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ABSTRACT

Watch the video abstract of this contribution

Background. Kidney disease registries typically report populations incident to kidney replacement therapy (KRT) after
excluding reversible disease. Registry-based audit and quality assurance is thus based on populations depleted of those
with the highest early mortality. It is now mandatory for UK kidney units to report all recipients of dialysis, both acute
and chronic. This work presents 90-day survival and recovery outcomes for all reported adults.
Methods. Seventy adult centres reporting to the UK Renal Registry were included. Those assessed as underreporting
death and recovery were excluded. Survival was evaluated using a Kaplan–Meier estimator. Cox regression was used to
describe hazard ratios (HRs) for age, sex and acute/chronic dialysis coding on day 1. Analysis of all-cause 90-day
mortality with recovery as a competing risk is presented.
Results. Twenty-four centres were assessed as underreporting, with rates of death/recovery below the 99.7th centile. Of
5784 dialysis starters in the remaining 46 centres, 2163 (37.4%) were coded as receiving acute dialysis on day 1. Ninety
days after starting, 3860 (66.7%) of all starters were receiving KRT, 1157 (20.0%) were alive having stopped, 716 (12.4%)
were dead and 51 (0.9%) were lost to follow-up. Mortality was higher among those coded as receiving acute dialysis on
day 1 (HR 4.88, P < 0.001). The sub-HR for recovery among those coded as receiving acute compared with chronic dialysis
was 56.14 (P < 0.001).
Conclusions. Death and recovery rates are substantially higher than reported in conventional incident populations. This
work highlights a vulnerable subgroup of patients largely overlooked by most national quality assurance systems.
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INTRODUCTION

Data on kidney disease and treatment rates can be used to advo-
cate for changes aimed at reducing the burden of kidney disease
in individuals and populations [1–3]. Most high-income coun-
tries have some form of kidney health surveillance system, usu-
ally in the form of a kidney replacement therapy (KRT) registry
[4]. Many low- and middle-income countries are yet to imple-
ment the capture of data, while the human and economic im-
pacts of kidney failure are highest in these settings [2, 5]. Kid-
ney registries report outcomes for an ‘incident population’ of
individuals who started KRT, usually applying criteria to iden-
tify those with kidney failure believed to be chronic [6–8]. Inclu-
sion of all individuals still receiving KRT 90 days after initiation
is widely accepted. Some registries also include individuals who
died before day 90 if a clinical code indicates that their kidney
failure was believed to be chronic. Individuals with acute kidney
disease (AKD) represent an important and vulnerable subgroup
whose care only features in registry data if their kidney failure
is considered irreversible and they are reported to the registry.

Thosewho start KRT and subsequently recover native kidney
function (NKF) can be identified in real time or retroactively. Pre-
dicting the reversibility of an individual’s kidney failure on day
1 is an individual clinical judgement, and some whose kidney
failure is irreversible are likely to die without a code indicating
chronicity. Exclusion of individuals who die without a code in-
dicating chronicity limits the options for quality assurance for
an important group of patients. This is a problem faced by all
chronic dialysis surveillance systems and the proportion of such
individuals is likely to vary between countries and centres.

Furthermore, where KRT initiation is manually captured, en-
trymay bemade contemporaneously or long after initiation—by

which time an individual may have recovered, died or been di-
agnosed with irreversible kidney failure [9]. Centres where time-
line entries are made retrospectively may label dialysis starters
differently from centres that code in ‘real time’.

As such, the population of individuals conventionally re-
ported to have started dialysis in each kidney centre is sensi-
tive to the availability and practice patterns of nephrology and
critical care units, coding practices and completeness of report-
ing. Centre-level variation in case mix and reporting practices is
likely to drive systematic differences in reporting of KRT initia-
tion in the contexts of AKD, late presentation and critical illness
[10, 11].

Survival statistics derived from conventional ‘incident
populations’ of individuals deemed to require chronic dialysis
dominate the kidney literature. While these may generalize to a
subgroup of individuals making planned starts on dialysis, they
cannot be applied to other subgroups that are only partially re-
ported to registries. The primary aim of this work is to describe
90-day survival and NKF recovery for all UK adults reported
as having had a first dialysis to the UK Renal Registry (UKRR),
where reporting of all starters has been mandatory since 2009.
It is hoped that this will stimulate discussion about how kidney
health surveillance systems can be enhanced to quality assure
the complete dialysis experience.

MATERIALS AND METHODS

The UKRR is part of the UK Kidney Association and pro-
vides independent audit of kidney care in the UK, where KRT
can be initiated in any of 71 National Health Service (NHS)
adult kidney centres or 263 adult critical care units. The UKRR
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acquires data on KRT initiation by direct extraction from elec-
tronic health records held by kidney centres in England and
Wales and via the Scottish Renal Registry. The UKRR does not
extract data from critical care units, where KRT for AKD is usu-
ally overseen by critical care specialists [12]. The UKRR is funded
directly by participating kidney units through an annual fee per
patient registered. The information technology (IT) infrastruc-
ture and data provision are not incentivized by the NHS, al-
though reporting is mandated. The data reported to the UKRR
are for audit and quality assurance and are not linked with
reimbursement.

Since 2009, clinicians working in UK kidney centres have
been required to record the date of initiation of first dialysis or
haemofiltration for all individuals receiving KRT under their care
using the ‘timeline’ field of their renal IT system [13]. Separate
codes are used to indicate whether an individual started ‘acute’
dialysis or dialysis ‘deemed to be chronic’ and subsequent codes
are used to indicate when an individual transitioned to need-
ing ‘chronic’ dialysis or recovered NKF [Box 1]. The UKRR derives
an annual incident population deemed to require chronic dial-
ysis of ∼8000, but this includes only three quarters of those re-
ported to the registry as having started KRT [14]. The UKRR time-
line codes provide a unique dataset to describe early survival
and recovery outcomes. Initiation data include those who made
planned starts in the context of chronic kidney disease (CKD),
those who made unplanned starts under nephrology care and
thosewho started in critical care and still required KRT on trans-
fer. No data are available regarding the reason for initiation or to
indicate whether the first session was on a critical care unit.

Box 1.

Timeline codes used by centres reporting to the UKRR to
record the date of first dialysis or haemofiltration (acute
and chronic dialysis codes) and indicate whether an indi-
vidual recovered NKF or had enduring kidney failure. *This
is not an exhaustive list—for further details and a full list
of treatment codes, visit www.renalreg.org/datasets. [13].
Acute dialysis codes

81 Acute haemodialysis
82 Acute haemofiltration
83 Acute peritoneal dialysis

Example codes indicating kidney failure ‘deemed to be
chronic’*

1 Haemodialysis
3 Haemodiafiltration
11 Continuous ambulatory peritoneal dialysis
12 Automated peritoneal dialysis

For individuals who start with an acute code, a separate
code must subsequently indicate

84 recovered NKF
85 stopped dialysis without recovery of NKF
Kidney failure ‘deemed to be chronic’ (codes above,

plus transplantation)

Routinely collected data were included from 70 of the 71
adult kidney centres providing individual patient records to
the UKRR. (One centre did not provide individual patient-
level data for the period of study.) Individuals were in-
cluded if they were >18 years of age and were reported

by an adult kidney unit as having received their first-
ever haemodialysis/haemodiafiltration/haemofiltration or peri-
toneal dialysis session between 1 October 2015 and 30 Septem-
ber 2016. Thereafter, analysis was based on KRT receipt, without
consideration for modality. Those who received a kidney trans-
plant within 90 days of dialysis initiation were included, but in-
dividuals who were pre-emptively transplanted were excluded.
Date of death was identified from linkage with the NHS Digital
Spine (IT partner to the UK Health and Social Care system [15]).
Since KRT may be discontinued without recovery of NKF, recov-
ery was assigned in the following three settings: where a treat-
ing centre provided a timeline code indicating recovery of NKF
and KRTwas not restarted within 90 days (irrespective of date of
death); where an individual discontinued dialysis and was alive
without restarting KRT 90 days later; and where an individual
lost to follow-up fromkidney centre extracts hadno linked death
certification data within 90 days. All other individuals who dis-
continued KRT were classified as not having recovered NKF. A
90-day period was chosen to reflect the disease duration defini-
tion for AKD/CKD [16]. A sensitivity analysis was also conducted
using 21 days in place of the 90-day period in all three rules, cho-
sen to approximate survival following withdrawal of dialysis in
the absence of NKF recovery [17–20].

Routinely collected clinical and demographic characteristics
for all individuals reported to have started dialysis are described.
Individuals’ statuses on the 90th day after dialysis initiation
(receiving KRT, not receiving KRT, dead, lost to follow-up) and
by recovery of NKF are also shown. Individuals were stratified by
age and sex and by whether they were coded as receiving acute
or chronic dialysis on day 1. Individuals coded as receiving acute
dialysis on day 1 were further stratified by whether a later code
indicated their kidney failure was subsequently deemed to be
chronic.

To identify sites likely to be systematically underreporting
KRT initiation, a centre ‘filter’ was applied. The combined rate
of ‘death and NKF recovery’ in the 90 days after dialysis initia-
tion was used as an index of dialysis initiation among individu-
als experiencing AKD, late presentation or critical illness. Kidney
centres that fell below the 99.7th centile for death/NKF recovery
were excluded from the filtered dataset.

The filtered dataset was used for the following sur-
vival and recovery analyses, all based on KRT continua-
tion/discontinuation, irrespective of modality. Transplantation
was neither censored for nor treated as a competing event. Sur-
vival was evaluated using a Kaplan–Meier estimator, with and
without censoring at recovery of NKF.Cox regressionwas used to
describe hazard ratios (HRs) for age, sex and acute/chronic dial-
ysis coding on day 1. Recovery of NKF cannot be assumed to be a
random, independent event when analysing death as the event
of interest (i.e. those who recovered NKF cannot be assumed to
have had the same risk of death as those still receiving KRT).
As such, a competing risk analysis of all-cause 90-day mortality,
with recovery of NKF as a competing risk, was conducted. The
cumulative incidence of death by day 90 was calculated, strati-
fying by age and acute/chronic dialysis coding on day 1.

All analyses were conducted using SAS version 9.4 (SAS In-
stitute, Cary, NC, USA) and Stata/MP version 12 (StataCorp, Col-
lege Station, TX, USA) within the UKRR. Approval to conduct
this work using the UKRR’s audit and research permissions was
granted by theUKRR’s ResearchMethods StudyGroup.TheUKRR
has Human Research Authority (HRA) Confidentiality Advisory
Group section 251 approvals to perform both audit and research
analyses, as well as HRA Research Ethics Committee approval of
its research database.

http://www.renalreg.org/datasets.
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RESULTS

Full dataset

A total of 8671 dialysis starters were identified between 1
October 2015 and 30 September 2016, with centres contribut-
ing between 11 and 374 individuals. The median age was 66.4
years [interquartile range (IQR) 53.5–75.9] and 63.3% were male
(Table 1). Of the 8671 starters, 2436 (28.1%) were coded as receiv-
ing acute dialysis on day 1. The acute dialysis proportion ranged
between 0% and 66% [median 27 (IQR 9–39)] by centre. Ninety
days after starting dialysis, 6506 individuals (75.0%) were alive
and receiving KRT, 1257 (14.5%) were alive and having stopped
KRT, 848 (9.8%) were dead, 60 (0.7%) had been lost to follow-
up and 1429 (16.5%) were classified as having recovered NKF,
of whom 134 (9.4%) were dead by day 90 (see Supplementary
data). Using a 21-day period in place of the 90-day period had
a marginal influence on the number of individuals classified as
having recovered NKF, so the 90-day period was maintained for
all analyses (see Supplementary data).

Filtered dataset

Of the 70 centres, 24 (34%) were identified as reporting rates of
death/NKF recovery below the 99.7th centile (Figure 1). A total
of 5784 dialysis starters (66.7% of the original cohort) were re-
ported to have started dialysis in the 46 centres remaining in the
filtered dataset. Centres reported initiation of 23 to 374 individ-
uals. The median age was 67.6 years (IQR 54.4–76.6) and 63.9%
were male (Table 2). Higher rates of white ethnicity (85.1% vs
78.7%) were seen in the filtered dataset, likely reflective of differ-
ences in the populations served by the included centres. Of the
5784 starters in the filtered dataset, 2163 (37.4%) were coded as
receiving acute dialysis on day 1. The acute dialysis proportion
ranged between 0% and 66% [median 32 (IQR 26–42)] by centre.
Ninety days after starting dialysis, 3860 individuals (66.7%) were
alive and receiving KRT, 1157 (20.0%) were alive having stopped
KRT, 716 (12.4%) were dead, 51 (0.9%) had been lost to follow-
up and 1326 (22.9%) were classified as having recovered NKF, of
whom 131 (9.9%) were dead by day 90. By day 90, 73 individuals
had received a transplant, of whom one died.

Of those coded as receiving chronic dialysis on day 1, 3370
(93.1%) were alive and receiving KRT at day 90, 55 (1.5%) were
alive having stopped KRT, 189 (5.2%) were dead and 7 (0.2%) had
been lost to follow-up.Of those coded as receiving acute dialysis,
490 (22.7%) were alive receiving KRT, 1102 (50.9%) were alive hav-
ing stopped KRT, 527 (22.4%) were dead and 44 (2.0%) had been
lost to follow-up.

Of the 3873 individuals who were alive and had not recov-
ered NKF by day 90, 499 (12.9%) were coded as having received
acute dialysis on day 1, of whom 430 (86.2%) were relabelled
as receiving chronic dialysis before day 90 (Figure 2). Of the
585 individuals who started dialysis and died without recov-
ery of NKF, 396 (67.7%) were coded as receiving acute dialy-
sis on day 1, of whom 33 (5.6%) were relabelled as receiving
chronic dialysis before they died. Of the 1195 individuals who
started dialysis and were alive having recovered NKF by day
90, 58 (4.9%) were coded as receiving chronic dialysis on day 1
and an additional 20 (1.7%) subsequently received such a code—
meaning 1117 (93.5%) were coded as receiving acute dialysis on
day 1 and were never relabelled. All 131 individuals who started
dialysis and died following recovery of NKF (2.3% of all starters)
came from the group of individuals whowere coded as receiving
acute dialysis on day 1 and were never relabelled.

The 24 excluded centres reported initiation of 11 to 337
individuals and coded between 0% and 37% as receiving acute
dialysis on day 1 [median 1 (IQR 0–13)]. An association between
the percentage of individuals coded as receiving acute dialysis
on day 1 and the proportion who were dead or had recovered
kidney function by day 90 was evident. Of the 20 centres report-
ing <10% of their dialysis starters as receiving acute dialysis on
day 1, 17 were excluded as under reporters (see Supplementary
data).

Survival and recovery analyses

The following analyses were conducted using the filtered
dataset. Uncensored Kaplan–Meier survival analysis showed
highermortality among individualswhowere coded as receiving
acute dialysis on day 1, with a HR for death of 4.99 [confidence
interval (CI) 3.92–6.07; P < 0.001] (Figure 3). Older age groups had
higher mortality than younger. Compared with those ≥75 years
of age, Cox regression indicated a HR for death of 0.23 (CI 0.18–
0.29; P < 0.001) for those ages 18–60 years and 0.56 (CI 0.47–0.66;
P < 0.001) for those ages 60–75 years. There was no association
between sex and hazard of death. After censoring for recovery,
the HR for death associated with being coded as receiving acute
dialysis on day 1 rose to 7.05 (CI 5.57–8.91; P< 0.001).No evidence
of non-proportionalitywas identified using visual observation of
log-log estimated survivor function graphs. Testing for interac-
tion with log(time) and calculation of Schoenfeld residuals pro-
vided no strong indication of non-proportionality (P = 0.44, in-
cluding all variables).

Using a competing risks analysis, the sub-HR for recovery
of individuals coded as receiving acute dialysis compared with
chronic dialysis on day 1 was 56.14 (CI 42.15–74.76). The sub-HR
for recovery was higher among younger age groups at 1.18 (CI
1.01–1.36) for ages 60–75 years and 1.33 (CI 1.13–1.58) for ages
18–60 years, when compared with >75 years (Figure 4).

DISCUSSION

The UKRR has reported outcomes for an incident KRT pop-
ulation since 1996 [21]. Like other kidney health surveillance
systems, analyses have focussed on individuals deemed to
have reached irreversible kidney failure. Indeed, the medical
literature relating to KRT initiation is largely founded upon
populations of individuals defined as having ‘end-stage kidney
disease’, reflecting American healthcare funding [7, 22, 23]. As
such, even seminal work on early outcomes after dialysis ini-
tiation often neglects to highlight the inherent overestimation
of survival and under-estimation of recovery inherent in the
derivation of conventionally defined incident populations [24].
There is an obligation to take account of those who are routinely
excluded—especially older people who start in unanticipated
settings, for whom mortality and recovery rates differ markedly
from conventional statistics [25]. The presented analyses re-
inforce this message. After exclusion of centres that appear to
report implausibly low rates of death and recovery, within 90
days of starting, 2 in 3 dialysis recipients are still receiving KRT,
1 in 5 has recovered and 1 in 10 is dead.

That mortality is highest early after dialysis initiation is rec-
ognized as a universal phenomenon [26–28]. Mortality contin-
ues to be elevated until at least 120 days, even among cohorts
with very low levels of NKF recovery [24, 28–30].When efforts are
made to account for survivorship bias, the earlier peak in mor-
tality becomes increasingly evident [23]. Low levels of mortality
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FIGURE 1: Funnel plot displaying the percentages of individuals who died or recovered NKF within 90 days of starting dialysis. Data are included for all individuals
starting dialysis between 1 October 2015 and 30 September 2016 in 70 UK kidney centres. Recovery of NKF classified using the 90-day window. All 24 centres that
fell below the 99.7th limit were deemed ‘underreporters’ and excluded from further analysis. Separate funnel plots for death and NKF recovery are presented in the
Supplementary material. No adjustment was made for the case mix reported at the centre level.

in the very early period after initiation have been interpreted as
suggestive of non-registration of individuals who die in the early
weeks after starting KRT [9, 11, 23]. Few previous attempts have
been made to integrate anticipated and unanticipated dialysis
starts [23, 29]. The studies that have looked at early mortality
among conventionally defined incident dialysis recipients have
reported rates between 2% and 8%, compared with the 12.4%
here [26, 29, 31, 32]. The verymuch lower total and relative risk of
mortality among those classified as having AKD in these cohorts
reflects exclusion or non-reporting of individuals with the worst
outcomes.

Individuals labelled as starting acute dialysis were almost
five times as likely to have died and 56 times as likely to have
recovered NKF within 90 days than those who started with a
chronic code. While these codes present a simple means by
which to segregate starters in registry data, to what degree the
strong association with mortality and recovery reflects retroac-
tive coding versus clinicians’ ability to forecast recovery is un-
clear. Predicting whether an individual will recover NKF is open
to clinical interpretation, and individuals are less likely to be
identified and recoded as having irreversible disease the earlier
they die. As such, biased, subjective decisions decide which indi-
viduals feature in conventional outcome data, undermining the
value of analyses. These issues are not unique to the UKRR—
they are relevant to any registry that relies on manual registra-
tion of individuals starting KRT.

Marked variation in coding patterns and clinical outcomes
between UK centres was identified. Possible explanations in-
clude local IT system features, true variation in case mix, the
proportion of individuals treated in critical care units and the
limitations of manual coding described above. No amount of
statistical adjustment can satisfactorily correct for biases in
reporting, nor should it ‘adjust’ for true differences in practice.
While the UKRR can collect data for all dialysis recipients,
dependable AKD coding is unavailable and no data are routinely
captured to describe the indication for or clinical setting of

initiation. The close association between centre rates of starts
coded as chronic and rates of death/recovery suggest that
patients are missing rather than misclassified. Removing under
reporting centres adjusts for this, but does not facilitate quality
assurance for the care of individuals in removed centres. The
greatest weakness of this work is its inability to shed light
upon unaccounted for individuals or to explain between-centre
variation. Bespoke studies or linkage to other routinely collected
statistics—such as critical care registries—are needed to fully
understand the patterns depicted. The greatest strength of
this work is inclusivity, which mitigates against the biases
inherent in deriving conventional incident populations, with
profound influence upon both mortality and recovery patterns.
We propose that in addition to conventionally derived incident
populations, kidney health surveillance systems should analyse
outcomes for all individuals reported to have started KRT. The
challenge they face is to report these data in a way that supports
both clinical utility, and quality assurance of care for all individ-
uals receiving KRT under a nephrologist. Presentation of results
by accepted subgroups—such as by age, planned/unplanned
status and acute/chronic start type—enables, for the first time,
generalizability of results to these groups and ensures that
individuals with the worst outcomes are not forgotten.

CONCLUSION

The analyses presented use registry data to generate early
outcome statistics for a comprehensive population of people
starting dialysis. The poorest 90-day survival is seen among the
oldest and thosewho are coded as having received acute dialysis
on day 1, yet this most vulnerable group of patients is system-
atically excluded by many registries. A fresh perspective for
defining the scope and rigor required of registries and to specify
data sets and target populations will support the global com-
munity’s ambition of kidney health for everyone, everywhere.
Fledgling and established registries must identify local and
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FIGURE 2: Outcomes 90 days after starting dialysis for the 5784 individuals in the 46 centres in the filtered dataset who were reported to have received their first-ever
dialysis session between 1 October 2015 and 30 September 2016. NKF recovery was assigned in the following three settings: where a treating centre provided a timeline

code indicating recovery of NKF and KRT was not restarted within 90 days (irrespective of date of death), where an individual discontinued dialysis and was alive
without restarting KRT 90 days later and where an individual was lost to follow-up but was shown to be alive 90 days after dialysis initiation. All other individuals
were assumed to not have recovered NKF. Individuals lost to follow-up but alive at day 90 were presumed to be alive following recovery of NKF. A Sankey diagram for

the full 8671 individuals who started dialysis is in the Supplementary material.

FIGURE 3: Kaplan–Meier and Cox regression analysis of survival in the first 90 days for the 5784 individuals in the 46 centres included in the filtered dataset reported
to have received their first-ever dialysis session between 1 October 2015 and 30 September 2016, stratified by age and whether they were coded as receiving acute or

chronic dialysis on day 1: (A) uncensored; (B) censored for recovery.
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FIGURE 4: Cumulative incidence curves and sub-HR of death and NKF recovery in the first 90 days for the 5784 individuals in the 46 centres included in the filtered
dataset reported to have received their first-ever dialysis session between 1 October 2015 and 30 September 2016, stratified by age and coding at dialysis initiation,
estimated using competing risk regression analysis. NKF recovery was assigned in the following three settings: where a treating centre provided a timeline code

indicating recovery of NKF and KRT was not restarted within 90 days (irrespective of date of death), where an individual discontinued dialysis and was alive without
restarting KRT 90 days later andwhere an individual was lost to follow-up but was shown to be alive 90 days after dialysis initiation. All other individuals were assumed
to not have recovered NKF.

national solutions to ensure quality assurance for people enter-
ing a particularly vulnerable time in their kidney care—the ini-
tiation of dialysis for ACD or CKD.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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