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Abstract
Background Kidney transplantation offers the best potential for full rehabilitation in patients with end-stage kidney disease 
who are treated with dialysis. However, due to organ shortage which is a universal phenomenon, most patients need to be 
maintained on a period of dialysis therapy before the prospect of transplantation. Peritoneal dialysis (PD) could be an ideal 
form of renal replacement therapy due to its favorable profile toward preservation of residual renal function, patient survival, 
lower overall burden on cardiovascular morbidity and infection risks.
Methods With extensive experience in PD therapy from Hong Kong where PD-first is a mandatory health policy, we 
reviewed the literature and present current evidence that favors PD as an optimal form of bridging renal replacement therapy 
prior to kidney transplantation.
Results PD provides a viable and advantageous form of renal reaplcement particularly in terms of preservation of residual 
renal function, patient survival and quality of life, and cost among many other factors. Potential misconceptions that PD-
related peritonitis and dialysis inadequacy are potentially deterrent factors for initiating PD therapy are clarified.
Conclusion PD is a practical and noninferior form of renal replacement that serves as an ideal bridge from conservative 
therapy to kidney transplantation.

Introduction

As the global burden of chronic kidney disease continues 
to increase, [1] the demand for renal replacement therapy 
(RRT) also rises. The lack of organ donors worldwide means 
that the majority of end-stage kidney disease patients would 
have to be put on dialysis therapy while awaiting the oppor-
tunity for kidney transplantation which is the best form 
of RRT [2]. It remains uncertain which modality of RRT 
should be used during this interim period. In Asia where 
60% of the world’s population live, [3] accumulating experi-
ence and evidence shows that peritoneal dialysis (PD) could 
be the idea bridge to kidney transplantation. On this score, 
both Hong Kong [4] and more recently Thailand [5] have 
adopted a PD-first policy.

Hong Kong has the highest PD utilization rate in the 
world, being at around 75–80% of all dialysis patients. The 

PD-first policy was implemented in 1985, initially to cope 
with the scarcity of hospital space and manpower in per-
forming in-center hemodialysis [6]. The policy meant that 
all end-stage renal disease patients requiring dialysis were 
treated with PD first unless they had a medical contraindi-
cation in doing so. This allowed the government to support 
more patients with end-stage renal disease in receiving renal 
replacement therapy. Over the years, Hong Kong has accu-
mulated good experience with PD in that it is non-inferior 
or even superior to hemodialysis. Here, we present evidence 
showing PD can be an ideal bridging therapy to kidney 
transplantation.

Residual renal function

In consideration of an ideal form of RRT, several princi-
ples apply. First, one should consider whether the form 
of RRT could preserve residual renal function (RRF) as 
it is associated with improved patient survival [7]. In this 
regard, PD does preserve RRF and the postulated mecha-
nisms include greater hemodynamic stability, less ischemic 
kidney insult, and lack of inflammatory mediators generated 
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by the extracorporeal hemodialysis circuit encountered 
during hemodialysis. Previous studies have shown a more 
rapid decline in RRF after starting hemodialysis versus 
PD. Indeed, many subsequent studies found no difference 
in survival between patients treated with PD and hemodi-
alysis, which is also confirmed by the 2018 US Renal Data 
System report. In a recent systematic review, [8] PD was 
also associated with a 16% lower risk of hemorrhagic stroke 
compared to hemodialysis, though the overall stroke risk 
was not different between the two modalities. This will have 
substantial implications with regard to suitability to kidney 
transplantation and the subsequent cardiovascular risks after 
transplantation, as patients who survive major hemorrhagic 
strokes are more likely to have a significant residual neu-
rologic deficit which could undermine their suitability for 
transplantation. In addition, anti-platelet agents or anti-coag-
ulants which are often needed in CKD/ESRD patients due to 
advanced vascular age [9] even after kidney transplantation 
are also relatively contraindicated in patients with a history 
of major a hemorrhagic stroke.

Patient survival

Second, it is important to know if PD could adversely 
affect patient survival versus conservative treatment or 
other forms of RRT. A re-analysis of the CANUSA study 
[10] has already demonstrated preservation of residual 
renal function contributed significantly to the overall 

health and survival of dialysis patients. Many studies have 
shown a significant association between survival advan-
tage and receiving PD in the initial period of dialysis ther-
apy [11]. This remains true when only incident patients 
with at least 4 months of pre-dialysis care were included 
to eliminate any selection bias arising from patients who 
required emergency start of dialysis. In a propensity-
matched mortality comparison of incident hemodialysis 
and peritoneal dialysis patients from the USA, [12] such 
survival advantage using PD was most evident during the 
first 2 years of dialysis initiation. Studies from other conti-
nents [13–15] reported similar findings (Table 1). The only 
exception of superior survival in PD over HD is observed 
in home HD patients in which patients who transitioned 
to PD after 12 months of dialysis had worse survival than 
their HHD counterparts [16]. Data from the US Renal 
Data System also found that mortality rates among patients 
on hemodialysis patients have declined only very little in 
the US over the years, while those for patients on PD have 
a sustained decline over time. Indeed, a systemic review 
found no evidence-based arguments in favour or against a 
particular modality of dialysis as the first RRT of choice 
in patients with diabetes who reach end-stage renal disease 
[17]. More recently, however, a meta-analysis suggested 
that PD and in-center HD carry equivalent survival ben-
efits with substantial heterogeneity largely accounted for 
by differences in cohort period, study type and country of 
origin [18].

Table 1  Studies comparing survival of peritoneal versus hemodialysis

CMS, centers for medicare and medicaid services
a HR for HD vs. PD
b median (interquartile range)

Nature of cohort N (PD vs. HD) Mortality hazard 
ratio (95 CI) of PD 
vs. HD patients

P Mean (s.d.) age (y) of PD vs. HD patients

Australia and New Zealand Dialysis and Trans-
plant Registry, Australia [13]

6337 vs. 6337 0.89 (0.81–0.99)  < 0.001 61.1 (48.8–69.8) vs. 59.2 (46.6–69.9)b

The CMS Medical
Evidence Report (form CMS 2728), USA [12]

10554 vs. 14733 0.92 (0.86–1.00) 0.04 59.1 (15.0) vs. 59.0 (15.0)

Dutch End-Stage Renal Disease Registry 
(RENINE), Netherlands [14]

10841 vs. 5802 At > 3–6 months:
0.26 (0.17–0.41) 

for 40 y.o. non-
diabetics

0.95 (0.64–1.39) for 
70 y.o. diabetics

At > 15 months:
0.86 (0.74–1.00) 

for 40 y.o. non-
diabetics

1.42 (1.23–1.65) for 
70 y.o. diabetics

n.a 53.6 (15.0) vs. 61.8 (14.6)

Network of Renal Units, Colombia [15] 486 vs. 437 1.23 (0.976–1.553)a 0.079 52.6 (15.6) vs. 54.5 (15.8)
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Peritonitis and other infective risks

One fear and hence reluctance in accepting PD in some 
countries has been PD-related peritonitis, which is a com-
mon serious complication of PD that results in consider-
able morbidity, mortality, and health care costs including 
hospitalization. With extensive use of the disconnect and 
double bag system, PD patients in general have a fairly low 
peritonitis rate. According to the Hong Kong Renal Registry, 
the PD peritonitis rate has improved from 1 per 25 patient-
months (or 0.48 episode per patient year) in 2001 to 1 per 
35 patient-months (or 0.34 episode per patient year) in 2011 
[11] By 2018, the peritonitis rate in Australia has further 
dropped to 0.33 episode per patient year. Likewise PD peri-
tonitis rates also improved in Australia and New Zealand 
from 0.63 episode per patient year in 2003–2004 to 0.43 
episodes per patient year in 2011 [19]. By 2018, the perito-
nitis rate in Australia has further dropped to 0.32 episode per 
patient year (ANZDATA Annual Report 2019—Chapter 5). 
In a recently analysis from the Peritoneal Dialysis Outcomes 
and Practice Patterns Study (PDOPPS), [20] the overall peri-
tonitis rates, in episodes per patient-year, were 0.40 (95% 
CI 0.36–0.46) in Thailand, 0.38 (95% CI 0.32–0.46) in the 
United Kingdom, 0.35 (95% CI 0.30–0.40) in Australia/New 
Zealand, 0.29 (95% CI 0.26–0.32) in Canada, 0.27 (95% CI 
0.25–0.30) in Japan, and 0.26 (95% CI 0.24–0.27) in the 
United States. Thus, it is envisaged that peritonitis improves 
with time and experience of the PD center. Significant dif-
ferences in peritonitis rates among different countries may 
result from varied and potentially modifiable treatment 
practices. In addition to peritonitis, overall infection rates 
between hemodialysis and PD patients were similar (hemo-
dialysis 0.77/year vs. PD 0.86/year, p = 0.24) [21]. Hemo-
dialysis patients are at risk of bacteremia during the first 
90 days of access creation, whereas the risk of peritonitis 
for PD patients was not different over time. Therefore, the 
access for PD is not particularly more problematic than that 
for hemodialysis.

For hemodialysis patients, although there is no concern 
about treatment related peritonitis, they are susceptible to 
vascular access infection and appear to be more susceptible 
to infection than PD patients. In a USRDS study including 
nearly 300,000 incident dialysis patients, the rate of pneu-
monia was 59% higher in hemodialysis versus PD patients.

Dialysis adequacy

Adequacy of dialysis should be interpreted clinically 
rather than by targeting only solute and fluid removal, 
but it is generally accepted that a weekly Kt/V for urea 
should be at least 1.7 [22]. Evaluation should also include 
both peritoneal and renal creatinine clearances, electro-
lyte and acid–base balance, nutritional status, calcium and 

phosphate control, haemoglobin, responsiveness to eryth-
ropoietin-stimulating agents, and diabetic control. For 
patients with signs and symptoms of under-dialysis, one 
should ensure compliance to the prescribed PD, followed 
by a trial of increasing dialysis dose such as by increas-
ing the frequency or volume of each exchange [6]. Con-
version to hemodialysis is an option if these manoeuvres 
fail. It is important to note that adequate doses of dialysis 
could improve the overall well-being such as hemoglobin 
levels, nutrition, blood pressure and even bone health of 
the patient which has an indirect positive impact on the 
outcome of kidney transplantation.

Quality of life

Quality of life is an important aspect of dialysis care. In a 
meta-analysis, continuous ambulatory PD was found to have 
better psychological health and less emotional stress than in-
center or even home hemodialysis patients [23]. In another 
prospective cohort study including 37 US centers, patients 
receiving PD rated their care higher than those receiving 
hemodialysis [24]. It is envisaged that PD as a home based 
therapy that involves only limited time for each PD fluid 
exchange would allow patients to work normally, where in-
center hemodialysis mandates time off work at least for 2–3 
half-days per week. Besides, hemodialysis induced elec-
trolyte shifts causing muscle cramps, hypotension or even 
myocardial stunning is not observed with PD therapy. Thus, 
it is not surprising that PD confers a better quality of lift 
versus hemodialysis.

Role of incremental PD

Another interesting notion is the use of incremental PD as 
a first-choice RRT. This strategy involves elective start of 
low-dose PD which is gradually increased to compensate 
for subsequent loss of residual renal function to maintain 
dialysis adequacy in terms of small solute clearance (i.e., 
peritoneal plus endogenous Kt/V). It appears to be a suit-
able home-based RRT modality affecting less of the patient’s 
social and active work schedules at first, and spares vascular 
access and cost due to lower usage of PD fluids. In Italy, this 
approach has become the standard of practice at some insti-
tutions as a bridge to renal transplantation. In a comparative 
study, [25] 17 patients on incremental PD and 24 patients 
on hemodialysis received their first renal transplant and it 
was observed that incremental PD was associated with low 
morbidity and better 1-year graft function versus the hemo-
dialysis group. A recent systematic review also found that 
incremental dialysis allows longer preservation of residual 
kidney function without increasing mortality [26].
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Outcome of transplant recipients by previous RRT 
modality

One lingering question is whether previous PD or hemo-
dialysis confers a better clinical outcome after success-
ful kidney transplantation. A recent study showed that 
the modality of renal replacement therapy prior to renal 
transplantation, be it PD or hemodialysis, did not affect 
the outcomes of the living donor renal allograft recipi-
ents [27]. On the other hand, in a meta-analysis that com-
pared key transplant outcomes for patients on hemodi-
alysis with those on PD, [28] improved patient survival 
and a lower incidence of delayed graft function (DGF) 
was observed in PD patients. The reported adjusted risk 
ratios for 5-year mortality and DGF, being 0.89 (95% con-
fidence interval [CI] 0.82–0.97, p = 0.006) and 0.5 (95% 
CI 0.41–0.63, p < 0.005), respectively, were both in favor 
of PD, though there was no demonstrable graft survival 
advantages at 5 years with an adjusted risk ratio of 0.97 
(95% CI 0.92–1.01, p = 0.16). These data favor PD as a 
pre-transplant modality. In reality, nephrologists need to 
balance the potential merits of these data during the deci-
sion-making process when managing patients with trans-
plant potential who are approaching the need for RRT.

Cost

Renal replacement therapy is always one of the most costly 
forms of chronic treatment in any healthcare system around 
the world. To this end, different countries have different 
reimbursement systems, [3] and a head-to-head comparison 
is hard to make. In Hong Kong, one important reason for 
prioritizing PD in incident dialysis patients is the perceived 
economic advantage. Opinion leaders seem to have a gen-
eral consensus that in-center hemodialysis is more expensive 
than home-based modalities, including CAPD, automated 
PD, and nocturnal home hemodialysis. As a home-based 
therapy, PD can improve patient survival, preserve RRF and 
lower infection risk in patients with end-stage renal disease 
while at the same time reduce financial stress to the govern-
ment because of its cost-effectiveness.

Role of PD in special scenarios

In late-presenting end-stage renal disease patients, urgent-
start hemodialysis is usually performed via a central venous 
catheter. However, PD can be a safe, efficient and cost-effec-
tive alternative to hemodialysis. Compared to urgent-start 
haemodialysis via a central venous catheter, urgent-start PD 
has significantly lower incidences of catheter-related blood-
stream infections, dialysis-related complications and need 

for dialysis catheter re-insertions during the initial phase of 
the therapy [29].

Another subgroup of patients who may benefit from PD 
as a bridge to transplantation is chronic combined liver and 
kidney failure patients. These patients face multiple chal-
lenges, including complications related to fluid shifts, bleed-
ing esophageal varices, and spontaneous infections. RRT 
in the form of hemodialysis is often poorly tolerated due to 
intravascular instability found in cirrhotic subjects. The ideal 
treatment is simultaneous liver-kidney transplantation, but 
organ scarcity often mandates a long waiting time of months 
to even years for transplant. PD is an alternative strategy to 
hemodialysis in this context, as it provides both renal clear-
ance and management of large-volume ascites. Traditionally, 
PD has been rarely practiced in patients with liver failure 
due to concerns about increased peritonitis rates, protein 
loss, which could have a negative impact on the suitability 
of transplantation. A recent study comparing 285 PD to 1140 
hemodialysis patients with cirrhosis have shown that PD is 
associated with a lower mortality independent of patients’ 
comorbidity, severity of liver cirrhosis, and serum albumin 
levels [30]. However, data regarding the severity of liver 
disease and successful SLKT after PD maintenance are lack-
ing. In a small single-center series of 12 patients [31] who 
were awaiting combined liver and kidney transplant and put 
on PD, there was no mortality and the need for large-volume 
paracentesis often seen in cirrhotics was obviated. A quarter 
of the subjects were subsequently successfully transplanted, 
suggesting that PD is a viable bridging therapy for patients 
with liver and kidney failure who await SLKT.

Conclusion

Given the utility and potential advantages of PD as a bridg-
ing therapy to kidney transplantation, there is a need to 
increase its utilization which is low in many parts of the 
world especially in western countries. The US administra-
tion also signed an executive order in Jul 2019 to drastically 
increase home therapy for kidney disease in USA, by get-
ting 80% of patients who are under treatment either in-home 
dialysis or transplanted eventually (https ://www.npr.org/secti 
ons/healt h-shots /2019/07/10/74027 6389/trump -admin istra 
tion-annou nces-plans -to-shake -up-the-kidne y-care-indus 
try). Home therapy is also particularly relevant in the face of 
the COVID-19 pandemic as it combines dialysis with social 
distancing and elimination of transportation needs [32, 33]. 
The success of the PD-first policy requires the support 
of dedicated staff and well-designed patient training pro-
grammes [6] as well as a timely start of PD [34] To ensure 
the sustainability of advocating PD-first, potential problems 
with PD also need to be addressed adequately, including 
peritonitis, ultrafiltration failure and dialysis adequacy. A 

https://www.npr.org/sections/health-shots/2019/07/10/740276389/trump-administration-announces-plans-to-shake-up-the-kidney-care-industry
https://www.npr.org/sections/health-shots/2019/07/10/740276389/trump-administration-announces-plans-to-shake-up-the-kidney-care-industry
https://www.npr.org/sections/health-shots/2019/07/10/740276389/trump-administration-announces-plans-to-shake-up-the-kidney-care-industry
https://www.npr.org/sections/health-shots/2019/07/10/740276389/trump-administration-announces-plans-to-shake-up-the-kidney-care-industry
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Kt/V for urea of 1.7 per week has been defined as a threshold 
for anuric PD patients [35]. In addition, enhancing hemodi-
alysis support as back-up and promoting organ donation are 
necessary to meet the demands of the rapidly growing dialy-
sis population. Apart from CAPD, other PD modalities also 
have distinct advantages such as automated PD which was 
introduced in Hong Kong since 1988. The success of a PD 
program also hinges upon a critical threshold size of a PD 
unit that would accumulate experience in PD care with time.
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