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Abstract
Objective. The Northern Territory has the highest incidence of haemodialysis care for end-stage kidney disease in

Australia. Although acute kidney injury (AKI) is a recognised risk for chronic kidney disease (CKD), the effect of AKI
causing incident haemodialysis (iHD) is unknown. Audits identifying antecedents of iHD may inform health service
planning. Thus, the aims of this study were to describe: (1) the development of an iHD recording system involving patients
with AKI and CKD; and (2) the incidence, patient characteristics and mortality for patients with dialysis-requiring AKI.

Methods. A retrospective data linkage study was conducted using eight clinical and administrative datasets of adults
receiving iHD during the period from July 2011 to December 2012 within a major northern Australian hospital for AKI
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without CKD (AKI), AKI in people with pre-existing CKD (AKI/CKD) and CKD (without AKI). The time to death was
identified by the Northern Territory Register of deaths.

Results. In all, 121 iHD treatments were provided for the cohort, whose mean age was 51.5 years with 53.7% female,
68.6% Aboriginal ethnicity and 46.3% with diabetes. iHD was provided for AKI (23.1%), AKI/CKD (47.1%) and CKD
(29.8%). The 90-daymortality ratewas 25.6% (AKI 39.3%,AKI/CKD22.8%, CKD19.4%). The 3-yearmortality rate was
45.5% (AKI 53.6%,AKI/CKD 22.8%, CKD19.4%). The time between requesting data from custodians and receipt of data
ranged from 15 to 1046 days.

Conclusion. AKI in people with pre-existing CKD was a common cause of iHD. Health service planning and
community health may benefit from AKI prevention strategies and the implementation of sustainable and permanent
linkages with the datasets used to monitor prospective incident haemodialysis.

What is known about the topic? AKI is a risk factor for CKD. TheNorthern Territory has the highest national incidence
rates of dialysis-dependent end-stage kidney disease, but has no audit tool describing outcomes of dialysis-requiring AKI.
What does this paper add? We audited all iHD and showed 25.6%mortality within the first 90 days of iHD and 45.5%
overall mortality at 3 years. AKI in people with pre-existing CKD caused 47.1% of iHD.
What are the implications for practitioners? Health service planning and community health may benefit from AKI
prevention strategies and the implementation of sustainable and permanent linkages with the datasets used to monitor
prospective incident haemodialysis.

Additional keywords: acute kidney injury, end-stage kidney disease, health services, Indigenous Australian.

Introduction
Acute kidney injury (AKI) is a clinical syndrome marked by an
abrupt decline in kidney function due to altered pathophysiolog-
ical pathways.1 Severe AKI that requires dialysis (Stage III AKI)
is an internationally recognised marker of increased mortality,
with some long-term survivors requiringmaintenance dialysis.2,3

Chronic kidney disease (CKD) is defined by structural kidney
damage or sustained loss of kidney function (at least 3 months)
and marked by reduced glomerular filtration rate and/or albu-
minuria.4 Renal replacement therapy (RRT), using maintenance
dialysisorkidney transplantation, is required to supportmetabolic
functions for patients with Stage 5 CKD and uraemic symptoms.

Risk markers for CKD include older age, hypertension, dia-
betes, disadvantage andbeingpart of an Indigenouspopulation. In
peoplewith acute illness, the following factors increase the risk of
developing AKI: age >65 years, CKD, past history of AKI,
coexisting illness, hypovolaemia, sepsis, use of iodinated contrast
agents within the previous week, current or recent nephrotoxic
agents and being in the perioperative period. Although suscep-
tibility factors forAKIhave also included ethnicity (Black race), a
multiethnic Canadian study of AKI and critical illness found that
FirstNation racewasnotpredictiveof highermortality.5Auditing
the frequency and cause of Stage III AKI events in populations
with endemic CKD may generate hypotheses regarding factors
leading to rapidkidneyinjuryprogression.However, thereare few
studies that describe the incidence of dialysis requiring AKI or
patient outcomes in Indigenous populations living in CKD en-
demic areas, which could inform the development of interven-
tions to maintain health and preserve kidney function.

Australia has one of the highest prevalence rates of CKD
internationally.6 The Australia and New Zealand Dialysis and
Transplant Registry (ANZDATA) is the main resource used
nationally for renal service and dialysis planning. ANZDATA

documents patients receiving chronic RRT who survive at least
90 days after incident haemodialysis (iHD). ANZDATA does not
require information recording the period between incident dialysis
and the first 90 days, and even then only records maintenance
dialysis.7 During 2011, ANZDATA reported an Australian inci-
dence rate for maintenance haemodialysis of 83 per million pop-
ulation,8 where Indigenous Australians had a 4.5-fold higher
burden than non-Indigenous Australians (337 vs 75 per million
population).8 AlthoughANZDATA recorded an incidence rate for
chronicmaintenance haemodialysis in theNorthern Territory (NT)
of 523 per million population,8 there was no auditable recording
system of CKD trajectory before a client’s first record within
ANZDATA.9 Furthermore, there was no recording system for
antecedents of and outcomes following dialysis-requiring
AKI. Therefore, we sought to define the feasibility of creating a
recording system to define the characteristics and outcomes of
patients admitted for dialysis-requiringAKI.We hypothesised that
dialysis-requiring AKI resulted in a permanent loss of kidney
function, which contributed to the high burden of end-stage kidney
disease (ESKD) in the NT. The aims of this study were to describe
the development of an iHD recording system (iHD-RS), and to
describe the incidence, patient characteristics and mortality (at
90 days and 3 years) of patients with severe dialysis-requiring
AKI. This research question aligns with Indigenous patient prior-
ities for clear and useful information about kidney health and the
regionally specific expected health journey for peoplewithCKD.10

The auditwas supported at the outset by theTop-EndRenal Patient
Advisory andAdvocacyCommittee, and supports Indigenous data
custodian principles relating to Aboriginal kidney health data.11,12

Methods

We designed a data linkage study to enable an audit of health
service use for iHD. The research proposal was supported by the
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Top-End Renal Patient Advisory andAdvocacy Committee, and
was approved with waiver of individual consent by the NT
Department of Health and Menzies School of Health Research
Human Research Ethics Committee, including the Aboriginal
Ethics Subcommittee.

Inclusion criteria

Adults (age>18years)who received an iHD treatment at the only
hospital providing iHD in the region, in either the dialysis unit or
intensive care unit (ICU), were included in the study. Kidney
impairment for admissions involving haemodialysis was
recorded as AKI, AKI with pre-existing CKD (AKI/CKD) or
CKD(withoutAKI).We included the earliest recordingperiodof
iHDwithin both units (July 2011). Patientswith prevalent ESKD
care or previously registered in ANZDATA were excluded.13

Data linkage

We developed a ground-up recording system, starting with the
ICU dataset (Australian Outcomes Research Tool for Intensive
Care (AORTIC)), the dialysis unit diary and the clinical record.
In total, we secured access to eight key datasets to define the
cohort, describe the availability and results of kidney function
testing and serum creatinine trajectory leading up to iHD treat-
ment and describe the cause of admission. We recorded the
duration (in days) between the data access request and receipt of
data for each dataset. Linkage of datasets was managed inde-
pendently of the research team using a unique identifying code
and secure data portal.

The dialysis unit diary, AORTIC database and ANZDATA
defined the cohort of interest and location at iHD, community-
and hospital-based pathology confirmed pre-existing kidney
function, the NT Department of Health Emergency Department
dataset defined the location of residence (postcode or locality)
preceding hospital presentation and the admitted patient care,
medical chart review and AORTIC datasets defined the circum-
stances of the hospital admission.

Measures
Kidney impairment categories were defined from the admitted
patient cohort admission diagnoses, coded into International
Statistical Classification of Diseases and Related Health Pro-
blems, Tenth Revision, Australian Modification (ICD-10-AM)
diagnostic codes.AKIwas defined by ICD-10-AMcode as either
acutenephritic syndrome(N00), acute tubulointerstitial nephritis
(N10) or acute kidney failure (N17).14 All AKI was classified as
Stage III15 Since all patients required intermittent or continuous
haemodialysis therapy. CKDwas defined by ICD-10-AM codes
E10.2, E11.2, E13.2, E14.2, I12, I13, I15.0, I15.1, N00–N09,
N11, N12, N14, N15, N16, N18, N19, N25–N28, N39.1, N39.2,
Q60–Q63, T82.4, T86.1, Z49.0, Z94.0 and Z99.2.14 Diabetes
was defined by ICD-10-AM codes E10–E14 and 04*.

Principal causes of admission, including infection and cardio-
vascular diseases, were identified.2 Suburb or postcode provided
before admission was converted to an Accessibility/Remoteness
Index of Australia (ARIA) 2011+ score.16 In this analysis,
‘remote’ and ‘very-remote’ were reported as a single category.

Baseline kidney function was reported using the estimated
glomerular filtration rate (eGFR) reported by the ChronicKidney
Disease Epidemiology Collaborative (CKD-EPI) formula

without correction for African American peoples,17 using serum
creatinine within 90 days and not less than 8 days before admis-
sion.15 Patients with iHD in the ICU were also scored using an
Acute Physiology and Chronic Health Evaluation (APACHE) III
score, where higher values predict hospital mortality.18

Outcomes included survival at 90 days after the date of
hospital admission with and without maintenance RRT (con-
firmed by ANZDATA), and survival at a minimum of 3 years of
follow-up2 (or censored to 31 December 2015). The date and
causes of mortality were provided by the NTRegister of Deaths,
encoded to ICD-10-AM and subclassified into five categories
(infection, cardiovascular, malignancy, metabolic and other).2

Statistical analyses
Data are reported as the mean � s.d. for continuous, normally
distributed variables and as the median and interquartile range
(IQR) for non-normally distributed variables. Categorical vari-
ables are described as a percentage. Differences between kidney
impairment groups were described by analysis of variance
(ANOVA) for continuous variables and the Chi-squared statistic
for categorical variables. Differences in survival were described
by Kaplan–Meier survival estimates. Analyses were performed
using Stata 14 (Stata Corp., College Station, TX, USA).

Results

Developing the iHD-RS

The iHD-RS was created through linkage of data from eight
datasets (Table 1). The time between the request for data and
receipt of data ranged from 15 to 1046 days. Confirmation of data
sharing agreementswas a requirement before agreement to link to
the admitted patient cohort and emergency presentation datasets
(which was received on Day 1046). The data access request for
community pathology (for serumcreatinine)was abandoned after
392 days, and was subsequently accessed from an alternative
source (NT Department of Health Data Warehouse).

Cohort characteristics

During the 18-month observation period, 121 adults received an
iHD treatment (6.7 patients permonth; Table 2). Themean age of
patients was 51.5 years (range 18.5–84.3 years), 53.7% were
female, 68.6% were Aboriginal, 46.3% of patients had diabetes
and65.3%were living in remote or very remote localities relative
to the admitting hospital before admission. In this cohort, 59.5%
had an eGFR test recorded at all three time points in the previous
2 years (admission, 90 days prior and 2 years prior), including
35.7% in the AKI group, 63.2% in the AKI/CKD group and
72.2% in the CKD group.

Admissions

The median hospital length of stay for all patients was 11 days
(IQR 5–23 days). AKI/CKD was the most common kidney
impairment category (57/121; 47.1%;Table 2), followedbyCKD
(36/121; 29.8%) and AKI (28/121; 23.1%). Thirty-three of 36
patients with CKD were known to the renal service before iHD.

The median length of stay in hospital was 15 days for AKI/
CKD, 9.5 days forAKI and 7 days for CKD (P= 0.001). iHDwas
provided in the ICU setting for 54.5% of patients. Six patients
with CKD had iHD provided in the ICU (Table 2). Diagnoses of
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infection (either principal or additional diagnoses) were ob-
served in 67.9%, 63.2% and 19.4% of AKI, AKI/CKD and CKD
patients respectively (P < 0.001). In patients with AKI or AKI/
CKD who had baseline serum creatinine information, there was
an at least 1.5-fold increase in serum creatinine from baseline.

Overallmortality by kidney impairment category anddialysis
requirement

Patientswere followed up for amedian of 1107 days (~3.0 years)
and maximum of 1621 days (4.44 years). Fifty-five deaths were
recorded (45.5%overall mortality; Fig. 1), including 25.6%who
died within 90 days. Over the entire follow-up period, infection
and cardiovascular diseases were the principal cause of death in
25.5% and 47.3% of cases respectfully.

Survival at 90 days (with regard to chronic maintenance
dialysis)

All patients with AKI who survived 90 days (60.7%) were
surviving dialysis free (Fig. 2). At 90 days, 16 of 44 (36.4%)
patients with AKI/CKD and 80.5% of patients with CKD were
receiving chronic maintenance RRT.

Discussion

This is the first detailed study describing the outcomes of all
patients requiring iHD support in a major northern Australian
hospital in a regionwith endemic CKD.One in four patients died
within the first 90 days, with almost half who survived this initial
period alreadyundergoingchronicmaintenanceRRT.At3years,
approximately half the cohort haddied.The cohortwas relatively
young, with two-thirds of Aboriginal background and the

majority who were accessing care from remote or very remote
regions.

Australian clinical quality registries record health services
information to document health service utilisation and to bench-
mark between service providers.19 Patients, families and
clinicians supported this study and the development of the

Table 2. Patient characteristics stratified by kidney impairment group
Unless indicated otherwise, data are given as the mean� s.d., n (%) or median [interquartile range]. Baseline creatinine and estimated glomerular filtration rate
(eGFR) were results collected <90 and >8 days before admission. AKI, acute kidney injury; AKI/CKD, AKI in people with pre-existing chronic kidney disease

(CKD); APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit; IQR, interquartile range; LOS, length of stay

AKI CKD AKI/CKD P-value

28 (23.1) 36 (29.8) 57 (47.1)
Age 46.5 ± 14.1 53.8 ± 11.9 52.5 ± 12.7 0.06
Female 18 (64.3) 16 (44.4) 31 (54.4) 0.29
Aboriginal 15 (53.6) 29 (80.5) 39 (68.4) 0.07
Remote-Very remote 14 (50.0) 28 (77.7) 37 (64.9) 0.07
Baseline eGFR (mL min–1 1.73 m–2) <0.0001

No. patients 12 24 37
Median [IQR] 110 [79–115] 5 [4–8] 22 [10–50]

Serum creatinine ratioA 0.0002
No. patients 12 24 37
Median [IQR] 2.5 [1.8–4.6] 1.1 [0.9–1.5] 1.5 [1.2–2.1]

Diabetes as a comorbid condition 4 (14.3) 19 (52.8) 33 (57.9) <0.001
Admission diagnoses categoriesB

Infection 19 (67.9) 7 (19.4) 36 (63.2) <0.001
Cardiovascular disease 9 (32.1) 4 (11.1) 16 (28.1) 0.090

Hospital LOS (days) 9.5 [5–25] 7 [2–12] 15 [8–27] 0.013
First dialysis in ICU 27 (96.3) 6 (16.7) 33 (57.9) <0.001
ICU LOS (days) 6 [3–13] 2 [2–4] 4 [2–8] 0.033
ICU admission requiring ventilation 24 (88.9) 5 (71.4) 19 (57.6) 0.021
APACHE III score 98 ± 38 100 ± 41 87 ± 22 0.36

ASerum creatinine at admission relative to baseline values (where available).
BAdmission diagnoses for infection and cardiovascular disease refers to ICD-100AM diagnostic codes for principal or additional diagnoses.
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Fig. 1. Kaplan–Meier survival estimates following incident haemodialysis
by kidney impairment category.AKI, acute kidney injury;AKI/CKD,AKI in
people with pre-existing chronic kidney disease (CKD).
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iHD-RS. First, we responded to a priority request of the Indig-
enous patient community for clinicians to clearly communicate
region-specific information about the causes of dialysis-depen-
dent kidney disease.10 Second, the health service had dialysis
unit capacity issues with high and unpredictable acute iHD
needs, but there was no recording system to reflect the range of
service activity. This study helps explain challenges inmatching
resources with service demand for acute care dialysis.
ANZDATA, which is the main resource used nationally for
renal service anddialysis planning, documents patients receiving
chronicRRTwho survive at least 90 days after iHD. In this study,
we report that only one-third of patients who required iHD were
recorded in ANZDATA; two-thirds of the patients had either
died before 90 days or had recovered renal function.

Critical illness at dialysis initiation

The ICU supported 57% of the cohort at iHD, and included
patients with all three kidney impairment conditions (AKI, CKD
and AKI/CKD). As expected, high APACHE III scores and
ventilator requirements were observed in critical illness, and the
AKI group recorded the highest mortality at 90 days. Sepsis is a
recognised comorbidity risk for people who have concurrent
CKD,20,21 and this audit confirmed infection as a potentially
modifiable precipitant of dialysis initiation inAboriginal people,
which was not previously reported from studies involving
Australian ICUs.2

The inception of the study was derived from clinicians and
supported by patients who perceived, but needed confirmation,
that AKI/CKD, particularly in the setting of sepsis, precipitated
unplanned chronic maintenance RRT. The study has quantified
the prognosis after iHD, and improved the quality of local
healthcare information for patients, families and health services.

Relevance to public and strategic health needs

Stage III AKI is internationally recognised as an indicator of
increased mortality.2,3 We recommend individual and health
system preventative approaches for AKI, which may reduce the
need for critical illness care at iHD and delay the onset of chronic
maintenance RRT. These approaches include community-wide
annual kidney health screening in high-risk populations, targeted
health promotion material for Indigenous communities, infor-
mation and resource support for Indigenous Australian knowl-
edge exchange health teams about the relationship between AKI
and CKD, individual- and system-level approaches to improve

and respond to early infections and cardiovascular health and
collaborative management approaches between primary health-
care, nephrology and ICU healthcare teams.

An auditable kidney health clinical register is needed in
northern Australia, and the iHD-RS may improve the identifi-
cation of high-risk patients, support clinician feedback and
community-level knowledge of CKD. We show a feasible
methodological approach to link data silos at the time of iHD,
which has potential benefit across multiple northern Australian
sites. The observation period of 18 months, although brief,
highlighted the clinical journey of patients at the time of iHD
and reported a high mortality. However, we recognise the small
sample size limits the ability to ascertain the relationship of
outcomes (such as explained by remote locality or Indigenous
ethnicity). We always intended this study to inform the imple-
mentation of a prospective iHD-RS, but we first needed to
identify the key region-specific variables. This data linkage
method was designed from the ground up given there was no
auditable process available.9,22

One major delay to the development of the iHD-RS was
privacy concerns from the government-contracted community
pathology provider. Furthermore, there was no agent who could
mediate between the research team and pathology provider,
which may expedite future safety and quality research projects.
Wehave since led consultationmeetingswith patients livingwith
ESKD in northernAustralia to guide data use and inform clinical
care recommendations that enhance and advance health for this
population.23,24

This study was retrospective in nature, which has inherent
limitations. The audit focused on iHD, and excluded peritoneal
dialysis initiation, because, like other Australian hospitals, there
was no acute peritoneal dialysis program locally during the time
of the study. The major strength of the research was confirming
the feasibility of this approach, which can now support a pro-
spective study of outcomes following incident dialysis for this
high-risk population.

Conclusions

In this northern Australian study of characteristics and outcomes
following iHD, we report three times as many patients requiring
iHDcare aswere eligible for recording in theANZDATAclinical
registry.Within theoverall cohort, one in fourhaddiedat90days,
and one in two had died at 3 years. Region-specific AKI
prevention strategies are recommended to preserve kidney
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function in northern Australia. Defining the iHD-RS and
strengthening relationships with data custodians will support a
prospective reporting tool for AKI in this region, which has a
high concurrent CKD burden.
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