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Implication for health policy/practice/research/medical education:
This review highlights the potential benefits of peritoneal dialysis in patients with end-stage kidney disease (ESKD) and congestive heart 
failure (CHF), particularly in improving volume management and reducing hemodynamic instability. These findings support more 
individualized dialysis modality selection and emphasize the need for further research to guide clinical decision-making in this high-risk 
population.
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Congestive heart failure (CHF) is a major cause of morbidity and mortality in patients with end-stage 
kidney disease (ESKD), where fluid overload often necessitates kidney replacement therapy. While 
both hemodialysis (HD) and peritoneal dialysis (PD) are viable options, PD has been suggested to 
offer hemodynamic advantages due to its gradual ultrafiltration process. This review examines the 
comparative effects of PD and HD in ESKD patients with CHF undergoing maintenance dialysis, 
focusing on hospitalization rates, cardiac function, survival outcomes, and volume management. 
Several studies suggest that PD is associated with reduced hospitalization rates, particularly in 
diuretic-resistant CHF patients, and improved left ventricular ejection fraction (LVEF), especially 
in those with heart failure with reduced ejection fraction (HFrEF). Additionally, PD’s continuous 
ultrafiltration may lower the risk of intradialytic hypotension (IDH) compared to HD. However, 
survival outcomes remain inconsistent, with some studies reporting higher mortality in PD patients, 
likely due to selection bias, as PD is often used in hemodynamically unstable CHF patients. Despite 
these findings, there is no definitive consensus on whether PD offers a survival advantage over HD 
in CHF patients. Given the limitations of existing studies, further large-scale, prospective research 
is required to determine the optimal dialysis modality for CHF patients with ESKD and to clarify 
its impact on long-term clinical outcomes.

ABSTRACT

Introduction
Heart failure (HF) remains a significant global health 
burden, affecting approximately 26 million individuals 
worldwide, with projections indicating a prevalence 
exceeding eight million in the United States by 2030 
(1-4). The economic impact is also profound, with HF 
management consuming up to 2% of national healthcare 
budgets in developed countries and contributing to an 
estimated $108 billion in global healthcare expenditures 

(5,6). Hospitalization and readmission rates also remain 
high, primarily due to congestion-related complications, 
and despite the widespread use of diuretics, a subset 
of patients develops diuretic resistance, necessitating 
alternative volume management strategies (1,4,7,8).

In patients with end-stage kidney disease (ESKD), 
congestive heart failure (CHF) is associated with poor 
survival in patients with a 25%-35% additional risk of 
death (9). Although diuretics remain the cornerstone 
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of pharmacologic therapy in CHF, congestion may 
become refractory as the disease progresses, even with 
intensive diuretic treatment (7,10,11). While both 
hemodialysis (HD) and peritoneal dialysis (PD) serve 
as kidney replacement therapies, PD has emerged 
as a potential alternative due to its slower and more 
physiologic ultrafiltration (UF) profile, which may 
mitigate intradialytic hypotension (IDH) and improve 
hemodynamic stability. PD may also reduce hospitalization 
rates and improve functional status in CHF patients with 
refractory volume overload (7,12,13). However, evidence 
regarding its impact on survival remains inconclusive, with 
some reports indicating a potential survival disadvantage 
compared to HD, possibly due to patient selection bias 
and differences in cardiovascular risk profiles.

Therefore, this review is aimed to critically examines 
current literatures comparing PD and HD in CHF patients 
with ESKD, focusing on hospitalization rates, cardiac 
function, survival outcomes, and treatment efficacy. By 
synthesizing existing evidence, we aim to clarify the role of 
PD as a therapeutic strategy in this high-risk population.

Discussion
Congestive heart failure
Congestive heart failure (CHF) is a clinical syndrome 
characterized by symptoms such as exertional dyspnea, 

orthopnea, ankle swelling, and fatigue, often accompanied 
by signs of congestion, including elevated jugular venous 
pressure, pulmonary crackles, pulmonary edema, and 
ascites. CHF arises from impaired ventricular filling, 
contractile dysfunction, or hemodynamic derangements 
that lead to systemic congestion and reduced cardiac 
output (11,14).

Heart failure is classified based on left ventricular 
ejection fraction (LVEF) into four categories; 1) HF 
with reduced ejection fraction (HFrEF, LVEF <40%), 
characterized by impaired systolic function; 2) HF with 
mildly reduced ejection fraction (HFmrEF, LVEF 41%–
49%); 3) HF with preserved ejection fraction (HFpEF, 
LVEF ≥50%), primarily involving diastolic dysfunction; 
and 4) HF with improved ejection fraction (HFimpEF), 
defined as a prior LVEF <40% with subsequent recovery 
to >40% on follow-up (14,15).

The pathophysiology of HF is multifactorial and 
typically involves (a) impaired ventricular contraction 
and ejection, leading to systolic dysfunction; (b) increased 
afterload, which exacerbates myocardial workload; or (c) 
impaired ventricular relaxation and filling, resulting in 
diastolic dysfunction. Many patients exhibit overlapping 
features of both systolic and diastolic HF, contributing to 
diagnostic and therapeutic challenges (16). The etiology 
and classification of HF are summarized in Figure 1.

Figure 1. Etiology and classification of heart failure (14,15). LVEF; Left ventricular ejection fraction; HFpEF: Heart failure with preserved ejection fraction; 
HFmrEF; Heart failure with mildly reduced ejection fraction; HFimpEF: Heart failure with improved ejection fraction; HFrEF: Heart failure with reduced 
ejection fraction. 
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In systolic HF (HFrEF), myocardial contractility 
is impaired due to myocyte dysfunction, fibrosis, or 
excessive afterload, leading to reduced stroke volume (SV) 
and increased end-systolic volume. As a compensatory 
response, preload increases via the Frank-Starling 
mechanism, initially helping maintain cardiac output. 
However, as the disease progresses, excessive ventricular 
dilatation leads to elevated left ventricular end-diastolic 
pressure (LVEDP), increased left atrial pressure, and 
pulmonary venous congestion, manifesting as dyspnea and 
peripheral edema. On the contrary, diastolic HF (HFpEF) 
is characterized by impaired ventricular relaxation and 
reduced compliance, leading to elevated filling pressures 
despite a preserved ejection fraction (EF). These patients 
are particularly sensitive to volume overload, as even small 
increases in intravascular volume can cause significant 
pulmonary and systemic congestion (16,17) (Figure 2).

Given these pathophysiological differences, 
dialysis modality selection for HF patients should be 
individualized based on cardiac function, volume status, 
and hemodynamic tolerance. Patients with severe systolic 
dysfunction or recurrent IDH may benefit form PD 
due to its gentler UF profile, whereas those with better 
hemodynamic stability may tolerate HD with careful UF 
management. However, survival differences between HD 
and PD remain debated, and patient selection biases often 
influence study outcomes (18-20). Further research is 
needed to determine the optimal dialysis strategy for these 
particular population.

Dialysis
Dialysis serves as a kidney replacement therapy for ESKD 
patients, facilitating the removal of metabolic waste and 
excess fluid through diffusion and UF (21,22). While 
dialysis does not fully replicate native kidney function, it 
plays a crucial role in maintaining homeostasis in patients 
with severe kidney impairment. Generally, dialysis 

initiation is considered when the estimated glomerular 
filtration rate (eGFR) falls below 15 mL/min/1.73m2, 
particularly in symptomatic individuals (21,23). However, 
the timing of dialysis varies across clinical guidelines 
and healthcare systems, reflecting differences in practice 
patterns and patient-specific factors (24–26).

Hemodialysis
Hemodialysis is a therapy to remove additional fluid and 
waste products rapidly and balance electrolytes in patients 
with reduced kidney function. The basic summary of HD 
circuit is shown in Figure 3 (27,28).

Hemodialysis operates through three primary 
mechanisms; diffusion, UF, and convection. Diffusion 
allows small solutes, such as creatinine and urea, to 
pass through a semipermeable membrane, while larger 
molecules like albumin and red blood cells are retained 
(Figure 4a). The Gibbs-Donnan effect further influences 
ion movement across the membrane by attracting positively 
charged sodium ions to negatively charged proteins 
(Figure 4b). UF removes excess fluid by applying the law 
of hydrostatic pressure, allowing water to move across the 
membrane from areas of higher to lower pressure (Figure 
5). Convection facilitates the clearance of middle and large 
molecular weight solutes, such as β2-microglobulin, by 
dragging them along with fluid movement, particularly in 
high-flux dialyzers (Figure 6). These complex mechanisms 
help maintain electrolyte balance and fluid homeostasis in 
patients with ESKD (27,28).

During HD, rapid fluid removal (29) can lead to 
hemodynamic instability and various complications, 
particularly in patients with preexisting cardiovascular 
disease (21,30). As UF progresses, fluid shifts from 
the interstitial space into the vasculature to maintain 
blood volume until the patient’s dry weight is reached. 
Under normal physiological conditions, compensatory 
mechanisms, such as increased vascular resistance, 

Figure 2. The intricate relationship of various factors responsible for cardiac function.
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activation of the sympathetic nervous system, and 
redistribution of blood flow, help counteract these effects. 
However, when fluid removal is too rapid or excessive, or if 
these compensatory responses are impaired, hypotension 
may develop (31-33).

Intra-dialytic hypotension is the most common 
complication of HD, occurring in approximately 8-40% 
of dialysis cases and often contributing to treatment 
insufficiency and increased mortality (33,34). Several 

mechanisms contribute to the development of IDH, 
including excessive UF, leading to reduced circulating 
blood volume, decreased venous return, and subsequent 
drop in cardiac output (35,36). Other contributing 
factors include imbalance between UF rate and plasma 
refill rate, inaccurate dry weight assessment, and the use of 
short-acting antihypertensive medications prior to dialysis 
(32,33). Additionally, interdialytic weight gain >1 kg/day 
and food intake during dialysis, particularly carbohydrate 

Figure 3. Basic summary of HD circuit (27,28). Created in BioRender. Jonny, J. (2025) https://BioRender.com/s3qj2ya.

Figure 4. (a) Diffusion mechanism in HD; (b) The Gibbs-Donnan effect. Created in BioRender. Rahmat amanu, I. (2025) https://BioRender.com/ulfoynl.
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and fat-rich meals, can exacerbate IDH by shifting blood 
flow to the splanchnic circulation, reducing venous return 
and leading to hemodynamic instability (37).

More than 50% of patients undergoing dialysis have 
HFpEF, characterized by impaired cardiac filling and 
reduced ventricular compliance, which limits the heart’s 
ability to accommodate venous return (38). This leads to 
decreased preload and SV, contributing to hemodynamic 
instability, particularly during UF (16,31). As chamber 
pressures rise, even with the same venous return volume, 
the increased left atrial and pulmonary venous pressures 
promote pulmonary congestion and transudation of 
fluid into the interstitium, manifesting as dyspnea and 
edema. Similarly, around 20% of these patients have 
HFrEF, where impaired ventricular emptying leads to 
low SV and hypotension (18). In both HFpEF and 
HFrEF, persistently elevated left ventricular pressures are 
transmitted to the left atrium and pulmonary circulation, 
exacerbating pulmonary congestion and fluid overload-
related complications during dialysis. The combination 
of reduced cardiac reserve and impaired compensatory 
mechanisms makes these patients particularly vulnerable 
to IDH and volume management challenges.

Peritoneal dialysis
Peritoneal dialysis utilizes the peritoneal membrane as 
a semipermeable dialysis interface, allowing gradual UF 
through osmotic-driven fluid removal. Unlike HD, which 
relies on hydrostatic pressure for rapid fluid extraction, 

PD provides continuous UF, minimizing abrupt 
hemodynamic shifts. The hyperosmolar dialysate instilled 
into the peritoneal cavity creates an osmotic gradient, 
facilitating the removal of excess sodium and fluid while 
maintaining more stable intravascular volume Figure 7 
(27,39-42). This particular process may be particularly 
advantageous for patients with HF, as it reduces the risk 
of IDH and excessive preload fluctuations, which are 
common in HD. Given these physiological differences, 
PD may offer better volume control and hemodynamic 
stability in HF patients compared to HD (2,4,43).

Currently, there are two types of dialysis solutions, 
namely dextrose-based solutions and solutions containing 
icodextrin (2,42). Conventional dextrose-based dialysates 
utilize glucose as an osmotic agent, where higher glucose 
concentrations generate greater osmotic pressure, leading 
to higher UF rates (44). However, solute transfer in 
these solutions is bidirectional, meaning creatinine, 
urea, and other waste products diffuse into the dialysate, 
while glucose diffuses into the bloodstream, where it is 
metabolized for energy (42,44). Increased peritoneal 
vascularization can accelerate glucose absorption, 
reducing the osmotic gradient and leading to poor or even 
negative UF. In such cases, icodextrin-based solutions, 
which do not diffuse across the peritoneal membrane, 
may be beneficial (42). Unlike dextrose-based dialysates, 
icodextrin is absorbed via convective fluid movement 
through the lymphatic system, maintaining sustained 
UF for 12-16 hours (42,45). Moreover, in patients with 

Figure 5. Ultrafiltration caused by (a) hydrostatic (b) osmotic pressure gradient. The large octagon represents the osmotic molecule. Created in BioRender. 
Rahmat amanu, I. (2025) https://BioRender.com/uha3ldl.

Figure 6. Basic mechanism of convection. Small navy circles indicate small molecules such as urea, arrows indicate fluid displacement. Created in BioRender. 
Rahmat amanu, I. (2025) https://BioRender.com/an1a8o5.
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diabetes or advanced age, icodextrin-based PD has been 
associated with better survival outcomes (46).

PD versus HD in HF patients
Hospitalization rate
Peritoneal dialysis has been associated with a significant 
reduction in HF-related hospitalizations, particularly in 
patients with chronic refractory heart failure (CRHF) 
(47,48). Among patients with symptomatic late-stage 
CHF, PD was linked to fewer hospital admissions and 
reduced hospitalization days during the first year of therapy 
(49). Additionally, in end-stage HF patients undergoing 
peritoneal ultrafiltration (pUF) therapy, hospitalization 
rates declined, with the greatest benefit observed in those 
with HFpEF (4). In refractory HF patients receiving pUF, 
hospitalization rates dropped significantly from 43 days 
per patient-year to 11 days per patient-year (47,50). 

In a similar fashion, these patients also experienced a 
marked reduction in hospitalizations for cardiac-related 
complications compared to the pre-dialysis period (51). 

A significant decline in hospitalization rates was also 
observed in New York Heart Association (NYHA) class 
IV HF patients who were fluid-overloaded and resistant 
to maximum diuretic therapy (52). Despite this, data 
supporting long-term outcome remain inconclusive, as 
one study found no significant difference in hospitalization 
rates over nine years between CHF patients receiving PD 
or HD (13). These findings suggest that while PD may 
provide short-term benefits in volume management and 
hospitalization reduction, further studies are needed to 
determine its long-term impact compared to HD.

Survival rate
Among 126 patients with CRHF receiving PD, survival 
rates were 85% at one year and 56% at two years (47,48). 
Similarly, in 48 patients with refractory HF and a mean 
eGFR of 20.8 ± 10 mL/min/1.73 m² who underwent pUF 
therapy, survival rates were also 85% at one year and 56% 
at two years (47,50). In patients undergoing continuous 
ambulatory peritoneal dialysis (CAPD), survival varied 
based on LVEF: at one, three, and five years, survival rates 
were 97%, 88%, and 75% for those with LVEF >60%; 
96%, 80%, and 62% for LVEF 50–60%; and 97%, 79%, 
and 57% for LVEF <50% (53). However, compared to 
HD, PD patients had a shorter survival time from the 
initiation of dialysis (13).

Symptoms and quality of life
In patients with symptomatic end-stage HF, PD was 
associated with a significant improvement in NYHA 
class within three months, which was sustained over time 
(49). Similarly, in end-stage HF patients undergoing pUF 
therapy, both HFrEF and HFpEF patients experienced 
notable improvements in NYHA grade (4). Among 
patients with refractory HF and a mean eGFR of 20.8 ± 
10 mL/min/1.73 m² who received pUF therapy, 85% (41 
patients) showed an improvement of at least one NYHA 
class after one year (47,50). Additionally, in patients with 
HF NYHA class IV and eGFR >25 mL/min who were 
fluid-overloaded and resistant to maximal diuretic therapy, 
PD therapy led to significant NYHA class improvement 
within three months (52).

Figure 7. Mechanism of peritoneal dialysis. Created in BioRender. Amanu, I. (2025) https://BioRender.com/dfzcisj.
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Weight loss
In HF patients, weight loss can be a poor prognostic 
factor, often indicating muscle wasting and malnutrition 
due to cardiac cachexia or protein loss through dialysate 
in PD patients (54-56). However, in the context of PD 
and pUF therapy, weight reduction is generally associated 
with better volume management rather than malnutrition 
(4,49) A study of 143 end-stage HF patients undergoing 
pUF found significant weight loss in both HFrEF and 
HFpEF groups, without evidence of wasting syndrome, 
as albumin levels remained stable, suggesting adequate 
nutritional compensation (4).

Furthermore, in patients with symptomatic end-stage 
HF, PD was associated with weight loss in patients 
receiving the therapy (49). PD-induced weight loss 
is typically transient, occurring within the first three 
months of therapy in CRHF, before stabilizing thereafter 
(47,48,50). In congestive right HF, weight loss after 
PD initiation was temporary, with patients returning to 
baseline within a year (51). Similarly, in NYHA class IV 
HF patients with eGFR >25 mL/min/1.73 m², significant 
weight loss was observed at three months post-initiation, 
followed by weight regain between the third and sixth 
months, with an average increase of 3.8 kg (52). These 
findings suggest that while PD facilitates short-term fluid 
removal and volume control, long-term weight trends 
may vary based on individual patient characteristics and 
disease progression.

Cardiac function improvement
It is essential to determine whether symptomatic 
improvement in HF patients receiving PD is primarily 
due to reduced tissue and pulmonary congestion or if 
it reflects actual improvement in cardiac function. In 
CRHF patients, PD therapy led to significant clinical 
improvement, with a notable increase in ejection fraction 
in those with LVEF <30%, as shown in several studies 
(47,48). However, in symptomatic end-stage HF patients, 
PD did not result in a significant improvement in LVEF, 
despite a reduction in NT-proBNP levels, suggesting a 
beneficial effect on volume status and cardiac workload 
(49).

Among end-stage HF patients undergoing pUF therapy, 
a significant increase in LVEF was observed only in those 
with reduced ejection fraction (HFrEF) (4). Similarly, in 
refractory HF patients, those with low baseline LVEF 
experienced a significant EF improvement following 
pUF therapy (50). In NYHA class IV HF patients with 
eGFR >25 mL/min/1.73 m² who were overhydrated 
and resistant to maximal diuretic therapy, a modest 
but significant increase in LVEF was noted six months 
after PD initiation (52). These findings suggest that 

PD and pUF therapy may enhance cardiac function in 
select HF patients, particularly those with severe systolic 
dysfunction.

Mortality rate
Among 126 patients with CRHF undergoing PD, 79% 
(100 patients) died within 15 years (48). In 159 patients 
with symptomatic late-stage CHF, the one-year mortality 
rate was approximately 40%, increasing to 60% at two 
years in those receiving PD (49). Similarly, in 48 refractory 
HF patients treated with pUF, 46% (22 patients) died 
within two years (50). Mortality rates were also high 
among 40 patients with right-sided CHF receiving PD, 
with 18 deaths within one year, 26 within two years, and 
29 within three years (51). In NYHA class IV HF patients 
who were overhydrated and resistant to maximal diuretic 
therapy, 23 out of 32 died within an average of 16.65 
± 12.3 months, including 9 deaths within the first year 
(52). Moreover, one study evaluated 594 patients CAPD 
therapy, where 127 of them died during a median follow-
up of 39.6 months, with 57.5% of deaths attributed to 
cardiovascular causes. Notably, this was most likely due 
to a decline in LVEF with the data showed the highest 
mortality occurs in patients with LVEF <50% and the 
lowest in those with LVEF ≥60% (53). Some studies 
also reported higher mortality rates in CHF patients 
undergoing PD compared to HD, potentially due to 
selection bias, where hemodynamically unstable patients 
are more likely to receive PD (9,13,57).

Conclusion
Despite the theoretical hemodynamic advantages of PD 
over HD in patients with HF, existing studies provide 
conflicting evidence regarding clinical outcomes. While 
PD has been associated with reduced hospitalization rates, 
improved quality of life, and better volume management, 
findings on long-term survival remain inconsistent. Some 
studies suggest increased LVEF, particularly in patients 
with HFrEF, but direct comparisons between PD and 
HD have yielded mixed results. Two studies, which 
compared PD therapy with HD in patients with CHF, 
found no significant difference in hospitalization rates but 
reported lower survival time and higher cardiovascular 
mortality in PD patients, likely due to selection bias, as 
more hemodynamically unstable and high-risk CHF 
patients were preferentially treated with PD. Given 
these limitations, definitive conclusions regarding the 
optimal dialysis modality for HF patients remain elusive, 
highlighting the need for large-scale, prospective studies 
to determine the best approach for managing volume 
overload and improving long-term outcomes in this high-
risk population.
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