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♦ Introduction: Peritoneal dialysis (PD) patients are com-
monly required to transfer to hemodialysis (HD), however 
the literature describing the outcomes of such transfers is 
limited. The aim of our study was to describe the predictors 
of these transfers and their outcomes according to vascular 
access at the time of transfer.
♦ Methods: A retrospective cohort study using registry 
data of all adult patients commencing PD as their initial 
renal replacement therapy in Australia or New Zealand 
between 2004 – 2010 was performed. Follow-up was until 
31 December 2010. Logistic regression models were con-
structed to determine possible predictors of transfer within 
both 6 and 12 months of PD commencement. Cox analysis 
and competing risks regression were used to determine the 
predictors of survival and transplantation post-transfer.
♦ Results: The analysis included 4,781 incident PD 
patients, of whom 1,699 transferred to HD during the study 
period. Logistic models did not identify any clinically useful 
predictors of transfer within 6 or 12 months (c-statistics 
0.54 and 0.55 respectively). 67% of patients commenced HD 
with a central venous catheter (CVC). CVC use at transfer was 
associated with increased mortality (hazard ratio 1.37, 95% 
confidence interval (CI) 1.11 – 1.68, p = 0.003) and a border-
line significant reduction in the incidence of transplantation 
(subhazard ratio 0.76, 95% CI 0.58 – 1.00, p = 0.05).
♦ Conclusions: It is difficult to predict the transfer to HD 
for incident PD patients. PD patients who commence HD with 
a CVC have a higher risk of mortality and a lower likelihood 
of undergoing renal transplantation.
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Peritoneal dialysis (PD) is utilized worldwide as a means 
of renal replacement therapy, and has been demon-

strated to provide relative short-term survival benefits 
compared to hemodialysis (HD) (1). In Australia and 
New Zealand, 19 and 35% of prevalent dialysis patients 
at the end of 2010 were on PD, respectively (2). However 
PD technique failure is common, requiring patients to 
transfer to HD. In 2010, 20% of patients on PD in Australia 
and New Zealand permanently transferred to HD (2). 
Similar rates have been reported in other countries (3). 
Technique failure can occur for a number of reasons, the 
most common being peritonitis, inadequate dialysis, 
catheter-related problems or patient’s choice (4–6). 
Furthermore, the risk for transferring to HD is relatively 
high in the first 6 months of commencing PD (4,5).

A number of studies have explored risk factors for PD 
technique failure. These include older age, higher peri-
toneal membrane transport status, reduced peritoneal 
ultrafiltration, poor nutrition, diabetes mellitus and 
increased body mass index (4,6–15). However, these 
factors have not been reported consistently. In addition, 
there are few available data examining the outcomes 
(including mortality) of patients who transfer from PD 
to HD. It has been widely documented that catheter use 
in HD is associated with increased infectious complica-
tions and mortality (16–18). This has not been assessed 
in patients transferring to HD from PD. 

The main aim of this study was to determine patient 
survival after transfer from PD to HD according to the 
vascular access utilized at the first HD session. We 
hypothesized that patients transferring from PD to HD 
with a catheter would have a similar excess mortality to 
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that seen in incident HD patients commencing with a 
catheter. Our other aim was to determine the presence 
of any predictors of these transfers. In order to do this, 
we examined the general characteristics of patients who 
transferred to HD, assessed for any predictors of the 
change, and assessed the circumstances and outcomes 
of the HD transfer. 

METHODS

STUDY POPULATION

Our study included all incident adult (age ≥ 18 years) 
patients in Australia and New Zealand who commenced 
PD as their first ever form of renal replacement therapy 
between January 1, 2004, and December 31, 2010. 
Follow-up was until the end of 2010.

DATA COLLECTION

Data were obtained from the Australia and New 
Zealand Dialysis and Transplant (ANZDATA) Registry 
which collects information on all patients receiving renal 
replacement therapy in Australia and New Zealand. Full 
details regarding the structure and method of informa-
tion collection are reported elsewhere (2). The data 
collected and analyzed consisted of demographic details, 
underlying cause of renal disease, comorbidities (diabe-
tes, coronary artery disease, cerebrovascular disease, 
peripheral vascular disease, chronic lung disease and 

smoking), reasons for transfer to HD, duration of PD, and 
vascular access used at the time of first HD. Information 
such as residual renal function and peritoneal membrane 
status was not available in half of the patients who trans-
ferred and therefore these variables were not included in  
our analysis. 

We classified the documented reason for transfer to 
HD as either potentially predictable transfers or unpre-
dictable transfers. Transfers secondary to inadequate 
dialysis, patient preference, being unable to manage 
self-care or planned transfers were classed as being 
potentially predictable.

Patients were classified into those who continued 
PD until December 31, 2010, and those who ceased PD. 
Those who ceased PD were further classified into groups 
according to renal outcome (Figure 1). The date of 
transfer to HD was considered to be the date of first HD 
session irrespective of duration as reported to ANZDATA. 
Patients who were classified as having transferred to HD 
were then further assessed according to vascular access 
at first HD.

OUTCOMES

Our study outcomes included: transfer from PD to HD 
at both 6 and 12 months post-commencement of PD; 
survival after transfer to HD; and renal transplantation 
after transfer to HD.

We classified all transfers from PD to HD, irrespective 
of duration of HD or whether they returned to PD, as a 

Figure 1 — Flowchart of patients. Outcome of all patients who initially commenced peritoneal dialysis up until December 31, 
2010. 
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transfer in our analysis. This was felt to be important 
since the insertion of a central venous catheter can be 
associated with morbidity and mortality. In addition, 
identifying the importance of vascular access at transfer 
was a goal of our study and ANZDATA only collects this at 
the first ever HD and then at the end of each year.

STATISTICAL ANALYSIS

Results are expressed as mean ± standard deviation 
(SD) for continuous normally distributed data, as median 
and interquartile range for continuous non-normally 
distributed data, and as frequencies and percentages 
for categorical data. The cumulative incidence of each of 
transfer to HD, death, transplantation and renal recovery 
were estimated using a non-parametric, competing risk 
method (19).

Logistic regression was used to determine predictors 
of transfer at 6 and 12 months. This analysis included all 
patients and all transfers. The covariates initially included 
in the model were age, sex, race, body mass index (BMI), 
primary renal disease, diabetes, coronary artery disease, 
cerebrovascular disease, peripheral vascular disease, 
chronic lung disease and late referral. Late referral was 
defined as commencing dialysis within three months 
of f irst nephrology review. Factors associated with 
transfer to HD on univariable analysis (p value < 0.25) 
were included in a base multivariable model. Backward 
selection was then performed to remove nonsignificant 
covariates with p < 0.05 considered to be statistically 
significant. Age was included in the final model regard-
less of whether or not it was significant. Model calibration 
was tested using the Hosmer-Lemeshow goodness-of-fit 
test and discrimination using the c-statistic. A random-
effects logistic regression clustered by initial center of 
dialysis was performed. 

The probability of survival for any duration of follow-up 
post-transfer to HD was estimated using the Kaplan-Meier 
method. In addition, a Cox proportional hazards model 
was used to determine the effect of individual variables on 
the interest of mortality. This was again performed utiliz-
ing a backward stepwise elimination method to produce 
a final adjusted model. A Cox model stratified by initial 
center of dialysis was used to determine if there was any 
center-effect. Finally, a competing risks survival model 
was employed to determine the likelihood of transplan-
tation post-transfer (20). Again, a similar method was 
employed in the construction of the final age-adjusted 
model. The proportional hazards assumption was assessed 
by examining plots of scaled Schoenfeld residuals and 
with time-varying covariates, and was found to have been 
met. Model discrimination was tested using Harrell’s C. 

The model fit was assessed using Cox-Snell residuals. All 
statistical analyses were conducted using Stata/IC 11.2 
(College Station, TX, USA). P values < 0.05 were consid-
ered statistically significant.

RESULTS

BASELINE CHARACTERISTICS

The study included 4,781 patients; baseline character-
istics of the cohort are given in Table 1. Of these patients, 
3,121 patients were found to have ceased PD – 1,699 trans-
ferred to HD, 495 were transplanted, 875 died whilst on 
PD and 52 had renal recovery (Figure 1). The proportion of 
patients ceasing PD over time and falling into one of these 
categories post-PD commencement is provided in Figure 2. 
The cumulative incidence at 1 year for each outcome was 
19.1% (95% confidence interval (CI) 18.0 – 20.3%) for 
transferring to HD, 4.5% (CI 3.6 – 5.1%) for transplanta-
tion, and 6.5% (CI 5.8 – 7.2%) for death.

 
THE CIRCUMSTANCES OF THE TRANSFER

The most common reason for transfer was peritoni-
tis, followed by inadequate dialysis, dialysate leak and 
being unable to manage self-care (Table 2). Overall, 893 
patients (53% of all who transferred) commenced HD with 
a tunneled catheter, and 252 patients (15% of transfers) 
commenced with a temporary catheter. Only 554 patients 
(33% of transfers) commenced with an arteriovenous 
fistula or graft (AVF/AVG). Even when focusing on the 
potentially predictable transfers, only 50% of patients 
commenced with an AVF/AVG (Table 2). 

The majority of the transfers occurred at an in-hospital 
dialysis center (93% of all cases). This was also true for 
potentially predictable transfers where 87% occurred 
within hospital. For the patients who transferred, 30% 
of cases occurred within 6 months of commencing PD, 
and 51% within 12 months.

When assessing the initial center of dialysis, the 
percentage of patients who started HD with a catheter 
ranged from 0 to 100% within each center. This was the 
same for patients who started HD after a potentially pre-
dictable transfer. There was no correlation between each 
center’s vascular access performance in unpredictable 
transfers and potentially predictable transfers.

PREDICTORS OF TRANSFER AT 6 AND 12 MONTHS AFTER 

COMMENCING PD

The results for predicting any transfer to HD within 6 
and 12 months of commencing PD are provided in Table 3. 
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p = 0.03) was found to be a statistically significant predic-
tor of transfer, and a history of cerebrovascular disease 
(OR 1.28, 95% CI 1.00 – 1.65, p = 0.05) was found to be 
of borderline statistical significance. For transfer within 

515 patients transferred to HD within 6 months and 864 
had transferred within 12 months. In the final adjusted 
model for predicting transfer to HD within 6 months, 
female gender (odds ratio (OR) 1.23, 95% CI 1.02 – 1.48, 

TABLE 1
Baseline Characteristics of Patients on Peritoneal Dialysis  (January 2004 – December 2010)

  All Patients Patients Patients 
  incident remaining transferred deceased Patients
  PD patientsa on PD to HD while on PD transplanted
  Characteristic n=4,781 n=1,660 n=1,699 n=875 n=495

Age (years) 60.4±14.7 60.7±13.8 60.1±14.3 68.3±11.7 45.8±12.7
Female 2,082 (44%) 709 (43%) 737 (43%) 382 (44%) 232 (47%)
Race     
 Caucasian 3,382 (71%) 1,077 (65%) 1,207 (71%) 643 (73%) 411 (83%)
 Australian indigenousb 259 (2%) 74 (4%) 127 (7%) 49 (6%) 6 (1%)
 Asian 579 (12%) 261 (16%) 179 (11%) 75 (9%) 61 (12%)
 New Zealand indigenousc 507 (11%) 227 (14%) 161 (9%) 103 (12%) 14 (3%)
 Other 54 (1%) 21 (1%) 25 (1%) 5 (<1%) 3 (<1%)
 BMI (kg/m2): 27.1±5.4 27.4±5.4 27.4±5.4 27.0±5.4 25.3±4.5
Primary renal disease     
 Glomerulonephritis 1,153 (24%) 406 (24%) 443 (26%) 97 (11%) 196 (40%)
 Analgesic nephropathy 111 (2%) 28 (2%) 46 (3%) 35 (4%) 1 (<1%)
 Polycystic kidney disease 358 (7%) 112 (7%) 147 (9%) 25 (3%) 68 (14%)
 Reflux nephropathy 163 (3%) 57 (3%) 44 (3%) 8 (1%) 54 (11%)
 Hypertension 710 (15%) 251 (15%) 241 (14%) 181 (21%) 27 (5%)
 Diabetes 1,670 (35%) 597 (36%) 579 (34%) 394 (45%) 92 (19%)
 Other 352 (7%) 118 (7%) 109 (6%) 79 (9%) 38 (8%)
 Uncertain 264 (6%) 91 (6%) 90 (5%) 56 (6%) 19 (4%)
Diabetes mellitus 2,076 (43%) 732 (44%) 730 (43%) 494 (56%) 105 (21%)
Coronary artery disease 1,712 (36%) 571 (34%) 580 (34%) 502 (57%) 42 (8%)
Cerebrovascular disease 693 (14%) 203 (12%) 249 (15%) 202 (23%) 21 (4%)
Peripheral vascular disease 1,086 (23%) 334 (20%) 373 (22%) 336 (38%) 33 (7%)
Chronic lung disease 711 (15%) 223 (13%) 250 (15%) 199 (23%) 26 (5%)
Current smoker 648 (14%) 235 (14%) 223 (13%) 129 (15%) 55 (11%)
Late referral 573 (12%) 176 (11%) 217 (13%) 126 (14%) 47 (9%)
Serum creatinine (µmol/L)     
 Median 570 549.5 591 540 619
 Interquartile range 452–719 441–689 470–759 424–683 500–783
eGFR (mL/min/1.73m2) 9.1±4.3 9.5±4.6 8.5±3.6 9.5±4.9 8.4±3.3
PD characteristics     
 Duration of PD (days)     
  Median 485 600.5 358 575 463
  Interquartile range 214–879 384–1062.5 139–710 268–973 261–763
Episodes of peritonitis     
 Nil 3,101 (65%) 1,252 (75%) 860 (51%) 560 (64%) 382 (77%)
 1–3 1,481 (31%) 376 (23%) 710 (42%) 284 (32%) 107 (22%)
 >3 199 (4%) 32 (2%) 129 (8%) 31 (4%) 6 (1%)

PD = peritoneal dialysis; HD = hemodialysis; BMI = body mass index. 
Data presented n (%), mean (±) or median and interquartile range (IQR).
a Includes patients ceasing PD due to renal recovery.
b Aboriginal / Torres Strait Islander.
c Maori / Pacific Islander.
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12 months, body mass index (BMI) (OR dependent on BMI 
class) and primary renal disease (OR dependent on under-
lying disease) were statistically significant. However, 

both models had a poor predictive ability indicating 
limited clinical significance (c-statistics 0.54 and 0.55, 
respectively). There was no clinically meaningful change 
in parameters for either the 6 or 12 month transfer model 
when clustering for initial center of dialysis.

PATIENT SURVIVAL POST-TRANSFER TO HEMODIALYSIS

Patient survival post-transfer to HD was higher in 
those who commenced HD with an AVF/AVG than in those 
who commenced with a catheter (Figure 3). After adjust-
ing for age and comorbidities, commencing HD with a 
catheter was associated with significantly increased 
mortality (hazard ratio (HR) 1.37, 95% CI 1.11 – 1.68, 
p = 0.003) (Table 4). Additionally, the mortality risk of 
a catheter at the time of transfer was greater in a poten-
tially predictable transfer compared to an unpredictable 
transfer (HR 1.64, 95% CI 1.13 – 2.38, p = 0.01 vs HR 1.33, 
95% CI 1.04 – 1.71, p = 0.03); however this interaction 
was not statistically significant (p = 0.36). A sensitivity 
analysis was performed in patients who transferred and 
remained on HD for 30 or more days. This confirmed 

Figure 2 — Cumulative incidence of peritoneal dialysis cessa-
tion for different reasons. Competing risks model of patients 
who initially commenced peritoneal dialysis between 2004–10, 
with time to first incidence. HD = hemodialysis.

TABLE 2
Reasons for Transfer to Hemodialysis and Access Used at Time of Transfer

 Initial access used at time of transfer to HD
  Tunneled/temporary Arteriovenous
 Number of central venous catheter fistula/graft
 Reason for transfer patients (%) (n=1145) (n=554)

Potentially predictable reasons  
 Inadequate dialysis 248 (15%) 110 138
 Unable to manage self-care 114 (7%) 76 38
 Patient preference 53 (3%) 20 33
 Planned transfers 7 (<1%) 6 1
 TOTAL 422 (25%) 212 210

Unpredictable reasons  
 Peritonitis 720 (42%) 544 176
 Tunnel/exit-site infection 61 (4%) 38 23
 PD catheter-related problems 66 (4%) 49 17
 Dialysate leak 126 (7%) 93 33
 Sclerosing peritonitis 3 (<1%) 3 0
 Abdominal complications/surgerya 213 (13%) 156 57
 Otherb 58 (3%) 36 22
 Unspecified 22 (1%) 10 12
 Not known 8 (<1%) 4 4
 TOTAL 1277 (75%) 933 344

HD = hemodialysis; PD = peritoneal dialysis.
a Includes hernia/abdominal pain/abdominal surgery/diverticulitis/adhesions/abdominal abscess/peritoneal infection/ 

hemoperitoneum.
b Includes pregnancy/pleural effusion/hydrothorax/cardiovascular instability/scrotal oedema/poor nutrition/vascular access 

problems/geography.
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TABLE 3
Predictors of Transfer: Univariable and Multivariable Models

  Univariable Multivariable
  Transfer at 6 months Transfer at 12 months Transfer at 6 months Transfer at 12 months
     p   p   p   p 
  Variable OR 95% CI value OR 95% CI value OR 95% CI value OR 95% CI value

Age (per decade) 1.04 0.98–1.11 0.23 1.01 0.96–1.06 0.68 1.03 0.97–1.10 0.30 1.01 0.96–1.07 0.62

BMI            
 <18.5 1.60 0.97–2.61 0.06 1.33 0.87–2.04 0.19    1.37 0.89–2.10 0.15
 18.5–24.9 1*   1*      1*  
 25–29.9 1.12 0.90–1.41 0.31 1.18 0.98–1.42 0.07    1.18 0.99–1.42 0.07
 ≥30 1.26 0.99–1.60 0.06 1.34 1.11–1.63 0.003    1.37 1.13–1.67 0.002

Female sex 1.21 1.00–1.45 0.05 1.00 0.86–1.16 0.98 1.23 1.02–1.48 0.03   

Diabetes mellitus 1.11 0.92–1.34 0.27 1.01 0.87–1.18 0.86      

Coronary artery  
 disease 

1.02 0.84–1.23 0.85 0.95 0.81–1.11 0.50
      

Cerebrovascular  
 disease 

1.29 1.01–1.65 0.04 1.17 0.96–1.44 0.13 1.28 1.00–1.65 0.05
   

Peripheral vascular  
 disease 

1.19 0.94–1.52 0.15 1.06 0.86–1.29 0.59
      

Chronic lung  
 disease 

0.91 0.70–1.18 0.47 1.02 0.83–1.25 0.88
      

Late referral 0.96 0.74–1.28 0.79 1.02 0.81–1.27 0.90      

Primary renal disease            
 Glomerulonephritis 1*   1*      1*  
 Analgesic  
  nephropathy 

1.28 0.73–2.25 0.39 0.96 0.58–1.57 0.86    0.91 0.55–1.51 0.72

 Polycystic kidney  
  disease 

1.21 0.85–1.73 0.29 1.14 0.85–1.52 0.39    1.13 0.84–1.51 0.41

 Reflux  
  nephropathy 

0.57 0.30 – 1.08 0.09 0.46 0.27 – 0.78 0.004    0.46 0.27 – 0.79 0.004

 Hypertension 0.75 0.55–1.03 0.08 0.85 0.66–1.08 0.19    0.83 0.64–1.07 0.15
 Diabetes 1.03 0.81–1.30 0.83 0.86 0.71–1.05 0.13    0.81 0.66–0.99 0.04
 Other 0.76 0.50–1.15 0.19 0.68 0.49–0.95 0.02    0.67 0.48–0.94 0.02
 Uncertain 0.83 0.53–1.30 0.42 0.88 0.62–1.25 0.49    0.86 0.61–1.23 0.42

Race            
 Caucasian 1*   1*        
 Aboriginal /  
  Torres Strait  1.40 0.97–2.01 0.07 1.21 0.88–1.65 0.24 
  Islander       
 Asian 0.76 0.56–1.04 0.09 0.76 0.59–0.97 0.03      
 Maori 0.83 0.56–1.24 0.36 0.76 0.55–1.06 0.11      
 Pacific Islander 0.93 0.56–1.53 0.77 1.02 0.68–1.54 0.91      
 Other 1.56 0.76–3.22 0.23 1.02 0.52–1.99 0.96      

OR = odds ratio; CI = confidence interval; BMI = body mass index. 
* reference group.
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the finding that transferring to HD with a catheter was 
associated with increased mortality. When stratifying by 
initial center of dialysis, catheter use continued to be 
associated with an increased mortality (HR 1.46, 95% 
CI 1.16 – 1.84, p = 0.001).

LIKELIHOOD OF TRANSPLANTATION

In the univariable competing risks regression model 
(Table 4), commencing HD with a catheter was found to 
be associated with a lower likelihood of renal transplan-
tation (subhazard ratio (SHR) 0.54, 95% CI 0.42 – 0.69, 
p < 0.01). However after adjusting for age, race, vascu-
lar disease and primary renal disease this effect was of 
borderline significance (SHR 0.76, 95% CI 0.58 – 1.00, 
p = 0.05) (Table 4). 

DISCUSSION

This study demonstrated that there were no clini-
cally significant predictors of transfer from PD to HD 
in the Australian and New Zealand incident PD patient 
populations from baseline registry data. In addition, 
transferring to HD with a catheter is associated with 
reduced survival, independent of demographic charac-
teristics, primary renal disease and comorbid illnesses. 
Furthermore, commencing HD with a catheter may also be 
associated with a lower incidence of transplantation. 

In our analysis, our rate of transfer to HD was differ-
ent to what has been reported by the ANZDATA Registry 
previously (2). The reason for this lies in our definition. 
As mentioned previously, we regarded all transfers to HD 

regardless of duration or a return to PD as a transfer. In 
contrast, the ANZDATA Registry only took into account 
permanent transfers to HD. Our reason for doing so was 
that we felt that the insertion of a central venous catheter 
adds to the patient’s burden of potential risks. As such, 
a temporary transfer that utilizes a functioning AVF does 
not expose the patient to the risks that are associated 
with having a catheter. Additionally, the Registry only 
collects information in regards to the vascular access 
used at a patient’s first hemodialysis session. 

Our study found that of the patients who transferred, 
30% did so within 6 months of commencing PD, and 51% 
within 12 months. This is consistent with previous studies 
that have demonstrated that the first 6 months of PD are 
a particularly vulnerable period (4,5). This is an impor-
tant finding as it suggests that there may be a benefit for 
planning vascular access creation at the beginning of a 
patient’s dialysis journey. Unfortunately, which patients 
will require HD within 6 or 12 months of commencement 
of PD cannot be determined. The reasons for transfer 
explain to some extent why the transfer cannot be pre-
dicted. In our study, the main reason given for ceasing PD 
was peritonitis, consistent with what has been described 
in the literature (4,6,7). Other reasons for transfer that 
are difficult to predict clinically include dialysate leak, 
tunnel or exit-site infection, PD-catheter related prob-
lems, and abdominal complications or surgery.

Focusing on the predictors of transfer to HD within 
6 months of commencing PD, we found that patient 
gender and a past history of cerebrovascular disease 
(borderline) were statistically significant in an age-
adjusted multivariable model. However, the effect for 
both was not strong enough to affect a significant clinical 
endpoint. For transfer within 12 months of commencing 
PD, BMI and primary renal disease were the only statisti-
cally significant predictors. Again, their effect was not 
strong enough to affect a significant clinical endpoint. 
Additionally, it is important to note that the predictors 
found for both 6 and 12 months were not the same. This 
adds further evidence to the unpredictable nature of any 
transfer to HD. 

In our study, increasing age was not found to be a 
predictor of transfer to HD at either 6 or 12 months. 
This is in keeping with what was found by Guo et al. in a 
study performed on PD patients in the United States (4). 
However, other studies have documented an increased 
risk for technique failure with increased age (8,11). In 
contrast to this, an Italian study performed by Maiorca 
demonstrated that technique failure was inversely 
related to age (10). This conflicting information clearly 
illustrates the complex nature of patients on dialysis, 
and demonstrates that the results of our study are not 

Figure 3 — Post-transfer survival according to access at first 
hemodialysis. Survival after transfer including the numbers 
of patients up to 5 years post-transfer. AVF = arteriovenous 
fistula; AVG = arteriovenous graft; CVC = central venous 
catheter.
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TABLE 4
Survival Post-Transfer and Transplantation Post-Transfer: Univariable and Multivariable Models 

  Univariable Multivariable
  Survival post-transfer Transplant post-transfer Survival Post-transfer Transplant post-transfer
    p   p   p   p
 Variable HR 95% CI value SHR 95% CI value HR 95% CI value SHR 95% CI value

Line 1.61 1.32–1.98 <0.001 0.54 0.42–0.69 <0.001 1.37 1.11–1.68 0.003 0.76 0.58–1.00 0.05

Age (per decade) 1.45 1.35–1.55 <0.001 0.54 0.50–0.58 <0.001 1.32 1.22– 1.42 <0.001 0.56 0.51–0.61 <0.001

BMI            
 <18.5 1.00 0.60–1.67 0.99 0.78 0.37–1.67 0.53      
 18.5–24.9 1*   1*        
 25–29.9 0.87 0.71–1.08 0.20 0.76 0.56–1.02 0.07      
 ≥30 0.84 0.67–1.05 0.12 0.74 0.54–1.02 0.07      

Female sex 0.96 0.81–1.15 0.66 0.95 0.73– 1.22 0.66      

Diabetes mellitus 1.85 1.56–2.21 <0.001 0.34 0.25–0.46 <0.001 1.41 1.05–1.90 0.02   

Coronary artery  
 disease 

1.96 1.65–2.34 <0.001 0.30 0.21–0.43 <0.001 1.29 1.07–1.55 0.008
   

Cerebrovascular  
 disease 

1.81 1.46–2.24 <0.001 0.30 0.17–0.53 <0.001 
     

Peripheral vascular  
 disease 

1.86 1.51–2.29 <0.001 0.27 0.15–0.47 <0.001    0.45 0.27–0.76 0.003

Chronic lung  
 disease 

1.74 1.40–2.17 <0.001 0.52 0.33–0.82 0.005 1.54 1.23–1.93 <0.001 
  

Late referral 1.12 0.87–1.44 0.38 0.83 0.56–1.24 0.37      

Primary renal disease            
 Glomerulonephritis 1*   1*   1*   1*  
 Analgesic  
  nephropathy

 2.69 1.63–4.45 <0.001 0.07 0.01–0.53 0.009 1.64 0.99–2.73 0.06 0.23 0.03–1.62 0.14

 Polycystic kidney  
  disease 

0.63 0.38–1.05 0.08 1.35 0.96–1.91 0.09 0.63 0.38–1.05 0.08 1.49 1.02–2.20 0.04

 Reflux  
  nephropathy 

0.50 0.18–1.36 0.17 1.58 0.93–2.70 0.09 0.67 0.24–1.84 0.44 0.91 0.52–1.59 0.74

 Hypertension 2.54 1.88–3.44 <0.001 0.31 0.19–0.50 <0.001 1.61 1.18–2.20 0.003 0.72 0.43–1.20 0.21
 Diabetes 2.63 2.03–3.41 <0.001 0.28 0.20–0.41 <0.001 1.63 1.18–2.20 0.006 0.67 0.45–0.99 0.04
 Other 2.73 1.86–4.02 <0.001 0.51 0.29–0.91 0.02 2.36 1.60–3.48 <0.001 0.75 0.43–1.32 0.32
 Uncertain 2.57 1.71–3.87 <0.001 0.26 0.11–0.58 0.001 2.04 1.35–3.08 0.001 0.47 0.22–1.04 0.06

Race            
 Caucasian 1*   1*      1*  
 Aboriginal /  
  Torres Strait  1.11 0.79–1.55 0.55 0.28 0.13–0.63 0.002    0.18 0.08–0.41 <0.001 
  Islander 
 Asian 0.74 0.52–1.03 0.07 0.88 0.58–1.34 0.56    0.70 0.46–1.09 0.12
 Maori 1.41 1.03–1.94 0.04 0.33 0.15–0.74 0.007    0.31 0.13–0.76 0.01
 Pacific Islander 0.84 0.51–1.39 0.51 0.38 0.15–1.00 0.05    0.26 0.10–0.66 0.005
 Other 0.13 0.02–0.91 0.04 1.42 0.64–3.13 0.39    0.94 0.38–2.27 0.89

Unpredictable  
 transfer 1.01 0.82–1.24 0.93 0.84 0.63–1.11 0.22      

HR = hazard ratio; CI = confidence interval; SHR = subhazard ratio; BMI = body mass index.
* reference group.
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out of keeping with what is available in the literature. 
Additionally, the general characteristics of our patients 
were similar to those reported in other countries in 
regards to age and comorbidities (4,7,15,21). 

In addition to age, other factors such as race, diabe-
tes, coronary artery disease, peripheral vascular disease 
and late referral were not found to assist in determining 
which patients commenced on PD would require transfer 
to HD within 6 or 12 months.

In patients who transferred to HD, commencing HD 
with a catheter was associated with reduced survival. 
Even after adjusting for patient demographics, primary 
renal disease and comorbidities, the effect of commenc-
ing with a catheter was both statistically and clinically 
significant (HR 1.38, 95% CI 1.12 – 1.70, p = 0.002). 
This association has not been previously documented 
within the incident PD patient population; however, 
it is consistent with the findings of previous studies 
assessing the risks associated with catheter access in the 
incident HD population (16–18). Reasons proposed for 
this association include catheter-related complications, 
particularly infection, inadequate HD, and a higher 
prevalence of comorbidities in those who commence 
with a catheter. These issues are also relevant to our 
PD population who transfer to HD. Additionally, there 
may be selection bias in determining which patients 
transfer using a catheter. For instance, peritonitis is the 
leading cause for transfer, and cannot be predicted. As 
such, patients who transfer due to peritonitis are more 
likely to commence with a catheter, and at the same 
time, peritonitis has been found to be associated with  
reduced survival (22).

Commencing HD with a catheter was also found to 
be associated with a lower incidence of renal trans-
plantation. This may reflect the fact that patients who 
commence with lines become too unwell for transplan-
tation as a result of catheter-related complications. 
Alternatively, this may represent confounding as those 
who started HD with a line were older and had more 
comorbidities. Although our analyses adjusted for 
these factors, there may be additional confounders not 
recorded in ANZDATA. 

In regards to the reasons for transfer, we found that 
a “potentially” predictable transfer was not associated 
with either increased survival or an increased likelihood 
of renal transplantation. However, only 50% of these 
transfers commenced with an AVF/AVG. This is an impor-
tant issue that needs to be further addressed.

The demonstrated unpredictable nature of any transfer 
to HD, and the worse patient outcomes in patients unpre-
pared for the transfer, emphasizes the crucial question 
of the timing of vascular access creation in patients on 

PD. A number of previous studies have attempted to 
address the issue of concurrent formation of an AVF and 
PD catheter insertion (23,24). The main conclusions from 
these studies have been that this practice was of no clini-
cal benefit. However, these studies have been limited by 
being of small sample size, retrospective in nature, and 
performed over a decade ago. Furthermore, there may be 
a subgroup of patients (for example, those with a high 
life expectancy but who are unlikely to receive a kidney 
transplant) who would have the most chance of benefit-
ting from early AVF formation. In light of the results of 
this study, this practice or a variation of this practice, 
such as vascular access creation after 12 months on 
PD, may now be appropriate. However, further research  
is required. 

The main strength of our study lies in the fact that its 
cohort included all patients who commenced PD as their 
first form of renal replacement therapy in both Australia 
and New Zealand. As such we were able to capture a large 
number of patients, over a wide spectrum of demographic 
and socioeconomic situations. Additionally, we were able 
to follow the patients for up to six years, covering a large 
period of their dialysis history.

Our study has a number of limitations. Firstly, it is a 
retrospective cohort study using registry data. As such, 
it can only demonstrate the significant association 
between catheter use and increased mortality, and not 
demonstrate causation. Another limitation of the study 
is that we were not able to obtain further information on 
the patient’s PD characteristics. This includes peritoneal 
membrane transporter status and residual renal function, 
both of which have been found to influence PD technique 
failure previously (12). Finally, our findings may not 
be applicable to all PD populations worldwide. This is 
because the current dialysis practices in Australia and 
New Zealand may be different from other countries.

In conclusion, the transfer from PD to HD cannot be 
predicted, and those who commence HD with a line have 
a higher risk of mortality and lower likelihood of receiv-
ing renal transplantation. As a result, better preparation 
of patients for any transfer to HD in regards to vascular 
access is required. Further research is required in this 
area to determine how to achieve this.
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