi/GIN/dl/storico/2009/2/215-224i.pdf
https://giornaleitalianodinefrologia.it/wp-content/uploads/sites/3/pdf/GIN%20S69%20cap%2015.pdf?x16320
https://giornaleitalianodinefrologia.it/wp-content/uploads/sites/3/pdf/GIN%20S69%20cap%2015.pdf?x16320
https://pubmed.ncbi.nlm.nih.gov/16623428/
https://pubmed.ncbi.nlm.nih.gov/16623428/
https://pubmed.ncbi.nlm.nih.gov/16623428/
https://pubmed.ncbi.nlm.nih.gov/12087574/
https://pubmed.ncbi.nlm.nih.gov/12087574/
https://pubmed.ncbi.nlm.nih.gov/12087574/
https://pubmed.ncbi.nlm.nih.gov/1626571/
https://pubmed.ncbi.nlm.nih.gov/1626571/
https://pubmed.ncbi.nlm.nih.gov/1626571/
https://pubmed.ncbi.nlm.nih.gov/3804191/
https://pubmed.ncbi.nlm.nih.gov/3804191/
https://pubmed.ncbi.nlm.nih.gov/3804191/
https://pubmed.ncbi.nlm.nih.gov/9308122/
https://pubmed.ncbi.nlm.nih.gov/9308122/
https://pubmed.ncbi.nlm.nih.gov/8175131/
https://pubmed.ncbi.nlm.nih.gov/8175131/
https://pubmed.ncbi.nlm.nih.gov/8175131/
https://pubmed.ncbi.nlm.nih.gov/7999868/
https://pubmed.ncbi.nlm.nih.gov/7999868/
https://pubmed.ncbi.nlm.nih.gov/7999868/
https://pubmed.ncbi.nlm.nih.gov/22130279/
https://pubmed.ncbi.nlm.nih.gov/22130279/
https://pubmed.ncbi.nlm.nih.gov/22130279/
https://pubmed.ncbi.nlm.nih.gov/34941145/
https://pubmed.ncbi.nlm.nih.gov/34941145/
https://pubmed.ncbi.nlm.nih.gov/34941145/
https://pubmed.ncbi.nlm.nih.gov/34941145/
https://pubmed.ncbi.nlm.nih.gov/18332443/
https://pubmed.ncbi.nlm.nih.gov/18332443/
https://pubmed.ncbi.nlm.nih.gov/18332443/
https://pubmed.ncbi.nlm.nih.gov/18332443/
https://pubmed.ncbi.nlm.nih.gov/11457711/
https://pubmed.ncbi.nlm.nih.gov/11457711/
https://pubmed.ncbi.nlm.nih.gov/11457711/
https://pubmed.ncbi.nlm.nih.gov/10991988/
https://pubmed.ncbi.nlm.nih.gov/10991988/
https://pubmed.ncbi.nlm.nih.gov/10991988/
https://pubmed.ncbi.nlm.nih.gov/32829662/
https://pubmed.ncbi.nlm.nih.gov/32829662/
https://pubmed.ncbi.nlm.nih.gov/32829662/
https://pubmed.ncbi.nlm.nih.gov/24053972/
https://pubmed.ncbi.nlm.nih.gov/24053972/
https://pubmed.ncbi.nlm.nih.gov/24053972/
https://pubmed.ncbi.nlm.nih.gov/24053972/
https://dialisiperitoneale.org/2017/07/17/valutazione-funzionale-della-membrana-peritoneale/
https://dialisiperitoneale.org/2017/07/17/valutazione-funzionale-della-membrana-peritoneale/
https://pubmed.ncbi.nlm.nih.gov/11098926/
https://pubmed.ncbi.nlm.nih.gov/11098926/
https://pubmed.ncbi.nlm.nih.gov/11098926/
https://pubmed.ncbi.nlm.nih.gov/11098926/
https://pubmed.ncbi.nlm.nih.gov/19579812/
https://pubmed.ncbi.nlm.nih.gov/19579812/
https://pubmed.ncbi.nlm.nih.gov/19579812/
https://pubmed.ncbi.nlm.nih.gov/19579812/
https://pubmed.ncbi.nlm.nih.gov/38757682/
https://pubmed.ncbi.nlm.nih.gov/38757682/
https://pubmed.ncbi.nlm.nih.gov/38757682/
https://pubmed.ncbi.nlm.nih.gov/26825885/
https://pubmed.ncbi.nlm.nih.gov/26825885/
https://pubmed.ncbi.nlm.nih.gov/26825885/
https://pubmed.ncbi.nlm.nih.gov/34631735/
https://pubmed.ncbi.nlm.nih.gov/34631735/
https://pubmed.ncbi.nlm.nih.gov/34631735/
https://pubmed.ncbi.nlm.nih.gov/34631735/
https://pubmed.ncbi.nlm.nih.gov/34941145/
https://pubmed.ncbi.nlm.nih.gov/34941145/
https://pubmed.ncbi.nlm.nih.gov/34941145/


Copyright@ :     Ramona Nicotera | Biomed J Sci & Tech Res |  BJSTR.MS.ID.009880. 55494

Volume 63- Issue 2 DOI: 10.26717/BJSTR.2025.63.009880

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2025.63.009880
 Ramona Nicotera. Biomed J Sci & Tech Res 

29.	 Habib SM, Betjes MG, Fieren MW, Boeschoten EW, Abrahams AC, et al. 
(2018) Management of encapsulating peritoneal sclerosis: a guideline on 
optimal and uniform treatment. Neth J Med 69(11): 500-507.

30.	 Howard CS, Teitelbaum I (2005) Renal replacement therapy in patients 
with chronic liver disease. Semin Dial 18(3): 212-226.

31.	 Durand PY, Freida P, Chanliau J (1993) Long-term follow-up in cirrhot-

ic patients with chronic renal failure undergoing CAPD. Perit Dial Int 
13(Suppl 1): 47.

32.	 Conz PA (2005) Funzione renale, sistema di trasporto degli acidi organici 
e legame con le proteine. Il triangolo che condiziona la risposta ai diuretici 
nella pratica clinica: un update essenziale. Giornale Italiano di Nefrologia 
22(3): 209-216.

https://dx.doi.org/10.26717/BJSTR.2025.63.009880
https://dx.doi.org/10.26717/BJSTR.2025.63.009880
https://pubmed.ncbi.nlm.nih.gov/22173363/
https://pubmed.ncbi.nlm.nih.gov/22173363/
https://pubmed.ncbi.nlm.nih.gov/22173363/
https://pubmed.ncbi.nlm.nih.gov/15934968/
https://pubmed.ncbi.nlm.nih.gov/15934968/
http://www.nephromeet.com/web/eventi/GIN/dl/storico/2005/gin_3_2005/209-Conz-216.pdf
http://www.nephromeet.com/web/eventi/GIN/dl/storico/2005/gin_3_2005/209-Conz-216.pdf
http://www.nephromeet.com/web/eventi/GIN/dl/storico/2005/gin_3_2005/209-Conz-216.pdf
http://www.nephromeet.com/web/eventi/GIN/dl/storico/2005/gin_3_2005/209-Conz-216.pdf

