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ABSTRACT 

Background. Starting dialysis is associated with morbidity and mortality. Outcomes for people with failed transplants 
can be poorer than for people with native kidney failure. We aimed to determine whether dialysis modality, place of 
initiation and mortality outcomes differed in the first 90 days between people starting dialysis for transplant and native 
kidney failure. 
Methods. Retrospective cohort using linked UK Renal Registry data and Hospital Episode Statistics. Modality, place of 
initiation and outcomes compared with Day 90 for 16 417 adults starting dialysis in England between January 2018 and 
December 2019. 
Results. Relative to those with native kidney failure ( 90.6%) , those with transplant failure ( 9.4%) were younger ( median 

55.2 vs 66.3 years) and commenced more in-centre haemodialysis [86.8% vs 82.2%, adjusted odds ratio ( OR) 1.72, 
95% confidence interval ( CI) 1.47–2.01; P < .0001]. Compared with individuals reported to have native chronic kidney 
disease, and accounting for age, sex, diabetes and ethnicity, those with transplant failure had increased odds of starting 
dialysis in hospital ( adjusted OR 2.26, 95% CI 1.84–2.76; P < .0001) , at higher estimated glomerular filtration rates ( eGFRs) 
( 8.9 vs 7.9 mL/min/1.73 m²; P = .0001) , and death [adjusted OR 1.95, 95% CI 1.31–2.90; P = .001) . 
Discussion. UK patients starting dialysis for transplant failure do so at higher eGFRs than those receiving specialist 
chronic kidney disease care. Those with transplant failure appear disproportionately likely to start as inpatients, receive 
haemodialysis or die within 90 days. These findings are likely to reflect differences between both patient groups and care 
pathways. Deeper understanding may inform improvements in care. 
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GRAPHICAL ABSTRACT 

Beresford, M. J.
Clinical Kidney Journal (2025)

Matthew.beresford@bristol.ac.uk
@CKJsocial

Conclusion: Our findings highlight disproportionately higher mortality; lower access
to planned, home-based dialysis initiation; and initiation at higher eGFRs for those
with transplant failure, compared to individuals under specialist care for native CKD.

A registry-based retrospective study comparing pre-dialysis 
care and early outcomes in native vs. transplant kidney failure

Our aim was to determine if modality, place of initiation, and early outcomes differed
between people starting dialysis for native and transplant kidney failure.

Methods Results

All patients starting dialysis
in England in 2018–19
(n=16,417)

Linked UK Renal Registry data/
Hospital Episode Statistics

Native kidney failure
(+ individuals under specialist
nephrology care for CKD)
vs. transplant failure

eGFR at 
dialysis initiation

Started dialysis 
as inpatient

Started in-centre
haemodialysis at 
initiation

Died within 90 days
of dialysis initiation

Transplant
failure

7.9
ml/min/m2

34.0% 46.7% aOR=2.26**
(95% CI 1.84–2.76)

*Kruskal-Wallis test
**Adjusted odds ratio

transplant vs. CKD

Native kidney failure
+ under specialist

nephrology care pre-dialysis

8.9
ml/min/m2 P=0.0001*

aOR=3.04**
(95% CI 2.30–4.01)

aOR=1.95**
(95% CI 1.31–2.90)

74.4% 86.5%

7.1% 7.0%

Keywords: dialysis, chronic renal failure, kidney transplantation, haemodialysis, AKI 
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KEY LEARNING POINTS 

What was known: 

• Initiation of dialysis for native or transplant kidney failu
mortality may reflect inadequate pre-dialysis nephrology 

• Observational studies have shown individuals with trans
timated glomerular filtration rates ( eGFRs) , and possibly 
failure.

This study adds: 

• Patients in England starting dialysis after transplant failu
dialysis initiation compared with individuals with native 

• After considering age, sex, ethnicity and diagnosed diabet
uals with transplant failure.

Potential impact: 

• Our findings cannot fully account for baseline differences
we are to optimize systems treating those who experience

• Given the uncertainty around optimal management, fut
health service structures to improve outcomes.
 associated with high early mortality and morbidity. Early 

t failure may initiate dialysis less optimally, with lower es- 
rience higher mortality than individuals with native kidney 

ad higher eGFRs and lower access to planned, home-based 
ic kidney disease under specialist nephrology care.
arly mortality after dialysis initiation was higher for individ- 

een populations but highlight a need for further research if 
splant failure.
ork should explore targeted interventions and changes to 
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NTRODUCTION 

ialysis initiation is associated with high early mortality and 
orbidity amongst individuals with native or transplant kidney 

ailure [1 , 2 ]. Early mortality may reflect inadequate pre-dialysis
ephrology care. 
Starting dialysis with planned access is associated with lower 

ortality [3 , 4 ]. Some studies have suggested higher mortality
nd poorer anaemia management in individuals with transplant 
ailure, compared with native kidney failure [5 , 6 ], although there
s limited evidence to support differences in robustly matched 
opulations [7 ]. Several studies have shown individuals with 
ransplant failure tend to start dialysis at similar or lower es-
imated glomerular filtration rates ( eGFRs) [8 –10 ]. 

People with native and transplant kidney failure are likely 
o differ in numerous ways. Factors such as age, primary kid-
ey disease, duration of kidney failure, immunosuppression and 
esidual allograft function may modify associations between 
ialysis initiation and outcomes [11 ]. Care pathways and health
ehaviours may also have impact [8 ]. UK practice patterns relat-
ng to the care of individuals with failing transplants are highly
ariable, reflecting a lack of high-quality evidence to guide clin-
cians [12 ]. In some centres, specialist clinics have emerged to
repare individuals with failing transplants for their next treat- 
ent. The impact of specialist transplant failure clinics on clin-

cal outcomes has yet to be evaluated and questions remain re-
arding how to optimally manage patients [13 –15 ]. 

Our aim was to determine whether modality, place of initia-
ion and early outcomes differed between people starting dialy- 
is for native and transplant kidney failure. We undertook a ret-
ospective observational study using linked UK Renal Registry 
 UKRR) and Hospital Episode Statistics ( HES) data, examining in- 
ividuals with native and transplant kidney failure who started 
ialysis over a 2-year period. We focussed on individuals with
ransplant failure and individuals reported by nephrology cen- 
res to have native chronic kidney disease ( CKD) , given that both
roups were receiving specialist kidney care before starting dial- 
sis. Improved understanding of the circumstances of, and out- 
omes after, dialysis initiation may inform future research and 
ervice redesign. 

ATERIALS AND METHODS 

tudy population 

e included patients aged ≥18 years who were reported to
he UKRR as having initiated haemodialysis, haemodiafiltration,
aemofiltration or peritoneal dialysis ( hereafter, referred to as 
dialysis’) in any of the 51 English kidney centres between 1 Jan-
ary 2018 and 31 December 2019. Reflecting our intention to cap-
ure the full picture of dialysis initiation during this time, no
xclusions were made based on outcomes following initiation,
ncluding dialysis discontinuation, recovery of native or trans- 
lant kidney function, death, or ( re) transplantation. Individuals 
ere included whether or not kidney replacement therapy was 
eemed permanent by their treating unit [16 ]. Individuals start-
ng dialysis within 30 days of transplantation, likely comprising 
hose with delayed graft function or primary non-function, were 
xcluded. 

We classified individuals as having: 

 i) Native kidney failure if they commenced dialysis with no 
prior record of a kidney transplant. This included those initi-
ating dialysis for the first time, and those restarting dialysis
after one or more spells of dialysis of any type/duration.
 ii) Transplant failure if they started dialysis with timeline code
indicating a kidney transplant. This group included individ-
uals with early and late graft failure ( although individuals
starting dialysis within 30 days of transplantation were ex-
cluded, see above) .

e used the UKRR CKD dataset to identify those with native CKD
ho were ‘known to nephrology services’ before dialysis initia-
ion. Fourteen centres had been reliably submitting data on pa-
ients with CKD to the UKRR since July 2017, 6 months before
he start of our inclusion period. A restricted cohort was formed
f all patients starting dialysis in these 14 centres. Within this
estricted cohort, those who started dialysis with native kid-
ey failure were categorized as being ‘known’ or ‘unknown to
ephrology services before dialysis initiation’. Transplant cen- 
res were over-represented in the restricted cohort ( n = 8/14)
ompared with the overall cohort ( n = 19/51) . 

utcomes of interest 

e extracted data on eGFR at dialysis initiation; initial dialy-
is modality; presence of surgical access; place of dialysis ini-
iation; and outcome 90 days after dialysis initiation. Outcomes
t 90 days are widely reported in registry studies, reflecting inter-
ational definitions of the transition between acute and chronic
idney disease. 

Chronic Kidney Disease Epidemiology Collaboration eGFR 
as calculated for individuals using the most recent serum cre-
tinine before dialysis initiation. We only present eGFR data
here the latest available measurement was within 30 days of
he dialysis start date. In the main analyses, we removed eGFR
ata points > 20 mL/min/1.73 m2 to mitigate against the risk of
ncluding falsely elevated eGFR recordings. Such readings po-
entially reflect blood samples that postdated dialysis initiation.
 sensitivity analysis ( Supplementary data, Fig. S1) is provided 
hat includes eGFR values > 20 mL/min/1.73 m2 . For reference, of
hose with creatinine data in the overall cohort, 82 ( 6.2%) with
ative kidney failure and 54 ( 10.3%) with transplant failure had
n eGFR > 20 mL/min/1.73 m2 on the last measurement before
he reported date of dialysis initiation. 

Access type in individuals that started ICHD was derived
rom sessional haemodialysis data and enriched with data from
he annual dialysis access survey performed by the UKRR for
eople starting dialysis after native kidney failure. Access was
lassified as surgical ( arteriovenous fistula or arteriovenous 
raft) or non-surgical ( tunnelled or non-tunnelled central ve- 
ous catheter) . 
Outcomes 90 days after initiation included dialysis modal-

ty, death, loss to follow-up and ‘alive, not on dialysis’. This last
ategory included all individuals who had discontinued dialysis
efore Day 90 and were alive and not receiving dialysis on Day 90
17 ]. UKRR data did not allow us to differentiate individuals who
ad withdrawn from dialysis without recovery and were alive
rom those who had recovered native or transplant kidney func-
ion, in the first 90 days after dialysis initiation. Dialysis modality
t initiation was categorized as [home therapy—including peri-
oneal dialysis and home haemodialysis or in-centre haemodial-
sis ( ICHD) ]. The odds of ICHD vs home therapy were compared
etween groups as a marker of planned dialysis initiation be-
ause the proportion receiving home treatments is audited as
art of care quality assurance [18 ]. 
HES data were used to identify the place of dialysis initia-

ion. An inpatient initiation was defined as one in which the pa-
ient spent three or more nights in hospital, including the date of

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf158#supplementary-data
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Table 1: Clinicodemographic characteristics of overall and restricted cohorts, grouped into native kidney failure and transplant failure. 

Main cohort Restricted cohort 

Total cohort 
Native kidney 

failure 
Transplant 

failure P -value Total cohort 
Native kidney 

failure 
Transplant 

failure 

N 16 417 14 880 1537 5359 4841 518 
Age [median ( IQR) ] 65.2 

( 52.6–74.8) 
66.3 

( 53.9–75.6) 
55.2 

( 43.2–65.3) 
< .0001 65.3 

( 53.1–74.9) 
66.4 

( 54.2–75.6) 
55.6 

( 43.9–65.8) 
Sex ( % male) 63.9 64.4 58.8 < .0001 64.1 64.5 60.2 
Ethnicity a ( %) < .0001 
Asian 13.3 13.2 14.5 12.3 12.1 13.5 
Black 7.7 7.3 10.9 6.1 5.8 8.7 
Other 3.5 3.5 3.1 3.3 3.3 3.1 
White 75.5 75.9 71.6 78.4 78.8 74.7 
Missing 0.6 0.6 0.0 0.5 0.6 0.0 

Primary kidney disease a 

( %) 
< .0001 

Diabetes 29.3 31.4 13.9 27.9 30.2 13.0 
Glomerulonephritis 13.6 12.0 25.2 14.2 12.4 25.2 
Hypertension 7.3 7.4 6.7 5.9 5.9 5.7 
Other 18.3 18.2 18.6 18.4 17.9 22.1 
Polycystic kidney 

disease 
5.8 5.5 8.4 6.4 6.2 7.9 

Pyelonephritis 5.7 4.8 11.6 5.7 5.0 10.4 
Renovascular disease 4.9 5.4 1.3 6.2 6.9 1.8 
Uncertain 15.2 15.3 14.3 15.3 15.5 14.0 
Missing 23.7 26.1 1.1 30.1 33.1 1.9 

Diabetic ( %) b 46.8 47.6 39.0 < .0001 46.3 47.3 37.1 

Percentages represent column percentages. P -values based on Kruskal–Wallis ( continuous variables) and Chi-squared ( categorical variables) tests. 
a Percentages exclude missing patients. 
b as recorded in HES data at any time prior to dialysis initiation. 
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5  
nitiation; or if the admission was coded as ‘admitted patient 
are’ and the patient died in hospital within 2 days from ad- 
ission. Individuals were classified as having started dialysis 
n critical care if their HES record indicated initiation during,
r within 3 days of discharge from a critical care unit stay. 
HES data were used to identify the date that an individ- 

al first presented to nephrology services. Treatment specialty 
odes ( treatspef or mainspef) were used to discern inpatient or 
utpatient encounters under a consultant nephrologist ( code 
61) . Individuals with kidney transplants were assumed to be 
nder regular nephrology follow-up. 
We used the Master Patient Index ( MPI) dataset [19 ] to iden- 

ify patients with a rising serum creatinine who triggered a stage 
–3 acute kidney injury ( AKI) alert as per the National Health Ser- 
ice ( NHS) -approved algorithm [19 ] used by all English laborato- 
ies. We stratified individuals in the restricted cohort according 
o whether they had an AKI-alert in the year before dialysis initi- 
tion, as the presence of AKI may reduce an individual’s oppor- 
unity to transition to dialysis in a planned manner. For those 
ith transplant failure, only AKI alerts occurring after the date 
f the most recent transplant were counted. 

tatistical analysis 

ercentages were calculated for categorical variables, medians 
nd interquartile ranges ( IQRs) for continuous variables. Non- 
ormally distributed continuous variables were compared us- 
ng Kruskal–Wallis tests, and categorical variables using Chi- 
quared tests. To calculate odds ratios for outcomes of interest,
e undertook multivariable logistic regression adjusted for age 

 as a continuous variable) , sex, ethnicity and presence/absence 
f diabetes ( as coded in HES) . Ethnicity was classified as White,
lack, Asian, Mixed/Other or Missing, as per the UK Office of Na- 
ional Statistics [20 ]. HES diagnosis codes were used to identify 
ndividuals with diabetes. 

All analyses were conducted using SAS version 9.4 ( SAS In- 
titute, Cary, NC, USA) within the UKRR. Approval to conduct 
his work using the UKRR’s audit and research permissions was 
ranted by the UKRR’s Research Methods Study Group. The UKRR 
as Human Research Authority ( HRA) Confidentiality Advisory 
roup section 251 approvals to perform both audit and research 
nalyses, as well as HRA Research Ethics Committee approval of 
ts research database and the use of linked HES data. Data were 
nalysed and reported in line with STROBE ( Strengthening the 
eporting of Observational Studies in Epidemiology) guidance 
nd a checklist is provided as Supplementary data, File S1. 

ESULTS 

linicodemographic characteristics 

fter excluding 133 individuals who commenced dialysis within 
0 days of transplantation, a total of 16 417 adults started dial-
sis in England between 1 January 2018 and 31 December 2019,
omprising 14 880 ( 90.6%) individuals with native kidney failure 
nd 1537 ( 9.4%) with transplant failure ( Table 1 ) . A total of 5359 
ndividuals ( 32.6% of the total cohort) initiated dialysis in the 
4-centre ‘restricted cohort’. Clinicodemographic characteristics 
ere similar in the overall and restricted cohorts ( Table 1 ) . Those 
ith native kidney failure were older ( median age 66.3 years 
s 55.2 years, P < .0001) , and more likely to be male ( 64.4% vs
8.8%, P < .0001) , diabetic ( 47.6% vs 39.0% P < .0001) and of White

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf158#supplementary-data
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Table 2: Dialysis initiation and Day 90 outcomes for individuals with native kidney failure and transplant failure. 

Total Native kidney failure Transplant failure P -value a Adjusted OR ( 95% CI) transplant/native a 

N 16 417 14 880 1537 
Dialysis at Day 0 

ICHD at initiation ( %) 82.6 82.2 86.8 < .0001 1.72 ( 1.47–2.01) 
KRT At Day 90 

ICHD ( %) 58.6 57.2 72.2 < .0001 2.26 ( 1.98–2.58) 
Home therapy ( %) 17.1 17.4 14.1 
Transplanted ( %) 1.1 1.1 1.2 
Alive, not on dialysis ( %) 14.3 15.2 5.7 
Died ( %) 9.0 9.2 6.8 .16 1.17 ( 0.94–1.45) 

Place of KRT initiation 
Inpatient ( %) 50.0 50.6 44.3 .007 0.86 ( 0.77–0.96) 
Of which, critical care ( %) 19.5 20.1 13.7 < .0001 0.55 ( 0.44–0.69) 

Percentages represent column percentages. 
a ORs and P -values derived from logistic regression model adjusted for age, sex, diabetes and ethnicity. 
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thnicity ( 75.9% vs 71.6%, P < .0001) compared with those with 
ransplant failure. The distribution of primary kidney disease 
iffered between native kidney and transplant failure ( P < .0001) .
iabetes mellitus was the most common diagnosis in native kid-
ey failure ( 31.4%) and glomerulonephritis in transplant failure 
 25.2%) . 

omparing dialysis initiation in native and transplant 
idney failure in the main cohort 

 total of 8203 individuals ( 50.0% of overall cohort) started dial- 
sis during an inpatient stay, and 19.5% of these ( n = 1601)
tarted dialysis in critical care ( Table 2 ) . Inpatient initiation was
ore common in native than transplant kidney failure [50.6 vs
4.3%; adjusted odds ratio ( OR) 0.86, 95% confidence interval ( CI) 
.77–0.96; P = .007], as was initiation in critical care ( 20.1% vs
3.7%; adjusted OR 0.55, 95% CI 0.44–0.69; P < .0001) . 

At initiation, 2857 individuals ( 17.4% of overall cohort) re- 
eived home dialysis, the remainder receiving ICHD. In the trans-
lant failure group, the adjusted odds of receiving ICHD at initia-
ion were nearly double those in the native kidney failure group
 OR 1.72, 95% CI 1.47–2.01; P < .0001) ( Table 2 ) . 

On Day 90, 2801 individuals ( 17.1%) were receiving a 
ome therapy, 1470 ( 9.0%) had died, 2344 ( 14.3%) were alive 
ut no longer receiving dialysis and 176 ( 1.1%) had been 
 re) transplanted ( Table 2 ) . Again, in the transplant failure group,
he adjusted odds of ICHD at Day 90 were twice those in the na-
ive kidney failure group ( OR 2.26, 95% CI 1.98–2.58, P < .0001) .
he proportion of individuals dying before Day 90 was lower in
ransplant than native kidney failure ( 6.8 vs 9.2%) , but there was
o evidence to support a mortality difference after adjusting for
ge, sex, ethnicity and diabetic status ( adjusted OR 1.17, 95% CI
.94–1.45; P = .16) . Data for eGFR at dialysis initiation were only
vailable for 10.3% so are not provided for the main cohort. 

omparing subgroups of the restricted cohort 

he restricted cohort of 5359 individuals included 2999 ( 56.0%) 
nown to nephrology services with native CKD before initia- 
ion, 1283 ( 23.9%) who started dialysis after an AKI alert but 
ithout known native CKD, 518 ( 9.7%) who started dialysis af- 
er transplant failure and 559 ( 10.4%) individuals who started 
ialysis without being reported to the UKRR before initiation 
 Fig. 1 ) . eGFR data were available for 37.9% of individuals in the
estricted cohort. The median eGFR at dialysis initiation for the
estricted cohort was 8.1 mL/min/1.73 m2 ( IQR 6.4–10.5) . 

Amongst those known to nephrology services with native
KD before starting dialysis, 1728 ( 57.6%) also had an AKI alert
n the year before dialysis initiation. For those with transplant
ailure, the comparable figure was 325 ( 62.7%) . Some 1842 indi-
iduals starting dialysis for native kidney failure were not re-
orted as being under nephrology care for native CKD prior to
nitiation. Of these, 1586 ( 86.1%) had an inpatient or outpatient
ephrology encounter at some point prior to dialysis, with 28.5%
aving their first encounter more than one year before dialysis
nitiation ( Fig. 2 ) . 

omparing individuals reported by nephrology services 
s having native CKD before dialysis to those with 

ransplant failure 

n the restricted cohort, 98.2% ( n = 2945) of individuals with na-
ive CKD had been seen in renal outpatients before dialysis ini-
iation. Most individuals ( 87.4%) with native CKD had their first
npatient or outpatient encounter more than 1 year before dial-
sis, with only 3% being seen for the first time in the 3 months
rior to initiation. 
The median eGFR at initiation was higher, with a broader dis-

ribution, in transplant failure compared with native CKD: me-
ian 8.9 mL/min/1.73 m2 ( IQR 7.0–11.9) vs 7.9 mL/min/1.73 m2 

 IQR 6.4–10.1) , P < .0001 ( Table 3 , Fig. 3 ) . 
A quarter ( 25.6%) of individuals with native CKD started 

ialysis on a home therapy, compared with 13.5% of those
ith transplant failure. The odds for receiving ICHD ( vs a
ome therapy) at dialysis initiation were higher in transplant
ailure ( OR 3.04, 95% CI 2.30–4.01; P < .0001) . In the absence
f AKI alerts, individuals with transplant failure had nearly
our times the odds of initiating dialysis as an inpatient ( OR
.08, 95% CI 2.88–5.77; P < .0001) : the difference remained, but
as attenuated, in individuals with AKI alerts ( OR 1.59, 95%
I 1.23–2.05; P = .0004) . For ICHD starters with data for initial
ialysis access, surgical access was recorded in 47.8% of those
ith native CKD and 49.5% of those with transplant failure.
owever, many individuals were missing data for initial dialysis
ccess, especially in the cohort with transplant failure ( 7.3%
issing for native CKD, 38.5% for transplant failure) who were
ot covered by the dialysis access survey. 
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Figure 1: Flowchart depicting the composition of the ‘restricted’ cohort of individuals initiating dialysis who belonged to renal centres ( n = 16) submitting historical 

CKD data to the UKRR. 

Figure 2: Cumulative frequency plot showing the timing of the first nephrology encounter ( inpatient or outpatient) relative to dialysis initiation. Individuals shown 
belong to restricted cohort and are grouped into those with a prior transplant, those with native kidney failure reported to the UKRR with CKD prior to dialysis initiation 

and all others. Dotted line for the transplant cohort is indicative ( as transplant recipients were known to nephrology prior to transplantation by definition) . Grey shaded 
box represents 3 months prior to initiation, which is defined by the UKRR as late presentation. 
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Ninety days after dialysis initiation, 36 individuals ( 7.0%) in 
he transplant failure cohort ( n = 518) and 214 individuals ( 7.1%) 
ith native CKD ( n = 2999) had died. In the adjusted analysis, the 
dds of death were higher in transplant failure ( OR 1.95, 95% CI 
.31–2.90; P = .0009) . This increased risk continued to reach con- 
entional thresholds for statistical significance amongst those 
ith AKI alerts ( OR 1.84, 95% CI 1.17–2.88; P = .008) , but not for
hose without AKI alerts ( OR 1.84, 95% CI 0.78–4.35; P = .16) . Most 
 92.4%) individuals who survived 90 days remained on dialysis.
t Day 90, rates of dialysis discontinuation were 6.8% amongst 
hose with transplant failure and 5.0% in native CKD. Rates of 
ransplantation were 0.8% and 2.0%, respectively. In transplant 
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Figure 3: Violin plot with nested box-and-whiskers plot showing eGFR ( mL/min/1.73 m2 ) at dialysis initiation for individuals reported to UKRR with native CKD and 
transplant failure in the restricted cohort. Only includes values where eGFR measurement was within 30 days of dialysis start and < 20 mL/min/1.73 m2 . 
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ailure, the odds of being on ICHD at 90 days were approximately 
wice that of native CKD ( OR 2.09, 95% CI 1.65–2.65; P = .0001) . 

ISCUSSION 

n this analysis of UK adults, of every 10 individuals starting dial- 
sis, 1 started because of transplant failure and 9 with native 
idney disease. Of the nine with native kidney failure, six were 
eported to be known to nephrology services with CKD before 
ialysis initiation. Compared with those reported to have na- 
ive CKD, individuals with transplant failure started dialysis with 
igher eGFRs, had higher rates of ICHD use and were more likely 
o start as inpatients. While the proportion of individuals sur- 
iving to 90 days was similar in each subgroup, the risk of death 
as disproportionately high amongst those with transplant fail- 
re after adjusting for the differences in age, sex, ethnicity and 
iabetic status. 
The reasons for the observed differences can only be spec- 

lated in this retrospective registry study. Whilst comparisons 
ere adjusted for age, sex, ethnicity and diabetic status, those 
ith transplant and native kidney failure represent different 
opulations, and differences likely reflect the influence of mul- 
iple factors. These include variations in patient characteris- 
ics, causes of kidney failure, patient preferences, clinician be- 
aviours, immunosuppression and health system factors. 
The proportion of individuals who died within 90 days of dial- 

sis initiation was similar in transplant failure and amongst in- 
ividuals known to nephrology services with native CKD, but ad- 
usted mortality was higher in transplant failure. The inability 
o adjust for important confounders, including prior periods of 
ialysis and prior immunosuppression, may contribute at least 
artly to the observed differences [21 ]. Other observational work 
uggests that mortality is highest amongst individuals with na- 
ive kidney failure where transplantation is contraindicated, in- 
ermediate in those with transplant failure, and lowest in those 
ho are transplant-naïve and waitlisted [5 , 22 ]. Individuals with 
ransplant failure are at greater risk of infection around the time 
f dialysis initiation, and this may provide another explanation 
or the observed mortality differences. 

Our finding that individuals with transplant failure start 
ialysis at higher eGFRs than individuals known to nephrol- 
gy services with native CKD contrasts with results from three 
mall ( < 150 participants) , non-UK observational studies. These 
howed comparable [9 , 10 ] or lower [8 ] eGFRs at dialysis initiation
mongst individuals with transplant failure. Possible explana- 
ions for our findings include variations in practice patterns, ear- 
ier emergence of symptoms in transplant failure and/or overes- 
imation of transplant GFR when using eGFR formulae validated 
n native kidney disease [23 ]. Unpicking these associations is im- 
ortant to improve care for individuals transitioning between 
reatments. Higher eGFRs at dialysis initiation have been associ- 
ted with increased mortality in transplant failure [2 ] and while 
bservational studies are subject to confounding by indication,
imilar patterns were seen in propensity-matched studies in the 
ealthiest subgroups [24 ]. 
Our data showed that individuals with transplant failure 

nd native CKD known to nephrology services were under reg- 
lar outpatient follow-up. Approximately the same proportion 
f individuals with native CKD and transplant failure triggered 
KI alerts before starting dialysis. This suggests opportunities 
o prepare for the possibility of dialysis initiation were similar.
hile dialysis initiation in unplanned settings may reflect acute 

llness, this is true for both groups. The lower rates of home ther-
py and outpatient initiation may indicate missed opportunities 
o support individuals with transplant failure to start dialysis in 
 way that suits them best and may impact clinical outcomes [2 ].

For individuals starting ICHD, presence of surgical dialysis ac- 
ess can be marker of preparedness. While we extracted data on 
ccess at dialysis initiation, missingness was too high to draw 

onfident conclusions about whether rates of surgical access dif- 
ered meaningfully between groups. 

While not the primary focus, our analysis identified an im- 
ortant subgroup of dialysis starters who were not reported by 
ephrology centres as having CKD, but who had been seen by a 
ephrologist more than 1 year before dialysis initiation. These 
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ndividuals may have been discharged following nephrology in- 
ut. Given prior nephrology contact, and evidence of AKI, these
ndividuals should not be misclassified as having undiagnosed 
idney disease. Further examination of the clinical and health 
ervice phenotypes within this group may indicate a population 
ith unmet specialist care needs. 
Our study has several strengths. To our knowledge, it is the

rst to use multiple, linked, routinely collected data sources to
xamine a UK cohort of dialysis starters, and the first publica-
ion to arise from the UKRR CKD dataset. Analyses were based
n a large, contemporary cohort of UK dialysis starters, with ad-
ustment for important confounders. 

We are aware of several limitations. As we included only
hose who started dialysis, others who underwent pre-emptive 
ransplantation/re-transplantation, or who opted for conserva- 
ive management were not included. Individuals with native 
KD and transplant failure may have differential access to pre-
mptive treatments and this could bias the comparisons of the
emaining patients who transitioned to dialysis. A decision to 
nclude all individuals who received dialysis, with the exception 
f individuals starting dialysis within 30 days of transplantation,
eans our cohort included individuals with potentially recover- 
ble kidney disease, which is not the typical approach for reg-
stry analyses [17 , 18 ]. This reflected our intention to gain a full
icture of dialysis initiation, rather than make exclusions based 
n events, such as ‘chronicity’, which cannot always be foreseen
t the time of initiation. Our approach was consistent across
roups. The group of individuals ‘alive, not on dialysis’ at 90 days
ncluded a heterogenous mix of those withdrawing from dialy- 
is without recovery of native or transplant kidney function but
emaining alive, and those with recovery of native and trans-
lant kidney function. Unfortunately, UKRR data do not allow 

hese groups to be readily distinguished at 90 days after dialy-
is initiation. The restricted cohort was formed from a conve-
ience sample of centres, which may have differed systemically 
rom the whole cohort of UK centres, limiting the generalizabil-
ty of our findings. The demographics of the patients included in
he restricted cohort were comparable to the national case mix,
ut we cannot account for differences in unmeasured factors 
uch as practice patterns. Whilst we used all available sources
o enhance data completeness, no attempt was made to inter-
olate missing data. Furthermore, categorization of individuals 
n UKRR data meant we were unable to distinguish individuals
ho withdrew from dialysis following recovery of native kidney 

unction from those whose death went on to come earlier than
t would have, had their dialysis been continued . Since the UKRR
id not receive data from all UK biochemical laboratories at the
ime of study, some individuals with AKI will have been misat-
ributed to the subgroup without AKI. We adjusted for important
onfounders available in UKRR data but could not account for
nmeasured differences between subgroups. The UKRR collects 
ther data that may be relevant to dialysis initiation, including
esidual urine volume and immunosuppressive drug levels, but 
igh levels of missingness precluded their use. 
Our findings highlight disproportionately higher mortality; 

ower access to planned, home-based dialysis initiation; and 
nitiation at higher eGFRs for those under specialist care with
ransplant failure, compared with individuals with native CKD.
ur analysis cannot fully account for baseline differences be- 
ween individuals with native and transplant kidney failure. In- 
tead, our findings should be seen as indicative of the need for
xplanation, if we are to optimize systems treating those who
xperience transplant failure. Our group is conducting mixed- 
ethods research to explore this further, including DEFINE, a 
ational prospective cohort study examining the indications for
ialysis initiation after transplant failure, and INvestigating the
xperiences and management of individuals with FAiling Kid-
ey Transplants, a qualitative evaluation of the experience and
anagement of transplant failure from the perspective of pa-

ients, their families and clinicians [25 ]. 
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upplementary data are available at Clinical Kidney Journal online .
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