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Introduction  Congestive heart failure (CHF) 
that is resistant to pharmacological treatment, 
especially with diuretics, is a problem of grow­
ing significance in everyday clinical practice. It 
represents type 2 cardiorenal syndrome (CRS). 
According to Ronco et al., it is characterized by 
chronic abnormalities in cardiac function caus­
ing progressive chronic kidney disease (CKD) with 
a decrease in glomerular filtration rate (GFR) be­
low 60 ml/min/1.73 m2.1 The prevalence of CKD in 
chronic CHF has been reported at approximately 
25%.2 According to the European Society of Cardi­
ology, the incidence of heart failure in Europe can 
be estimated at 0.4% to 2.0%, which translates 
into 500,000 to 750,000 patients in Poland.3

Periodic hemofiltration and, in the case of renal 
failure, classic hemodialysis are the 2 most com­
mon therapeutic modalities.4 However, it may 
be cumbersome because various modifications 
are required for individual patients. A method 
that could prove much more effective and sim­
pler to employ is peritoneal dialysis (PD). Ini­
tially, it can be performed solely as peritoneal ul­
trafiltration, and in the case of concomitant re­
nal failure, as a procedure of daily PD by means 
of continuous ambulatory PD (CAPD) or auto­
mated PD (APD).5‑7 Several reports underscore 
the efficacy of PD as an approach providing dai­
ly, continuous, slow ultrafiltration in patients 

with CHF.8‑10 These promising results, together 
with over 30 years of our own experience in us­
ing CAPD as the only available method of home 
dialysis in Poland, prompted us to design our own 
clinical project in CHF.11 Moreover, we recently 
showed that dialysis solution containing icodex­
trin as the osmotic agent is particularly efficient 
in transperitoneal water transport. It promotes 
long‑lasting ultrafiltration, which may be partic­
ularly beneficial in CHF patients.12

Congestive heart failure and the kidneys  CHF is 
a consequence of myocardial damage and ventric­
ular filling impairment leading to hemodynamic 
dysfunction of the heart. In order to ensure prop­
er cardiac output and restore correct homeosta­
sis, compensation mechanisms are activated. In­
creased preload and afterload cause myocardial 
hypertrophy, which initially contributes to an in­
crease in the stroke volume. However, the volu­
metrically overloaded heart requires a larger oxy­
gen supply. Thus, in effect, insufficient oxygen de­
livery results in ischemia and progressive systolic 
dysfunction (cardiac dilatation) and a loss of myo­
cardial compliance (diastolic dysfunction). A de­
crease in cardiac output activates neurohormon­
al mechanisms. The sympathetic nervous system, 
which attempts to compensate the imbalance, 
releases increased levels of noradrenaline and 
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Abstract

Given an increasing number of patients with congestive heart failure (CHF) refractory to diuretics, 
new and more effective therapeutic modalities are sought. Peritoneal dialysis (PD), which provides 
continuous, slow ultrafiltration, may be an alternative to hemodialysis in this population. The current 
paper, based on a comprehensive literature review, addresses the role of PD in improving the quality 
of life of patients with CHF.
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Peritoneal dialysis in congestive heart failure  In 
1949, Shneierson et al. published the first report 
on peritoneal irrigation as a life‑saving procedure 
in a CHF patient.16 Since then, over 300 cases of 
patients with CHF resistant to standard pharma­
cotherapy, successfully treated with the use of PD, 
have been described. In a prospective study on 
20 patients with CHF and baseline GFR of 14.84 
±3.8 ml/min, Gotloib et al. demonstrated that 
PD as a procedure of APD (3–8‑hour sessions per 
week) provided a stable dehydration effect, and 
thus improved hemodynamic cardiac parameters. 
Clinically, it translated into a significant improve­
ment in the patients’ physical and mental state, 
increased exercise capacity as measured by im­
proved New York Heart Association (NYHA) func­
tional class IV to class I, decreased left ventricular 
diastolic diameter, raised left ventricular ejection 
fraction (LVEF), lower right ventricular systolic 
pressure (RVSP), and improved diuretic efficacy. 
However, this protocol had to be preceded by 2 to 
5 sessions of continuous venous/venous hemo­
filtration of sequential hemofiltration.10

Bertoli et  al. described 2 CHF patients in 
NYHA class III and class IV without concomi­
tant end‑stage renal failure, put on a continuous 
peritoneal ultrafiltration on an overnight, single, 
12‑hour exchange regimen with a dialysis solution 
containing icodextrin. After 12 months, the au­
thors have observed an improvement in patients’ 
physical and mental state, while echocardiography 
revealed a significant increase in LVEF. Moreover, 
throughout the whole follow‑up period the pa­
tients did not require hospitalization.17

Ryckelynck et al. published a report on 15 pa­
tients with heart failure refractory to standard 
therapy (11 in NYHA class IV and 4 in NYHA class 
III). CAPD solutions in 2 l bags were administered 
as follows: in 7 patients – 1 overnight exchange 
every 24 h with concentrated solution (3.85% 
glucose), in 4 patients – 1 overnight exchange 
every 48 h with concentrated fluid, in 1 patient 

– 3 day‑time exchanges every 24 h with isoton­
ic solution (1.36% glucose), and in 2 patients – a 
full CAPD program, i.e., 3 day‑time exchanges 
with isotonic solution plus 1 overnight exchange 
with concentrated solution within 24 h. One pa­
tient was put on an overnight APD with a cycler. 
The mean body weight loss was 5.2 kg and was as­
sociated with restored responsiveness to diuret­
ics in 12 of 15 patients. In addition, the signs and 
symptoms of heart failure, namely edema and as­
cites, disappeared, which significantly improved 
patients’ physical and mental state (out of 10 pa­
tients in NYHA class IV: 6 moved to NYHA class 
II, 4 to NYHA class III, 5 patients in NYHA class 
III moved to class II). Echocardiography showed 
an increase in LVEF in 3 of 7 patients, in 2 it 
was stable, and in the remaining 2 subjects it de­
creased. Furthermore, the authors reported lower 
hospitalization rate in all studied patients.18

Takane et al. described 16 patients with severe 
CHF and end‑stage renal failure who were start­
ed on renal replacement therapy using the CAPD 

other catecholamines, and the renin‑angiotensin‑ 
-aldosterone (RAA) system becomes activated. 
As a consequence, the venous and arterial bed 
constricts and blood supply is redistributed to 
individual organs, particularly the brain and 
heart at the expense of other organs, for exam­
ple the kidneys. A decreased GFR in the kidneys 
and activation of the RAA system lead to reten­
tion of sodium and water in the body. Clinically, 
this presents as overhydration, resistance to di­
uretics, oliguria, hyperazotemia, anemia, calcium 
and phosphate abnormalities, and hypertension. 
Such disturbances account for high mortality in 
CHF, because they are responsible for the vicious 
circle of events enhancing cardiac damage.1,13

Peritoneal dialysis – the principles of peritoneal 
transport of sodium and water  PD removes ex­
cess water mainly by means of osmotic ultrafil­
tration. The commonly used dialysis solutions 
contain glucose at different concentrations as 
an osmotically active substance. Glucose gener­
ates an osmotic gradient resulting in the trans­
fer of water from the peritoneal vascular bed into 
the dialysate, which then flows into the dialysate 
container. Unfortunately, as the time of dialysis 
exchange extends beyond 4 h, its efficiency reduc­
es due to a decrease of the osmotic gradient. It is 
caused by the absorption of glucose into the cir­
culation and can by itself lead to hyperglycemia, 
hyperinsulinemia, and obesity. Icodextrin, a glu­
cose polymer, has been shown to provide long and 
efficient ultrafiltration and, as opposed to glucose, 
to permeate blood only to a small extent.14

PD results in the removal of water as well as so­
dium ions, as illustrated by the “sodium sieving” 
phenomenon. The peritoneal membrane contains 
3 types of pores: ultra small, small, and large. Ini­
tially, water permeates through ultra small and 
small pores as a result of high osmotic pressure 
due to the presence of high concentration of glu­
cose in the dialysis solution. At the same time, 
water molecules carrying sodium ions travel ex­
clusively through small pores. This initial stage 
of PD is described as convective transport of so­
dium. As the peritoneal exchange progresses and 
the glucose osmotic gradient disappears, sodium 
transport occurs through diffusion. The sodium 
concentration gradient (blood – hypernatremia/
fluid – hyponatremia) forces sodium permeation 
from the blood into the dialysate. Disappearance 
of glucose gradient in the first stage is a direct 
reason why shorter and more frequent perito­
neal exchanges are preferred when glucose solu­
tions are used. However, the procedure should 
be long enough to allow the second phase (sodi­
um diffusion) to take place.15

As normal blood volume and arterial pressure 
are achieved, the cardiac load decreases. Sympa­
thetic nervous system activity returns to base­
line levels, and the serum angiotensin II level de­
creases. At the same time, responsiveness to di­
uretic treatment is restored.10,15
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exchange. They demonstrated significantly high­
er baseline ANP values in patients on CAPD as 
compared with healthy controls. In the 90th min­
ute of the exchange, ANP could be still detected 
in the dialysate, and its level correlated with its 
baseline serum level.24

Conclusions  Patients with type 2 CRS develo­
ped as a consequence of CHF constitute a new 
and unique niche group within the kidney di­
sease spectrum, as the above data strongly sug­
gest. Depending on the degree of GFR reduction, 
continuous peritoneal ultrafiltration or one of 
the forms of long‑term PD might be used as 
an alternative to different modifications of HD. 
Our original case report published in the Polish 
Archives of Internal Medicine describes the case of 
a patient with terminal CHF who has been suc­
cessfully treated with PD for 7 months. We obse­
rve that numerous prerequisites need to be consi­
dered while designing such a therapeutic regimen. 
These prerequisites include hemodialysis pretre­
atment prior to implanting the peritoneal cathe­
ter, proper training, and education for the patient 
and his family as well as logistic and financial co­
verage by the insurance companies.25 Neverthe­
less, the development of an efficient dialysis‑ba­
sed management of CHF resistant to diuretic the­
rapy is destined not only to advance scientific and 
clinical knowledge, but also to bring about me­
asurable economic benefits resulting from a re­
duced hospitalization rate and shortened length 
of hospital stay in this patient group.
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Streszczenie

Wobec narastającej liczby chorych z  zastoinową niewydolnością serca (ZNS) oporną na leczenie 
diuretykami poszukuje się nowych, skuteczniejszych metod leczenia. Ciągła powolna ultrafiltracja 
uzyskiwana za pomocą dializy otrzewnowej może być alternatywą dla hemodializ w tej grupie pa‑
cjentów. W tym artykule przedstawiono przegląd piśmiennictwa dotyczącego poprawy jakości życia 
pacjentów z ZNS, u których wdrożono zabiegi ultrafiltracji otrzewnowej.

Słowa kluczowe

ultrafiltracja 
otrzewnowa, 
zastoinowa 
niewydolność serca
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