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Abstract
Background

The need for dialysis after kidney allograft failure (DAGF) is among the top five reasons for
dialysis initiation, making this an important topic in clinical nephrology. However, data are scarce
on dialysis choice after transplantation and clinical outcomes for DAGF in children.

Methods

Patients receiving chronic dialysis < 18 years were recorded from January 1991 to January 2019 by
the Italian Registry of Pediatric Chronic Dialysis (IRPCD). We investigated factors influencing
choice of dialysis modality, patient outcome in terms of mortality, switching dialysis modality, and
kidney transplantation.

Results

Among 118 patients receiving DAGF, 41 (35%) were treated with peritoneal dialysis (PD), and 77
(65%) with haemodialysis (HD). Significant predictors for treatment with PD were younger age at
dialysis start (OR 0.85 per year increase [95%CI 0.72—1.00]) and PD use before kidney
transplantation (OR 8.20 [95%CI 1.82-37.01]). Patients entering DAGF in more recent eras (OR
0.87 per year increase [95%CI 0.80-0.94]) and with more than one dialysis modality before kidney
transplantation (OR 0.56 for being treated with PD [0.12-2.59]) were more likely to be initiated on
HD. As compared to patients on HD, those treated with PD exhibited increased but non-significant
mortality risk (HR 2.15 [95%CI 0.54-8.6]; p = 0.28) and higher prevalence of dialysis-related
complications during DAGF (p = 0.002)



Conclusions

Patients entering DAGF in more recent years are more likely to be initiated on HD. In this specific
population of children, use of PD seems associated with a more complicated course.

Introduction

Patients returning to dialysis after kidney allograft failure (DAGF) represent an emerging and
challenging clinical problem for both the adult and the paediatric nephrology communities. Despite
advances in kidney transplantation, long-term improvement in graft survival remained unchanged in
Europe since 2000s [1], and DAGF is now included among the top five leading individual causes of
dialysis initiation in adults [2]. In the 2019 Annual Data Report from the United States Renal Data
System, patients returning to dialysis after kidney allograft failure (KAF) represent approximately
6% of the incident dialysis population and 15% of patients awaiting kidney transplantation [3].
Among DAGEF patients, approximately 5% are under the age of 18 years, while up to 15% of
transplanted paediatric patients have been reported as re-transplanted [4].

DAGEF patients have historically been considered a high-risk population among dialysis patients.
Increased mortality in adult patients on dialysis after KAF has been confirmed in some studies
[5,6,7,8], but not in others [9,10,11], and conclusive evidence is lacking [12].

Furthermore, in this chronic kidney disease (CKD) patient population, the question of whether the
dialysis modality has an impact on mortality has been also investigated [13], but, to date, there is no
evidence of a clear advantage of one modality over another.

What is known for adults cannot be applied to children, mainly due to different underlying primary
diseases, type of comorbidities, and dialysis complication rates. Paediatric CKD patients require
prediction for a long-term kidney replacement therapy (KRT), thus representing a group with
unique clinical problems.

Nevertheless, data about paediatric DAGF patients are very limited. A study conducted by the
North American Pediatric Renal Trials and Collaborative Studies (NAPRTCS) registry investigated
the mortality risk among DAGF and transplant-naive dialysis children and showed no significant
differences between the two patient groups [14]. No paediatric population studies have examined
whether the dialysis modality initiated after transplantation affects mortality or whether and how the
dialysis course performed before KAF influences DAGF outcomes.

Given the limited evidence on this topic in the paediatric setting, we aimed to analyse the clinical
characteristics and outcomes of children with failed allografts returning to dialysis.

Methods

Study data were obtained from the Italian Registry of Paediatric Chronic Dialysis (IRPCD), a
nationwide dialysis network covering all the 12 Italian paediatric dialysis centres. For patient data
to be collected by the IRPCD, patient consent must have been obtained.

We retrospectively evaluated data of patients < 18 years old returning to dialysis after graft failure,
from January 1991 to January 2019, from the IRPCD. Patients who had access to the first transplant
as pre-emptive (n = 7) were excluded because dialysis pre-transplant was a variable of interest for
the primary outcome; therefore, data from 118 children were analysed.



The dialysis technique was defined as KRT at 30 days from its start. All new events regarding
dialysis modality change, new onset of comorbidities, transplantation, or death are updated every 6
months in the Registry database. Every variation in dialysis modality accounted for a different
cycle. Kidney transplant data were collected through a specific request for additional data from the
participating dialysis centres.

We classified primary kidney diseases and causes of KAF according to the European Renal
Association—European Dialysis and Transplantation Association (ERA—EDTA) definitions [15].
Complications were categorized as any health problem requiring hospitalization, unplanned visits,
or surgical interventions. Dialysis-related complications were classified as those correlated
explicitly to the dialysis treatment, such as malfunctioning of the dialysis access, peritonitis or
dialysis access-related infection, hypotension due to excessive ultrafiltration, hypertension/fluid
overload, and inadequate dialysis efficiency.

Information on each subject was updated to the last follow-up. Patients were followed until change
in DAGF modality, death, or re-transplantation. Patients lost to follow-up before 18 years of age
were censored. Patients who had transitioned to an adult nephrology centre were also censored at
last follow-up.

The study aimed to describe the clinical characteristics of the cohort of children returning to dialysis
after a KAF. We also intended to assess how a series of variables of interest conditioned the choice
of post-transplantation dialysis modality. We eventually evaluated how the dialysis modality
modified the hard outcomes recorded at the end of follow-up (death, re-transplantation, and
switching dialysis modality).

Statistical analysis

Frequencies and percentages described patient demographic and clinical characteristics at the time
of transplantation for categorical variables and median and interquartile ranges for continuous
variables. Chi-square or Fisher’s exact tests were used to evaluate potential differences in the
categorical variables’ distribution according to the dialysis modality. Similarly, the Kruskal-Wallis
test was used for continuous variables.

The potential predictive factors of the dialysis modality after transplantation that we investigated
were gender, primary kidney disease, cause of KAF, dialysis modality before transplantation,
number of dialysis cycles, comorbidity, duration of dialysis before transplantation, elapsed time
between transplantation and dialysis, age and calendar year at transplantation. Information on all the
variables considered was generally complete except for the cause of KAF (40% missing data).
Hence, a complete-case analysis was performed excluding the cause of KAF from multivariable
regression models. Univariate and multivariable analyses were conducted by logistic regression.
Continuous variables were modeled as linear and then as restricted cubic splines with three knots
fixed at their distribution tertiles. If there was no evidence of non-linear trends, the model with
linear terms was chosen. The potential interactions between the variables included in the model
were verified.

Follow-up data were available up to the end of June 2019. Outcomes of interest included patient
death, re-transplantation, and change of dialysis modality. All analyses were performed in a
competing risk setting [16] with time since transplantation as the primary timescale. Non-
parametric cause-specific cumulative incidence function, i.e. the probability of that outcome
occurring before either of the two competing events, was estimated for all three competing events.
When we compared the dialysis modality, we performed a multivariable cause-specific hazards



model, adjusted for potential confounders identified according to our a priori knowledge [17]. This
modelling allows estimating the hazard corresponding to the cause-specific cumulative incidence
function and, consequently, the hazard ratio (HR) of peritoneal dialysis (PD) vs. haemodialysis
(HD) separately for each interest event. The following confounders were identified: gender, primary
kidney disease, dialysis modality before transplantation, number of dialysis cycles, comorbidity,
duration of dialysis before transplantation, age, and calendar year at transplantation. The
proportionality assumption was checked by Schoenfeld residuals. Similarly to the prediction model,
continuous variables were shaped first as linear and then as restricted cubic splines with three knots
fixed at their distribution tertiles. If there was no evidence of non-linear trends, the model with
linear terms was chosen. Potential modifications of the effect of dialysis modality were checked,
including interaction terms with the model variables. Stata 13.0 was used for all statistical analyses.

Results
Patient characteristics

Baseline characteristics of the 118 patients who initiated dialysis after KAF during the study period
are summarized in Table 1. The post-transplant dialysis choice was PD in 41 (35%) and HD in 77
(65%) patients, while before kidney transplantation, 74 (62.7%) had been on PD and 44 (37.2%) on
HD. Of the 41 patients who underwent PD after KAF, 37 (90.2%) had been treated with PD before
transplant, and 4 (9.8%) with HD. Among patients on HD after KAF, the pre-transplant dialysis
modality distribution was HD in 40 (51.9%) and PD in 37 patients (48.1%). Primary kidney disease,
cause of KAF, and age at dialysis re-initiation were significantly different between the two groups.
After KAF, among patients treated with PD, there was a higher prevalence of HUS (9.8 vs. 2.6%) as
primary kidney disease, while among patients treated with HD, a higher prevalence of cystic kidney
diseases (16.9 vs. 2.4%) was observed. In the transplantation course, patients on PD after KAF were
more prone to have had a primary disease recurrence (35 vs. 16%) and a chronic rejection (30 vs.
12%) than HD patients, among whom acute rejection was a more frequent cause of allograft loss. At
dialysis re-initiation, compared with HD, patients on PD were younger (median age 11.5 years [IQR
7.3-16.2] vs. 14.6 years for HD [IQR 11.4-17.5]; p=0.01), and re-started dialysis in earlier
calendar years (median calendar year was 2004 [IQR 01-08] for PD patients vs. 2012 [IQR 07-17]
for HD; p <0.001). HD was more frequently adopted in patients with more than 2 dialysis cycles,
and its choice depended primarily on patient and family preferences. Subjects who had undergone
pre-transplant PD tended to continue in the same modality after KAF. Gender, donor type, the
presence of comorbidities, and the length of dialysis pre- and post-transplant were comparable
between the two groups.

Univariate and multivariable analyses were conducted to evaluate factors that influenced the type of
post-transplant dialysis (Table 2). In the multivariable analysis, the probability of being treated with
PD after KAF was higher for patients who underwent PD in the pre-transplant dialysis cycle (OR
8.20; 95%CI 1.82-37.01; p = 0.006) and in the less recent era (OR 0.87 per year increase; 95% CI
0.80-0.94; p = 0.001). Gender, age, primary kidney disease, presence of comorbidity, dialysis
vintage, and transplant duration did not affect the choice of dialysis modality.

Outcome data

At the end of follow-up, 6 PD (13.6%) and 3 HD (4.2%) patients died, with a cumulative incidence
of mortality slightly higher in PD patients (p = 0.09) (Fig. 1). However, after adjustment for several

covariates, patients on PD exhibited an increased but non-significant risk of mortality compared
with HD (HR 2.15; 95% CI 0.54-8.6; p = 0.28) (Table 3).



Seven out of 41 PD patients (17%) and 4 out of 77 HD individuals (5%) required a switching in
dialysis modality; 19 patients on PD (46%) and 36 on HD (47%) received a re-transplantation.
Cumulative incidence for both events at the end of the follow-up was similar. Multivariable analysis
risk of re-transplantation and switching modality are shown in Supplementary Table 1.

Analysis of complications

Overall, 86 (73%) and 55 (46.7%) patients had no complications in the pre- and post-transplant
dialysis course, respectively. Sixty complications in 74 PD patients (resulting in 1 episode per 33.4
patient-months) and 19 complications in 44 HD patients (resulting in 1 episode per 49.8 patient-
months) were reported in the pre-transplant course. One hundred four complications in 41 PD
patients (resulting in 1 episode per 17.4 patient-months) and 90 complications in 77 HD patients
(resulting in 1 episode per 31.4 patient-months) were reported in the DAGF course. Rate of
complications occurring during the pre- and post-transplant period, based on dialysis modality, are
reported in Table 4. DAGF patients on PD had a higher rate of both clinical and dialysis-related
complications as compared with those on HD. Among patients who re-started PD after KAF,
dialysis-related complications were peritonitis and exit-site infections (9 patients; 45%), peritoneal
membrane failure (5; 25%), encapsulating peritoneal sclerosis (3; 15%), hypertension (2; 10%), and
mechanical complications (1; 5%). In the HD cohort, dialysis-related complications in the post-
transplant course were arteriovenous fistula or catheter malfunction (5; 35.8%), severe fluid
overload (3; 21.4%), hypertension (2; 14.3%), catheter exit-site infection (2; 14.3%), intradialytic
hypotension (1; 7.1%), and unknown causes (1; 7.1%). A comparison in the type of dialysis-related
complications in pre- and post-transplantation period is reported in Supplementary Table 2. In those
patients who had dialysis-related complications in the pre-transplant course, the relative risk for
complications in the dialysis course after KAF was 1.16 (95% CI 0.53-2.53) for PD and 6.15 (95%
2.57-14.7) for HD.

Discussion

This study reports the first comparison of dialysis modalities in a nationally representative DAGF
paediatric population. Based on data collected by the IRPCD, we investigated factors influencing
the choice of the dialysis modality after KAF and evaluated hard outcomes of DAGF patients.

In our series, the probability of being prescribed with PD after KAF was significantly higher in
patients treated with the same modality before transplantation and in the earliest era. While PD still
represents the incident modality of choice for children with CKD stage 5, our findings seem to
indicate that HD has become in recent years the preferred modality in DAGF patients. HD practices
for children have improved over the past 20 years, especially because of technological
developments and the evolution from an “adequate” to an “optimum” dialysis prescription [18]. The
morbidity of the sessions has decreased, and this has simplified the diffusion of extracorporeal
therapies in most of the paediatric nephrology units. Children receiving DAGF might be considered
an at-risk population as compared to transplant- and dialysis-naive patients, because of previous
courses of immunosuppressants, increased comorbidities, and higher metabolic needs. Overall, this
might justify the prevalent use of HD over PD, especially in more recent years and in those patients
who have received several previous dialysis courses.

In a previous study, the NAPRTCS network analysed the survival rate in DAGF and in transplant
naive children, observing no differences between these two groups [14]. Conversely, among adult
DAGEF patients, a tendency towards an increased morbidity and mortality rate has been reported

[5,6,7,8]. Causes of increased mortality in DAGF adult patients have been previously investigated



in several studies, separately considering immunological and non-immunological factors, as well as
factors related to transplantation, dialysis modality, and dialysis access [19, 20].

In our paediatric DAGF population, we report a trend towards an increased but non-significant
mortality risk among patients on long-term PD compared with those on HD. This issue is consistent
with a previous study we conducted on the IRPCD data. In a cohort of propensity-matched incident
dialysis patients, long-term PD treatment was associated with an increased risk of death [21].
Chesnaye et al. compared the mortality risk in a propensity-matched population of European
children with CKD stage 5 and showed that patients selected to start HD had an increased mortality
risk compared with those on PD, but especially during the first year of dialysis and when starting at
older than 5 years [22]. In a series of 16,113 adult patients on DAGF, Perl et al. demonstrated that,
compared with HD, PD is associated with an early survival advantage, inferior late survival, and
similar overall survival [23]. Overall, the comparison between dialysis modalities in the adult
population resulted in conflicting results, and there is not enough evidence to support the use of a
specific modality in DAGF patients [12].

Several reasons might explain the different mortality risk over time according to DAGF modality,
including a selection bias for the initial modality. Indeed, patients who require emergency dialysis
are more frequently treated with HD, and this may partially explain the more favorable survival
outcomes of PD during the first DAGF period. Conversely, several studies correlated the worse
long-term survival outcome of PD with the loss of function of the peritoneal membrane, mainly
related to frequent peritonitis and dialysis duration. Dialysis vintage, kidney transplant, and
calcineurin inhibitor use have been indicated as risk factors for the development of encapsulating
peritoneal sclerosis, which is associated with a high mortality rate [24].

In a NAPRTCS registry study, Chen et al. showed a slightly increased infection risk for PD in a
DAGEF patient cohort compared to transplant-naive patients [25]. Frequent peritonitis can lead to
peritoneal membrane failure and inadequate dialysis associated with worsening of the patient’s
clinical conditions, increased cardiovascular morbidity, and the frequent need to change the dialysis
modality [26]. In our study, infections and inadequate dialysis efficiency due to peritoneal
membrane failure or encapsulating peritoneal sclerosis were the most important complications in
DAGEF children on PD. However, despite the significant higher percentage of both clinical and
dialysis-related complications in children on PD compared to HD after KAF, the more complicated
course was not associated with a higher cumulative incidence of switching dialysis in patients on
PD.

Our study has some limitations, mainly concerning its retrospective nature. Information on some of
the analysed variables was not available for all patients, especially regarding complications.
Moreover, using the registry database, we have been unable to collect important information about
type and number of dialysis accesses, and more detailed data on the transplant course (type of
immunosuppressants and the timing of their withdrawal). On the other hand, our study reports on
data collected nationally through an established network that includes all the 12 paediatric dialysis
centres active in the country.

In conclusion, this study is one of the first to analyse the emerging population of paediatric DAGF
patients and to compare the results by dialysis modality. Our results show that after KAF, patients
tended to start dialysis on the same modality adopted before kidney transplant and that
patient/family preference was the main reason for changing modality. Older patients and those
entering DAGF in more recent years were more likely to be initiated on HD rather than PD. The use
of PD seems associated with a more complicated course in children initiating DAGF. However,
hard outcomes, including mortality, switching dialysis modality and the probability of receiving a



second transplant, were not significantly different between the two DAGF modalities, while there
was a trend to an increased mortality risk among patients treated with PD in the long-term. Further
research is needed to evaluate the effect of immunosuppressive therapy, kidney graft nephrectomy,
panel reactive antibody levels, and timing of re-transplantation on the outcomes of paediatric
patients undergoing DAGF.
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Table 1 Baseline characteristics of the study cohort. (CAKUT, congenital anomalies of the kidneys and

urinary tract; HUS, haemolytic uremic syndrome; PTLD, post-transplant lymphoproliferative disease)

Gender (N (%)) (0 missing)
Male
Female
Primary kidney disease (N (%)) (0 missing)
CAKUT
HUS
Metabolic
Cystic kidney disease
Glomerulonephritis
Ischemia
Miscellaneous
Comorbidity (N (%)) (0 missing)
No
Yes
Donor type (N (%)) (0 missing)
Deceased
Living
Cause of kidney allograft failure (N (%)) (48 missing)
Infection
PTLD
Thrombosis
Acute rejection
Chronic allograft nephropathy
Chronic rejection
Primary non-function
Recurrence of primary disease
Dialysis pre-transplant (N (%)) (0 missing)
HD
PD

PD

N =41 (35)

23 (56.1)
18 (43.9)

15 (36.6)
4(9.8)
2 (4.9)
1 (2.4)
15 (36.6)
1 (2.4)
3(7.3)

31 (75.6)
10 (24.4)

40 (97.6)
1 (2.4)

2 (10.0)
0(0.0)
1 (5.0)
0(0.0)
3 (15.0)
6 (30.0)
1 (5.0)
7 (35.0)

4(9.8)
37 (90.2)

HD
N =77 (65)

49 (63.6)
28 (36.4)

32 (41.6)
2 (2.6)
3(3.9)
13 (16.9)
25 (32.5)
0(0.0)
2(2.6)

67 (87.0)
10 (13.0)

75 (97.4)
2 (2.6)

1 (2.0)

1 (2.0)
3(6.0)
10 (20.0)
20 (40.0)
6 (12.0)
1 (2.0)

8 (16.0)

40 (51.9)
37 (48.1)

p

0.42

0.05

0.12

0.73

0.01

<0.001



PD HD

N=4135 N=77(65) P

Dialysis cycle (N (%)) (4 missing) 0.05

2 36 (87.8) 47 (64.4)

3 3(7.3) 20 (27.4)

4 2(4.9) 5(6.8)

>4 0 (0.0) 1(1.4)
Reason for dialysis modality choice (52 missing) 0.001

Difficulties in creating a vascular access 1(5.3) 0(0.0)

Patient/family choice 1(5.3) 20 (42.5)

Patient age and/or size 0(0.0) 1(2.1)

Peritoneal membrane failure 0(0.0) 4 (8.5)

Same modality previous cycle 17 (89.5) 19 (40.4)

Social reasons 0(0.0) 2(4.2)

Other 0 (0.0) 12.1)
Age at (median, IQR):

Dialysis initiation pre-transplant (4 missing) 4.8 (2.0;6.5) 59(2.3;11.3) 0.05

Kidney transplant (0 missing) 6.5(4.2,9.7) 79(5.1;13.9) 0.05

Dialysis re-initiation post-transplant (0 missing) (171 35 16.2) 14.6 (11.4;17.5) 0.01
Calendar year at (median, IQR):

Dialysis initiation pre-transplant (4 missing) 1998 (91;04) 2004 (97;09) g 001

Kidney transplant (0 missing) 2000 (92;05) 2007 (00;11) g 001

Dialysis re-initiation post-transplant (0 missing) 2004 (01;08) 2012 (07;17) g 001
Pre-transplant dialysis duration (months) (median, IQR) (4 missing) (187 '78'31 6) 22.5(12.8;33.7) 0.30
Time between transplant and dialysis re-initiation (months) (median, 33.6 56.4 0.6
IQR) (0 missing) (6.7;82.2)  (17.1;100.3) '
Time to graft failure (0 missing) 0.21

Early (< 1 year) 14 (34.1) 18 (23.4)

Late (> =1 year) 27 (65.9) 59 (76.6)

Table 2 Odds ratios and 95% confidence intervals of the risk of being treated with PD compared to HD
estimated by univariate and multivariable logistic regression (N = 111) (CAKUT, congenital anomalies of the
kidneys and urinary tract; HUS, haemolytic uremic syndrome)

Univariate analysis Multivariable analysis
OR 95%CI OR 95% CI

Gender
Male 1.00 ref 1.00 ref
Female 1.33 0.61;2.92 121 0.38;3.84
Primary kidney disease
CAKUT 1.00 ref 1.00 ref

Glomerulonephritis 1.20 048;297 2.14 0.63;7.29



Univariate analysis Multivariable analysis
OR 95%CI OR 95% CI

HUS/ischemica 10.00 1.06;94.01 9.16 0.44;188.34

Miscellaneous 0.71 0.23;2.19 098 0.22;4.38
Dialysis cycle

2 1.00 ref 1.00 ref

3+ 0.28 0.10;0.81 0.56 0.12;2.59
Dialysis pre-transplant

HD 1.00 ref 1.00 ref

PD 10.36 3.34;32.19 8.20 1.82;37.01
Comorbidity

No 1.00 ref 1.00 ref

Yes 230 0.84;6.24 1.51 0.38;6.06
Age at dialysis post-transplant

Unit increase 0.88 0.81;0.96 0.85 0.72;1.00
Calendar year at dialysis post-transplant

Unit increase 0.89 0.84;0.94 0.87 0.80;0.94
Pre-transplant dialysis duration (months)

Unit increase 1.00 0.98;1.01 099 0.96;1.01
Time between transplant and dialysis re-initiation (months)

Unit increase 1.00 0.99;1.00 1.00 0.99;1.02

Table 3 Hazard ratio with 95% confidence intervals for the risk of death estimated by multivariable Fine and
Gray model (N = 104) (CAKUT, congenital anomalies of the kidneys and urinary tract; HUS, haemolytic
uremic syndrome)

Dialysis post-transplant HR  95% CI

HD 1.00 ref

PD 3.52 0.23; 53.92
Gender

Male 1.00 ref

Female 0.76 0.11; 5.13
Primary kidney disease

CAKUT 1.00 ref

Glomerulonephritis  1.00 0.19; 95.21

HUS/ischemic 7.01 0.42;116.92

Miscellaneous 0.52 0.03; 9.33
Dialysis pre-transplant

HD 1.00 ref

PD 0.32 0.02; 4.72
Dialysis cycle

2 1.00 ref

3+ 0.99 0.06; 15.99
Comorbidity

No 1.00 ref

Yes 1.530.17; 13.83



Pre-transplant dialysis duration (months)
Unit increase 0.98 0.94; 1.03
Age at dialysis post-transplant
Unit increase 0.950.78; 1.17
Calendar year at dialysis post-transplant
Unit increase 0.96 0.94; 1.03

Table 4 Complications in pre- and post-transplantation period according to dialysis modality

PD HD
(pre-transplant) (pre-transplant) P
N=74 N=44
Pre-transplant complications (overall) 0.106
0 49 (66.2) 37 (84.1)
1 8(10.8) 2 (4.5)
2+ 17 (23) 5(11.4)
Pre-transplant complications related to dialysis 0.147
0 57(77) 40 91)
1 6 (8.1) 2 (4.5)
2+ 11(14.9) 2 (4.5)
PD HD
(post-transplant) (post-transplant)
N =41 N=77
Post-transplant complications (overall) 0.002
0 12 (29.3) 43 (55.8)
1 6 (14.6) 16 (20.8)
2+ 23 (56.1) 18 (23.4)
Post-transplant complications related to dialysis 0.002
0 21(51.2) 63 (81.8)
1 9(22) 6 (7.8)
2+ 11 (26.8) 8 (10.4)

Figure 1. Non-parametric cumulative incidence for the competing events stratified by dialysis modality after
kidney allograft failure. PD patients, solid line; HD patients, dashed lines. Death, black; Transplantation,
grey; Switching modality, light grey. Gray’s test for equality of the cumulative curves: p = 0.09 for death, p
=0.19 for transplantation, p = 0.24 for switching modality
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