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Abstract
A rapid rise in diagnosis of acute kidney injury (AKI) has been observed in the UK and worldwide. It is unclear whether this 
reflects true growth in incidence or improved detection. To investigate this, aggregate data from Hospital Episode Statistics 
database on all admissions to National Health Service (NHS) hospitals in England 1998/1999 to 2019/2020 were used to 
extract the number of AKI diagnoses in different age groups and compare them to diseases of similar incidence (pneumonia, 
heart failure, dementia) based on ICD-10 coding. Haemofiltration procedures were used as proxy for acute kidney replace-
ment therapy (KRT) in a critical care setting. Temporal trends in usage of AKI-specific ICD-10 codes were examined. A 
total of 356 million inpatient episodes of care over 22 years were analysed. Between 1998/1999 and 2019/2020, primary 
AKI diagnoses increased from 1.2 to 5.3 per thousand finished consultant episodes. From 2012/2013, when first recorded, 
secondary diagnoses doubled from 22.8 to 43.2 per thousand finished consultant episodes. The rate of growth in AKI was 
significantly greater than that of dementia, but not pneumonia or heart failure. The proportion of acute KRT procedures to 
total AKI diagnoses decreased. This could suggest that the substantial increase in AKI cases observed within NHS in the 
last two decades is a result of improved detection and coding, particularly of mild cases. In 2019/2020, 96% of AKI cases 
were encoded as N17.9 (Acute renal failure, unspecified), despite 11 other codes being available. We believe that adoption of 
clinically orientated coding could facilitate further improvements in detection with benefits for clinical practice and research.
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Introduction

The last two decades have seen a growing recognition of 
acute kidney injury (AKI) as a major cause of morbidity and 
mortality in secondary care. This has been facilitated by the 
publication of the consensus criteria for AKI diagnosis in 
2004 [1], followed by a number of interventions aiming to 
raise public and professional awareness and to improve AKI 
detection and outcomes. In the United Kingdom (UK), AKI 

is estimated to account for up to 100,000 deaths each year, 
nearly a quarter of them thought to be preventable [1, 2].

The growing awareness of AKI as a serious and partially 
avoidable disease prompted healthcare policy decisions aimed 
at improving detection and treatment of the disease. The Think 
Kidneys campaign, which commenced in 2014, focused on 
educating the public and clinicians on risks and correct man-
agement of AKI [3]. In the same year, NHS England issued 
a Patient Safety Alert, requiring care providers around the 
country to unify the method of detection of AKI according to 
biochemical results [4]. It also mandated the issue of electronic 
alerts to clinicians when their patients’ blood test results met 
the definition of AKI based on the 2012 KDIGO (Kidney Dis-
ease: Improving Global Outcomes) criteria [5]. Similar sys-
tems have been introduced worldwide [6] Many care providers 
paired the electronic alerts with “AKI bundles”—electronic 
checklists of investigations and interventions recommended 
for patients with an AKI [7]. The UK National Commissioning 
for Quality and Innovation (CQUIN) framework in 2015/2016 
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selected AKI as one of the priority areas for improvement and 
attached financial incentives for care providers to improve their 
outcomes [8].

In the same time frame, the reported incidence of AKI 
has been on the rise both in the UK and worldwide. In a 
large US database, the number of records associated with 
AKI rose from 0.4% in 1998 to 2.1% in 2002 [9]; another 
American study estimated an annual growth in AKI cases 
at 11%, with an average of 23.8 per thousand records being 
associated with an AKI between 1992 and 2001 [10]. It is 
unclear whether this rise reflects a true increase in inci-
dence, or an improvement in AKI recognition and coding 
prompted by campaigns and financial incentives such as the 
ones described above. A large study looking at creatinine 
values, rather than clinical codes, found a stable incidence 
of around 5% between 2006 and 2014, favouring the latter 
interpretation [11].

The last report on clinical coding of AKI within the 
NHS was published before the introduction of the Think 
Kidneys campaign, covering a period between 1998/1999 
and 2012/2013. During that time, the authors reported a 
12-fold increase in codes for AKI not requiring dialysis 
[12], and a 13-fold increase in codes for dialysed AKI [13]. 
Our study encompasses an extended period from 1998/1999 
to 2019/2020, aiming to capture any change in AKI cod-
ing which could have arisen as a result of national cam-
paigns and financial incentives. In our study, we differentiate 
between AKI coded as primary diagnosis (the main reason 
for admission), and that coded as a secondary diagnosis 
(appearing amongst up to 20 auxiliary codes for diagnoses 
that arose at any point during the hospital episode). We pos-
tulate that disproportionate rise in AKI coded as secondary 
diagnosis versus primary diagnosis could indicate increased 
reporting of less clinically significant cases rather than a true 
increase in incidence. To further support this hypothesis, 
we compare AKI cases to acute renal replacement therapy 
(RRT) procedures, suggesting that a lower proportion of 
acute RRT to total AKI numbers may indicate increased cod-
ing of mild disease. We also contrast AKI with three other 
diseases of comparable incidence—pneumonia, heart fail-
ure, and dementia—in order to elucidate whether the trends 
observed are specific to AKI, or can be generalised to other 
diagnostic entities. Lastly, we examine how the patterns of 
usage of individual AKI-related ICD-10 codes changed over 
time.

Methods

Study Design

This time-trend ecological study used anonymized, publicly 
available national data published by NHS Digital available 

under an Open Government License v3.0 [14]. Datasets from 
HES admitted patient care (APC) records contain information 
about all episodes of inpatient treatment in NHS hospitals in 
England. In HES Data Dictionary, a finished consultant epi-
sode (FCE) is defined as a continuous period under the care of 
a single consultant; one admission spell can contain multiple 
FCE. In contrast, a finished admission episode (FAE) repre-
sents the first episode in an admission spell [15]. Notes from 
all episodes of care are retrospectively reviewed by profes-
sional clinical coders, who assign diagnostic and procedural 
codes to each of them for reimbursement purposes [16]. Data 
since 1998 was downloaded to encompass all admissions 
between 1 April 1998 and 31 March 2020. A pre-specified 
analysis plan was followed [17].

Diagnoses

HES APC consists of diagnosis tables classified by the Inter-
national Statistical Classification of Diseases and Related 
Health Problems,  10th Revision [18]. (ICD-10) codes. Each 
finished consultant episode is associated with one primary 
diagnosis and either 7 (1998–2002), 14 (2002–2007), or 20 
(2007–present) secondary diagnoses. For each ICD-10 code, 
an aggregate count is presented of the number of episodes 
where it featured as the primary diagnosis and amongst all 
diagnoses. Primary diagnosis database has been published 
since 1998/1999 and provides finished consultant episode 
and admission episode counts, whilst data on all diagno-
ses has been published since 2012/2013 and for consultant 
episodes only. Episodes are further subdivided by age into 
groups of 0–14 years, 14–59 years, 60–75 years, and 75 + up 
to 2011/2012; and into 24 smaller age brackets thereafter. A 
detailed description of the dataset is provided by Herbert et al. 
[19].

Procedures and Interventions

HES APC also includes procedure tables which are classi-
fied using the Office of Population Censuses and Surveys 
Classification of Interventions and Procedures, 4th revision 
(OPCS‐4) classification [20]. Each episode has one primary 
procedure, defined as the most resource-intensive procedure 
performed, and either 12 (1998–2007) or 24 (2007–present) 
secondary procedures. For each OPCS-4 code, the table pre-
sents the number of times it featured as the primary procedure 
(further subdivided into emergency and elective); and amongst 
all procedures.
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Clinical codes

ICD‑10 Codes

For identification of AKI cases, we used the ICD-10 classifi-
cation proposed by Mansfield et al. [21]. Four digit ICD-10 
codes were used for greater specificity (Table 1). HES data-
base was pre-screened to identify the incidence of diagnoses 
of six additional disease entities: ischaemic heart disease, 
liver disease, urinary tract infection, pneumonia, demen-
tia, and heart failure. The three diseases with population 
incidence most similar to AKI in 2012/2013—pneumonia, 
dementia, and heart failure—were chosen as comparator 
diagnoses. Supplementary Table 1 contains a detailed list 
of code mappings used.

OPCS‑4 Codes for Acute Kidney Replacement Therapy (KRT)

The OPCS-4 code X40.4 (haemofiltration) was included in 
the analysis. Haemofiltration is the predominant mode of 
KRT used in the intensive care unit (ICU) setting in the UK 
[22] and as such, it was chosen as a proxy measure for the 
number of cases of severe AKI requiring KRT.

Software

Microsoft Excel was used for data storage and initial pro-
cessing [23]. R [24] was used for analysis and graphic data 
representation.

Processing

In certain categories, values in cells with fewer than 5 (or 
7, depending on the year) episodes were replaced with an 

asterisk to protect patient confidentiality. For the purposes 
of this analysis, these missing values were replaced with the 
maximum possible value they could have taken, i.e. 5 or 7.

For each ICD-10 or OPCS-4 code, we extracted the num-
ber of episodes during which it was recorded as the primary 
diagnosis and amongst all diagnoses. The difference between 
the two totals was calculated to produce the number of times 
each code was used as a secondary diagnosis.

From 2012/2013 onwards, age groups were coa-
lesced from 24 into 4 brackets (0–14 years, 15–59 years, 
60–74 years, and over 75 years) to match the format in ear-
lier datasets.

For calculating proportions, the total yearly number of 
finished consultant episodes or finished admission episodes 
was used as the denominator.

Percentage growth was calculated as C = (x
i+1 − x

i
)∕x

i
 , 

where x
i
+⋯ + x

n
 are the sequential yearly values. 

Annual average growth rate (AAGR) was calculated as 
(C

1
+⋯ + C

n
)∕n.

We used a simple linear regression model to estimate the 
slope of the increase in all episodes of AKI and pneumonia, 
heart failure, and dementia. The addition of an interaction 
term between diagnosis type and time in years was used to 
test for statistical difference between diagnoses in the rate 
of growth.

A sensitivity analysis of time- and age-related changes 
in primary and secondary diagnoses of AKI was conducted 
where AKI was defined by N17-group codes only.

Results

A total of 356,034,130 finished consultant episodes of inpa-
tient care over 22 years were analysed.

From the inception of records in 1998/1999 until 
2019/2020, the proportion of all consultant episodes with 
a primary diagnosis of AKI increased from 1.2 to 5.3 per 
thousand (Fig. 1), whilst the absolute number of primary 
AKI diagnoses increased eightfold from 14,041 to 110,960 
with an average annual growth rate (AAGR) of 10.5%. In 
comparison, the proportion of all admission episodes with 
a primary diagnosis of AKI increased from 0.9 to 3.3 per 
thousand (or from 10,120 to 56,266 in absolute terms) with 
an AAGR of 8.6%.

From 2012/2013, when they were first recorded, until 
2019/2020, the proportion of consultant episodes with a 
secondary diagnosis of AKI increased from 22.8 to 43.2 per 
thousand, and the absolute number grew more than twice 
from 404,019 to 902,671 with an AAGR of 12.4% (Table 2; 
extended version available in Supplementary Table 2). There 
was no subdivision into consultant and admission episodes 
in the secondary diagnosis data.

Table 1  ICD-10 codes used to represent AKI in the HES database, 
after Mansfield et al. [20]

ICD-10 Description

N14.0 Analgesic nephropathy
N14.1 Nephropathy induced by other drugs, medica-

ments, and biological substances
N14.2 Nephropathy induced by unspecified drug, 

medicament, or biological substance
N17.0 Acute renal failure with tubular necrosis
N17.1 Acute renal failure with acute cortical necrosis
N17.2 Acute renal failure with medullary necrosis
N17.8 Other acute renal failure
N17.9 Acute renal failure, unspecified
N19.X Unspecified kidney failure
N99.0 Postprocedural renal failure
R34.X Anuria and oliguria
R94.4 Abnormal results of kidney function studies
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In total, there were 1,248,157 finished consultant epi-
sodes (including 673,329 finished admission episodes) asso-
ciated with a primary diagnosis of AKI between 1998/1999 
and 2019/2020 and 5,581,147 finished consultant episodes 
associated with a secondary diagnosis of AKI between 
2012/2013 and 2019/2020.

Age Breakdown

Of all age groups, 75 + were most likely to have a diagno-
sis of AKI associated with a finished consultant episode 
(Fig. 1). Between 1998/1999 and 2019/2020, this age group 
also experienced the steepest rise in the number of AKI 
diagnoses made: primary diagnoses increased from 2.6 to 
11.2 per thousand consultant episodes; and secondary diag-
noses from 61.3 to 95.8 per thousand consultant episodes 
(Fig. 1). The proportion of consultant episodes associated 
with an AKI, as well as the rate of growth, was less pro-
nounced as the age diminished (Supplementary Table 3).

In 1998/1999, 41.4% of primary diagnoses of AKI were 
made in the ≥ 75 age group. In 2019/2020, this proportion 
grew to 55.5%. Between 2012/2013 and 2019/2020, the pro-
portion of secondary diagnoses accounted for by the ≥ 75 
age group diminished from 64.2% to 58.3% (Supplementary 
Fig. 1). This proportion is significantly greater than the per-
centage of general hospital admission recorded in this age 
group. In 1998/1999, 18.5% of the general hospital popula-
tion was ≥ 75, increasing to 23.9% in 2012/2013 and 26.3% 

in 2019/2020. The mean age of a hospital inpatient in that 
time increased from 45 to 54 years (Supplementary Table 4).

AKI vs. Diseases of Similar Incidence

Total number of consultant episodes with primary or sec-
ondary AKI diagnosis increased from 476,113 to 1,013,631 
between 2012/2013 and 2019/2020 with an AAGR of 11.6%. 
In comparison, the number associated with a diagnosis of 
pneumonia rose from 594,315 to 1,041,452 (AAGR 8.5%); 
heart failure from 650,434 to 1,271,934 (AAGR 10.1%); 
and dementia from 478,668 to 868,907 (AAGR 8.9%) (Sup-
plementary Table 5). In this time frame, the proportion of 
all consultant episodes associated with a diagnosis of AKI 
grew from 26.9 to 48.5 episodes per thousand, compared 
with an increase from 33.5 to 49.8 in pneumonia, 26.7 to 
60.8 in heart failure, and 27.0 to 41.6 in pneumonia cases 
per thousand consultant episodes (Fig. 2). The number of 
diagnoses increased significantly between 2012/2013 and 
2019/2020 for all of the diseases (all p < 0.001). The rate of 
growth of AKI was significantly greater than that of demen-
tia (p = 0.02) but not that of heart failure (p = 0.71) or pneu-
monia (p = 0.16).

Acute KRT

The total number of finished consultant episodes associ-
ated with a haemofiltration code increased from 15,429 in 

Fig. 1  Finished consultant 
episodes (FCE) associated with 
a primary (left) and secondary 
(right) diagnosis of AKI by age, 
represented as number of diag-
noses per thousand FCE in each 
age group. Data on secondary 
diagnoses is only available from 
2012/2013
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2012/2013 to 25,292 in 2019/2020 with an AAGR of 7.5%. 
However, in relative terms, the number of haemofiltration 
codes per thousand AKI diagnoses fell from 32.4 to 25.0 
(Supplementary Table 6).

Individual ICD‑10 Codes Usage

Figure 3 illustrates the change in percentage of primary 
diagnoses of AKI represented by individual ICD-10 codes 
over time. In 1998/1999, code N17.9 (Acute renal failure, 
unspecified) was used in 52.3% of primary diagnoses of 
AKI. By 2019/2020, it grew to represent 96.3% of primary 
AKI diagnoses. In contrast, the next most frequently used 
code in 1998/1999, N19.X (Unspecified kidney failure), used 
in 39.0% of cases that year, featured only in 0.9% of diagno-
ses by 2019/2020. In the most recent data, eight of the least 
commonly used AKI-specific codes accounted for less than 
1% of all primary diagnoses, and the least commonly used 
code N14.0 (Analgesic nephropathy) was used only once per 
ten thousand cases (Supplementary Table 7).

Sensitivity Analysis

In the sensitivity analysis, only ICD-10 codes from the N17 
group (N17.0, N17.1, N17.2, N17.8, N17.9) were used to 
define AKI. After excluding all other codes, from 1998/1999 
until 2019/2020, the proportion of all consultant episodes 
with a primary diagnosis of AKI increased from 0.7 to 
5.2 per thousand, whilst the absolute number of primary 
AKI diagnoses increased 7871 to 108,103 with an average 
annual growth rate (AAGR) of 13.5%. In comparison, the Ta

bl
e 

2 
 T

ot
al

 n
um

be
r o

f A
K

I e
pi

so
de

s b
y 

di
ag

no
si

s t
yp

e 
in

 1
99

8/
19

99
, 2

01
2/

20
13

, a
nd

 2
01

9/
20

20

Pe
rc

en
ta

ge
 g

ro
w

th
 sh

ow
n 

in
 th

e 
rig

ht
-h

an
d 

si
de

 c
ol

um
n.

 N
um

be
r o

f A
K

I e
pi

so
de

s p
er

 1
00

0 
to

ta
l h

os
pi

ta
l e

pi
so

de
s s

ho
w

n 
in

 p
ar

en
th

es
es

. B
ot

to
m

 p
an

el
 re

pr
es

en
ts

 th
e 

av
er

ag
e 

an
nu

al
 g

ro
w

th
 ra

te
 

(A
A

G
R

). 
D

at
a 

fro
m

 in
te

rm
ed

ia
te

 y
ea

rs
 av

ai
la

bl
e 

in
 S

up
pl

em
en

ta
ry

 T
ab

le
 2

. A
ste

ris
k 

(*
) m

ar
ks

 c
at

eg
or

ie
s f

or
 w

hi
ch

 d
at

a 
is

 o
nl

y 
av

ai
la

bl
e 

si
nc

e 
20

12
/2

01
3

Ye
ar

Fi
ni

sh
ed

 c
on

su
lta

nt
 e

pi
so

de
s

Fi
ni

sh
ed

 a
dm

is
si

on
 e

pi
so

de
s

A
K

I p
rim

ar
y

A
K

I s
ec

on
da

ry
*

A
K

I a
ll*

To
ta

l
A

K
I p

rim
ar

y
To

ta
l

n 
(n

/1
00

0 
to

ta
l)

%
 g

ro
w

th
n 

(n
/1

00
0 

to
ta

l))
%

 g
ro

w
th

n 
(n

/1
00

0 
to

ta
l)

%
 g

ro
w

th
n

n 
(n

/1
00

0 
to

ta
l)

%
 g

ro
w

th
n

19
98

/1
99

9
14

,0
41

 (1
.2

)
11

,9
83

,8
93

10
,1

20
 (0

.9
)

11
,0

16
,6

52
20

12
/2

01
3

72
,0

94
 (4

.1
)

 +
 41

3.
5%

 +
 69

0.
3%

40
4,

01
9 

(2
2.

8)
47

6,
11

3 
(2

6.
9)

17
,7

15
,0

46
37

,4
91

 (2
.5

)
 +

 27
0.

5%
 +

 45
6.

0%
15

,1
45

,6
33

20
19

/2
02

0
11

0,
96

0 
(5

.3
)

 +
 53

.9
%

90
2,

67
1 

(4
3.

2)
 +

 12
3.

4%
1,

01
3,

63
1 

(4
8.

5)
 +

 11
2.

9%
20

,9
12

,2
76

56
,2

66
 (3

.3
)

 +
 50

.1
%

17
,2

02
,5

58
A

A
G

R
 

 +
 10

.5
%

 +
 12

.4
%

 +
 11

.6
%

 +
 2.

7%
 +

 8.
6%

 +
 2.

2%

Fig. 2  All episodes of AKI, pneumonia, heart failure, and dementia 
per thousand hospital episodes between 2012/2013 and 2019/2020. A 
linear regression model (dashed line) was fitted for each disease to 
demonstrate the rate of change in the number of diagnoses. Shaded 
areas indicate 95% confidence intervals. Data on all diagnoses is only 
available since 2012/2013
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proportion of all admission episodes with a primary diagno-
sis of AKI increased from 0.5 to 3.1 per thousand (or from 
5271 to 53,938 in absolute terms) with an AAGR of 11.9% 
(Supplementary Table 8).

From 2012/2013, when they were first recorded, until 
2019/2020, the proportion of consultant episodes with a 
secondary diagnosis of AKI increased from 20.0 to 41.3 per 
thousand, and the absolute number grew more than twice 
from 354,761 to 864,433 with an AAGR of 13.9% (Sup-
plementary Table 8). As before, there was no subdivision 
into consultant and admission episodes in the secondary 
diagnosis data.

Discussion

Over the last two decades, the proportion of finished consult-
ant episodes of inpatient care with AKI as the primary diag-
nosis has grown more than four-fold. Since they were first 
recorded 7 years ago, the proportion of consultant episodes 
with AKI as a secondary diagnosis has nearly doubled. In 
the same time frame, the number of acute KRT procedures 
diminished in relation to the total number of AKI diagnoses. 
In 2019/2020, more than half of AKI diagnoses were made 
in those aged 75 and over; in this age group, one in ten of all 
episodes of care was associated with an AKI.

An earlier American study of 5 million Medicare benefi-
ciaries between 1992 and 2001 using ICD-9 codes observed 
an annual growth rate of 11% and an average incidence of 
23.8 cases per thousand discharges [10]. We observed a 
comparable growth rate of 11.6%; however, AKI diagno-
ses were associated with a more significant proportion of 

all hospital episodes, growing from 26.9 to 48.5 per thou-
sand between 2012/2013 and 2019/2020. It remains unclear 
whether the rapid rise observed reflects a true rise in inci-
dence of AKI, or improved detection and coding.

Increasing age and burden of co-morbid diseases of the 
hospital population could certainly contribute to a rise in 
incidence. In this study, the increase in the number of AKI 
cases has been driven primarily by those aged 75 and over. 
This age group accounts for a growing proportion of the 
hospital population, from a fifth in 1998/1999 to a quarter 
in 2019/2020 (compared with 7% in 1998 and 8% in 2018 
of the general population) [25]. The elderly have multiple 
susceptibilities to developing AKI including the presence 
of co-morbid disease (in particular hypertension, diabetes, 
and heart failure), poorer baseline renal function and renal 
reserve, and polypharmacy [26]. The other diseases selected 
as comparators in this study—pneumonia, heart failure, and 
dementia—all disproportionately affect the elderly popula-
tion, and all have grown to account for a greater proportion 
of all episodes of care in the last 7 years, suggesting that the 
nation-wide disease profile might be changing to encom-
pass a growing proportion of diseases of old age. Amongst 
patients of all ages, increasing population prevalence of pre-
disposing conditions such as diabetes, obesity, and chronic 
kidney disease is also likely contributing to the growth in 
AKI [27].

Despite this, an American study of hospital inpatients 
that evaluated biochemical data (rather than clinical codes) 
over a 9-year period found that the incidence of AKI did 
not increase [11]. This could suggest that the rapid rise in 
cases observed in this study, and reported elsewhere, could 
be attributed to improved detection rather than true increase 

Fig. 3  Percentage of all AKI 
episodes by individual ICD-10 
codes. The legend is arranged in 
a descending order of frequency 
based on data from 1998/1999. 
The left-hand side panel 
presents a magnified portion 
of the full graph to allow dis-
crimination of the less frequent 
categories
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in incidence. We found that the average annual growth in 
AKI as secondary diagnosis was greater than that of pri-
mary cases, in particular between 2012/2013 and 2016/2017, 
when many campaigns centred around raising awareness of 
AKI were taking place. Increased awareness may have led 
to improved coding of milder cases of AKI which were not 
the main reason for hospitalisation, but arose secondarily to 
another diagnosis (and later in the course of the admission 
spell, as suggested by lower prevalence of AKI amongst ini-
tial admission episodes compared to all episodes of care). 
In particular, the introduction of automatic electronic alerts 
likely led to AKI diagnoses being automatically added to 
an episode, even if not clinically significant. Favouring this 
interpretation, we found that the number of patients receiv-
ing haemofiltration in the critical care setting relative to 
number of AKI episodes has fallen steadily from 2012/2013 
until present, suggesting that a growing proportion of AKI 
diagnoses is accounted for by mild cases not requiring renal 
replacement. An increasing recognition of clinically insig-
nificant cases could explain why studies of e-alerts and AKI 
bundles have not reliably found a positive impact on patient 
outcomes [28, 29].

Notably, even at its peak in 2019/2020, only one in twenty 
hospital episodes included in this study was associated with 
an AKI. In comparison, studies using biochemical param-
eters estimated the incidence of AKI in hospitalised patients 
to be 5–16% [11, 30]; some quoted rates as high as 23% [31, 
32]. One Scottish study of two major hospitals between 2013 
and 2017 found that only between 25.7 and 53.8% of bio-
chemically defined cases of AKI were appropriately coded 
depending on severity and location (although this study used 
the N17 group codes only and therefore may have missed a 
proportion of cases) [33]. In this context, our study suggests 
that despite the rapid growth in the number of AKI diagno-
ses, many cases may continue to be missed from records. 
This conclusion is supported by the UK Renal Registry 
report [34], which linked HES records with biochemical 
data to demonstrate that only between ~ 45 and 80% of inpa-
tient episodes where AKI occurred are given the appropriate 
ICD-10 code, depending on AKI stage (accuracy improves 
with increasing severity of disease).

One barrier to understanding the epidemiology of AKI 
may be the lack of specificity of ICD-10 codes being used. 
We found that the practice of clinical coding for AKI has 
changed significantly in the last two decades. From over 
half in 1998/1999, code N17.9 (Acute renal failure, unspeci-
fied) has grown to account for nearly all AKI episodes in 
2019/2020. Out of 12 codes available, the bottom eight 
jointly accounted for less than 1% of all diagnoses. Codes 
such as R94.4 (Abnormal results of kidney function studies) 
and N19.X (Unspecified kidney failure) are virtually syn-
onymous with N17.9 and do not provide much additional 
diagnostic value. ICD-10 follows a system of classification 

of AKI based primarily on pathophysiology. In practice, the 
majority of cases of AKI are multi-factorial, and most never 
receive a tissue diagnosis [35]. Adoption of more clinically 
relevant coding system for AKI, more in line with KDIGO 
criteria and electronic warning systems, such as that offered 
by SNOMED-CT [36], would distinguish between epi-
sodes based on the degree of severity and could prove more 
informative in guiding treatment and research.

This study has a number of strengths. It includes the 
whole population of hospitalised patients in England in 
the last 22 years and some 356 million episodes of care. 
Data collection on such scale is only possible in a universal 
healthcare system such as the NHS and vastly improves gen-
eralisability of the findings. Whilst other studies have exam-
ined the validity of ICD-10 codes for detecting biochemical 
cases of AKI [37–39], to our knowledge, none to date has 
examined the trends in usage of different ICD-10 entities 
over the years, which provides an interesting background for 
future discussions regarding the validity and clinical utility 
of this classification. We analysed the trends in age of the 
hospital population as well as data on other diseases which 
allowed us to place our findings in context.

However, there are also some limitations. Some of the 
ICD-10 codes used in the primary analysis may be poorly 
specific to AKI, leading to overestimation of the number 
of cases. In order to control for this, we conducted a sensi-
tivity analysis using N17-group codes only. This revealed 
broadly similar temporal and age-related trends, although 
the average annual growth rate of AKI coded as primary 
diagnosis was greater than in the primary analysis where 
non-N17 codes were also included. This is likely related 
to the changing habits of code usage over the years, with 
growing propensity to use N17 codes in more recent times.

Due to the nature of OPCS-4 codes, we were only able 
to distinguish between different modes, not indications for 
KRT. Haemofiltration is the predominant mode of KRT used 
in the intensive care unit (ICU) setting in the UK [22] and 
as such, it was chosen as a proxy measure for the number 
of cases of severe AKI requiring KRT. However, without 
data on individual indications, some non-AKI cases need-
ing haemofiltration may have been included. Additionally, 
some patients with AKI who are treated with haemodialysis 
outside of ICU may have been missed [40]. Using a record-
level analysis of the HES database (where data regarding 
individual episodes can be accessed), Kolhe and colleagues 
estimated the number of cases of AKI requiring dialysis to 
be 11,164 in 2012/2013; indicating that our method, which 
yielded 15,429 cases that year, might have led to an overes-
timation [13].

Some other limitations can be identified. The HES data-
base contains aggregate data only; cases cannot be traced 
back to individual patients, for example to identify patients 
with an AKI code who also required KRT. The ICD-10 
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classification system has been shown to have poor sensitiv-
ity in identifying biochemical AKI cases [39]. Data regard-
ing secondary diagnoses and procedures has only been pub-
lished since 2012/2013; therefore, we could only analyse 
the trends in these variables in the last 8 years. The other 
diseases which we used to contextualise our findings may 
not be independent from AKI; in particular pneumonia and 
heart failure can both be precipitating factors. Lastly, the 
study might have limited external validity for other health-
care systems outside of England.

Conclusion

The number of AKI diagnoses has grown significantly in the 
last two decades. Most of the cases affect the elderly popula-
tion. Although the classification system does not allow us 
to distinguish the severity of cases, the relative decrease in 
haemofiltration procedures in proportion to AKI diagnoses, 
as well as greater increase in secondary than primary diag-
noses, could suggest that it is primarily due to a growth in 
recognition of mild cases. Despite this surge, the number of 
diagnoses coded remains lower than the prevalence of AKI 
estimated by studies based on biochemical results. The lack 
of clarity and simplicity of ICD-10 coding system might 
contribute to sub-optimal reporting. Adoption of more clini-
cally significant codes, such as SNOMED-CT, which distin-
guish between degrees of severity of AKI, could facilitate 
earlier and more targeted treatment, simplify coding, and 
facilitate research.
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