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PERITONEAL DIALYSIS CAN BE AN OPTION FOR DOMINANT POLYCYSTIC KIDNEY 
DISEASE: AN OBSERVATIONAL STUDY
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♦ Background: Autosomal dominant polycystic kidney 
disease (ADPKD) has been considered a relative contrain-
dication for peritoneal dialysis (PD), although there are few 
specific studies available. 
♦ Methods: A multicenter historical prospective matched-
cohort study was conducted to describe the outcome of 
ADPKD patients who have chosen PD. All ADPKD patients 
starting PD (n = 106) between January 2003 and Decem-
ber 2010 and a control group (2 consecutive patients 
without ADPKD) were studied. Mortality, PD-technique 
failure, peritonitis, abdominal wall leaks and cyst infections  
were compared.
♦ Results: Patients with ADPKD had similar age but less 
comorbidity at PD inclusion: Charlson comorbidity index 
(CCI) 4.3 (standard deviation [SD] 1.6) vs 5.3 (SD 2.5) 
p < 0.001, diabetes mellitus 5.7% vs 29.2%, p < 0.001 and 
previous cardiovascular events 10.4% vs 27.8%, p < 0.001. 
No differences were observed in clinical events that required 
transient transfer to hemodialysis, nor in peritoneal leakage 
episodes or delivered dialysis dose. The cyst infection rate 
was low (0.09 episodes per patient-year) and cyst infec-
tions were not associated to peritonitis episodes. Overall 
technique survival was similar in both groups. Permanent 
transfer to hemodialysis because of surgery or peritoneal 
leakage was more frequent in ADPKD. More ADPKD patients 
were included in the transplant waiting list (69.8 vs 58%, 

p = 0.04) but mean time to transplantation was similar 
(2.08 [1.69 – 2.47] years). The mortality rate was lower 
(2.5 vs 7.6 deaths/100 patient-year, p = 0.02) and the 
median patient survival was longer in ADPKD patients  
(6.04 [5.39 – 6.69] vs 5.57 [4.95 – 6.18] years, p = 0.024).
♦ Conclusion: Peritoneal dialysis is a suitable renal 
replacement therapy option for ADPKD patients.
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Autosomal dominant polycystic kidney disease (ADPKD) 
is the most common hereditary disease requir-

ing renal replacement therapy (RRT) (1). In Europe, 
the annual incidence rate of RRT due to ADPKD is 7.8 
cases per million in men and 6.9   in women (2). In the 
Madrid regional registry (REMER) 6.73% of incident 
RRT patients in 2011 suffered from ADPKD (3). The 
Spanish public healthcare system pays for any RRT-
related costs. Most ADPKD patients can choose between 
hemodialysis (HD), peritoneal dialysis (PD) and, if fea-
sible, preemptive renal transplantation. However, some 
nephrologists do not consider PD a suitable method for 
ADPKD patients, because of a perceived increased risk of 
complications and technique failures. The high kidney 

Correspondence to: Jose Portolés, C/ Joaquín Rodrigo 1, 
28222 Majadahonda, Spain.

josem.portoles@salud.madrid.org
Received 28 March 2014; accepted 28 April 2014.

This single copy is for your personal, non-commercial use only. 
For permission to reprint multiple copies or to order presentation-ready 

copies for distribution, contact Multimed Inc. at marketing@multi-med.com

mailto:josem.portoles@salud.madrid.org


531

PDI SEPTEMBER 2015 - VOL. 35, NO. 5 PERITONEAL DIALYSIS IN ADPKD 

volume may reduce the effective peritoneal surface 
and increase intraperitoneal pressure, resulting in poor 
dialysis efficacy and pressure-driven complications. 
Additionally, cyst infection or abdominal wall complica-
tions may impact negatively on patient or technique  
survival (4,5).

On the other hand, patients with ADPKD tend to be 
younger with less comorbid conditions and more likely to 
get a transplant. Thus, they may benefit from a PD-first 
model, considered for some authors as the most appro-
priate initial dialysis technique (6).

This study aims to describe the clinical outcomes and 
polycystic-related PD complications in a clinical practice 
setting. This will help clinicians to provide reliable infor-
mation about technique outcomes to ADPKD patients 
requiring RRT.

MATERIALS AND METHODS

This is a prospective study including every patient 
starting PD in 19 public hospitals in the central region of 
Spain. Patients were asked to provide informed consent 
at initiation of PD. Data collected at data base include: 
demographic parameters, cause of nephropathy, previous 
RRT (transfer from HD, graft failure or naïve), reason for 
choosing PD, comorbidity (Charlson comorbidity index 
[CCI]) (7) and pre-PD cardiovascular events (stroke, acute 
myocardial infarction, peripheral arteriopathy). Clinical 
data were recorded every 6 months from PD program 
inclusion until the end of the technique for any reason 
(8). Those data included: dialysis dose (weekly Kt/V) (9), 
residual renal function, peritoneal transport character-
istics (Peritoneal Equilibrium Test), hemoglobin, and 
blood pressure (BP). Clinical events such as: abdominal 
wall problems (hernias or leakage), peritonitis (10), 
and hospitalization events, were also recorded. Patient 
withdrawal from PD was classified into: recovery of renal 
function, death, transfer to HD, transplantation, and 
follow-up loss (transferred to a non-Grupo Centro de 
Diálisis Peritoneal [GCDP] center) (11). Our central office 
data manager collected, audited, and debuged the data 
by ranks and logical routines.

Between January 2003 and December 2010, a sys-
tematic sampling  identified all ADPKD patients starting 
PD. The control group was formed by the 2 consecutive 
patients without ADPKD that initiated PD in the same 
center (ratio 1:2). This method provided a balanced 
distribution for both groups in each center. 

The first aim of this study was to compare the clinical 
outcomes of ADPKD and non-ADPKD patients starting 
PD. The secondary objective was to describe the specific 
polycystic-related PD complications and their impact on 

PD outcomes (cyst infections, abdominal wall problems 
and required pre-transplantation surgery).

STATISTICAL ANALYSIS

Numerical variables are shown as mean and standard 
deviation (SD). Comparisons were made   by Student 
t-test or χ2 test according to the nature of the variables. 
Survival analysis was assessed by the Kaplan-Meier 
method until event or December 2010 (censored date). 
For patient survival analysis, death was the event and 
for PD technique survival, transfer to HD was the event, 
considering any other outcome as censored data. For 
the estimation of time to transplantation, only patients 
on the transplantation waiting list were included. In all 
cases, data are shown as mean probability or median 
of survival and 95% confidence interval (CI). All rates 
obtained (mortality, hospitalization, and peritonitis) 
refer to the real PD time for each patient.

RESULTS

A total of 318 patients were included, of whom 61.0% 
were male, with a mean age of 53.7 years (SD 15.1) 
(Table 1). The Charlson comorbidity index (CCI) was 
4.9 (SD 2.3) and 21.4% were previously diagnosed with 
diabetes mellitus (DM), while 22% had suffered a cardio-
vascular (CV) event prior to the start of PD. Patients came 
from outpatient predialysis chronic kidney disease (CKD) 
clinics (75.8%), from HD (16.6%) or started PD after a 
failed transplantation (7.6%). A majority (63.2%) of 
patients began continuous ambulatory peritoneal dialy-
sis (CAPD) and the rest, automated peritoneal dialysis 
(APD). The cumulative follow-up time was 557.5 patient-
years. Figure 1 shows the patient flow-chart.

The ADPKD group included 106 patients (11.3% of all 
patients that started PD in this period) and 212 patients 
were non-ADPKD. Table 1 lists the most relevant clinical 
data at the time of starting PD for both groups. The total 
follow-up time of ADPKD patients was 202.1 patient-years 
with a mean of 1.92 years per patient (range: 1.49 to 
6.79 years) and 355.4 patient-years and mean 1.70 years 
per patient (range: 0.03 to 7.47 years) in non-ADPKD 
patients. Patients with ADPKD were of similar age to the 
control group, but had less comorbidity, based on lower 
CCI [4.3 (SD 1.6) vs 5.3 (SD 2.5) p < 0.001], prevalence of 
DM (5.7% vs 29.2%, p < 0.001), and CV events before the 
start of PD (10.4% vs 27.8%, p < 0.001). The percentage of 
patients with prior HD was also lower in the ADPKD group 
(7.6% vs 21.1%, p = 0.004). There were not significant 
differences in mean body surface or infusion volumes 
(data not shown).
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Table 2 presents the most relevant follow-up clinical- 
target data. Patients with ADPKD had lower systolic 
blood pressure but higher hemoglobin and baseline Kt/V. 
There were no significant differences in other param-
eters, including hospital admissions or peritonitis rates 
(0.54 vs 0.56 episodes/year). Peritonitis etiology was 

similar, including the percentage of enterobacteria 
(ADPKD 12.8% vs control 11.6%, p = 0.9).

A total of 62 abdominal surgical procedures were 
recorded, including 42 (67.7%) herniorrhaphies, 11 
(17.7%) pre-transplant nephrectomies, 7 (11.3%) 
catheter repositioning and 2 (3.2%) other interven-
tions. Patients with ADPKD needed more pre-transplant 
nephrectomies (9.4% vs 0.5%, p < 0.001) and fewer 
catheter repositioning interventions (2.8% vs 23.1%, 
p = 0.015) than non-ADPKD. There were no differences in 
the surgical intervention rates that required temporary 
use of HD. Only 4 cases required a permanent transfer to 
HD, all of them ADPKD (p = 0.22 with Yates correction).

There were a total of 40 peritoneal leakage episodes 
with a similar incidence in both groups (ADPKD: 14.2% vs 
non-ADPKD: 11.8%, p = 0.55), mostly pericatheter leaks. 
Seven out of 106 (6.6%) ADPKD patients were perma-
nently transferred to HD for this reason versus 3 out of 
212 (1.4%) patients in the non-ADPKD group (p = 0.01).

Ultrasound or CT scan diagnosed 18 cyst infections in 
12 different patients. Seventeen episodes required hos-
pital admission for an average of 17.5 days (2 – 96 days). 
Four nephrectomies were performed for this reason with 
a definitive transfer to HD in 2 of them.

The mortality rate was lower in ADPKD patients (2.5 vs 
7.6 deaths/100 patient-years, p = 0.02), without any dif-
ference in causes of death (data not shown). The median 
time to death was higher in ADPKD patients (ADPKD: 6.04 
[5.39 – 6.69] vs non-ADPKD: 5.57 [4.95 – 6.18] years, 
p = 0.024) (Figure 2A).

TABLE 1 
Baseline Dataa 

 Total No ADPKD ADPKD p value

N 318 212 106  
Follow-up (patient-years) 557.52 355.43 202.09  
Age (years) 53.71 (15.14) 53.43 (16.53) 54.28 (11.92) 0.6
Male (%) 61 61.4 60 0.8
CV (%) 22.0 27.8 10.4 <0.001
DM (%) 21.4 29.2 5.7 <0.001
Charlson index 4.93 (2.29) 5.27 (2.50) 4.27 (1.58) <0.001
No patient choice of PD  (%) 5.2 6.3 2.9 0.2
Prior HD (%) 16.6 21.1 7.6  
Prior transplantation (%) 7.6 8.6 5.7 0.004
No prior RRT (%) 75.8 70.3 86.7 
APD (%) 36.8 33.7 43.4 0.1
BMI (kg/m2) 26.37 (4.20) 26.49 (4.34) 26.12 (3.92) 0.47

ADPKD = autosomal dominant polycystic kidney disease; CV = cardiovascular events; DM = diabetes mellitus; PD = peritoneal dialysis; 
HD = hemodialysis; RRT = renal replacement therapy; APD = automated peritoneal dialysis, BMI = body mass index. 
a Data shown as mean (standard deviation) or percentage.

Figure 1 — Patient flow chart. GCDP = Grupo Centro de Diálisis 
Peritoneal; ADPKD = autosomal dominant polycystic kidney 
disease; HD = hemodialysis; TX = transplant; RF = renal func-
tion; PD = peritoneal dialysis.
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Therefore, PD can be an acceptable treatment option for 
ADPKD patients who choose this home therapy technique.

Renal replacement therapy in Spain is completely paid 
by the public healthcare system. Patients can choose 
the dialysis modality (unless there is a clinical contra-
indication), similar to many Western countries and in 
contrast with others that use a PD-first strategy (14,15). 
According to the data from 2011 Madrid RRT registry, 
end-stage renal disease patients chose HD more often 
as initial RRT than PD with a ratio of 6 to 1 (3). However, 
the prevalence of PKD among patients starting HD (14%) 
is lower than those starting PD (28%) (3). 

In our cohort there was no age difference between 
ADPKD patients and controls, unlike in other reports (15). 
Some common complications of PD might be more frequent 
or severe in ADPKD patients. These include abdominal wall 
complications, the need for pre-transplant nephrectomy 
because of space constraints (16) and peritonitis (14). 
However, in the GCDP the temporary transfer to HD due 
to abdominal complications or the incidence of peritoneal 
leakage did not differ between ADPKD patients and con-
trols. Furthermore, the incidence, outcome, and etiology 
of peritonitis were similar in ADPKD and controls. Several 
reports suggest that enterobacterial peritonitis may have 
worse outcomes and lead to early technique failure (17) 
but we did not find differences between groups. Overall 

The overall rates of PD technique failure (ADPKD: 
17.1% vs control: 20.6%) and median time to event were 
similar for both groups (ADPKD: 6.2 [4.81 – 7.66] years 
vs non-ADPKD: 6.5 [2.88 – 10.08], p = 0.255, Figure 2B). 
After 3 years, the probability of remaining in PD was 0.74 
for ADPKD vs 0.67 for non-ADPKD patients. The most 
frequent cause of transfer to HD in the ADPKD group was 
abdominal wall problems (47.1%) vs peritonitis in non-
ADPKD patients (37.1%).

The proportion of patients in the transplant waiting 
list was higher in ADPKD (69.8%) than in the non-ADPKD 
group (58%) (p = 0.04). The mean time to receive a graft 
was 2.08 [1.69 – 2.47] years, being similar in both groups 
(ADPKD: 2.14 [1.77 – 2.52] vs non-ADPKD: 2.08 [1.28 – 
2.88] years) (Figure 2C).

DISCUSSION

Clinical outcomes of ADPKD patients on PD were at 
least as good as those of non-ADPKD PD patients. No 
differences were observed between groups regarding 
abdominal wall complications or achievement of clini-
cal targets (Kt/V, hemoglobin, BP). This contrasts with 
former reports (4,12) and with the assumption that 
ADPKD might be a partial contraindication for PD (13). 
Indeed, patient survival was higher in ADPKD patients. 

TABLE 2 
Baseline Clinical Indicatorsa 

 Total No ADPKD ADPKD p value

N 318 212 106  
SBP (mmHg) 133.89 (19.65) 136.46 (20.38) 128.62 (16.97) <0.001
DBP (mmHg) 80.26 (12.26) 80.23 (12.51) 80.31 (11.78) 0.9
BP controlled (%) 50.2 49.3 52 

0.21High SBP (%) 20.3 23 14.7 
BP uncontrolled (%) 29.6 27.8 33.3 
Hb (g/dl) 12.18 (1.50) 11.96 (1.49) 12.63 (1.44) 0.001
Hb >11 g/dl (%) 80.3 75.8 89.2 0.005
D/P Cr4h>0.81 (%) 6.7 7.5 5.1 0.5
Weekly Kt / Vurea basal 2.58 (0.76) 2.52 (0.80) 2.68 (0.65) 0.10
RRF basal (mL/min) 7.4 (4.1) 7.1 (4.4) 7.9 (3.4) 0.10
Total CrCl basal (L/week) 103.0 (128.1) 105.6 (155.5) 97.8 (33.5) 0.64
RRF at 6 months (ml/min) 6.3 (4.3) 6.3 (4.7) 6.3 (3.5) 0.9
Weekly Kt / Vurea at 6 months 2.48 (0.66) 2.51 (0.7) 2.42 (0.59) 0.37
Total CrCl at 6 months (L/week) 88.7 (32.54) 90.48 (34.04) 85.51 (29.57) 0.28
Weekly Kt/V / >1.8 at 6 months (%) 87 84.3 92.4 0.06
Peritonitis rate (episodes/year) 0.55 0.56 0.54 0.78
Hospitalization rate (episodes/year) 0.69 0.72 0.63 0.22

ADPKD = autosomal dominant polycystic kidney disease; SBP = systolic BP; DBP = diastolic BP; Hb = hemoglobin; D/P Cr4h = dialysate/
plasma creatinine ratio at 4h in the standard peritoneal equilibrium test; RRF = residual renal function; CrCl =creatinine clearance.
a Data shown as mean (standard deviation) or percentage. BP controlled ≤135/85; BP uncontrolled >135/85. High SBP >135 mmHg.
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technique failure rates were similar, whereas a higher rate 
of transfer to HD because of the specific abdominal wall 
causes (surgery or leakage) was noted in ADPKD patients. 
It has been suggested that volume and pressure problems 
may lead to a lower effective peritoneal surface, worse 
tolerance and even low dose of dialysis (9,18). However, 
we found no differences in infusion volume or dialysis 
dose. The use of cyclers in ADPKD patients could help to 
avoid these problems.

Kidney transplantation was the leading discontinua-
tion cause of PD in our study and in other GCDP reports. 
Median PD time before transplantation was around 2 years 
for patients who were on the transplantation waiting list 

(19). The renal transplant rate was higher in the ADPKD 
group. This may be related to their lower comorbidity. 

Several studies have identif ied younger age and 
lower comorbidity as factors that could explain a bet-
ter outcome of ADPKD patients (20). In the present 
cohort, there was no age difference between ADPKD 
patients and controls, unlike in other reports (15). 
For this reason, both groups were more homogeneous 
and could be properly compared. However, similar to 
the French Language Peritoneal Dialysis Registry (15), 
this is especially noteworthy in the prevalence of DM, 
a poor prognostic factor in PD patients (21), and the 
number of prior CV events. Kumar et al. excluded diabetic 

Figure 2 — Kaplan-Meier curves for ADPKD (PKD) and control patients (no PKD). A) Patient survival. B) PD technique survival.  
C) Transplantation. Only patients on the transplant waiting list were considered for assessment of transplantation. ADPKD = 
 autosomal dominant polycystic kidney disease; PKD = polycystic kidney disease; HD = hemodialysis; PD = peritoneal dialysis.
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patients and found no difference in survival between 
ADPKD and non-ADPKD patients (11,20). Patients with 
ADPKD were more frequently monitored in predialysis 
CKD-clinics allowing better care and a planned access 
to PD in optimized conditions. They probably also had 
improved control of hypertension and anemia, as well as 
early inclusion on the transplantation waiting list. This is 
more relevant under an integrated RRT model promoting 
planned homecare RRT and early transplantation (19).

There are certain limitations to this study that should 
be discussed and we cannot exclude biases inherent to 
registry data collection. First, the lower comorbidity and 
frequent predialysis follow-up of ADPKD patients can 
positively impact outcomes, thus acting as confounders. 
Autosomal dominant polycystic kidney disease  patients 
with bigger kidneys may not be offered PD. In this 
regard, total kidney volume data were not available (22). 
However, the sample size, similar age of the 2 groups 
and long follow-up ensure a valuable contribution to our 
current understanding of PD in ADPKD.

CONCLUSIONS

Peritoneal dialysis in ADPKD patients was associated 
with a similar overall rate of technique failure as in non-
ADPKD patients. Despite this, most technique failures are 
directly related to ADPKD itself (such as nephrectomy and 
leakage). Patient survival and transplantation rates for 
ADPKD compared favorably with non-ADPKD patients. 
Thus, PD can be an excellent technique to provide RRT 
to those ADPKD patients who choose it.

ACKNOWLEDGMENTS

Supported by a Joint Grant from Baxter (2003–2013), Amgen 
(2005–2013), and Fresenius (2007–2013) through Fundación 
Madrileña de Nefrología-SOMANE. 

DISCLOSURES

A scientific committee oversees the database, data 
management, and analyses. Supporters do not have 
access to the database or analysis before publication. The 
authors have no financial conflicts of interest to declare.

REFERENCES

 1.  Torres VE, Harris PC, Pirson Y. Autosomal dominant poly-
cystic kidney disease. Lancet 2007; 369:1287–301.

 2.  Stengel B, Billon S, Van Dijk PC, Jager KJ, Dekker FW,  Simpson 
K, et al. Trends in the incidence of renal  replacement 
therapy for end-stage renal disease in Europe, 1990–1999. 
Nephrol Dial Transplant 2003; 18:1824–33.

 3.  REMER annual report 2011. Available at: www.somane.
org/modules. Accessed March 2012.

 4.  Del Peso G, Bajo MA, Costero O, Hevia C, Gil F, Díaz C, et al. 
Risk factors for abdominal wall complications in peritoneal 
dialysis patients. Perit Dial Int 2003; 23:249–54.

 5.  De V, Scalamogna A, Scanziani R, Castelnovo C, Dozio B, 
Rovere G. Polycystic kidney disease and late peritoneal 
leakage in CAPD: are they related? Perit Dial Int 2002; 
22:82–4.

 6.  Perrone RD, Ruthazer R, Terrin NC. Survival after end-
stage renal disease in autosomal dominant polycystic 
kidney disease: contribution of extrarenal complications 
to mortality. Am J Kidney Dis 2001; 38:777–84.

 7.  Beddhu S, Bruns FJ, Saul M, Seddon P, Zeidel ML. A simple 
comorbidity scale predicts clinical outcomes and costs in 
dialysis patients. Am J Med 2000; 108:609–13.

 8.  Portolés JM, Tato AM, López-Sánchez P. Peritoneal dialysis 
for patients with polycystic kidney disease in Spain. Am J 
Kidney Dis 2011; 58:493.

 9.  Dombros N, Dratwa M, Feriani M, Gokal R, Heimbürger O, 
Krediet R, et al. EBPG Expert Group on Peritoneal Dialysis. 
European best practice guidelines for peritoneal dialysis. 
Adequacy of peritoneal dialysis. Nephrol Dial Transplant 
2005; 20:ix24–7.

10. Keane WF, Bailie GR, Boeschoten E, Gokal R, Golper TA, 
Holmes CJ, et al. Adult peritoneal dialysis-related peri-
tonitis treatment recommendations: 2000 update. Perit 
Dial Int 2000; 20:396–411.

11.  Portolés J, Ocaña J, López-Sánchez P, Gómez M, Rivera MT, 
Del Peso G, et al. Approach to quality objectives in incident 
patients in peritoneal dialysis. Nefrología 2010; 30:544–51.

12. Morris-Stiff G, Coles G, Moore R, Jurewicz A, Lord R. 
Abdominal wall hernia in autosomal dominant polycystic 
kidney disease. Br J Surg 1997; 84:615–7.

13. Singh S, Hariharan S. Renal replacement therapy in auto-
somal dominant polycystic kidney disease. Nephron 1991; 
57:40–4.

14.  Li L, Szeto CC, Kwan BC, Chow KM, Leung CB, Li PK. Peri-
toneal dialysis as the first-line renal replacement therapy 
in patients with autosomal dominant polycystic kidney 
disease. Am J Kidney Dis 2011;c57:903–7.

15.  Lobbedez T, Touam M, Evans D, Ryckelynck JP, Knebelman 
B, Verger C. Peritoneal dialysis in polycystic kidney disease 
patients. Report from the French peritoneal dialysis reg-
istry (RDPLF). Nephrol Dial Transplant 2011; 26:2332–9.

16.  Fuller TF, Brennan TV, Feng S, Kang SM, Stock PG, Freise 
CE. End-stage polycystic kidney disease: indications and 
timing of native nephrectomy relative to kidney transplan-
tation. J Urol 2005; 174:2284–8.

17.  Pandya BK, Friede T, Williams JD. A comparison of peritoni-
tis in polycystic and non-polycystic patients on peritoneal 
dialysis. Perit Dial Int 2004; 24:79–81.

18.  Dejardin A, Robert A, Goffin E. Intraperitoneal pressure in 
PD patients: relationship to intraperitoneal volume, body 
size and PD-related complications. Nephrol Dial Transplant 
2007; 22:1437–44.

This single copy is for your personal, non-commercial use only. 
For permission to reprint multiple copies or to order presentation-ready 

copies for distribution, contact Multimed Inc. at marketing@multi-med.com

www.somane.org/modules
www.somane.org/modules


536

JANEIRO et al. SEPTEMBER 2015 - VOL. 35, NO. 5 PDI

19.  Portolés J, Moreno F, López-Sánchez P, Mancha J, Gómez 
M, Corchete E, et al. Peritoneal dialysis and kidney trans-
plant. A two-way ticket in an integrated renal replacement 
therapy model. Nefrología 2011; 31:441–8.

20. Kumar S, Fan SL, Raftery MJ, Yaqoob MM. Long-term 
outcome of patients with autosomal dominant polycystic 
kidney diseases receiving peritoneal dialysis. Kidney Int 
2008; 74:946–51.

21.  Portolés J, Corchete E, Lopez-Sanchez P, Coronel F, Ocaña 
J, Ortiz A. Patients on peritoneal dialysis with type 2 dia-
betes present poorer progress than non-diabetics at the 
expense of their cardiovascular comorbidity. Nefrología 
2009; 29:336–42.

22.  Grantham JJ, Torres VE, Chapman AB. Volume progres-
sion in polycystic kidney disease. N Engl J Med 2006; 
3546:2122–30.

This single copy is for your personal, non-commercial use only. 
For permission to reprint multiple copies or to order presentation-ready 

copies for distribution, contact Multimed Inc. at marketing@multi-med.com




