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Abstract
Background: Most studies addressing hemodialysis initiation with a dialysis catheter focus on patients entering maintenance 
dialysis programs and exclude other patients, such as those with acute kidney injury (AKI), making interpretation and 
application of the results difficult for clinicians managing patients at the time of dialysis commencement.
Objective: To compare the survival of all patients requiring a catheter for hemodialysis access according to the nature of 
clinical presentation.
Design: Prospective observational.
Setting: An Australian tertiary renal unit.
Patients: All patients requiring a central venous catheter (CVC) for hemodialysis access between 2005 and 2015.
Measurements: Baseline comorbidities, demographics, and nature of clinical presentation. Data regarding each episode of 
dialysis access insufficiency and each CVC were collected. The primary outcome was all-cause mortality.
Methods: Patients were classified into 1 of 3 groups based on physician assessment at the time of presentation: patients 
believed to have AKI with expected renal recovery (AKI), patients considered to be entering the maintenance dialysis 
program without a functioning dialysis access (Maintenance Dialysis), patients unable to perform peritoneal dialysis, or use 
their existing hemodialysis access (Access Failure). Time-split multivariable Cox regression analyses were used to compare 
survival between groups.
Results: A total of 557 eligible patients had complete prospective data regarding CVC use and were included in the analyses. 
The majority of patients were in the AKI (246/557, 44%) and Maintenance Dialysis groups (182/557, 33%) compared with the 
Access Failure group (129/557, 23%). During a median follow-up of 3 years, 302 (54%) of the 557 patients died. Following 
adjustment, risk of all-cause mortality was higher in the AKI group (hazard ratio [HR]: 2.01, 95% confidence interval [CI]: 
1.31-3.60, P = .001) during the first 2 years after catheter insertion and lower in years 2 to 4 (HR: 0.42, 95% CI: 0.20-0.88, 
P = .02) than in the reference Maintenance Dialysis group. No difference in mortality risk between the Access Failure and 
reference group was found.
Limitations: Single-center study. Possible residual confounding owing to the observational study design.
Conclusions: Patients requiring acute or unplanned hemodialysis experience high mortality, and the nature of clinical 
presentation does influence outcomes. Most notable is the greater early mortality experienced by patients with AKI 
compared to other patient groups. Prospective definition of the nature of unplanned dialysis initiation is important to 
accurately measure and improve outcomes in this high-risk patient population.
Human Research Ethics Committee Approval Number: CH62/6/2017-042.

Abrégé 
Contexte: La plupart des études traitant de l’initiation d’un traitement d’hémodialyse avec cathéter portent sur des patients 
qui s’engagent dans un program de dialyze d’entretien et excluent les autres patients, notamment ceux atteints d’insuffisance 
rénale aiguë (IRA). Ceci rend difficiles l’interprétation et l’application des résultats pour les cliniciens qui traitent les patients 
à l’amorce de la dialyze.
Objectif: Comparer la survie de tous les patients nécessitant un cathéter pour l’accès à l’hémodialyse selon la nature du 
tableau clinique.
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Type d’étude: Étude observationnelle prospective.
Cadre: L’unité de néphrologie d’un center de soins tertiaires australien.
Sujets: Tous les patients qui, entre 2005 et 2015, ont eu besoin d’un cathéter veineux central (CVC) pour l’hémodialyse.
Mesures: Les maladies concomitantes existantes et les données démographiques des patients, ainsi que la nature du tableau 
clinique. Les données concernant chaque CVC et épisode d’accès déficient ont été recueillies. Le principal critère de jugement 
était la mortalité toutes causes confondues.
Méthodologie: Les patients ont été répartis dans trois groupes selon l’évaluation du médecin au moment de la présentation :  
patients soupçonnés d’IRA avec récupération rénale prévue (groupe « IRA »), patients sans accès fonctionnel pour la dialyze 
considérés comme entrant dans le program de dialyze d’entretien (groupe « dialyze d’entretien »), et les patients incapables 
de pratiquer la dialyze péritonéale ou d’utiliser leur accès vasculaire existant (groupe « échec de l’accès »). Des régressions 
de Cox multivariées à temps partagé ont été utilisées pour comparer la survie entre les groupes.
Résultats: Ont été inclus dans les analyses les 557 patients admissibles pour lesquels on disposait de données prospectives 
complètes sur l’utilization d’un CVC. La majorité des patients se trouvaient dans les groupes « IRA » (246/557; 44 %) et « dialyze 
d’entretien » (182/557; 33 %); le groupe « échec de l’accès » ne représentant que 23 % des patients inclus (129/557). Au cours 
d’un suivi médian de trois ans, 302 patients (54 %) sont décédés. Après correction, le risque de mortalité toutes causes 
confondues dans les deux premières années suivant l’insertion du cathéter était plus élevé dans le groupe IRA (RR : 2,01; IC à 
95 % : 1,31-3,60; P = .001) que dans le groupe référence (dialyze d’entretien); mais moins élevé après 2 à 4 ans (RR : 0.42; IC 
95 % : 0.20-0.88; P = .02). Aucune différence n’a été observée entre le groupe « échec de l’accès » et le groupe de référence.
Limites: L’étude est monocentrique et la nature observationnelle de l’étude sous-tend de possibles facteurs de confusion 
résiduels.
Conclusion: Les patients nécessitant une hémodialyse aiguë ou non planifiée connaissent un taux de mortalité élevé, et la 
nature du tableau clinique influence les résultats. Le plus remarquable étant la mortalité précoce plus élevée des patients 
atteints d’IRA comparativement aux autres patients. Il est important de définir la nature prospective de l’amorce non 
planifiée de la dialyze afin de mesurer précisément les résultats dans cette population à haut risque, et de les améliorer.
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Introduction

The requirement to initiate dialysis in an acute or unplanned 
fashion is common, and outcomes for these patients are 
worse than those starting in a planned manner.1-4 This need 
arises for a variety of reasons, including acute kidney injury 
(AKI), with clinicians often uncertain of the underlying diag-
nosis and the prospects for renal recovery in such patients. 
Prospective data to inform clinicians regarding prognosis 
and the factors that influence outcomes is sparse and mainly 
focusses on those entering maintenance dialysis programs.5

Whilst the definition of “unplanned dialysis” remains 
variable, it is generally regarded as dialysis commencement 
in life-threatening or unscheduled circumstances, or the 
commencement of maintenance dialysis without a 

permanent access in place.6,7 Despite this, most studies 
addressing unplanned dialysis initiation exclude patients 
with AKI, usually based on the post hoc recovery of renal 
function allowing dialysis independence.1,5,8-10 Similarly, 
most reports of outcomes in patients with AKI requiring dial-
ysis define AKI retrospectively when renal recovery is 
known,3,4 and thus do not capture the clinical uncertainty at 
the time of presentation, nor allow comparison of the relative 
risks of adverse outcomes in patients with different baseline 
diagnoses.

More recent prospective, observational studies11,12 and 
extended follow-up of randomized controlled trials13 have 
described the high long-term mortality experienced by 
patients with AKI requiring dialysis but have largely focused 
on patients in intensive care units (ICU). Outside of an ICU 
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setting, prospective studies of long-term outcomes following 
AKI have mostly examined patients not requiring dialysis.14 
As such, the current literature is not representative of the 
bulk of patients with AKI who require dialysis outside of an 
ICU setting and are predominantly managed by renal ser-
vices worldwide.15

We collected prospective data on all patients managed in 
a tertiary renal unit who required a central venous catheter 
(CVC) for dialysis access over a 10-year period and sought 
to compare patient survival by the clinical setting of dialysis 
requirement.

Methods

Study Design and Population

This prospective cohort study was conducted in the Renal Unit 
at Concord Repatriation & General Hospital (CRGH), a 750-
bed adult tertiary teaching hospital in Sydney, Australia. The 
cohort consisted of all patients managed by the CRGH Renal 
Unit who required a CVC for hemodialysis (HD) access 
between May 1, 2005 and December 31, 2015. Eligible patients 
were defined as any inpatient or outpatient over 18 years of age 
who received a temporary or tunneled CVC for dialysis access 
regardless of etiology or expected chronicity of kidney replace-
ment therapy (KRT). This included patients who commenced 
dialysis in the ICU and were discharged from ICU requiring 
ongoing dialysis treatment, but not patients initiated on KRT in 
ICU who died or achieved dialysis independence prior to ICU 
discharge. Patients with a failing transplant as the reason for 
dialysis initiation were excluded from the study due to the very 
small numbers of such patients, but a history of previous renal 
transplantation was not an exclusion criterion. Ethical approval 
for analysis and retrospective data linkage was granted by the 
Sydney Local Health District Human Research Ethics 
Committee (CH62/6/2017-042).

Nature of the Clinical Presentation

Consistent with other studies of dialysis CVC use,16 eligible 
patients were identified at the time of CVC insertion and clas-
sified by the treating renal physician into 1 of 3 groups based 
on the reason for initial CVC insertion: (a) patients believed to 
have AKI, with expected recovery of renal function, were 
classified as AKI; (b) patients who were considered to be ini-
tiating maintenance dialysis without a usable existing perma-
nent dialysis access in place were classified as Maintenance 
Dialysis; (c) patients requiring an interim CVC due to failure 
of their ability to perform peritoneal dialysis (PD) or failure of 
their existing HD access, were classified as Access Failure.

CVC Use

Patients may have had more than one CVC during any single 
episode and could have had multiple episodes during the 
10-year study period. Each episode had its own classifica-
tion, so patients could have had an episode that necessitated 

CVC insertion for new onset of Maintenance Dialysis fol-
lowed by a later episode of Access Failure. Patients were 
analyzed based on the reason for CVC requirement at their 
first presentation only, such that in the example above, a 
patient presenting with Maintenance Dialysis followed by 
Access Failure would be analyzed as per the Maintenance 
Dialysis classification. Data regarding each episode and each 
CVC were collected for each patient in real time and entered 
into a database by a dialysis nurse. Each episode of dialysis 
access insufficiency was defined as from the time of initial 
CVC insertion to the first of; recovery of renal function to 
dialysis independence; establishment of a permanent func-
tioning KRT access and removal of the CVC; a decision was 
made to continue with a long-term CVC and not pursue a 
non-CVC dialysis access; and dialysis withdrawal or death.

Data Collection and Covariates

Primary prospective data collection. Prospective data collec-
tion commenced at the date of first CVC insertion for each 
patient and included patient demographics and the details of 
each episode and CVC (including start date, duration, and 
reason for removal).

Retrospective data linkage. Following completion of prospec-
tive data collection, all eligible patients were linked to the 
CRGH inpatient data collection and the Australia and New 
Zealand Dialysis and Transplant Registry (ANZDATA). The 
CRGH inpatient data collection allowed derivation of private 
health insurance use, comorbidities, and mortality status. 
Comorbidities including: hypertension (HTN), diabetes 
(DM), ischaemic heart disease (IHD), peripheral vascular 
disease (PVD), and cerebrovascular disease (CBVD) were 
determined by the presence of relevant International Statisti-
cal Classification of Diseases, Tenth Revision, Australian 
Modification (ICD10 AM) codes in hospital admission 
records at the time of initial CVC insertion or within the pre-
ceding 12 months. ANZDATA records permitted the deriva-
tion of dialysis vintage, calculated as duration of PD and HD 
exposure prior to initial CVC insertion, and history of renal 
transplantation. Time with a functioning transplant was 
excluded from dialysis vintage duration.

Over the 10 years of prospective data collection, the 
nature of the episodes as well as CVC exposure were 
reviewed routinely within the CRGH Renal Unit with the 
purpose of reducing CVC exposure. Changes in practice dur-
ing this time included appointment of a vascular access nurse 
specialist at commencement of the study and regular multi-
disciplinary team meetings between renal physicians, vascu-
lar surgeons, and dialysis nurses.

Outcomes

The primary outcome of this analysis was patient survival 
following initial CVC insertion, compared across the differ-
ent reasons for initial CVC insertion. Survival analysis com-
menced at initial CVC insertion date for each patient and was 
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censored at; date of transplantation in patients who received 
a kidney transplant, date of transfer in patients where care 
was transferred to another hospital who had unknown sur-
vival status, or at December 31, 2016, for all other patients, 
allowing at least 12 months of follow-up.

Statistical Analysis

Results are reported as counts and percentages for categorical 
variables, mean ± standard deviation for normally distributed 
continuous variables and median with interquartile ranges 
(IQRs) for non-normally distributed continuous variables. 
Unadjusted survival was illustrated using Kaplan-Meier 
curves. Multivariable adjusted hazard ratios and 95% confi-
dence intervals were calculated using multivariable Cox 
regression models. The assumption of proportional hazards 
was not met, due to the changing effect of variables over time, 
so a time split approach was used where analyses were con-
ducted at 2 yearly intervals following entry point. Variables 
selected for inclusion in multivariable models were based on 
clinical judgment and univariate assessment. Interactions 
were examined for variables within the models. The final 
model included the following: reason for CVC insertion 
(Maintenance Dialysis defined as the reference group), age, 
sex, dialysis vintage, year of admission, and comorbid infor-
mation (DM, IHD, and PVD). To reflect real-world practice, 
only information known at the time of presentation were 
incorporated, and therefore, subsequent episodes of CVC 
requirement and recovery of renal function were not included 
in any model. For the same reason, we did not adjust for time-
dependent covariates at the beginning of each time interval. 
Given the time-split approach used, the direct effect of year of 
admission could not be interpreted and has therefore not been 
reported; however, its inclusion was necessary to provide 
adjustment for changes in practice which occurred within the 
renal unit over the data collection period. Analyses were also 
performed using an additional multivariable model, which 
included the total number of comorbidities as a variable rather 
than the presence or absence of individual comorbidities. 
Sensitivity analyses were performed using multiple imputa-
tions by chained equations to impute 30 data sets for missing 
demographic, comorbid, and dialysis vintage data, which 
were assumed to be missing at random. A 2-sided p value of 
<.05 was considered statistically significant. All analyses 
were performed using Stata software (release 15.1, StataCorp, 
College Station, TX, USA). Patients with missing prospective 
data or no linkable record within the CRGH inpatient data 
collection were excluded.

Results

Participants

Between May 1, 2005 and December 31, 2015, 575 patients 
required a CVC for dialysis access. Of these, 18 were 

ineligible for inclusion due to incomplete data or the reason 
for CVC insertion being renal transplant failure. The remain-
ing 557 eligible patients had complete prospective data 
regarding CVC use, which consisted of 751 separate epi-
sodes and 1067 CVC insertions.

Linkage of patients to the inpatient data collection 
excluded a further 88 patients due to incomplete data. 
Complete case survival analysis was therefore performed 
using 469 patients with complete primary and secondary 
data available (Figure 1).

Cohort Characteristics

The baseline characteristics of the study cohort are presented 
in Table 1. The majority of patients were in the AKI (246/557, 
44%) and Maintenance Dialysis groups (182/557, 33%) 
compared with the Access Failure group (129/557, 23%). 
Age differed between groups, with patients in the 
Maintenance Dialysis group (70 [53-78] years) younger than 
those in the AKI (72 [62-80] years) and Access Failure (72 
[60-77] years) groups. Diabetes (46%) and HTN (77%) were 
more common in the Maintenance Dialysis group than the 
other groups (overall prevalence of 39% and 62%, respec-
tively), but the use of private health insurance was less com-
mon in the Maintenance Dialysis group (18%). Despite the 
expectation of recovery to dialysis independence for patients 
in the AKI group, at the end of the episode of dialysis access 
insufficiency, only 54% (132/246) of patients in the AKI 
group were alive and not requiring KRT. Long-term survival 
without the need for KRT in the AKI group is presented in 
Figure S1. Renal recovery in the Maintenance Dialysis group 
was rare (3%).

Table S1 shows the changing rate of new admissions to 
the cohort over time, with declining numbers of new presen-
tations in the Maintenance Dialysis and Access Failure 
groups over the data collection period. As a result, the pro-
portion of initial CVC insertions attributed to AKI within the 
cohort increased from 27% in 2005 to 59% in 2015.

Unadjusted Outcomes

The median follow-up duration was 3 [1-6] years, and 54% 
(302/557) of patients died. The unadjusted mortality rates for 
each group are presented in Table 2 and Figure 2, and show 
the high early mortality in all groups, especially the AKI 
group, and the relative moderation of mortality in the AKI 
group beyond 2-years of follow-up.

Adjusted Outcomes

Results of the time-split multivariable Cox regression analy-
ses are presented in forest plots in Figure 3. In the first 2 
years following initial CVC insertion, the adjusted HRs for 
all-cause mortality were significantly higher for the AKI 
group (2.01, 95% CI: 1.31-3.06, P = .001) when compared 
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Figure 1. Flow diagram describing study cohort derivation.
Note. CVC = central venous catheter; AKI = acute kidney injury (expected renal recovery); Maintenance Dialysis = patients considered to be entering 
the maintenance dialysis program; Access Failure = patients requiring an interim CVC due to failure of their ability to perform peritoneal dialysis or 
failure of their existing hemodialysis access; Transplant failure = patients whose reason for CVC requirement was a failed renal transplant.

Table 1. Baseline Characteristics by Reason for CVC Insertion Group.

AKI Maintenance Dialysis Access Failure Overall

Cohort 246 (44) 182 (33) 129 (23) 557
Age (y)
 Median (IQR) 72 (62-80) 70 (53-78) 72 (60-77) 72 (59-79)
Male sexa 143 (61) 100 (58) 67 (54) 310 (59)
Insurance typeb

 Public 150 (69) 119 (82) 77 (68) 346 (73)
 Private 66 (31) 27 (18) 37 (32) 130 (27)
Comorbiditiesb

 Diabetes 77 (36) 67 (46) 42 (37) 186 (39)
 IHD 52 (24) 34 (23) 18 (16) 104 (22)
 PVD 18 (8) 11 (8) 12 (11) 41 (9)
 HTN 108 (50) 112 (77) 73 (64) 293 (62)
 CBVD 5 (2) 7 (5) 5 (4) 17 (4)
Dialysis vintage (y)c

 Median (IQR) 0 (0-0) 0 (0-0) 2 (1-5)  
Recovery of renal function 132 (54) 6 (3) 0 138 (25)

Note. The number of patients in each group is presented as absolute n and (percentage of patients) in each reason for CVC insertion group. Age and 
Dialysis Vintage are presented in years as median values with (interquartile ranges). CVC = central venous catheter; AKI = acute kidney injury (expected 
renal recovery); Maintenance Dialysis = patients considered to be entering the maintenance dialysis program; Access Failure = patients requiring an 
interim CVC due to failure of their ability to perform peritoneal dialysis or failure of their existing hemodialysis access; Comorbidities: Diabetes = 
diabetes mellitus; IHD = ischaemic heart disease; PVD = peripheral vascular disease; HTN = hypertension; CBVD = cerebrovascular disease; IQR = 
interquartile range.
a529 patients with medical record data available.
b476 patients with comorbidity data available from admission records within 12 months of CVC insertion date.
c550 patients with dialysis vintage data available.
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to the reference Maintenance Dialysis group, but there was 
no difference seen between the Access Failure and reference 
group (Figure 3). During the period from 2 to 4 years follow-
ing initial CVC insertion, the adjusted HR for all-cause mor-
tality decreased to 0.42 (95% CI: 0.20-0.88, P = .02) in the 
AKI group when compared to the reference group, with no 
difference between the Access Failure and reference group. 
During years 4 to 6 following initial CVC, adjusted HRs for 
all-cause mortality were similar across all groups. Throughout 
the analysis, age was found to exert a significant effect on 
mortality with effect sizes between 1.03 and 1.05 per addi-
tional year of age, across the follow-up periods. Dialysis vin-
tage, HR 1.10 per yearly increment (95% CI: 1.02-1.19, P = 
.01), and the baseline presence of IHD, HR 1.56 (95% CI: 
1.09-2.23, P = .02), were also associated with significantly 
increased risk of all-cause mortality during the first 2 years 
after initial CVC insertion.

Time-split multivariable Cox regression models using the 
total number rather than individual comorbidities demon-
strated similar effects with regards to the risk for all-cause 
mortality due to the reason for CVC requirement over time; 
however, the number of incremental baseline comorbidities 
did not have a statistically significant affect at any time point 
(Figure S3). The effects of age and dialysis vintage were 
similar to the original models (Figure S3). Sensitivity analy-
ses using multiple imputation for missing variables showed 
similar effects with regards to the risk for all-cause mortality 
due to the reason for CVC requirement and all other baseline 
variables over time (Table S2-S4).

Discussion

This long-term, prospective analysis of patients requiring 
unplanned HD with a CVC for dialysis access demonstrates 
the high mortality in all clinical settings, with less than 50% 
of patients surviving beyond 5 years. It also highlights the 
fact that the nature of the initial presentation does influence 
the survival of such patients, most notably seen in the higher 
early mortality rate of those with AKI, that diminishes with 
time, along with the fact that less than 50% of these patients 

are alive and KRT-free at 1 year. The prospective nature of 
case definition and the use of baseline characteristics for risk 
adjustment enhance the applicability of these findings to 
clinical practice and future study design.

Prospective studies of patients with AKI requiring dialy-
sis managed within ICUs have demonstrated high 90-day,12 
1-year,11 and long-term13 mortality; however, prospective 
studies of patients with AKI requiring dialysis managed out-
side of ICUs are sparse. Eskola et al17 compared 1- and 
3-year outcomes in a prospective, multicenter study of such 
patients managed across both ICU and non-ICU settings. Of 
the 73 non-ICU patients, the mortality rate was 37% and 
45% at 1- and 3-years, respectively, which is comparable to 
patients with AKI in our study. Importantly, in our cohort of 

Table 2. Unadjusted Mortality at Different Time Points of Follow-Up.

Reason for CVC insertion group

 AKI Maintenance Dialysis Access Failure

Death during presenting episode 46/246 (19) 23/182 (13) 20/129 (16)
1-year mortality 75/246 (30) 31/182 (17) 35/129 (27)
3-year mortality 100/246 (41) 60/182 (33) 62/129 (48)

Note. The number of deaths is presented as absolute n/total number of patients and (percentage of patients) in each reason for CVC insertion group 
during the presenting episode, at 1-year and 3-year follow-up. The presenting episode is defined as from the time of initial CVC insertion to the first of; 
recovery of renal function to dialysis independence; establishment of a permanent functioning KRT access and removal of the CVC; a decision was made 
to continue with a long-term CVC and not pursue a non-CVC dialysis access; and dialysis withdrawal or death. CVC = central venous catheter; AKI 
= acute kidney injury (expected renal recovery); Maintenance Dialysis = patients considered to be entering the maintenance dialysis program; Access 
Failure = patients requiring an interim CVC due to failure of their ability to perform peritoneal dialysis or failure of their existing hemodialysis access; 
KRT = kidney replacement therapy.

Figure 2. Kaplan-Meier survival curves displayed for each reason 
for CVC insertion group.
Note. Kaplan-Meier survival curves for each reason for CVC insertion 
group with univariate Cox regression analyses results presented. 
Maintenance Dialysis set as the reference group. CVC = central 
venous catheter; AKI = acute kidney injury (expected renal recovery); 
Maintenance Dialysis = patients considered to be entering the 
maintenance dialysis program; Access Failure = patients requiring an 
interim CVC due to failure of their ability to perform peritoneal dialysis 
or failure of their existing hemodialysis access.
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patients, despite 81% of patients in the AKI group surviving 
their initial episode and 66% of those who survived recover-
ing dialysis independence, only 52% were alive at the end of 
the study. This highlights the ongoing mortality risk of such 
patients beyond the initial admission.

Panocchia et al18 reported high mortality (31%) in a pro-
spective study of patients with chronic kidney disease (CKD) 
commencing unplanned dialysis between 2003 to 2009, 
despite follow-up being limited to hospital discharge and 
excluding patients with a prior history of dialysis require-
ment. This is higher than the mortality rates for patients com-
mencing unplanned dialysis (AKI and Maintenance Dialysis 
groups combined) in our study, either during the presenting 
episode (16%) or at 1-year (24%). A possible explanation is 
that they excluded patients with normal baseline kidney 
function, which may highlight the impact of underlying CKD 
on outcomes in patients requiring unplanned dialysis. In both 
our study and the Panocchia study,18 approximately two-
thirds of patients (66% and 64%, respectively) classified as 
AKI who survived the episode recovered dialysis indepen-
dence, which demonstrates the difficulty clinicians often 
face in predicting renal prognosis at dialysis commencement. 
Importantly, our results show a changing risk profile over 
time for patients with AKI requiring dialysis, such that the 
exclusion of patients who subsequently recover to dialysis 
independence from many studies addressing unplanned dial-
ysis initiation may confound their findings. Our results also 

suggest that dialysis vintage and a history of IHD, but not the 
number of incremental comorbidities, at presentation signifi-
cantly increase the risk of mortality in the first 2 years after 
CVC insertion.

The strengths of our study include prospective data collec-
tion and high rates of data completeness. We have extended 
follow-up of patients well beyond the index hospital admis-
sion and have collected data on all patients requiring a CVC 
for dialysis access including patients with previously normal 
and abnormal kidney function and those judged likely to 
recover dialysis independence. We have used only data avail-
able at the time of CVC requirement in our analyses with the 
purpose of making our results more relevant to clinicians 
treating patients at the time of unplanned dialysis commence-
ment, when variables such as renal recovery, number of cath-
eter days, measures of effective dialysis therapy or future 
development of comorbidities are not known.

The main limitation of our analysis is the reduced general-
izability of our findings derived from a single Australian renal 
unit. We would expect our results to be consistent with compa-
rable healthcare systems; however, the applicability of our 
findings to different populations is unknown. The exclusion of 
patients due to missing data is also a limitation; however, sen-
sitivity analyses using multiple imputations for missing data 
show no significant differences in the effects reported. While 
there were only a handful of nephrologists responsible for 
classifying patients by the nature of their clinical presentation, 

Figure 3. Time-split multivariate Cox regression analyses investigating the effect of reason for CVC insertion group on all-cause 
mortality.
Note. Multivariable Cox regression analyses showing the effect of the primary exposure; reason for CVC insertion group, and the effect of the other 
covariates used for adjustment in the multivariable model on all-cause mortality. Analyses performed at 2 yearly intervals following initial CVC 
insertion date with Maintenance Dialysis group as the reference group. Adjusted for Age (each incremental year), Dialysis Vintage (each incremental 
year), Sex, Comorbidities (diabetes mellitus, ischaemic heart disease, and peripheral vascular disease), and Year of Admission. CVC = central venous 
catheter; AKI = acute kidney injury (expected renal recovery); Access Failure = patients requiring an interim CVC due to failure of their ability  
to perform peritoneal dialysis or failure of their existing hemodialysis access; Diabetes = diabetes mellitus; IHD = ischaemic heart disease;  
PVD = peripheral vascular disease.
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it is possible that differing practice patterns between nephrolo-
gists could have influenced classification. The exclusion of 
patients with AKI in the ICU, as the care of such patients is not 
determined by the renal service, means our findings are only 
applicable to those patients who remain dialysis dependent at 
ICU discharge and are managed by a renal service. We have 
censored our analyses for kidney transplantation but were not 
able to adjust for other competing risks occurring after dialysis 
initiation. A reduction in the proportion of CVCs required for 
patients in the Maintenance Dialysis and Access Failure 
groups occurred over the course of the study as a result of 
changes in unit practice aimed at reducing catheter burden 
which could have influenced other clinical outcomes not 
recorded. We have tried to mitigate for this with adjustment 
for numerous covariates, including the year of presentation, 
but it is possible that residual confounding may still exist. 
Factors such as pre-existing CKD and the presence or absence 
of pre-dialysis care will likely have contributed to the nephrol-
ogist’s classification of reason for CVC insertion group in 
each case, but adjustment for these variables was not possible 
in this data set. It is possible that the effect of a CVC upon 
outcomes differs between patient groups and contributes to 
our findings; however, as the need for a CVC was common to 
all patients in this study, differentiating this further is beyond 
the capability of the study data set.

Conclusions

In conclusion, this large prospective study illustrates the 
poor long-term survival for all patients requiring a CVC for 
unplanned dialysis initiation in a tertiary renal unit. The 
nature of the data collection and analysis make these results 
relevant to clinicians in renal units treating patients at the 
time of dialysis commencement. Our findings support the 
evidence that AKI requiring dialysis is associated with higher 
early mortality rates and that renal recovery is seen in only 
around half of patients suspected to have recoverable AKI. 
The prospective definition of the cause for unplanned dialy-
sis initiation is important in accurately measuring outcomes, 
appropriately informing clinicians and patients, and in 
designing future clinical studies in this high-risk population.
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