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The unique characteristics of the peritoneal membrane allow its use as an endogenous
dialyzing membrane. The vast capillary network within the peritoneal connective tissue
covered by a mesothelial cell layer serves as a semipermeable membrane, allowing
solute and water transfer between the intravascular space and dialysate fluid dwelling in the peritoneal cavity. Since peritoneal dialysis (PD) began to be used in the
late 1970s, practice patterns have evolved continuously. Improvements in peritoneal
access and catheter design, dialysate solutions, connectology, exit site management
and peritonitis prevention strategies and the growing use of automated PD have led to
improved patient- and technique outcomes over the last decades.
Outcome comparisons for patients treated with different forms of renal replacement
therapy require a strict methodological approach adjusted for selection bias, potential
confounders, effect modifiers, and lag-time effect after renal replacement therapy
modality transfers. A randomized controlled trial (RCT) would be the ideal way to
evaluate dialysis modality outcomes; however, RCTs are difficult to perform. A recent
attempt at an RCT1 comparing initial dialysis modality was prematurely stopped given
the low inclusion rate. Recruitment difficulties related to patients’ modality preference after education as well as to the significant differing impact on lifestyle between
PD and center hemodialysis (HD) interfered with the feasibility of this RCT. Data
from observational studies comparing outcomes between different modalities of renal
replacement therapy need critical appraisal, taking into account potential limitations
such as selection bias and residual unmeasured or uncollected confounders.
In 2008, only 11% of the dialysis population worldwide was treated with PD.2 The
prevalence varies significantly between regions, with the proportion of dialysis patients
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Abstract: Peritoneal dialysis (PD) is an effective renal replacement strategy for patients
suffering from end-stage renal disease. PD offers patient survival comparable to or better than
in-center hemodialysis while preserving residual kidney function, empowering patient autonomy,
and reducing financial burden to payors. The majority of patients suffering from kidney failure
are eligible for PD. In patients with cardiorenal syndrome and uncontrolled fluid status, PD is
of particular benefit, decreasing hospitalization rates and duration. This review discusses the
benefits of chronic PD, performed by the patient or a caregiver at home. Recognition of the
benefits of PD is a cornerstone in stimulating the use of this treatment strategy.
Keywords: peritoneal dialysis, survival, quality of life, cost, home dialysis
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on PD being as high as 79% in Hong Kong.2 Education of
health care professionals and patients regarding this treatment
strategy and its benefits is key for improving PD use.
For this narrative review, we searched PubMed for articles
published in English up to August 2014, without a specific
start date. Full-text articles were used in most cases, and
references were searched for additional relevant articles.
We discuss eligibility for home PD, highlighting clinical,
psychosocial, and financial benefits of home PD and focusing
on data from the recent literature on contemporary practices
(Table 1). We provide data on outcome studies comparing
PD and HD when available.

Peritoneal dialysis: who?
Although various guidelines and papers differ with respect to
potential contraindications for PD (Table 2),3–7 clinical evidence of ineligibility for PD in these particular circumstances
is often lacking. It is our opinion that very few medical
contraindications exist for PD. Active inflammatory bowel
disease and recently inserted ostomies are medical reasons
to withhold PD, given that they are associated with increased
risk for PD-related peritonitis and leak, respectively. In
contrast, PD has been successfully performed in patients
with failed kidney transplant,8,9 after liver,10,11 lung,10 and
cardiac10,12 transplant, in patients with a history of repair of
abdominal aortic aneurysm13 or major abdominal surgeries,14–16 in patients with established ostomy,17 in patients with
abdominal wall or inguinal hernias,18 in obese patients,19
in black20 patients, and in patients with polycystic kidney
disease21,22 or diverticulosis.23 In the latter, holding PD during an acute episode of diverticulitis is warranted to prevent
secondary enteric peritonitis. Data from large registries show
technique and patient survival are not affected by family
income or educational level.24,25 Both Dutch and Canadian
observational studies confirmed that the majority of patients
are eligible for PD.3,26
The sole condition to start PD is having a peritoneal
cavity and a working PD access. Approaches for peritoneal
Table 1 Benefits of peritoneal dialysis
Most ESRD patients are eligible for PD
Similar survival between PD and HD
Effective solute and water removal
Slower decline in residual kidney function compared to HD
Declining risk in PD-related peritonitis over the last decades
Technically simple
Greater autonomy and independence for patients compared to facility-HD
Lower actual cost compared to HD in most countries
Abbreviations: ESRD, end-stage renal disease; HD, hemodialysis; PD, peritoneal
dialysis.
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catheter insertion vary. Peritoneal cavity access can be
created by open or laparoscopic surgical techniques or
by percutaneous puncture of the abdomen by nephrologists or interventional radiologists. Important advantages
for having a nephrologist perform PD catheter insertion
are better continuity of care and reduced waiting time.
Moreover, the success rate is similar to that of surgicallyinserted PD catheters.27–29 Supine intermittent PD can be
immediately started after PD catheter insertion, avoiding
temporary HD.

Peritoneal dialysis at home
Except for a clean corner in the home, a closet-sized area
to store dialysis fluid, and a facility for hand washing with
clean running water, no additional requirements exist for
performing PD at home. If (elderly) patients are not able to
operate the different steps needed for PD exchanges, support
by a trained caregiver or home care nurse might enable the
patient to benefit from home PD. Canadian data from the
province of Ontario showed an increased eligibility for PD
if home care assistance is available,30 and European studies
have confirmed the success of assisted PD for survival and
peritonitis outcomes.31,32

Peritoneal dialysis: why?
Clinical benefits of home
peritoneal dialysis
Survival

Data used to compare survival between dialysis modalities
are derived from large observational studies and registry
analyses. Common findings of these studies are a similar
overall patient survival between PD and HD with a potential survival benefit for PD in younger patients, nondiabetic
patients, and patients receiving PD during their first 1–3 years
of dialysis.33–38
A large US Renal Data System analysis published by
Mehrotra et al33 in 2011 compared survival for patients
treated with in-center HD and home PD. Overall, the relative
risk of death for PD and HD over 5 years of follow-up was
not significantly different (adjusted hazard ratio [HR] =1.03,
95% confidence interval [CI] =0.99–1.06) within their most
contemporary cohort of patients starting dialysis between
2002 and 2004. Subgroup analysis of this contemporary
cohort of patients by age (younger and older than 65 years of
age), with or without comorbidities (defined as cerebrovascular, cardiovascular or peripheral vascular disease, diabetes
mellitus [DM], chronic pulmonary disease, or malignant
neoplasm) showed a survival advantage for PD throughout
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Table 2 Described contraindications and barriers to PD

Previous major abdominal surgery or abdominal scarring
Planned abdominal surgery
Cystic kidneys
Poor lung function
Chronic inflammatory bowel disease
Acute diverticulitis
Diverticulosis
Frequent episodes of diverticulitis
Ischemic gut
Bowel cancer
Obesity
(Large) abdominal wall hernias
Abdominal wall ostomies and conduits
(Large) abdominal aortic aneurysm
Documented loss of peritoneal function
Extensive abdominal adhesions limiting dialysate flow
Fresh intra-abdominal foreign bodies (,4 months)
Severe malnutrition
Abdominal wall or skin infections
Body size limitations
Congestive heart failure
Portal hypertension
Liver transplantation
Ascites
Insufficient physical strength
Impaired vision
Impaired hearing
Immobility
Poor health and frailty
Poor hygiene
History of nonadherence
Psychiatric illness
Dementia or poor memory
Language barriers
Patient inability to perform PD exchanges him/herself
Place of residence does not permit PD
Employment does not permit PD

Jager
et al3

Blake
et al4

Oliver
et al5

Covic
et al6
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Notes: ++ considered a contraindication for PD. + considered a barrier to PD. - not considered a contraindication for PD.
Abbreviation: PD, peritoneal dialysis.

the 5 years of follow-up for the younger, nondiabetic patients
without comorbidities. Mortality was lower during the first
12 months for nondiabetic patients presenting with one or
more comorbidities treated with PD and during the first
24 months for nondiabetic patients older than 65 years without
comorbidities. Young diabetic patients without comorbidities presented a similar survival for both dialysis modalities,
whereas hemodialysis mortality was significantly lower in
older diabetic patients as well as in younger diabetic patients
with at least one comorbidity. Kumar et al34 used US data
from a registry of all Kaiser Permanente Southern California
patients with end-stage renal disease (ESRD) to compare
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survival between PD and HD. More than 1,000 incident PD
patients between 2001 and 2013 were 1:1 propensity matched
to incident HD patients who started dialysis after predialysis
care and with a permanent vascular access. After 9 years of
follow-up, a similar survival for PD and HD was found, with
an early survival advantage for PD, for almost 3 years and 2
years in an as-treated and intention-to-treat analysis, respectively.34 According to this cohort selection, the higher early
mortality for HD patients cannot be attributed to urgent-start
HD or the use of central venous catheters.
It is noteworthy that mean administered hemodialysis
dose in the United States is lower compared to other parts of
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the world, potentially overestimating the favorable effects of
PD outcomes in the Mehrotra et al and Kumar et al studies
compared to regions with higher administered hemodialysis
doses. However, survival data from countries with higher
facility HD doses (3×4 hours weekly and more) and higher
proportion of PD use, hence less potential selection bias,
confirm the overall survival similarity between PD and
HD.35,36 Canadian data did not show an early survival benefit
for PD in patients starting dialysis after predialysis care37 or
compared to HD patients starting dialysis with a permanent
vascular access.38 Quinn et al37 analyzed survival differences
between PD and HD using Ontario administrative health data
on patients starting dialysis between 1998 and 2006, while
avoiding bias introduced by acute or unplanned dialysis start.
The authors showed an overall similar survival in patients
starting dialysis electively as an outpatient after at least
4 months of predialysis care, with an adjusted HR of 0.96
(95% CI =0.88–1.06) throughout a 2-year follow-up period.
Including urgent dialysis starters in the analysis, the authors
found an early survival benefit for PD starters beyond 2 years
for nondiabetic patients. For diabetic patients, a survival
benefit of up to 2 years was found if all outpatient dialysis
starts were included; however, PD was associated with a
higher risk for death in diabetic patients who survived the
first 90 days of dialysis. Importantly, when PD patients were
compared to elective-start HD patients as a whole, there was
neither an early survival advantage nor a late survival disadvantage for PD.37 Canadian Organ Replacement Registry
data for patients starting dialysis between 2001 and 2008
were used by Perl et al38 to assess the effect of vascular
access type at the start of HD on early survival differences
between HD and PD. Stratifying HD patients according to
their first HD access, adjusted HR for 1-year mortality was
1.8 (95% CI =1.6–1.9) for patients starting with a central
venous catheter but only 0.9 (95% CI =0.8–1.1) for patients
starting with an arteriovenous fistula or arteriovenous graft.
Similar to previously discussed data, DM attenuated the
mortality risk of HD compared to PD in both the central
venous catheter and arteriovenous fistula/arteriovenous
graft subgroups.38
A recent publication by Marshall et al36 evaluating
mortality risks in New Zealand ESRD patients commencing dialysis between 1997 and 2011 showed an overall
equivalent survival for PD and facility HD, with a 20% lower
mortality risk associated with PD during the first 3 years of
PD. This study indeed pointed to a longer duration of early
survival benefit for PD compared to facility HD than was
described previously. Regarding the effect modification by
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DM, this study was found to reverse the survival benefit for
PD compared to facility HD only after 3 years and only for
patients suffering from DM type 2. DM type 2 patients on
PD for more than 3 years showed a 28% higher mortality
risk (95% CI =1.10–1.50) compared to facility HD. In the
first 3 years on PD, however, the presence of DM was not
associated with an increased mortality risk compared to incenter HD (DM type 1: HR =0.38 [95% CI =0.20–0.73] and
DM type 2: HR =0.92 [95% CI =0.80–1.05]). Marshall et al36
did not identify a modification of survival effect by age or
comorbidity (cerebrovascular, cardiovascular or peripheral
vascular disease or chronic lung disease).
In conclusion, in the absence of randomized controlled
trials and to the extent that registry data can be analyzed, survival is comparable between the two modalities. Therefore,
the choice of dialysis therapy for a patient should not be made
on the basis of length of survival.

Solute clearance and ultrafiltration
The three-pore model describes solute and water flux across
the peritoneal capillaries using a concept of three types of
pores: ultrasmall pores or aquaporins that allow solute-free
water transport, and small and large endothelial pores that
allow flux of smaller and larger molecular-weight solutes,
respectively. The ionic content of PD fluid (PDF) consists
of sodium, chloride, calcium, magnesium, and a lactate or
bicarbonate-lactate–based buffer. Diffusive transport of solutes is driven by a concentration gradient between the blood
compartment and the intraperitoneal dialysate. Diffusion
occurs through the small and large pores and, given that it
is concentration dependent, is most effective for molecules
that are not contained in the PDF, eg, creatinine, urea, potassium, phosphate, and other uremic toxins. Water transport
is achieved by an osmotic gradient across the peritoneal
membrane.
In commercially available PDF, osmotic forces are generated in two different ways. Hypertonic PDFs are made
by adding dextrose (Dianeal® and Physioneal® by Baxter,
IL, USA; or BicaVera® and Balance® by Fresenius, Bad
Homburg, Germany) or amino acids (Nutrineal® by Baxter)
to the dialysis solution. Water removal through the aquaporins and small pores results from the osmotic gradient
between the hypertonic PDF and the blood in the peritoneal
capillaries. The higher the osmotic gradient is (ie, higher
dextrose concentration), the greater the ultrafiltration will
be. During a PD dwell with a dextrose-based solution, glucose will be absorbed into the blood compartment. Using
low dextrose concentrations and long dwell times, the
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osmotic gradient dissipates and water can be reabsorbed.
An oncotic pressure gradient in favor of water removal
over the small and large pores can be generated by an isoosmotic PDF supplemented with the maltodextrin-derived
icodextrin (Extraneal® by Baxter). Fluid uptake by the lymphatic system can negatively affect net ultrafiltration. The
characteristic of ultrafiltration during PD is a continuous
gentle fluid removal. Hence, PD is considered to offer more
hemodynamic stability than conventional hemodialysis.
Convective removal of solutes occurs together with the
water removal driven by any type of osmotic gradient. The
functional surface area of the peritoneum mainly determines the peritoneal clearance of low molecular weight
solutes and ultrafiltration, while macromolecular clearance
also depends upon intrinsic pore size.
Peritoneal small solute clearance can be calculated
by determining 24-hour peritoneal effluent volume and
concentrations of small solutes together with blood levels.
However, peritoneal small solute clearance is not a good
predictor of survival when residual kidney function is present.39 Indeed, reanalyzed Canada-USA Peritoneal Dialysis
Study Group (CANUSA) data showed greater renal glomerular filtration rate (GFR) and increased urine output to be
associated with relative risk reduction of death: HR =0.88
(95% CI =0.83–0.94) for every 5 L increase in weekly
GFR, and HR =0.64 (95% CI =0.51–0.80) for every 250
mL increase in daily urine volume. In contrast, increased
peritoneal creatinine clearance was not associated with the
relative risk of death (HR =1.0 [95% CI =0.90–1.11] for
every 5 L increase in weekly peritoneal creatinine clearance).39 The European APD Outcome Study (EAPOS) trial
evaluating outcomes in anuric European patients treated
with cycler PD identified age, comorbidity, and amount of
ultrafiltration (UF), but not small solute clearance, as predictors of outcome.40

Residual kidney function
An important contributor to survival and overall health
of dialysis patients is residual kidney function (RKF).39,41–44
Therefore, strategies to preserve RKF need to be applied
during follow-up of dialysis patients: use of renin–
angiotensin–aldosterone system blockade, 45 avoidance
of nephrotoxins (nonsteroidal anti-inflammatory drugs,
aminoglycosides, radiocontrast agents), and avoidance of
hypovolemia. Several studies suggest PD to be associated
with a slower decline in RKF, compared to HD.46–48 Potential
mechanisms for the superiority of PD in preserving RKF are
its greater hemodynamic stability, reduced ischemic kidney
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insult, and lack of inflammatory mediators generated from
the extracorporeal hemodialysis circuit.

Peritoneal dialysis-related peritonitis
Peritonitis remains a clinically important complication of PD.
Morbidity resulting from PD-related peritonitis is significant,
with some episodes being complicated by hospitalization
and temporary or permanent transfer to HD. Inflammatory
processes during severe, recurrent, relapsing, repeated or
refractory peritonitis can lead to peritoneal membrane failure
and the need to discontinue PD. Current International Society
of Peritoneal Dialysis guidelines recommend a PD program’s
peritonitis rate to be less than 1 per 18 patient-months or
0.67 per year at risk.49 Over the last decades, a declining
rate of peritonitis has been described.50–52 Major factors contributing to improved peritonitis rates are improvements in
connectology, antibiotic prophylaxis before catheter insertion
and at the time of invasive procedures, and antibiotics routinely at the exit site. Additional contributing factors include
organizational aspects, such as continuous quality improvement initiatives and home visits.53 PD-related peritonitis is a
manageable complication, is often treatable on an outpatient
basis, and has high cure rates.52

Special consideration for patients
with congestive heart failure
Controlling fluid status in patients suffering from congestive
heart failure complicated by progressive renal insufficiency,
ie, cardiorenal syndrome type 2 (CRS2), is challenging, especially in the setting of diuretic resistance. In that case, renal
replacement strategies are used for ultrafiltration. Theoretical
advantages in favor of the use of PD rather than any form of
intermittent or continuous hemodialysis are its gentle continuous ultrafiltration (avoiding neurohormonal pathway activation),
being a permanent outlet from the abdominal cavity (thus keeping intra-abdominal pressure and venous congestion at their
lowest), removing sodium efficiently, improving potassium
levels (hence allowing [increased] use of renin–angiotensin–
aldosterone system blockers) and offering these benefits at
home. Retrospective studies evaluating clinical effects of PD in
patients with CRS2 showed significant reduction in number and
duration of hospitalizations after initiation of PD,54–56 improved
functional New York Heart Association classification,54,56,57
and improvement in left ventricular ejection fraction54,55 at an
acceptable cost of PD-related morbidity.55–57 Continuous ambulatory PD (CAPD) was the main PD modality in these studies,
all limited by the absence of a comparator group treated with
an alternative renal replacement modality.
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A prospective study evaluating the effects of CAPD in
CRS2, although limited by small sample size (n=25) and the
absence of an HD comparator, showed improved quality of
life, New York Heart Association functional classification, and
6-minute walk test results 6 weeks and 24 weeks after the start
of PD compared to baseline.58 In the 6 months following PD
start, this study also showed a decreased number of hospitalization days for acute heart failure compared to the 6 months
prior to CAPD.58 Whether hospital admissions and length of
stay are reduced due to PD itself or because fluid status is
better controlled, independently of the way this is achieved,
is unclear. Indeed, number of and duration of hospitalizations
for cardiovascular causes, but not for all causes, was reduced
for both PD (nightly intermittent PD or CAPD) and HD in a
prospective nonrandomized study evaluating beneficial effects
of both dialysis modalities.59 After initiation of PD or HD,
quality of life and functional status improved.59 In this study,
cumulative survival with HD versus PD was not significantly
different, although a beneficial trend for PD was noted. More
(randomized) studies are needed to compare outcome differences between PD and HD as a strategy to control fluid
balance in CRS2. Nonetheless, data regarding reduction in
hospital admissions and length of stay after initiation of PD
in subjects suffering from CRS2 are consistent. Therefore,
PD should be considered as an excellent strategy to achieve
fluid control in CRS2.
Unexpectedly, a discrepancy was noted between outcomes
of PD in CRS2 versus CRS type 4, a type of cardiorenal syndrome in which primary chronic kidney disease contributes to
decreased cardiac function. US60 and French61 retrospective
registry-based studies both showed higher mortality risks
for patients with ESRD and congestive heart failure when
treated with PD compared to HD. However, generalizability
of these data is limited. The US study applies to a 1990s
population, an era prior to widespread icodextrin use, with
short follow-up (2 years). Several factors warrant careful
interpretation of the French study: congestive heart failure
was only characterized as per nephrologists’ judgment, no
discrepancy was made between New York Heart Association
functional classification III and IV, and survival was only
calculated from day 90, potentially underestimating HDassociated early mortality.

Psychosocial benefits of home
peritoneal dialysis
In contrast to in-center HD, PD offers greater flexibility to
patients as to time management: 1) patients treated with
PD are (or should be) trained to adapt the PD prescription
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to their daily activities if needed, and 2) a PD clinic visit
is scheduled every 4–12 weeks compared to thrice weekly
for patients treated with in-center HD. Also, the technical
simplicity of PD allows patients to perform dialysis while
traveling, without need for facility support. In every respect,
PD offers increased autonomy and independence to patients
suffering from end-stage renal disease compared to facility
HD, and this is reflected in higher employment rates for
patients treated with home PD compared to facility HD.62–64
Evidence that the greater autonomy associated with PD
leads to an improved quality of life is weak65 although many
studies suggest at least equivalent or better quality of life for
patients treated with PD compared to in-center HD.66–70 As
to patient satisfaction with their dialysis care, a prospective
cohort study involving 37 dialysis centers in the United States
showed patients treated with PD rated their care higher than
did patients treated with facility HD.71 Assisted PD, whereby
PD is administered with the help of a trained caregiver,
could support the autonomy and independence of disabled or
elderly persons suffering from kidney failure.72,73 Arranging
transportation to the hemodialysis unit several times a week
is often burdensome for these patient groups, and they might
not be home hemodialysis candidates, given comorbidities
or living circumstances.

Financial benefits of peritoneal dialysis
The nature of PD itself, the decreased staff-to-patient ratio,
and lower overhead explains a lower actual cost for PD
compared to HD from a health care system perspective, ie,
the payer.63,74–79 Both direct costs,77–79 expenditures borne
by the health care system, community, and patient in addressing the illness, and indirect health care costs,63 productivity
losses to society caused by the dialysis modality, are significantly reduced in patients treated with PD compared to HD.
US data show the annual cost for dialysis care is $24,293
higher for patients treated with facility HD compared to
PD.79 In a propensity-matched cohort of incident US dialysis
patients, the overall health care related costs over the first year
of treatment was $43,510 higher for HD compared to PD.77
PD bears an economic advantage even for patients presenting with PD technique failure. A Canadian cohort study
showed PD technique failure to be associated with significant
lower costs by $11,466 at 1 year and similar costs at 3 years
compared with HD only.80 For patients transitioning from
HD to PD compared to HD only, this study also showed a
significant financial benefit of $26,050 and $61,652 at 1 year
and 3 years, respectively. These savings were mainly driven
by dialysis cost savings.80
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An important direct cost in dialysis patients is related to
the use of erythropoietin stimulating agents. A large DaVita
registry analysis comparing the use of erythropoietin stimulators in prevalent PD and HD patients found three to four times
higher doses of these agents in HD compared to PD, despite
similar distribution of hemoglobin and even when adjusted
for hemoglobin, case mix, and malnutrition–inflammation
syndrome.81 It is self-evident that the actual cost for assisted
PD is higher compared to self-care PD yet European and
Canadian data show assisted PD is still cost-effective when
compared to in-center HD.30,82,83
Actual dialysis cost and reimbursement differ, and
overall, reimbursement rates for home dialysis are lower
than those for hospital HD.84 Nonetheless, reimbursement
adjustments incentivizing PD did not increase the use of
PD in Germany85 and Ontario.86 The dialysis provider will
indeed balance reimbursement incentives for home dialysis
against the high initial investment cost for every hemodialysis unit whereby the per capita cost increases when
more dialysis stations remain unused. Therefore, a health
care system will only have sustained economic benefits
from increased PD use if equal reimbursement strategies
for different dialysis modalities are supported by physician
recognition of clinical and psychosocial benefits of PD
and by appropriate training of health care professionals to
empower patients with knowledge and freedom to perform
dialysis at home.

Conclusion
The majority of patients presenting with kidney failure can
be treated with PD, an effective dialysis modality with similar
overall survival at lower cost compared to HD. An additional
advantage of home PD is its intrinsic empowerment of
the patient. Every patient preparing for renal replacement
therapy should receive education concerning all options for
dialysis.
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