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Abstract
Background  Little is known regarding the impact of acute kidney injury (AKI) on renal transplant outcome. Our aim was 
to define the incidence and outcome of AKI in renal transplant patients using data collected from a national AKI electronic 
alert system
Methods  The study represents a prospective national cohort study collecting data on 1224 renal transplants recipients with 
a functioning renal transplant, between April 2015 and March 2019.
Results  Four hundred forty patients experienced at least one episode of AKI giving an incidence rate of 35.4%. Sixty-four 
point seven% of episodes were AKI stage 1, 7.3% AKI stage 2 and 28% AKI stage 3. Only 6.2% of episodes occurred in the 
context of rejection. Forty-three point five% of AKI episodes were associated with sepsis. AKI was associated with pre-
existing renal dysfunction, and a primary renal diagnosis of diabetic nephropathy. AKI was more prevalent in recipients from 
a donor after cardiac death (26.4% vs. 21.4%, p < 0.05) compared to the non-AKI cohort. Following AKI, 30-day mortality 
was 19.8% and overall mortality was 34.8%, compared to 8.4% in the non AKI cohort (RR 4.06, 95% CI 3.1–5.3, p < 0.001). 
Graft survival (GS), and death censored graft survival (DCGS) censored at 4 years, in the AKI cohort were significantly 
lower than in the non AKI group (p < 0.0001 for GS and DCGS).
Conclusion  The study provides a detailed characterisation of AKI in renal transplant recipients highlighting its significant 
negative impact on patient and graft survival.
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Introduction

Acute Kidney Injury (AKI), is associated with increased 
patient morbidity and mortality [1, 2]. The majority of 
publications characterizing AKI are dependent on making 

and recording the diagnosis of AKI through either hospital 
coding or a retrospective review of hospital records [3–6]. 
An automated real time electronic (e)-alert system for AKI 
based on the Kidney Disease: Improving Global Outcomes 
(KDIGO) change in creatinine diagnostic criteria has been 
implemented across all areas of the National Health Ser-
vice in England and Wales, with the aim of facilitating early 
identification and intervention, and the presumption that this 
will influence clinical outcomes. To generate the alert the all 
Wales Laboratory Information Management System (LIMS) 
(Intersystems TrakCare Lab) automatically compares meas-
ured serum creatinine (SCr) values on an individual patient 
against previous results on the system database. We devel-
oped a centralized data collection system based on these 
alerts, and previously published a comprehensive charac-
terization of the incidence of AKI identified by an electronic 
alert, and its outcome in the general population of Wales 
[7–9].
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Data related to the incidence and outcome of AKI in the 
context of renal transplantation are scarce, and in the main 
rely on making and recording an accurate diagnosis of AKI 
through hospital coding or retrospective review of hospi-
tal records [10–12], and relate to relatively short follow up 
of patients following transplantation and relatively small 
patient numbers [13–15]. The most recent data however, 
using hospital discharge coding data, suggest that the inci-
dence of hospitalisations for AKI among kidney transplant 
recipients is rising [10]. We have previously demonstrated 
that in the general population a focus on hospitalised patients 
with a diagnosis based on retrospective coding data leads to 
significant under-reporting of AKI compared to electronic 
AKI alerts [7, 8, 16].

The current study uses a national population-based data 
set to describe the incidence and outcome of AKI in renal 
transplant recipients with AKI identified by an automated 
biochemistry-based electronic AKI alert.

Methods

Data from all Health boards in the National Health Service 
in Wales, representing a population of 3.06 million people, 
was collected from the LIMS on all patients aged 18 yrs 
or over between 1st April, 2015 and 31st March, 2019 that 
generated an AKI e-alert. The NHS Number, a unique refer-
ence number allocated to patients registered with the NHS in 
England, Wales and the Isle of Man, was used as the patient 
identifier to cross reference with the Welsh National Renal 
database, to identify prevalent transplant patients with and 
without AKI over the study period. This included any patient 
with a functioning kidney graft at any time during the study 
period. Only renal transplant recipients aged 18 years or 
older with a time since transplantation greater than 90 days 
were included. The study was approved under the terms of 
Service Evaluation Project Registration.

The AKI alert is generated by comparing in real time a 
current SCr value with historic SCr measurements for the 
same patient. It defines AKI according to KDIGO increase 
in creatinine parameters [7]. Patients were only included in 
the study if the AKI alert was generated from a baseline 
creatinine related to a functioning transplant, i.e. no patients 
had baseline generated from a creatinine related to a period 
on dialysis. We have previously demonstrated that this 
approach ensures collection of all AKI episodes highlighted 
by an electronic alert across the country, regardless of the 
clinical location, and excludes patients with end stage renal 
failure (ESRF), receiving renal replacement therapy (RRT). 
The AKI Alerts are displayed alongside the biochemical 
results on the pathology reporting system and consist of one 
of the following text statements which provide context to the 
change in creatinine for the receiver:

(a)	 Trigger ≥ 26 μmol/l increase in creatinine within 48 h, 
Associated alert; Acute Kidney Injury alert: rising cre-
atinine within last 48 h.

(b)	 Trigger ≥ 50% increase in creatinine within 7 days; 
Associated alert; Acute Kidney Injury alert: rising 
creatinine within last 7 day.

(c)	 Trigger = 50% increase in serum creatinine against 
median result for 8–365 days, Associated alert; Acute 
Kidney Injury alert—creatinine increase over baseline 
value.

An AKI episode was defined as 30 days, with the first 
AKI alert defined as the incident alert. Any alert for the 
same patient within 30 days of the incident alert was not 
considered a new episode. For patients with multiple 
episodes, their first episode was defined as their index 
episode.

Data on patient mortality was collected from the Welsh 
Demographic Service [17]. Recovery of renal function was 
defined as a SCr value during the episode no longer in 
keeping with the definition of AKI when compared to the 
baseline SCr value associated with the same episode. Only 
surviving patients who had at least one SCr test during 
the episode were included in the recovery analysis. Pre-
study baseline renal function for those transplant recipi-
ents with a transplant date of more than 90 days before 
the study start date of 1st April, 2015 was defined using 
the last SCr value recorded before the study start date. For 
all other transplant recipients, the last SCr value recorded 
before date of transplant + 90 days was used. Post-study 
renal function was defined as the latest SCr value recorded 
after the end of the study period. Estimated glomerular 
filtration rate (eGFR) was calculated using the CKDEpi 
eGFR formula. A greater than 15% deterioration in the 
eGFR or a deterioration in eGFR greater than 5 ml/min 
from the baseline renal function of the patient at the date 
of entry into the study was used to indicate a significant 
deterioration in renal function over the course of the study. 
Only those patients still living with a functioning graft at 
the end of the study period were included in the analysis 
of this variable.

Statistical analysis was carried out using SPSS soft-
ware, version 25 (IBM SPSS, Chicago, IL). Student’s t test 
was used for analysis of normally distributed data. Cat-
egorical data were compared using a Pearson Chi-squared 
test. Kaplan Meier analysis was used to estimate and 
compare survival of patient groups. Multivariate Binary 
Logistic Regression was used to assess the association of 
baseline SCr, AKI stage, Age at AKI, Age at transplant, 
Recurrent AKI, and Donor type with overall patient sur-
vival, overall patient and graft survival, and overall renal 
recovery from AKI.
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Results

In a total of 1224 renal transplants, 440 patients experienced 
at least one episode of AKI giving an incidence of AKI of 
35.4% over the study period (Table 1). In total there were 
937 episodes of AKI with roughly half (224) of the patients 
who experienced an AKI episode experiencing more than 
one AKI episode. For patients with multiple episodes, mean 
number of episodes was 3.2 ± 2.1. The majority (64.7%) of 
episodes were classified as AKI stage 1 at presentation, with 
7.3% AKI stage 2 and 28% AKI stage 3.

The mean age of the AKI cohort of transplant recipi-
ents was no different to those with no AKI (47.2 ± 15.4 vs. 
46.2 ± 14.7 yrs). There was no difference in gender distribu-
tion between the AKI and non-AKI patients (38.2% were 
female in the AKI vs. 35.3% in the non-AKI group, p = 0.3). 
Similarly, the average time since transplant to inclusion in 
the study was also no different between the AKI and non-
AKI cohort (1942 ± 2350 vs. 1998 ± 2380 days). In con-
trast, the mean baseline serum creatinine was significantly 
higher in the AKI cohort compared to the non-AKI cohort 
(173.0 ± 127.2 vs. 128.1 ± 51.2 μmol/l). The aetiologies of 
underlying end-stage renal disease of transplant patients 
are shown in Table 1. Diabetic nephropathy as a primary 
renal diagnosis was more common in the AKI cohort. There 

were no differences in the distribution of all other primary 
diagnoses.

Within the AKI cohort there were significantly more 
patients receiving a transplant from a donor after cardiac 
death (26.4% vs. 21.4%, p < 0.05) and less from live related 
donation (23.6% vs. 33.7%, p < 0.001) compared to the non-
AKI cohort.

The clinical locations of the blood test resulting in the 
incident AKI alert are shown in Fig. 1. Roughly half of 
the AKI episodes were associated with an alert related to a 

Table 1   Characteristics of 
transplant patients who had AKI 
vs. patients who had no AKI

AKI No AKI p value

Number of patients, n (number of transplants) 440 (440) 771 (784)
Number of AKI episodes 937 –
Mean age at time of transplant ± SD (years) 47.2 ± 15.5 46.2 ± 14.7 p = NS
% Female 38.2 35.3 p = NS
Primary renal diagnosis % (n)
 Polycystic kidney disease 12.5 (55) 14.5 (112) p = NS
 IgA nephropathy 11.8 (52) 13.5 (104) p = NS
 Diabetic nephropathy 14.1 (62) 9.6 (76) p = 0.026
 Reflux nephropathy 6.1 (27) 7.1 (55) p = NS
 Glomerulonephritis 10.2 (45) 11.4 (88) p = NS
 Primary FSGS 3.2 (14) 3.4 (26) p = NS
 Hypertensive nephrosclerosis 2.5 (11) 2.7 (21) p = NS
 Idiopathic membranous glomerulonephritis 1.6 (7) 1.4 (11) p = NS
 Other 11.8 (52) 14.1 (109)
 Unknown 9.6 (42) 7.4 (57)
 Diagnosis not recorded 16.6 (73) 14.5 (112)

Time from transplant to start of study ± SD (days) 1942 ± 2350 1998 ± 2380 p = NS
Mean baseline Creatinine ± SD (mmol/l) 173.0 ± 127.2 128.1 ± 51.2 p < 0.001
Donor type % (n =)
 Donor after brain death 49.5 (218) 44.9 (352) p = NS
 Donor after cardiac death 26.4 (116) 21.4 (168) p < 0.05
 Live related donor 23.6 (104) 33.7 (264) p < 0.001
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Fig. 1   Clinical locations at which the blood test resulting in the AKI 
alert was generated
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nephrology request, the majority of which were a result of a 
blood test requested in a transplant out-patient setting. Of the 
remaining AKI episodes, the majority of alerts were reported 
following requests from general medical in-patients (7.9%), 
Accident and Emergency (7.9%), primary care (6.3%) and 
general medical out patients (6.1%).

Natural history of AKI in renal transplant recipients 
(Table 2)

Following an AKI episode, 30-day mortality was 19.8% and 
overall mortality over the study period was 34.8%. Baseline 
serum creatinine was significantly higher in the cohort of 
AKI patients who died compared to the surviving patients 
(210.29 ± 173.1 vs. 153.5 ± 89.2 μmol/l, p = 0.0002). More 
than one episode of AKI was associated with higher overall 
patient mortality compared with patients with only one epi-
sode (41.1% vs. 28.2%, RR 1.5, 95% CI 1.1–1.9, p = 0.005). 
In those patients who survived an episode of AKI and had 
follow-up biochemistry data available, recovery of renal 
function occurred in 75% of episodes. In the surviving 
group severity of AKI was a determinant of recovery of renal 
function, which was lower in patients with incident stage 2 
or 3 AKI alerts compared with stage 1 (56.8% vs. 70.5%, 
P < 0.001). There was no association between non-recovery 
of renal function and overall patient mortality, with a 29% 
mortality rate for those that recovered compared to 31.6% 
for those that did not. There was also no association between 
non-recovery and repeated AKI episodes, with 52.3% of 
patients that recovered their index episode experiencing at 
least one further episode, compared to 60.7% of those that 
did not recover their renal function in their index episode.

Multivariate Binary Logistic Regression showed that a 
lower baseline SCr (B = − 0.01, p < 0.001) and age at AKI 
(B = − 0.07, p < 0.001) were associated with an increased 
likelihood of overall patient survival, and patients with 
multiple AKI episodes were less likely to survive com-
pared to those who had a single episode (OR = 0.47, 95% 
CI 0.30–0.75, p < 0.001). Similarly, a lower baseline 
SCr (B = − 0.01, p < 0.001) and age at AKI (B = − 0.07, 
p < 0.015) were also associated with an increased likeli-
hood of overall patient and graft survival. Patients with AKI 
stage 3 were less likely to survive with a functioning graft 
compared to those with AKI stage 1 (OR = 0.46, 95% CI 
0.25–0.86, p = 0.014), as was the case with patients with 
multiple AKI episodes compared to patients with a single 
episode (OR = 0.39, 95% CI 0.25–0.61, p < 0.001). Further-
more, a lower baseline SCr (B = − 0.01, p = 0.048) lower 
age at AKI (B = − 0.05, p = 0.011), and higher age at trans-
plant (B = 0.05, p = 0.011) were associated with an increased 
likelihood of overall renal recovery from AKI, and patients 
with multiple AKI episodes were far less likely to recover 
compared to those who had a single episode (OR = 0.28, 
95% CI 0.17–0.47, p < 0.001).

Our previous work in non-transplant associated AKI has 
demonstrated that a significant proportion of patients high-
lighted with an AKI alert do not have further monitoring 
of renal function. In this transplant recipient cohort 96.1% 
of the AKI episodes were associated with a repeat measure 
of renal function within 7 days of the alert, with a mean 
time to repeat of 3.8 ± 5.9 days. It should be noted however 
that in 37 episodes no repeat measure of renal function was 
requested within 7 days of the incident alert.

The clinical diagnosis associated with each AKI episode 
is shown in Table 3. Rejection was associated with only 

Table 2   Natural history of AKI in Renal Transplantation

Recovery of renal function included only surviving patients with available tests of follow-up renal function: 710 episodes were included in the 
30-day recovery of renal function analysis (484 episodes, CA; 226 episodes, HA-AKI)

Whole AKI cohort CA-AKI HA-AKI p value CA 
vs. HA-AKI

Number of AKI episodes, n (% of whole cohort) 937 538 (57.4) 273 (29.1)
Mean age at time of AKI ± SD (years) 55.2 ± 14.7 53.2 ± 14.6 59.6 ± 13.2 p < 0.001
AKI stage 1, % (n) 64.7 (606) 64.5 (312) 78.4 (214) p < 0.001
AKI stage 2, % (n) 7.3 (68) 7.8 (42) 6.6 (18) p = n/s
AKI stage 3, % (n) 28.0 (263) 34.2 (184) 18.4 (41) p < 0.001
Outcome measures
 30-day mortality, % (n) 19.8 (87) 4.8 (26) 16.8 (46) p < 0.001
 Overall mortality, % (n) 34.8 (153)
 30-day recovery of renal function, % (n) 75 (615) 70.2 (340)̂ 81.8 (185) p < 0.001

Process measures
 Repeat test within 30 days, % (n) 96.1 (900) 93.9 (505) 98.8 (270) p = 0.001
 Mean time to repeat ± SD (days) 3.8 ± 5.9 5.5 ± 7.13 1.43 ± 1.87 p < 0.001
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6.2% of all episodes. This cohort was significantly younger 
than the non-rejection group, and had a higher proportion 
of AKI stage 3 at presentation. In the non-rejection cohort, 
the predominantly associated clinical diagnosis was sepsis, 
with urinary tract and respiratory infection accounting for 
the majority of cases. There were no differences in mortal-
ity between the rejection- and non-rejection-associated AKI 
episodes. Recovery of renal function was however signifi-
cantly worse following rejection-associated AKI, reflecting 
the higher proportion of stage 3 AKI at presentation.

Comparison of hospital‑ and community‑acquired 
(HA)/(CA) transplant‑associated AKI

CA-AKI accounted for 57.4% of all episodes (n = 538), of 
which hospitalisation following the alert occurred in only 
37 episodes. Transplant out-patients’ requests accounted 
for 61.3% of CA-AKI. The other major sources of CA-AKI 
alerts were Accident and Emergency (13.9%), Primary care 
(11.0%) and medical out-patients (10.6%).

HA-AKI accounted for 29.1% (273) of all transplant-asso-
ciated AKI. For hospital-acquired AKI, the largest single 
cohort was reported following a blood test requested from 
the renal transplant in-patient ward (49.8%), followed by 
general medical in-patients (27.1%), cardiology in-patients 
(13.9%), general surgery in-patients (13.5%), and intensive 
treatment unit (ITU) (11.7%). The remaining 13.4% (126) 
of alerts were generated in an in-patient setting, but as no 

results were available for the previous 7 days it was not pos-
sible to confidently classify these as either CA- or HA-AKI.

The proportion of incident AKI alerts reported as AKI 
stage 3 was significantly higher in CA-AKI compared to 
HA-AKI (Table 2). Conversely the proportion of AKI stage 
1 was lower in the CA-AKI group compared to HA-AKI. 
Compared to CA-AKI, 30-day mortality was significantly 
higher for patients following HA-AKI (HA-AKI: 16.8% 
vs. CA-AKI: 4.8%, p = 0.001). In contrast to mortality out-
comes, for the surviving patients recovery of renal func-
tion at 30-days was significantly better following HA-AKI 
(HA-AKI; 81.8% vs. CA-AKI: 70.2%, p < 0.001). Within 
the CA-AKI cohort the mean time to repeat measurement 
was 5.5 ± 7.1 days; following 33 AKI episodes there were 
no repeat measures of renal function within 7 days of the 
alert. In contrast, in the HA AKI cohort, there were no repeat 
measures of renal function within 7 days following only 3 
AKI episodes, and the average time to repeat was signifi-
cantly shorter than in CA-AKI (1.4 ± 1.9 days, p < 0.001).

Influence of AKI on transplant patient outcomes 
(Table 4)

Mortality censored at 4 years was significantly higher in the 
AKI cohort compared to those who did not have an AKI 
episode during the study period (p < 0.0001, Fig. 2a). Over-
all mortality for the non AKI cohort was 8.4% compared to 

Table 3   Clinical course by clinical diagnosis associated with AKI episode

Details of clinical diagnosis associated with AKI were not available for 187 episodes. Mortality data were available for 692 non-rejection epi-
sodes and 58 rejection episodes. Recovery of renal function included only surviving patients with available tests of follow-up renal function: for 
non-rejection AKI recovery included 608 episodes and for rejection 53 episodes. For the sepsis-associated AKI group mortality data were avail-
able for all 408 episodes, recovery of renal function included 364 episodes
*p < 0.001 compared to Non rejection AKI

Number of epi-
sodes (%)

Mean age ± SD (years) AKI stage (% of 
episodes)

30-day mortality, 
% (n)

30-day recovery 
of renal function, 
% (n)

Non-rejection, n (%) 692 (73.9) 56.11 ± 14.5 1: 67.5
2: 9.1
3: 23.4

9.39 (65) 79.7 (486)

Sepsis, n (%)
(Urinary)
(Respiratory)

408 (43.5)
(171)
(11)

56.38 ± 14.63 1: 67.9
2: 10.3
3: 21.8

8.3 (34) 89.2 (364)

Dehydration 142
Cardiac 27
Obstruction 16
Recurrent disease 14
Contrast 7
Other 65
Rejection, n (%) 58 (6.2) 44.91 ± 16.3* 1: 53.4*

2: 3.4
3: 43.1*

5.17 (3) 49.06 (26)
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34.8% in the AKI group (RR 4.1, 95% CI 3.1–5.3, p < 0.001 
compared to AKI cohort).

A comparison of the status of the patients at the end of the 
study period demonstrated significantly fewer patients alive 
with a functioning graft in the AKI group. More patients 
were alive with a non-functioning graft, and a higher pro-
portion of patients had died, either with a functioning graft 
or with a non-functioning graft, in the AKI group. The 
association between AKI and graft failure was analysed by 
Kaplan–Meier estimation. Graft survival (GS), and death 
censored graft survival (DCGS) censored at 4 years, in the 
AKI cohort were significantly lower than in the non AKI 
group (p < 0.0001 for both GS and DCGS, Fig. 2b and c).

For patients who had poststudy renal function data 
available (i.e. alive with a functioning graft) the pre-study 

baseline renal function was no different in the AKI group 
compared to the non-AKI group (133.4 ± 52.0 μmol/l vs. 
123.9 ± 17.3 μmol/l). In contrast, post-study serum cre-
atinine was significantly higher in the AKI cohort com-
pared to the non-AKI cohort (167.6 ± 82.4  μmol/l vs. 
123.8 ± 50.7 μmol/l, p < 0.001). Similarly, whilst the eGFR 
was not significantly different at the beginning of the study 
(50.5 ± 18.1 ml/min for the AKI cohort vs. 53.9 ± 17.3 ml/
min for the non-AKI cohort), at the end of the study 
period those from the AKI cohort had a significantly lower 
eGFR compared to the non-AKI group (42.3 ± 20.7 ml/
min vs. 55.4 ± 20.1 ml/ml, p < 0.001). The percentage of 
patients with an end of study period renal function which 
was worse than the starting renal function as defined by 
a greater than 15% or 5 ml/min deterioration in eGFR, 

Table 4   Comparison of 
outcomes AKI vs No AKI in 
renal transplantation

927 patients were included in analysis of the renal function at the end of the study variable (AKI, 221; No 
AKI, 706)

AKI No AKI p value

Number of patients 440 771
Mean duration of follow up since Trans-

plant ± SD (days)
3669.6 ± 2701.7 3515.7 ± 2780.3 p = 0.34

Overall mortality, % (n) 34.8 (153) 8.6 (66) p < 0.001
Patient status at end of study
 Living with functioning graft 50.2 (221) 91.6 (706) p < 0.001
 Living with non-functioning graft 15.0 (66) 1.6 (12) p < 0.001
 Died with functioning graft 30.0 (132) 8.3 (64) p < 0.001
 Died with non-functioning graft 4.8 (21) 0.3 (2) p < 0.001

Renal function at end of study
 Creatinine mmol/l (mean ± SD) 167.6 ± 82.4 123.8 ± 50.7 p < 0.001
 eGFR (ml/min) (mean ± SD) 42.3 ± 20.7 53.9 ± 17.3 p < 0.001
 % with significantly worse renal function 57 24.5 p < 0.001

Fig. 2   Impact of AKI on patient and graft survival. a 4 year censored 
survival of renal transplant patients experiencing at least one AKI 
episode compared to renal transplant recipients with no episodes of 
AKI during the study period. Renal graft survival (b) and death cen-

sored renal graft survival, both censored at 4 years, in patients expe-
riencing at least one AKI episode compared to renal transplant recipi-
ents with no episodes of AKI during the study period
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was also higher in the AKI group (57.0% vs. 24.5%, RR 
2.3 95% CI 1.9–2.7, p < 0.001). The duration of follow up 
from the time of transplant was no different between these 
two groups (3669.6 ± 2701.7 days for the AKI group vs. 
3515.7 ± 2780 days for the non-AKI group, p = 0.34).

Discussion

Studies on AKI in renal transplant recipients are scarce but 
report a 40–50 fold higher incidence than the general popu-
lation [11, 13], and occurring in up to 85% of hospitalised 
renal transplant patients [14]. It is postulated that the nature 
of AKI in renal transplants may be different to that seen in 
the general population with different susceptibilities related 
to denervated kidneys, susceptibility to haemodynamic 
instability, use of nephrotoxic drugs, especially calcineu-
rin inhibitors, immune-related injury and predisposition to 
opportunistic infections. Whilst numerous published stud-
ies have described acute renal dysfunction in the immediate 
post-transplant phase [15, 18–22], very little is known of 
the nature and impact of AKI in the “maintenance” phase 
of renal transplantation. To address this, our focus was on 
AKI beyond the first 90 days of transplantation and well into 
the maintenance phase of prevalent renal transplant patients.

Our data report an incidence of AKI of 35%. In contrast, 
Mehrota et al. reported an AKI incidence of 11.3% in trans-
plant patients in a study confined to hospitalised patients 
only, and identified AKI using coding data [11]. Our higher 
incidence may in part be explained by the high incidence 
of non-hospitalised AKI in renal transplant patients that 
we have identified but not previously reported. In contrast, 
a 51% incidence rate of transplant-associated AKI was 
reported by Nagarajan et al. [12]. That study focused on a 
relatively short term period of follow up, with AKI occur-
ring predominantly in the first year of the follow up period. 
This higher reported incidence may therefore reflect the 
greater burden of AKI in the early phase following trans-
plantation compared to our data which are of AKI occur-
ring later in the phase of the prevalent transplant population. 
Nakamura et al., in contrast, reported an AKI incidence of 
20.4% in transplant recipients, which is significantly less 
than our reported incidence. In this study, with a mean fol-
low up period of four years post-transplantation, the majority 
of the AKI occurred within two years of the transplant [13], 
and AKI was only identified through nephrology/transplant 
clinics. Our non-selective approach, which identified all 
AKI based on every blood test that a prevalent renal patient 
had at any location, highlights that such an approach will 
significantly underestimate the true incidence of transplant-
associated AKI.

In terms of clinical outcome, whilst AKI in the context 
of renal transplant carries a significant short term (30-day) 

and longer term mortality, this is similar to our previously 
reported data in the adult population [7, 23, 24], suggest-
ing there is no excess in mortality when AKI occurs in 
renal transplant recipients compared to the general popu-
lation. Our data also demonstrate that poor renal function 
prior to an AKI episode is associated with higher mortality. 
Although renal function in the immediate period following 
the AKI episode recovered in three-quarters of cases, AKI 
impacted negatively on graft survival and function, with a 
higher rate of graft loss, and significantly worse renal func-
tion in surviving patients in the AKI cohort. This is con-
sistent with the previously published hospital-based, single 
centre and relatively small studies suggesting an association 
between AKI and risk of transplant loss [11–14]. Although 
the mechanistic link between AKI and graft loss remains 
speculative, it has been proposed that an episode of AKI may 
up-regulate inflammatory and fibrotic signalling pathways, 
leading to progressive structural kidney damage [25–28].

The only demographic differences between our AKI 
and non-AKI cohort was a higher prevalence of diabetic 
nephropathy as the cause of ESRF, and a higher serum 
creatinine at baseline. This is similar to the findings of the 
studies by Nakamura et al. [13] and Mehrotra et al. [11] 
demonstrating an association between post-transplant AKI, 
renal function and diabetes. For the general population, both 
diabetes [29–32] and CKD [33, 34] have previously been 
described in the literature as risk factors for AKI. In this con-
text at least, our data would suggest the transplant population 
is therefore similar to the general adult population in terms 
of AKI risk. The higher baseline SCr in the AKI cohort 
along with the fact that patients with AKI had a conceivably 
higher prevalence of chronic graft dysfunction and a higher 
prevalence of the related alloimmune and non-alloimmune 
causes of chronic graft dysfunction suggest AKI may repre-
sent more a marker of clinical frailty rather than playing a 
direct pathogenetic role towards the risk of death and graft 
failure. It is of note that the prevalence of a kidney from a 
deceased donor was higher in our AKI cohort. This is con-
sistent with previous published data highlighting deceased 
donor transplant to be a significant risk factor for the devel-
opment of AKI [12]. This may be related to the incidence of 
delayed graft function and resultant renal impairment in this 
cohort, although this remains speculative as we were unable 
to report on delayed graft function in our study.

In the non-transplant population, in the majority of cases, 
AKI does not reflect intrinsic kidney disease but is rather a 
complication of other primary illnesses. Our data suggest 
that this is also reflected in transplant patients. In this study 
AKI in the context of the maintenance phase of renal trans-
plant does not represent either rejection or recurrence of 
the primary renal disease. The majority of cases are associ-
ated with a clinical diagnosis of sepsis, with roughly a half 
identified via a non-nephrology/transplant request. This is 
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consistent with the work of Nakamura et al. demonstrat-
ing that bacterial infections and predominantly urinary 
tract infections were the most common aetiological factors 
contributing to renal-transplant-associated AKI, although 
this study was confined to a small number of living donor 
recipients alone and in the setting of the outpatient nephrol-
ogy/transplant clinic [13]. This pattern of AKI is however 
different to that reported in the early post operative period 
when the nephrotoxic effect of immunosuppressive agents, 
in particular calcineurin inhibitors and rejection, are more 
common [15].

Our data demonstrate that over half of transplant-asso-
ciated AKI is detected in the community, with only a small 
minority of cases being admitted to hospital. These cases 
therefore would not be reported in studies based on hospi-
talisation, nor would AKI identified through hospital coding. 
Although HA-AKI in this study represents roughly a third 
of the AKI cases, it should be noted that there were also a 
significant number of episodes classified as ‘undetermined 
in hospital alerts’, as these patients, whilst alerting in an in-
patient setting, had no results for the previous 7 days. Our 
data therefore likely reflect a significant underestimation of 
the true incidence of HA-AKI in renal transplant recipients. 
Mortality following HA-AKI in this transplant cohort was 
significantly higher than following CA-AKI. This higher 
mortality is not a reflection of AKI severity per se, as there 
was a higher proportion of incident AKI stage 3 alerts in 
the CA-AKI group. The higher mortality in the HA-AKI 
cohort again mirrors our previous data in the general adult 
and paediatric populations [9, 35]. As the majority of AKI 
cases do not represent intrinsic kidney disease it is likely 
that the excess mortality in HA-AKI reflects the severity of 
the primary illness precipitating AKI. Previously we have 
demonstrated that in the general adult and paediatric popu-
lations, in those surviving an AKI episode, renal function 
is better following HA- compared to CA-AKI [7–9, 16]. In 
part at least this reflects clinical inactivity and a failure to 
recognise the importance of the alert. This was supported 
by the lower number of patients with CA-AKI compared 
to HA-AKI who have a repeat measure of creatinine even 
following severe AKI, and a longer time to repeat for those 
who do have a repeat measure. It is of note that few patients 
in the transplant cohort did not have any follow-up bloods, 
however, as in the general non-transplant adult population, in 
this study of transplant patients the time to repeat a measure 
of renal function was significantly longer in the CA-AKI 
group which may reflect a slower response time that may 
then in turn result in later initiation of interventions which 
may facilitate recovery of renal function.

Although this study is to our knowledge the first national 
study using an e-alert-based system to characterise the mag-
nitude and impact of AKI in renal transplant recipients, its 
findings need to be qualified by its limitations. As the e-alert 

system is IT driven it lacks “intelligence” and therefore there 
is no clinical context applied. Using an IT-based approach 
also excludes patient clinical information, such as patient 
co-morbidities, medication. Linkage to comorbidity data 
in particular would have helped strengthen the suggestion 
made by this study that AKI may represent more a marker of 
clinical frailty rather than playing a direct pathogenetic role 
towards the risk of death and graft failure. We are also una-
ble to generate linkage to primary care data sets. As a con-
sequence, a detailed analysis of the clinical response to the 
AKI episode cannot be captured. Our data also lack details 
on the need for RRT, and do not shed light on the cause 
of death. Our data report the incidence of AKI in which 
the diagnosis is a creatinine-based definition in which the 
baseline creatinine is generated by the patients’ historical 
results. As such, this may not meet the strict agreed AKI 
definition of “abrupt deterioration”, and does not take into 
account a “urine output”-based AKI diagnosis. Despite these 
limitations our study provides a detailed characterisation of 
AKI in renal transplant recipients and highlights its impact 
on patient and graft survival.

Author contributions  AJ and JH designed the study, collected and 
analysed the data and produced the figures. JDW, KD, MS and JG 
interpreted the data and wrote the report. AOP set up the program of 
work, designed the study, interpreted the data and wrote the report.

Funding   The work was carried out under the auspices of the Welsh 
AKI steering group which is sponsored by the Welsh Renal Clinical 
Network and Welsh Government.

Availability of data  The data that support the findings of this study are 
available on request from the corresponding author.

Compliance with ethical standards 

Conflict of interest  On behalf of all authors, the corresponding author 
states that there is no conflict of interest.

Ethical approval  The study was approved under the terms of Service 
Evaluation Project Registration.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

http://creativecommons.org/licenses/by/4.0/


837Journal of Nephrology (2021) 34:829–838	

1 3

References

	 1.	 Lafrance JP, Miller DR (2010) Acute kidney injury associates with 
increased long-term mortality. J Am Soc Nephrol 21(2):345–352. 
https​://doi.org/10.1681/ASN.20090​60636​

	 2.	 Lameire N, Van Biesen W, Vanholder R (2005) Acute renal fail-
ure. Lancet 365(9457):417–430. https​://doi.org/10.1016/S0140​
-6736(05)17831​-3

	 3.	 Bucaloiu ID, Kirchner HL, Norfolk ER, Hartle JE, Perkins RM 
(2012) Increased risk of death and de novo chronic kidney disease 
following reversible acute kidney injury. Kidney Int 81(5):477–
485. https​://doi.org/10.1038/ki.2011.405

	 4.	 Hsu CY, Chertow GM, McCulloch CE, Fan D, Ordonez JD, Go AS 
(2009) Nonrecovery of kidney function and death after acute on 
chronic renal failure. Clin J Am Soc Nephrol 4(5):891–898. https​://
doi.org/10.2215/CJN.05571​008

	 5.	 Hsu CY, McCulloch CE, Fan D, Ordonez JD, Chertow GM, Go AS 
(2007) Community-based incidence of acute renal failure. Kidney 
Int 72(2):208–212. https​://doi.org/10.1038/sj.ki.50022​97

	 6.	 Liangos O, Wald R, O’Bell JW, Price L, Pereira BJ, Jaber BL (2006) 
Epidemiology and outcomes of acute renal failure in hospitalized 
patients: a national survey. Clin J Am Soc Nephrol 1(1):43–51. https​
://doi.org/10.2215/CJN.00220​605

	 7.	 Holmes J, Rainer T, Geen J, Roberts G, May K, Wilson N, Williams 
JD, Phillips AO, Welsh AKISG (2016) Acute kidney injury in the 
era of the AKI E-Alert. Clin J Am Soc Nephrol 11(12):2123–2131. 
https​://doi.org/10.2215/CJN.05170​516

	 8.	 Holmes J, Allen N, Roberts G, Geen J, Williams JD, Phillips AO, 
Welsh AKISG (2017) Acute kidney injury electronic alerts in pri-
mary care—findings from a large population cohort. QJM. https​://
doi.org/10.1093/qjmed​/hcx08​0

	 9.	 Holmes J, Roberts G, May K, Tyerman K, Geen J, Williams JD, 
Phillips AO, Welsh AKISG (2017) The incidence of pediatric acute 
kidney injury is increased when identified by a change in a creati-
nine-based electronic alert. Kidney Int 92(2):432–439. https​://doi.
org/10.1016/j.kint.2017.03.009

	10.	 Garg N, Kumar N, Singh T, Parajuli S, Astor BC, Mandelbrot D, 
Djamali A (2019) Hospitalization trends for acute kidney injury in 
kidney transplant recipients in the United States, 2004–2014. Trans-
plantation. https​://doi.org/10.1097/TP.00000​00000​00266​3

	11.	 Mehrotra A, Rose C, Pannu N, Gill J, Tonelli M, Gill JS (2012) 
Incidence and consequences of acute kidney injury in kidney 
transplant recipients. Am J Kidney Dis 59(4):558–565. https​://doi.
org/10.1053/j.ajkd.2011.11.034

	12.	 Nagarajan M, Ramanathan S, Dhanapriya J, Dineshkumar T, Sub-
ramaniyan TB, Gopalakrishnan N (2017) Impact of acute kidney 
injury on renal allograft survival. Ren Fail 39(1):40–44. https​://doi.
org/10.1080/08860​22X.2016.12440​76

	13.	 Nakamura M, Seki G, Iwadoh K, Nakajima I, Fuchinoue S, Fujita T, 
Teraoka S (2012) Acute kidney injury as defined by the RIFLE crite-
ria is a risk factor for kidney transplant graft failure. Clin Transplant 
26(4):520–528. https​://doi.org/10.1111/j.1399-0012.2011.01546​.x

	14.	 Filiponi TC, Requiao-Moura LR, Tonato EJ, Carvalho de Matos 
AC, AP ES-F, de Souza Durao Junior M, (2015) Hospital admission 
following acute kidney injury in kidney transplant recipients is asso-
ciated with a negative impact on graft function after 1-year. PLoS 
ONE 10(9):e0138944. https​://doi.org/10.1371/journ​al.pone.01389​
44

	15.	 Panek R, Tennankore KK, Kiberd BA (2016) Incidence, etiol-
ogy, and significance of acute kidney injury in the early post-
kidney transplant period. Clin Transplant 30(1):66–70. https​://doi.
org/10.1111/ctr.12660​

	16.	 Holmes J, Geen J, Phillips B, Williams JD, Phillips AO, Welsh 
AKISG (2017) Community acquired acute kidney injury: findings 

from a large population cohort. QJM 110(11):741–746. https​://doi.
org/10.1093/qjmed​/hcx15​1

	17.	 NHS Wales Informatics Service (2016) Welsh Demographic Ser-
vices. https​://www.wales​.nhs.uk/nwis/page/52552​. Accessed 01 Aug 
2019

	18.	 Bellingham JM, Santhanakrishnan C, Neidlinger N, Wai P, Kim J, 
Niederhaus S, Leverson GE, Fernandez LA, Foley DP, Mezrich JD, 
Odorico JS, Love RB, De Oliveira N, Sollinger HW, D’Alessandro 
AM (2011) Donation after cardiac death: a 29-year experience. Sur-
gery 150(4):692–702

	19.	 Doshi MD, Hunsicker LG (2007) Short- and long-term outcomes 
with the use of kidneys and livers donated after cardiac death. Am 
J Transplant 7(1):122–129

	20.	 Sudhindran S, Pettigrew GJ, Drain A, Shrotri M, Watson CJ, Jamie-
son NV, Bradley JA (2003) Outcome of transplantation using kid-
neys from controlled (Maastricht category 3) non-heart-beating 
donors. Clin Transplant 17(2):93–100

	21.	 Le Dinh H, Weekers L, Bonvoisin C, Krzesinski JM, Monard J, de 
Roover A, Squifflet JP, Meurisse M, Detry O (2012) Delayed graft 
function does not harm the future of donation-after-cardiac death in 
kidney transplantation. Transpl Proc 44(9):2795–2802

	22.	 Chen G, Wang C, Ko DS, Qiu J, Yuan X, Han M, Wang C, He X, 
Chen L (2017) Comparison of outcomes of kidney transplantation 
from donation after brain death, donation after circulatory death, and 
donation after brain death followed by circulatory death donors. Clin 
Transplant 31(11). https​://doi.org/10.1111/ctr.13110​

	23.	 Holmes J, Geen J, Williams JD, Phillips AO (2020) Recurrent acute 
kidney injury: predictors and impact in a large population-based 
cohort. Nephrol Dial Transplant 35(8):1361–1369. https​://doi.
org/10.1093/ndt/gfz15​5

	24.	 Holmes J, Rainer T, Geen J, Williams J, Phillip A (2018) Adding 
a new dimension to the weekend effect: An analysis of a national 
data set of electronic AKI alerts. QJM Monthly J Assoc Physicians 
111(4):249–255. https​://doi.org/10.1093/qjmed​/hcy01​2

	25.	 Basile DP, Donohoe D, Roethe K, Osborn JL (2001) Renal ischemic 
injury results in permanent damage to peritubular capillaries 
and influences long-term function. Am J Physiol Renal Physiol 
281(5):F887–899

	26.	 Pagtalunan ME, Olson JL, Meyer TW (2000) Contribution of angio-
tensin II to late renal injury after acute ischemia. J Am Soc Nephrol 
11(7):1278–1286

	27.	 Forbes JM, Hewitson TD, Becker GJ, Jones CL Simultaneous block-
ade of endothelin A and B receptors in ischemic acute renal failure 
is detrimental to long-term kidney function.

	28.	 Forbes JM, Hewitson TD, Becker GJ, Jones CL (2000) Ischemic 
acute renal failure: long-term histology of cell and matrix changes 
in the rat. Kidney Int 57(6):2375–2385

	29.	 Collins AJ, Foley RN, Herzog C, Chavers B, Gilbertson D, Ishani 
A, Kasiske B, Liu J, Mau LW, McBean M, Murray A, St Peter W, 
Guo H, Li Q, Li S, Peng Y, Qiu Y, Roberts T, Skeans M, Sny-
der J, Solid C, Wang C, Weinhandl E, Zaun D, Arko C, Chen SC, 
Dalleska F, Daniels F, Dunning S, Ebben J, Frazier E, Hanzlik C, 
Johnson R, Sheets D, Wang X, Forrest B, Constantini E, Everson 
S, Eggers P, Agodoa L (2009) United States renal data system 2008 
annual data report. Am J Kidney Dis 53(1 Suppl):S1–374. https​://
doi.org/10.1053/j.ajkd.2008.10.005

	30.	 Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY (2004) 
Chronic kidney disease and the risks of death, cardiovascular events, 
and hospitalization. N Engl J Med 351(13):1296–1305. https​://doi.
org/10.1056/NEJMo​a0410​31

	31.	 Khan SS, Kazmi WH, Abichandani R, Tighiouart H, Pereira BJ, 
Kausz AT (2002) Health care utilization among patients with 
chronic kidney disease. Kidney Int 62(1):229–236. https​://doi.org
/10.1046/j.1523-1755.2002.00432​.x

https://doi.org/10.1681/ASN.2009060636
https://doi.org/10.1016/S0140-6736(05)17831-3
https://doi.org/10.1016/S0140-6736(05)17831-3
https://doi.org/10.1038/ki.2011.405
https://doi.org/10.2215/CJN.05571008
https://doi.org/10.2215/CJN.05571008
https://doi.org/10.1038/sj.ki.5002297
https://doi.org/10.2215/CJN.00220605
https://doi.org/10.2215/CJN.00220605
https://doi.org/10.2215/CJN.05170516
https://doi.org/10.1093/qjmed/hcx080
https://doi.org/10.1093/qjmed/hcx080
https://doi.org/10.1016/j.kint.2017.03.009
https://doi.org/10.1016/j.kint.2017.03.009
https://doi.org/10.1097/TP.0000000000002663
https://doi.org/10.1053/j.ajkd.2011.11.034
https://doi.org/10.1053/j.ajkd.2011.11.034
https://doi.org/10.1080/0886022X.2016.1244076
https://doi.org/10.1080/0886022X.2016.1244076
https://doi.org/10.1111/j.1399-0012.2011.01546.x
https://doi.org/10.1371/journal.pone.0138944
https://doi.org/10.1371/journal.pone.0138944
https://doi.org/10.1111/ctr.12660
https://doi.org/10.1111/ctr.12660
https://doi.org/10.1093/qjmed/hcx151
https://doi.org/10.1093/qjmed/hcx151
http://www.wales.nhs.uk/nwis/page/52552
https://doi.org/10.1111/ctr.13110
https://doi.org/10.1093/ndt/gfz155
https://doi.org/10.1093/ndt/gfz155
https://doi.org/10.1093/qjmed/hcy012
https://doi.org/10.1053/j.ajkd.2008.10.005
https://doi.org/10.1053/j.ajkd.2008.10.005
https://doi.org/10.1056/NEJMoa041031
https://doi.org/10.1056/NEJMoa041031
https://doi.org/10.1046/j.1523-1755.2002.00432.x
https://doi.org/10.1046/j.1523-1755.2002.00432.x


838	 Journal of Nephrology (2021) 34:829–838

1 3

	32.	 Waikar SS, Liu KD, Chertow GM (2008) Diagnosis, epidemiol-
ogy and outcomes of acute kidney injury. Clin J Am Soc Nephrol 
3(3):844–861. https​://doi.org/10.2215/CJN.05191​107

	33.	 Risk I (2019) Risk prediction for acute kidney injury in acute medi-
cal admissions in the UK. QJM 112(3):197–205

	34.	 Roberts G, Phillips D, McCarthy R, Bolusani H, Mizen P, Hassan 
M, Hooper R, Saddler K, Hu M, Lodhi S, Toynton E, Geen J, Lodhi 
V, Grose C, Phillips A (2015) Acute kidney injury risk assessment at 
the hospital front door: what is the best measure of risk? Clin Kidney 
J 8(6):673–680. https​://doi.org/10.1093/ckj/sfv08​0

	35.	 Holmes J, Roberts G, Meran S, Williams JD, Phillips AO (2016) 
Understanding electronic AKI alerts: characterization by definitional 
rules. Kidney Int Rep. https​://doi.org/10.1016/j.ekir.2016.12.001 
(Published online: December 8, 2016)

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.2215/CJN.05191107
https://doi.org/10.1093/ckj/sfv080
https://doi.org/10.1016/j.ekir.2016.12.001

	Using electronic AKI alerts to define the epidemiology of acute kidney injury in renal transplants
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Natural history of AKI in renal transplant recipients (Table 2)
	Comparison of hospital- and community-acquired (HA)(CA) transplant-associated AKI
	Influence of AKI on transplant patient outcomes (Table 4)

	Discussion
	References




