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Reduced costs, lower staff requirements, and independence from 
in-centre treatment render peritoneal dialysis (PD) a valuable kidney 
replacement therapy (KRT) for low- to middle-income countries such 
as South Africa (SA).[1,2] PD is therefore more likely than haemodialysis 
(HD) to be prescribed in the resource-limited public healthcare 
sector in this country,[3] which serves a historically socioeconomically 
disadvantaged population of predominantly black African ethnicity 
with a high prevalence of HIV infection[4] and diabetes.[5]

Available local literature has raised concern over the universal 
suitability of PD in this setting, with increased rates of PD modality 
discontinuation reported in patients of black African ethnicity.[6,7] 
PD-related peritonitis is the most important modifiable cause of PD 
discontinuation[8] and an important contributor to mortality.[9] An 
increased risk of peritonitis in patients of black African ethnicity[10] 
and in people living with HIV (PLWH)[11] has been reported by local 
centres; comorbid diabetes has similarly been identified in some 
series as a risk factor for peritonitis.[12]

Lack of access to dialysis in the state sector limits individual 
modality selection, with many units pursuing a ‘PD-first’ policy. 
Poorer PD outcomes in this population create an ethical conundrum 

for prescribing nephrologists, who must seek to maximise the 
benefit of access to KRT while limiting the potential of harm to 
the individual arising from treatment complications. We describe 
the 5-year outcomes of PD at our institution, which demonstrate the 
safety of a modified PD-first programme in the state sector.

Methods
Helen Joseph Hospital (HJH) is a tertiary-level public hospital that 
provides KRT to residents of the western areas of Johannesburg. In 
line with government policy, KRT is only offered to those patients in 
whom evaluation reveals no overt contraindication to transplantation; 
evaluation includes assessment of cardiovascular risk. The hospital 
pursues a modified policy of ‘PD first’: patients are preferably 
initiated onto KRT via PD provided that a nurse practitioner deems 
their home circumstances to be suitable for PD. Key criteria assessed 
during the home visit by the nurse practitioner are the presence of 
a nearby source of running water to facilitate sterilisation, an area 
that can be made sterile for PD indwell, and adequate storage space 
for dialysate. Patients living in informal housing are not excluded 
from the programme provided these criteria are met. PLWH are 
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not required to demonstrate virological control and immunological 
recovery prior to PD initiation. While all PLWH are initiated onto 
antiretroviral therapy (ART) before PD is started, late presentation 
with advanced kidney failure and previously undiagnosed HIV 
infection result in many patients requiring optimisation of their ART 
regimen following the start of dialysis.

All new PD initiates receive inpatient training by nurse practitioners 
following Tenckhoff catheter insertion, emphasising sterile self-
administration of dialysate. Nurse practitioners undertake follow-up 
home visits to monitor patient compliance with sterile technique.

Permission to conduct this study was obtained from the Human 
Research Ethics Committee of the University of the Witwatersrand 
(ref. no. M190703). A retrospective review of the case records of all 
patients receiving outpatient PD for the management of kidney failure 
at HJH from 1 January 2013 to 31 December 2018 was undertaken. Of 
149 patients, 29 were excluded from analysis owing to retrospectively 
incomplete data (Fig.  1). During the course of the study, 5 patients 
transferred to other PD units and 3 patients received a kidney 
transplant. The effects of patient age at dialysis initiation, ethnicity, 
gender and comorbidity with either diabetes mellitus or HIV on patient 
survival, PD discontinuation and peritonitis risk were analysed. For 
the purposes of this study, PD discontinuation was defined as formal 
acceptance for permanent transfer to HD or HD for >3 months’ 
duration. Hazard ratios (HRs) for patient and modality outcomes were 

determined using Cox proportional hazards modelled over the first 5 
years from PD initiation, and logistic regression analysis was used to 
evaluate the odds of developing peritonitis. Five-year technique and 
patient survival curves for peritonitis and comorbidity groups were 
fitted using the Kaplan-Meier method. The Cox-Mantel test was used 
to compare survival between groups.

Results
Baseline characteristics of the study cohort are shown in Table  1. 
The median (interquartile range) time on PD was 13.2 (5.7 - 27.5) 
months. Median age (42.4 v. 45.8 years) and sex ratios (male/female 
1:1 and 3:2) were statistically similar between black African and non-
black African ethnic groups (p=0.130 and p=0.343, respectively); 
however, heterogeneity in median distance of the patient’s home 
from the PD centre (14.3 v. 7 km; p<0.001), HIV seropositivity (34.6 
v. 7.1%; p<0.001) and comorbid diabetes mellitus (23.1 v. 40.5%; 
p=0.037) were observed. Patients with diabetes were older than 
non-diabetics (median age at PD initiation 49.9 years and 42.3 years, 
respectively; p=0.022).

Thirty-two patients (26.7%) died during the course of this study. 
Cumulative survival censored for follow-up at 1, 2, 3 and 5 years was 
82.2%, 74.6%, 61.1% and 49.9%. Mortality was directly attributable 
to peritonitis in 6 patients; Gram-negative bacteria were the most 
frequent isolates in this group (n=3 cases). Black African ethnicity 

Table 1. Baseline characteristics of the study cohort (N=120)
n (%)*

Age at CAPD initiation (years), median (IQR) 44.3 (33.9 - 50.8)
Gender

Male 64 (53.3)
Female 56 (46.7)

Ethnicity
Black African 78 (65.0)
Non-black African 42 (35.0)
White 19 (15.8)
Mixed race 15 (12.5)
Asian 8 (6.7)

Ascribed aetiology of renal failure
Hypertension/idiopathic 55 (48.1)
Diabetic nephropathy 25 (20.8)
HIV-associated kidney disease 21 (17.5)
Glomerular disease 10 (8.3)
Reflux nephropathy 1 (0.8)
Other† 7 (5.8)

HIV infection status‡

HIV negative 90 (75.0)
HIV positive 30 (25.0)

CD4 count in HIV-positive patients (cells/mL), median (IQR) 339.5 (184.0 - 440.0)
CD4 count <200 cells/mL 9/30 (30.0)
Diabetes mellitus

Yes 35 (29.2) 85 (70.8)
No

Distance of residence from CAPD centre (km), median (IQR) 11.1 (5.7 - 20.1)
Development of peritonitis

Yes 55 (45.8)
No 65 (54.2)

CAPD = continuous ambulatory peritoneal dialysis; IQR = interquartile range.
*Except where otherwise indicated.
†‘Other’ comprises autosomal dominant polycystic kidney disease (n=2), hepatitis B-related kidney disease (n=2), primary oxalosis (n=1), non-steroidal anti-inflammatory drug nephropathy 
(n=1), and herbal medicine nephropathy (n=1).
‡All patients living with HIV were prescribed antiretroviral therapy.
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was associated with lower mortality (HR 
0.33; 95% confidence interval (CI) 0.15 - 
0.71; p=0.004) (Fig. 2). Age at PD initiation 
(p=0.991), sex (p=0.485), comorbid diabetes 
(p=0.387) or HIV (p=0.268), and peritonitis 
(p=0.123) were not associated with increased 
mortality hazard during the 60 months of 
follow-up of the study period (Table  2), 
although poorer cumulative survival at 1, 2, 
3 and 5 years was observed in patients with 

diabetes (77.1%, 66.8%, 38.2% and 19.1%, 
respectively) compared with non-diabetics 
(84.4%, 77.9%, 68.9% and 54.4%; p=0.097) 
(Fig. 3).

PD discontinuation occurred in 
33 patients (27.5%) and was directly 
attributable to antecedent peritonitis (failure 
within 1  month of diagnosis of peritonitis 
or during inpatient treatment) in 21 cases 
(61.8% of technique failures). Gram-negative 

bacilli were the most frequently cultured 
organism in cases of peritonitis directly 
associated with discontinuation (n=8 
cases). PD modality survival censored for 
duration of follow-up at 1, 2, 3 and 5 
years was 83.3%, 74.5%, 58.9% and 48.1%, 
respectively. Peritonitis increased the risk 
of PD discontinuation (HR 2.99; 95% CI 
1.31 - 6.87; p=0.009); recurrent episodes of 
peritonitis further increased this risk (HR 
3.06; 95% CI 1.32 - 7.10; p=0.019) (Fig. 4). 
Age at PD initiation (p=0.885), sex (p=0.919), 
ethnicity (p=0.142) and comorbid diabetes 
(p=0.446) or HIV (p=0.607) did not affect 
risk of PD discontinuation (Table  2). PD 
modality survival rates at 5 years were 
non-significantly better in patients of 
black African ethnicity compared with 
other ethnic groups (48.6% and 38.9%, 
respectively; p=0.185).

One hundred and two episodes of 
peritonitis were recorded among 55 patients 
during the study period; the peritonitis rate 
was 0.51 episodes per patient-year (ppy). 
Gram-positive bacteria accounted for the 
majority of peritonitis cases (n=41; 40.2%), 
followed by Gram negatives (n=31 cases), 
with culture-negative peritonitis accounting 
for 24 cases. Tuberculous and fungal 
peritonitis were rare in this series (n=3 cases 
each). Age at PD initiation (p=0.633), sex 
(p=0.499), ethnicity (p=0.777) and comorbid 
diabetes (p=0.078) or HIV (p=0.328) were 
not associated with increased odds of 
peritonitis (Table 2), although the peritonitis 
rate was higher in PLWH than in those who 
were HIV negative (0.69 v. 0.45 ppy).

Fig. 1. Study design.

All patients receiving outpatient peritoneal dialysis 
from 1 January 2013 to 31 December 2018,

N=149

Included dataset,
n=120

Exclusions, n=29
Single exclusion criterion, n=25:

• CD4 count retrospectively not available, n=11
• Diabetes mellitus retrospectively not known, n=8

• Transfer in from other centres, n=5
• Date of transfer out (transplantation) not retrospectively clear, n=1

Multiple exclusion criteria, n=4:
• HIV infection status, CD4 count, and diabetes mellitus not retrospectively available, n=2

• Patient transferred in from other centre and CD4 count not retrospectively available, n=1
• Patient transferred in from other centre with HIV infection status, 
CD4 count and diabetes mellitus not retrospectively available, n=1

Fig. 2. Ethnicity and patient survival. (PD = peritoneal dialysis.)
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Discussion
This study provides evidence for the safety 
of a modified PD-first programme in the 
state sector among patients living in low 
socioeconomic settings and in populations 
with significant rates of comorbid diabetes 
mellitus and HIV infection. The study 
provides further demonstration of the 
importance of peritonitis in limiting the 

longevity of PD. Of note, these data appear 
to refute previous reports of increased risk of 
peritonitis and modality discontinuation in 
patients of black African ethnicity receiving 
PD, with superior patient survival being 
observed in this group.

Patient survival in this cohort was similar 
to that reported by contemporaneous 
international series, but poorer than that 

reported in the local literature (Table  3). 
A  greater proportion of patients with 
diabetes in the present cohort (29.2%) 
compared with  previous local studies 
(Davidson et  al.[6] 9.8%, Isla et  al.[13] 9.9%, 
Kapembwa et  al.[7] 0.5%) and  diverging 
survival outcomes for these patients, as 
observed in this study and reported by 
others,[17,18] may partially account for this 
discrepancy. Patients in our cohort were on 
average older (median age at PD initiation 
44.3 years) than in contemporaneous local 
cohorts (Davidson et  al.[6] 39.7 years, Isla 
et  al.[13] 37.5 years, Kapembwa et  al.[7] 
36 years). Older age, particularly in patients 
with diabetes, has been associated with 
increasing mortality risk on PD,[19] which 
may further explain the poorer overall 
survival in our series.

Overall modality survival in this study 
was similar to that reported in other series 
(Table  3). Consistent with local[7,13,20] and 
international[8] experience, peritonitis 
contributed a significant risk to PD 
discontinuation; peritonitis was directly 
responsible for PD discontinuation in 61.8% 
of cases. Interventions to reduce peritonitis 
risk therefore offer a useful means to 
improve PD longevity.

In comparison with previous local series[6,7] 
and US data,[21] no effect was observed for 
ethnicity on modality survival. In SA as well as 
in the USA, ethnicity is often a determinant of 
socioeconomic status, which is an important 
factor in PD modality success.[21,22] A 
similar lack of effect for ethnicity on PD 
discontinuation has been noted in earlier 
reports from Johannesburg,[20] where census 
data suggest higher rates of integration and 
less socioeconomic disparity between ethnic 
groups.[23] The reliance on assessment of 
home circumstances as an entry criterion 
to this unit’s PD programme is likely to 
have further homogenised socioeconomic 
status between ethnicities and abrogated 
the apparent effect of ethnicity on PD 
discontinuation.

The peritonitis rate recorded in our cohort 
(0.51 episodes ppy) is within range of that 
accepted by the International Society for 
Peritoneal Dialysis (ISPD),[24] but above the 
global mean rate of 0.31 - 0.35 episodes 
ppy reported for the study period.[25] Local 
units have reported contemporaneous 
peritonitis rates of 0.87 (Cape Town),[6] 0.82 
(Polokwane)[13] and 1.45 (Bloemfontein).[26] 
Exit site care and sterile connection technique 
are important modifiable factors in decreasing 
infection risk,[8] and frequent monitoring of 
these parameters at clinical follow-up may 
reduce the rate of peritonitis and hence 
PD discontinuation.[20] The lower rate of 

Fig. 4. Peritonitis and PD modality survival. (PD = peritoneal dialysis.)
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Fig. 3. Comorbid diabetes and patient survival. (PD = peritoneal dialysis.)
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peritonitis in this cohort may reflect centre-specific practices, including 
pre-admission assessment of home circumstances, inpatient training 
on sterile technique, and follow-up home visits. Such interventions 
are also likely to have reduced the effect of ethnic discrepancies in 
socioeconomic status and to account for the lack of effect of ethnicity 
on peritonitis risk observed.

Although the peritonitis rate in HIV-positive patients in this series 
was higher than that of HIV-negative patients, HIV seropositivity was 
not independently associated with an increased risk of developing 
peritonitis. The risk of peritonitis in the setting of HIV is partly 
dependent on severity of immunocompromise as evidenced by CD4 
count at dialysis initiation, with those patients with a CD4 count <200 
cells/mL being at particularly increased risk.[11] The median CD4 
count in this series was 339 cells/mL, with only 9 patients having a 
CD4 count <200 cells/mL. Universal access to ART and improved 
CD4 counts at PD initiation are likely to have reduced the risk of 
peritonitis in this series.

There are limitations to this study. Level of education and income 
were not retrospectively available for all patients and were therefore 
not analysed. Type of housing (for example, residence in informal 
settlements) was also not included as a variable in the analyses. 
Previous local studies have failed to show a significant effect for 
these factors on the patient or PD outcomes assessed in the present 

work.[13,20] Pre-initiation assessment of home circumstances, and 
extensive inpatient training in sterile technique, are likely to have 
controlled for any discrepancies in housing state or education level in 
this cohort.

Nevertheless, taken together, these data demonstrate the role of pre-
initiation assessment of individual patient socioeconomic circumstances 
and of ongoing nurse practitioner support in achieving acceptable 
peritonitis rates and potentially increasing PD longevity. Pre-initiation 
assessment should further include consideration of comorbidities 
including the treatment status of HIV infection, and caution should be 
exercised in prescribing PD for older patients with diabetes.

Conclusion
This study confirms the safety of use of PD as initial dialysis in a 
low socioeconomic community with high rates of HIV comorbidity. 
Peritonitis remains the most significant limitation to PD technique 
survival, and attention to patient home circumstances in the 
allocation of patients to PD, with ongoing patient training by nurse 
practitioners in infection prevention strategies, may assist in 
reducing the risk of this complication to ISPD acceptable levels. 
Patients with diabetes may be at increased risk of poorer overall 
survival, and are likely to benefit from careful cardiovascular risk 
evaluation if selected for PD.

Table 3. Patient and modality survival on PD

Region
Patient survival, % Modality survival, %

1 year 3 years 5 years 1 year 3 years 5 years
Africa

South Africa
Present study 82.2 61.1 49.9 83.3 58.9 48.1
Polokwane (2014)[13] 86.7 - 65.3 83.3 - 62.1
Cape Town (2017)[7] 90 82 63 80 54 39
Cape Town (2018)[6] 91.3 - 85 85 - 45

Asia[14]

China (2006) 94 81 64 98 91 86
Hong Kong (2006) 90.8 68.2 48.4 - - -
Thailand (2012) 79 57 - 92 80 -

Latin America[14]

Brazil (2000) 91 77 58 85 64 48
North America
USA (2013)[15] 90 67.6 46.9 - - -
Canada (2013)[16] 97.8 72.6 53.2 - - -

Europe (2012)[14] 2 years, 81.7 2 years, 60.6
Australia/New Zealand[14]

Australia (2013, non-diabetic) 93 74 55 73 39 19
New Zealand (2013, non-diabetic) 92 69 49 80 46 22

PD = peritoneal dialysis.

Table 2. Patient and modality outcomes on PD
Mortality, HR (95% CI) PD discontinuation, HR (95% CI) Peritonitis, OR (95% CI)

Age 0.99 (0.97 - 1.03) 1.00 (0.97 - 1.04) 0.99 (0.96 - 1.02)
Sex (male) 1.29 (0.63 - 2.68) 0.96 (0.47 - 1.96) 0.77 (0.36 - 1.63)
Ethnicity (black African) 0.33 (0.15 - 0.71)* 1.89 (0.81 - 4.43) 0.87 (0.39 - 2.03)
Diabetes mellitus 0.711 (0.33 - 1.54) 0.71 (0.29 - 1.69) 0.46 (0.19 - 1.09)
HIV positive 1.64 (0.68 - 3.91) 1.22 (0.57 - 2.64) 1.56 (0.64 - 3.85)
Peritonitis 0.55 (0.26 - 1.17) 2.99 (1.31 - 6.87)* -

PD = peritoneal dialysis; HR = hazard ratio; CI = confidence interval; OR = odds ratio.
*Significant ratio.
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