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Summary

Background/Introduction: Acute kidney injury (AKI) is common in acute hospital admission and associated with worse pa-
tient outcomes.
Aim: To measure incidence, care quality and outcome of AKI in admitted hospital care.
Design: Forty-six of 168 acute NHS healthcare trusts in UK caring for 2 million acute hospital admissions per annum col-
lected information on adults identified with AKI stage 3 (3-fold rise in serum creatinine or creatinine >354 mmol/l) through
routine biochemical testing over a 5-month period in 2012.
Methods: Information was collected on patient and care characteristics. Primary outcomes were survival and recovery of
kidney function at 1 month.
Results: A total of 15 647 patients were identified with biochemical AKI stage 3. Case note reviews were available for 7726 pa-
tients. In 80%, biochemical AKI stage 3 was confirmed clinically. Among this group, median age was 75 years, median length
of stay was 12 days and the overall mortality within 1 month was 38%. Significant factors in a multivariable model predict-
ing survival included age and some causes of AKI. Dipstick urinalysis, medication review, discussion with a nephrologist
and acceptance for transfer to a renal unit were also associated with higher survival, but not early review by a senior doctor,
acceptance for transfer to critical care or requirement for renal replacement therapy. Eighteen percent of people did not
have their kidney function checked 1 month after the episode had resolved.
Discussion/Conclusions: This large study of in-hospital AKI supports the efficacy of biochemical detection of AKI in com-
mon usage. AKI mortality remains substantial, length of stay comparable with single-centre studies, and much of the vari-
ation is poorly explained (model Cox and Snell R2¼0.131) from current predictors.

Background

Acute kidney injury (AKI) is the rapid decrease in kidney
function over days or weeks. It is common amongst acute admis-
sions to hospital with�5–20% of acutely admitted patients expe-
riencing an episode of AKI during the course of their illness.1,2 It
is commonly associated with episodes of acute inter-current

illness and is more likely in those with chronic kidney disease
(CKD) or diabetes.3 Although seldom the sole cause of a patients’
death, AKI is associated with significant mortality.4

Consensus has been reached on a classification for severity
of AKI5 that has been useful in demonstrating that both mortal-
ity and length of stay increase progressively up to the most se-
vere stage 3 AKI.2 Despite this care of AKI in the UK has been
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assessed as sub-optimal, with the review of care in national se-
lection of patients coded as dying with AKI during 2009 conclud-
ing that AKI could have been avoided in 14%, and that care was
adequate in only 50% of cases.6

Aim

The study reported here was designed to explore the outcomes
of patients with the most severe stage of AKI (AKI3) across a
sample of acute hospital trusts in UK. We examined the impact
of a range of national and international recommendations for
good AKI care such as timely senior medical review, medication
review and discussion with a nephrologist on patient outcome.

Design

Cohort study of patients identified with AKI3 during 5-month
period 1 August 2012 to 31 December 2012.

Methods

All 168 acute NHS Trusts in UK were invited (by letter to all med-
ical directors) to take part in an audit comparing AKI incidence
and assessing care quality and outcome for quality improve-
ment purposes. Data were received from 46 organizations. This
study is the further analysis of the non-identifiable information
collected. Published guidance and correspondence with the UK
Health Research Authority confirmed that ethical approval was
not required for this study.

Each trust used an automated system to identify adult pa-
tients (aged� 18 years) with suspected AKI stage 3 using the
hospital pathology system each month between 1 August 2012
and 31 December 2012 (5 months). Case selection criteria were
based on the Kidney Disease: Improving Global Outcomes
(KDIGO) guidance5 and required an increase in serum creatinine
measured during admission 3-fold from baseline or an absolute
rise in creatinine >354 mmol/l. In this study, the baseline value
was defined as the closest single creatinine to the date of ad-
mission in the preceding 12 months (from an inpatient or out-
patient location). Patients with no creatinine results in the
preceding 12 months and with an admission creatinine >354
mmol/L were considered to have AKI in this study. Organizations
already identifying patients with AKI using alternative criteria
(for instance, using a different assessment of baseline, or imput-
ing a baseline if none was available) were allowed to submit
data using their existing algorithm to allow comparison in posi-
tive predictive value (PPV, the probability that an individual
identified by the algorithm had AKI3 on clinical review) between
methods. Sites excluded patients with advanced CKD including
those with end-stage renal disease (ESRD) where possible using
a locally determined methodology.

Coded, non-identifiable data on patients identified with
AKI3 by biochemical criteria were sent to the East Midlands
Public Health Observatory (EMPHO) who returned to trusts each
month a randomized list of 40 cases to review the notes. Notes
were reviewed against a standard pro-forma based on national
and international care guidelines and standards,6–8 supported
by specific coding guidance and included clinical validation of
the presence of AKI stage 3. The notes review was conducted by
a senior hospital doctor (general physician or nephrologist) sup-
ported by an administrator. Patient and kidney outcome at 1
month was collected, and data were returned to EMPHO for ana-
lysis. All the analysis of patient care and outcome are based on
the subset of patients with a case note review.

Statistical analysis

Primary outcome was survival 1 month after AKI3 trigger.
Secondary outcome was level of kidney function at 1 month com-
pared with baseline level. Factors initially considered plausible
influences on survival at 1 month were patient characteristics,
geographical and temporal factors, care process attainment, dis-
cussion with a nephrologist, patient receiving renal replacement
therapy (RRT) and cause of the AKI. A logistic regression model
was used to determine the statistical significant of factors, but all
factors considered clinically plausible were left in the final model
regardless of their statistical significance to aid interpretation.
Analysis was conducted using IBM SPSS Statistics version 22.

Results

Data were received from 46 trusts that treated 1 960 900 acute
hospital admissions during 2012–13 (36.8% of the 5.3 million
acute hospital admissions in UK each year9). Twenty-eight of
the 46 (61%) had a main renal unit (as defined by the UK Renal
Registry) in the same trust compared with 52 renal units in UK10

and 168 acute NHS trusts11 (31% with main renal unit) at the
time of the study.

In total, 15 647 patient biochemical records were submitted by
trusts that fulfilled the biochemical criteria for AKI3, and 8133
episodes of AKI were randomly selected for case note review.
Case-note review data were available from 6041 patients who ful-
filled the biochemical criteria for AKI3, had a care review that
confirmed AKI was clinically present, and had the principle out-
come (survival at 1 month) recorded. Four hundred and seven pa-
tients were excluded because the case-note review was not
completed (return rate 95%). A total of 1563 patients were
excluded as after note review, they were not felt clinically to have
had AKI (647 cases of CKD, 575 cases of ESRD and 334 for “other
reasons”). Eighty-nine patients were excluded from the analysis
as the primary outcome measure (alive at 1 month) was missing.

Characteristics of the 46 trusts who supplied data are shown
in Table 1. Trusts returned case-note reviews between 57 and
210 patients, confirming between 31 and 210 cases of AKI. The
proportion of patients detected by the biochemical algorithm
who were confirmed to have AKI varied considerably between
organizations, with only 16% PPV at worst, and 100% at best.
Centres with the highest PPV were generally centres with well-
established local detection algorithms. Overall, the PPV was
79.7%. The clinical validated incidence of AKI3 is expressed per
thousand un-planned hospital admissions as it is recognized
that the majority of cases of AKI occur in patients admitted
acutely. The results are very similar if presented by total hos-
pital admissions (data not shown). Overall, the crude rate of
AKI3 detected biochemically and confirmed clinically was 12.7
per 1000 un-planned hospital admissions (median, 12.4; inter-
quartile range, 10.0115.3).

Demographics

The median age of the group with clinically confirmed AKI3 was
75 years (range, 16–99 years), and 3404 were men (56.0%). The
majority of patients were recorded as White (5,126, 93.6%), with
170 South Asian, 111 Black, 70 others and 653 (10.7%) not known.

Care processes

The proportion of patients who received each of the care proc-
esses is summarized in Table 2. Early Warning Score (EWS) was
implemented to some degree in all but in one trust that
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reported no use of the EWS in any of their patients reviewed. A
percentage of 35.7 patients were discussed with a renal unit, and
8.7% accepted for transfer, whereas 20.1% of patients transferred
to intensive treatment unit (ITU). Eighty-three people trans-
ferred to both settings. Overall, 12.9% required RRT, but although
17.4% of those aged 18–30 years required RRT, only 9.0% of those
aged 75 years and over required RRT (v2¼7.007, P¼ 0.008).

There was a positive association between dipstick testing and
both senior review and discussion with a nephrologist. A percent-
age of 67.2 patients who had been discussed with a nephrologist
had a urine dipstick test, whereas this occurred in only 48.8% of
those who were not discussed (v2¼ 179.649, P< 0.001). With senior

review 57.0% had a urine dipstick compared with 45.2% of those
who did not have a senior review (v2¼ 39.110, P< 0.001).

Outcomes

Median length of stay for the whole group with AKI was 12 days.
Those who were alive at 1 month had a longer median length of
stay (14 days) than those who had died (8 days) (Wilcoxon rank
sum P< 0.001). The variation in outcome by trust is shown in
Table 3.

A total of 3729 people were alive at 1 month to have an as-
sessment of kidney function. In 19.4%, kidney function was not

Table 1. Characteristics of the 46 acute hospital trusts who submitted data

Trust Identified
biochemical
AKI3

Completed
reviews

Number
with AKI3

Proportion reviews
with AKI3 (%)

Estimated annual
number cases
AKI3 per year

Annual number
emergency
admissions

Rate AKI3
per 1000
admissions

1 614 194 113 58.2 715 55,500 12.9
2 443 200 96 48.0 425 39,500 10.8
3 178 132 101 76.5 272 22,100 12.3
4 378 182 175 96.2 727 26,200 27.7
5 755 190 131 68.9 1,041 57,900 18.0
6 148 128 117 91.4 271 15,200 17.8
7 427 198 194 98.0 837 43,900 19.1
8 254 165 140 84.8 431 27,800 15.5
9 355 135 104 77.0 547 51,400 10.6
10 208 169 114 67.5 281 28,800 9.7
11 297 182 83 45.6 271 31,800 8.5
12 232 161 122 75.8 352 32,900 10.7
13 683 188 142 75.5 1,032 73,400 14.1
14 296 192 106 55.2 327 29,200 11.2
15 454 200 138 69.0 627 33,300 18.8
16 360 198 185 93.4 673 53,700 12.5
17 273 104 78 75.0 410 28,800 14.2
18 416 198 136 68.7 571 39,000 14.7
19 345 188 165 87.8 606 36,800 16.5
20 458 197 169 85.8 786 63,800 12.3
21 256 193 182 94.3 483 39,200 12.3
22 310 188 178 94.7 587 30,600 19.2
23 484 156 150 96.2 931 59,300 15.7
24 290 191 188 98.4 571 33,700 16.9
25 279 199 165 82.9 463 36,300 12.7
26 218 160 158 98.8 431 43,300 9.9
27 581 142 110 77.5 900 75,100 12.0
28 331 178 177 99.4 658 51,000 12.9
29 301 197 194 98.5 593 50,100 11.8
30 311 74 74 100.0 622 48,600 12.8
31 220 210 210 100.0 440 53,700 8.2
32 220 154 143 92.9 409 39,600 10.3
33 144 112 87 77.7 224 25,400 8.8
34 115 73 46 63.0 145 22,300 6.5
35 303 173 172 99.4 602 43,600 13.8
36 297 194 175 90.2 536 72,100 7.4
37 333 179 176 98.3 655 47,200 13.9
38 176 127 124 97.6 344 42,500 8.1
39 315 197 170 86.3 544 88,100 6.2
40 431 168 110 65.5 564 34,200 16.5
41 336 200 137 68.5 460 51,500 8.9
42 436 191 40 20.9 183 17,400 10.5
43 675 193 31 16.1 217 54,300 4.0
44 69 57 57 100.0 138 34,900 4.0
45 340 150 142 94.7 644 34,600 18.6
46 302 136 125 91.9 555 44,200 12.6
Total 15 647 7693 6130 79.7 24 936 1 963 900 12.7

J.F. Medcalf et al. | 779

Deleted Text: &hx0025;
Deleted Text: of 
Deleted Text: whilst 
Deleted Text: 83 
Deleted Text: Overall 
Deleted Text: whilst 
Deleted Text: -
Deleted Text: Chi Square
Deleted Text: &hx0025;
Deleted Text: of 
Deleted Text: whilst 
Deleted Text: Chi Squared
Deleted Text: to 
Deleted Text: Chi Squared
Deleted Text: table 
Deleted Text: ,
Deleted Text: &hx0025; 


recorded (in 92.8% of cases because it had not been checked). Of
the patients alive at 1 month (excluding those with no measure
of kidney function), 100 (3.3%) were receiving RRT, 1976 (65.8%)
had recovered to baseline and 929 (30.9%) had recovered but to a
level beneath their baseline value.

Multivariable model

Six factors (increasing age, dipstick urinalysis, medication re-
view, discussion with a nephrologist, acceptance for transfer to
a renal unit and cause of AKI) significantly influenced the prob-
ability of being alive 1 month after AKI3 alert, and these along
with their effects are summarized in Table 4.

Discussion

These data represent the largest comparison of the implemen-
tation of nationally mandated care processes (recommended by
National Institute for Health and Care Excellence and others),
and outcomes in severe AKI in the UK.

Variation in PPV of detection algorithm

Across all the centres, the PPV was 79.7%, meaning that one in
five patients identified biochemically as having AKI stage 3 did
not have this on clinical review. Some centres have a much
higher PPV close to 100%, whereas other centres clearly

Table 2. Demographics and achievement of key care processes by acute hospital trust

Trust Median
age (yrs)

% Male % Senior
review 12 h

% Urine
dipstick

% EWS
implemented

% Medication
reviewed

% Renal
discussion

% Renal
transfer

% ITU
transfer

1 75.0 46.0 85.0 51.3 88.5 85.0 44.2 15.9 29.2
2 76.0 61.5 74.5 62.5 82.1 94.8 56.3 11.6 36.8
3 78.0 58.4 93.1 83.2 96.0 92.1 25.7 5.9 26.7
4 77.0 46.9 81.7 49.7 93.1 82.3 40.0 2.9 23.7
5 75.0 47.3 95.4 48.1 97.7 58.9 27.9 6.9 14.0
6 80.0 53.0 65.5 49.6 85.3 92.2 33.6 9.5 18.1
7 75.0 58.2 82.5 54.1 92.3 86.6 50.5 19.1 16.0
8 77.0 53.6 90.7 87.9 100.0 97.9 67.1 0.7 10.0
9 76.0 59.6 86.3 51.0 95.0 85.3 30.1 5.8 22.8
10 76.0 57.0 93.9 33.3 30.7 77.9 34.2 5.3 30.4
11 78.0 55.8 86.1 50.6 63.3 88.6 25.3 5.1 14.1
12 72.0 56.6 100.0 96.7 98.3 100.0 54.2 26.2 32.0
13 72.0 57.0 79.4 49.3 44.0 69.5 31.9 10.6 14.2
14 77.0 67.0 97.1 75.5 100.0 98.1 34.6 7.6 21.2
15 80.5 57.2 88.8 35.5 81.7 81.0 20.0 3.1 18.2
16 76.0 54.1 93.5 45.4 77.3 94.6 16.2 0.5 13.0
17 77.0 55.1 84.6 44.9 98.7 59.0 20.5 3.8 19.5
18 75.5 56.6 100.0 77.9 0.0 100.0 84.6 41.9 20.7
19 73.0 53.9 89.5 26.1 99.2 96.7 53.2 10.2 12.6
20 75.0 65.1 90.8 55.0 81.9 91.0 49.7 13.7 26.2
21 70.5 65.9 94.0 52.7 78.6 87.4 36.8 6.0 37.9
22 75.5 52.8 86.1 61.2 86.1 74.5 35.8 12.7 12.2
23 76.5 54.0 77.6 53.3 97.3 63.9 38.1 6.1 23.1
24 78.0 54.8 83.5 64.4 88.5 84.6 44.6 14.0 4.8
25 68.5 60.0 95.2 73.3 93.3 95.2 12.7 5.5 43.6
26 74.5 56.3 77.1 27.2 77.8 84.6 25.5 3.7 17.3
27 72.0 60.0 81.8 54.5 89.1 73.6 20.9 4.5 7.3
28 74.0 60.5 70.5 49.2 89.2 60.2 29.5 11.9 15.9
29 75.0 56.7 87.1 62.9 67.0 87.6 17.0 8.2 31.4
30 81.5 56.8 69.6 74.3 97.1 78.3 27.5 12.7 13.0
31 77.0 49.0 84.0 70.0 100.0 97.0 37.9 4.7 21.9
32 76.0 55.9 86.6 45.5 63.4 72.7 61.5 7.0 21.8
33 80.0 65.5 67.8 74.7 97.7 79.3 28.7 12.6 13.8
34 81.0 56.5 90.9 45.7 93.2 47.7 13.6 6.8 18.2
35 74.0 47.7 76.7 31.4 90.2 90.8 39.9 10.4 20.9
36 74.0 54.3 97.3 42.3 76.9 88.5 39.5 2.9 12.0
37 70.0 60.2 94.6 51.7 100.0 98.2 42.1 3.6 21.3
38 83.0 54.8 72.5 40.3 67.3 86.3 18.4 3.9 10.7
39 74.0 49.7 85.2 24.1 79.4 92.9 13.5 1.8 11.2
40 78.0 56.9 60.9 21.8 81.8 89.9 10.9 0.9 13.6
41 69.0 58.4 97.7 14.6 97.8 88.6 38.2 5.2 31.5
42 79.0 62.5 85.0 47.5 90.0 85.0 27.5 12.5 25.6
43 73.0 64.5 92.9 12.9 32.1 78.6 50.0 3.6 21.4
44 73.0 50.9 90.9 57.9 96.4 100.0 29.1 5.5 37.0
45 74.0 54.9 92.0 45.8 89.0 86.0 26.1 8.6 15.1
46 75.0 53.6 88.9 57.6 0.8 96.6 48.7 12.4 13.8
Total 75.0 56.0 85.9 52.0 81.3 85.5 35.7 8.7 20.1

Data show the percentage of patients who had received each of the separate care processes or interventions.
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struggled to consistently identify individuals with AKI3. The al-
gorithm used by the majority of centres in this study was modi-
fied from an earlier UK study12 and was chosen pragmatically
as one simple enough to be adopted by all centres. Since this
study, NHS England has mandated a standard algorithm to de-
tect biochemical AKI that has been positively assessed against
historical data.13 Like the algorithm in this study the NHS
England algorithm considers a creatinine value up to 365 days
before the current value, but unlike this study, it excludes

patients with no baseline value, and for patients with values>7
days earlier uses a median of the previous values, rather than of
a single result. Many of the centres with high PPV in this study
had been developing detection methods over many years, and
in particular had successfully developed methods for using a
lowest or an average (mean or median) creatinine value over a
different time period (3, 6 and 12 months) and in particular
methods to reliably exclude patients with CKD and those on
dialysis.

Table 3. Patient outcomes by acute hospital trust showing the median length of stay (LOS), percentage who received RRT, and the patient out-
come (alive at 1 month) and renal outcomes (requiring dialysis, back at baseline, above baseline kidney function)

Renal outcome at 1 month

Trust Median LOS (d) % Received RRT % Alive 1 mo % On dialysis % Baseline % Above baseline

1 11.0 20.4 62.8 6.0 62.7 31.3
2 10.0 31.6 66.0 4.7 53.5 41.9
3 13.0 20.8 63.4 2.3 69.8 27.9
4 11.0 11.4 68.0 1.8 40.0 58.2
5 11.5 11.6 50.4 8.3 50.0 41.7
6 9.0 12.9 66.4 10.1 36.2 53.6
7 9.0 12.9 61.3 3.3 68.9 27.8
8 14.0 5.0 61.4 0.0 74.4 25.6
9 12.0 31.1 55.9 2.0 42.0 56.0
10 12.0 20.2 64.0 1.6 75.0 23.4
11 11.0 11.4 67.9 0.0 72.5 27.5
12 17.0 9.8 60.7 6.3 60.3 33.3
13 7.0 5.0 61.4 0.0 43.8 56.3
14 12.0 14.4 63.1 0.0 82.3 17.7
15 17.0 12.6 57.2 1.4 61.1 37.5
16 16.0 9.7 66.5 0.0 71.9 28.1
17 9.0 9.1 55.8 0.0 53.8 46.2
18 14.0 24.4 71.9 21.3 62.8 16.0
19 15.5 6.0 62.7 2.1 71.6 26.3
20 13.0 19.8 60.9 8.0 55.0 37.0
21 15.0 22.0 82.4 3.6 69.6 26.8
22 12.0 14.5 62.2 3.3 76.9 19.8
23 14.0 13.6 60.4 3.1 57.8 39.1
24 11.0 6.9 58.0 1.9 68.2 29.9
25 15.0 17.0 69.1 0.0 69.4 30.6
26 15.0 13.7 56.1 0.0 65.9 34.1
27 11.0 5.7 65.1 6.7 73.3 20.0
28 7.0 11.4 53.1 3.8 75.0 21.2
29 10.0 16.0 60.3 1.5 53.8 44.6
30 10.5 4.3 49.3 0.0 65.4 34.6
31 15.0 8.6 64.8 0.9 72.6 26.5
32 9.0 12.6 59.4 3.9 71.4 24.7
33 10.0 8.0 55.2 0.0 59.1 40.9
34 10.0 18.2 25.0 10.0 40.0 50.0
35 13.0 17.2 55.8 4.9 67.1 28.0
36 14.0 12.7 60.6 5.3 48.0 46.7
37 11.0 13.6 63.3 5.8 69.9 24.3
38 7.0 8.8 36.1 0.0 12.5 87.5
39 9.0 5.3 68.8 0.0 88.1 11.9
40 15.0 6.4 61.8 0.0 69.2 30.8
41 14.0 11.9 72.8 0.0 77.4 22.6
42 10.0 12.5 57.5 0.0 84.6 15.4
43 16.0 7.1 65.5 0.0 84.6 15.4
44 12.0 18.2 65.5 3.4 79.3 17.2
45 8.5 9.4 55.4 3.2 64.5 32.3
46 15.0 10.0 68.0 1.3 63.2 35.5
Total 12.0 13.0 61.7 3.3 65.8 30.9
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Variation in incidence of AKI

The trust median incidence of AKI3 was 12.4 per 1000 un-
planned hospital admissions and is very similar to other single-
centre series.2 The interquartile range is also narrow with an
�1.8-fold variation in incidence within that group (10.0–15.3 per
1000 un-planned admissions). Organizations outside that range
had considerable variation in incidence which may relate to dif-
ferences in the detection method, or case-mix (although further
studies would be required to prove this). Common popula-
tion factors known to affect disease incidence and outcome
such as deprivation or ethnic group have not been well studied
in AKI. It seems likely that at least some of the differences rep-
resent different populations served, but it would be crucial to
understand this variation before any attempt is made by
policy makers to set an achievable target rate of AKI in all
populations.

Care process measures

For several conditions, it is established that the delivery of key
care steps is associated with better outcome. Examples include
outpatient diabetes care,14 and assessment of the acutely un-
well adult.8 The evidence for key treatment processes for pa-
tients with AKI is less good although there is some evidence
that AKI alerts can drive earlier interventions and that these in
turn may improve outcome.15 Rates of review by a senior clin-
ician within 12 hours of admission to hospital, and then adop-
tion of a physiological measurement warning system to
prompt senior re-review were high (86.0 and 81.3% of cases, re-
spectively), and only one organization had no warning system
in place. These were both key recommendations of the
previous study of care provided to patients in UK identified
with AKI in whom care was often judged to have been
suboptimal6.

Renal advice, renal and ITU transfer

A percentage of 35.7 patients were discussed with a nephrolo-
gist, and 8.6% were accepted for transfer to a renal unit, whereas
20.1% of patients were accepted for transfer to ITU. This in-
cludes 89 people who were accepted for transfer to both set-
tings. Discussion with a nephrologist was associated with a
1.5-fold increase in 1-month survival, and acceptance for trans-
fer to a renal unit with a 2.4-fold increase, in a model that
included likely confounding factors such as patient age, and the
final cause of AKI. Acceptance for transfer to ITU appeared to
have no effect. Not all patients who transfer to either a renal
unit or an ITU received RRT (42.5% and 39.1% receiving RRT, re-
spectively), and significantly there was no difference in the like-
lihood of sending a patient to an ICU, or in committing a patient
to RRT, in centres with and without renal units. Most but not all
ITU settings would have been able to provide RRT at the time of
this study, but the ability to access either ITU and renal unit
beds will have varied significantly between sites and is likely to
have influenced decision making.

In the multi-variable model, RRT was not significantly asso-
ciated with patient outcome. It is not possible to tell from this
study whether this means that RRT was being offered to appro-
priate individuals or whether this is a self-fulfilling strategy
where the full potential of wider use of RRT to all patients could
be shown to alter outcome.

Overall outcome

Overall, 38.3% of the patients clinically validated to have AKI3
died within 1 month of developing AKI3, and the median length
of hospital stay for all patients with AKI3 was 12 days. Both are
similar to that reported in other studies.2 Crude -month mortal-
ity varied considerably between trusts from 17.6% to 75.0%.
These data are not adjusted for age or case-mix, which might
explain some of the variation, as might differences in access to
case-notes in those who were still alive or died in some organ-
izations. It is also recognized that trusts organizational charac-
teristics might affect outcomes, with the presence of a renal
units, or even more so a renal transplant unit being associated
with better hospital outcome previously.16 Although not
included in our final model that was limited to individual and
not ecological factors, the presence of a renal centre in multi-
variable analysis was not associated with a difference in
1-month mortality in this study.

Recovery of kidney function was the norm, with only 1.7% of
the original cohort (3.3% those alive at 1 month) continuing to
require RRT at 1 month. However, almost one in three of those
alive (30.9%) did not recover to their baseline kidney function
with a likely long-term effect on their health17,18 and also cost
to the health service.19

Factors predicting survival from AKI at 1 month

Each increase in age by 1 year was associated with a 4%
increased risk of being dead at 1 month. Sepsis and cause
“other” were both associated with a worse outcome than hypo-
volaemia alone, whereas nephrotoxic drugs or urinary tract ob-
struction as the causes conferred a better outcome. “Other” is
likely to represent patients with multiple causes.

Acceptance for transfer to a renal unit is associated with a
2.4-fold greater odds of survival. It cannot exclude a clinically
likely selection bias in transfer to renal units, and it is not ex-
plained simply by access to RRT as this did not itself have any
association with outcome. Neither ITU transfer (also subject to

Table 4. Multivariable model of factors affecting probability of being
alive at 1 month

Factor OR 95% CI P values

Age 1-year increase 0.97 0.96–0.97 <0.001
Gender Female

Male 1.04 0.92–1.17 0.546
Urine Dipstick Not performed

Performed 1.33 1.18–1.50 <0.001
Senior review

within 12 hrs
Not reviewed
Reviewed 0.96 0.81–1.13 0.613

Medication review Not reviewed
Reviewed 1.53 1.29–1.80 <0.001

Discussion with
nephrologist

Not discussed
Discussed 1.54 1.34–1.77 <0.001

Transfer to
renal unit

Not Transferred
Transferred 2.36 1.76–3.15 <0.001

Transfer to ITU Not Transferred
Transferred 0.91 0.77–1.08 0.285

RRT required Not required
Required 0.82 0.66–1.03 0.083

Cause of AKI Hypovolaemia
Sepsis 0.48 0.42–0.56 <0.001
Drug induced 1.74 1.26–2.41 <0.001
Urinary obstruction 1.80 1.42–2.28 <0.001
Intrinsic renal

disease
0.80 0.53–1.21 0.283

Other 0.53 0.44–0.64 <0.001
Not stated 0.91 0.70–1.20 0.510
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selection bias) nor senior review within 12 hours appears to pro-
vide benefit. The latter is disappointing as intuitively this would
appear to be a good candidate for improving outcomes.

It is not entirely clear about the explanation behind the ob-
servation that having a urine dipstick tested is associated with
a better survival. A possible explanation is found in the associ-
ation between dipstick testing and both senior review and dis-
cussion with a nephrologist. It could be speculated that the
urine dipstick test reflects attention to detail by the attending
physician supported by discussion with a nephrologist.

Overall, the model explains only 13.1% (Cox and Snell
R2¼0.131) of the variation in patient survival, and majority of
the effect is explained by patient age. It has previously been
shown that mortality in patients who developed AKI after car-
diac surgery is affected by pre-existing conditions (congestive
heart failure, pre-operative creatinine level) and illness severity
(requiring ventilation or balloon pump).20 It is a limitation of
this study that we cannot account for such factors. Therefore, it
must be acknowledged that the majority of the variation is
likely to be in unmeasured differences in patient characteristics,
disease process or care.

Acknowledgements

The authors would like to acknowledge the significant con-
tribution of the clinical leads and clerical teams in the col-
lection of the data, and NHS Kidney Care for supporting this
study.

Funding

This work was supported by funding from NHS Kidney Care
(closed March 2013).

Conflict of interest: None declared.

References
1. Ali T, Khan I, Simpson W, Prescott G, Townend J, Smith W,

et al. Incidence and outcomes in acute kidney injury: a com-
prehensive population-based study. J Am Soc Nephrol 2007;
18:1292–8.

2. Selby NM, Crowley L, Fluck RJ, McIntyre CW, Monaghan J,
Lawson N, et al. Use of electronic results reporting to diagnose
and monitor AKI in hospitalized patients. J Am Soc Nephrol
2012; 7:533–40.

3. Finlay S, Bray B, Lewington A, Hunter-Rowe C, Banerjee A,
Atkinson J, et al. Identification of risk factors associated with
acute kidney injury in patients admitted to acute medical
units. Clin Med 2013; 13:233–8.

4. Selby NM, Kolhe NV, McIntyre CW, Monaghan J, Lawson N,
Elliott D, et al. Defining the cause of death in hospitalised pa-
tients with acute kidney injury. PLoS ONE Electron Resour 2012;
7:e48580

5. Kidney Disease: Improving Global Outcomes (KDIGO) Acute
Kidney Injury Work Group. KDIGO Clinical Practice Guideline
for Acute Kidney Injury. Kidney Int 2012; 2: 1–138.

6. National Confidential Enquiry into Patient Outcome and
Death (NCEPOD). Adding Insult to Injury. A review of the care of
patients who died in hospital with a primary diagnosis of acute kid-
ney injury. 2009. http://www.ncepod.org.uk/2009report1/
Downloads/AKI_report.pdf (22 February 2016, date last
accessed).

7. Lewington A, Kanagasundaram S. UK Renal Association: clinical
practice guidelines for Acute Kidney Injury. http://www.renal.org/
guidelines/modules/acute-kidney-injury#sthash.KqjABk2f.
dpbs (22 July 2015, date last accessed).

8. National Institute for Health and Care Excellence. Acutely ill
patients in hospital: Recognition of and response to acute illness in
adults in hospital (CG50). 2007. https://www.nice.org.uk/guid
ance/cg50/resources/acute-illness-in-adults-in-hospital-rec
ognising-and-responding-to-deterioration-975500772037 (22
February 2016, date last accessed).

9. Health and Social Care Information Centre. Hospital Episode
Statistics, Admitted Patient Care - England, 2011-12. 2012. http://
www.hscic.gov.uk/catalogue/PUB08288 (12 October 2014,
date last accessed).

10.UK Renal Registry. Renal Units in the UK. http://units.renal.org/
?qp¼1&res¼1 (22 July 2015, date last accessed).

11.NHS Choices. Acute NHS Trusts. http://www.nhs.uk/service
directories/pages/acutetrustlisting.aspx (12 October 2014,
date last accessed).

12.Thomas M, Sitch A, Dowswell G. The initial development and
assessment of an automatic alert warning of acute kidney in-
jury. Nephrol Dial Transplant 2011; 26:2161–8.

13.Sawhney S, Fluck N, Marks A, Prescott G, Simpson W,
Tomlinson L, et al. Acute kidney injury—how does
automated detection perform? Nephrol Dial Transplant 2015;
30:1853–61.

14.National Diabetes Audit Advisory Group. National Diabetes
Audit 2012-2013. Report 1: Care Processes and Treatment
Targets. 2014. http://www.hscic.gov.uk/catalogue/PUB14970/
nati-diab-audi-12-13-care-proc-rep.pdf (22 July 2015, date last
accessed).

15.Colpaert K, Hoste EA, Steurbaut K, Benoit D, Hoecke SV, Turck
FD, et al. Impact of real-time electronic alerting of acute kid-
ney injury on therapeutic intervention and progression of
RIFLE class. Crit Care Med 2012; 40:1164–70.

16.Abraham KA, Thompson EB, Bodger K, Pearson M.
Inequalities in outcomes of acute kidney injury in England. Q
J Med 2012; 105:729–40.

17.Coca SG, Singanamala S, Parikh CR. Chronic kidney disease
after acute kidney injury: a systematic review and meta-ana-
lysis. Kidney Int 2012; 81:442–8.

18.Bucaloiu ID, Kirchner HL, Norfolk ER, Hartle JE II, Perkins RM.
Increased risk of death and de novo chronic kidney disease
following reversible acute kidney injury. Kidney Int 2012;
81:477–85.

19.Kerr M, Bedford M, Matthews B, O’Donoghue D. The economic
impact of acute kidney injury in England. Nephrol Dial
Transplant 2014; 29:1362–8.

20.Thongprayoon C, Cheungpasitporn W, Shah IK, Kashyap R,
Park SJ, Kashani K, et al. Long-term Outcomes and
Prognostic Factors for Patients Requiring Renal Replace
ment Therapy After Cardiac Surgery. Mayo Clin Proc 2015;
90:857–64.

J.F. Medcalf et al. | 783

Deleted Text: hrs 
Deleted Text: Overall 
Deleted Text: &hx0026; 
Deleted Text: .
Deleted Text: It 
Deleted Text: therefore 
Deleted Text: ,
http://www.ncepod.org.uk/2009report1/Downloads/AKI_report.pdf
http://www.ncepod.org.uk/2009report1/Downloads/AKI_report.pdf
http://www.renal.org/guidelines/modules/acute-kidney-injury#sthash.KqjABk2f.dpbs
http://www.renal.org/guidelines/modules/acute-kidney-injury#sthash.KqjABk2f.dpbs
http://www.renal.org/guidelines/modules/acute-kidney-injury#sthash.KqjABk2f.dpbs
https://www.nice.org.uk/guidance/cg50/resources/acute-illness-in-adults-in-hospital-recognising-and-responding-to-deterioration-975500772037
https://www.nice.org.uk/guidance/cg50/resources/acute-illness-in-adults-in-hospital-recognising-and-responding-to-deterioration-975500772037
https://www.nice.org.uk/guidance/cg50/resources/acute-illness-in-adults-in-hospital-recognising-and-responding-to-deterioration-975500772037
http://www.hscic.gov.uk/catalogue/PUB08288
http://www.hscic.gov.uk/catalogue/PUB08288
http://units.renal.org/?qp=1&hx0026;res=1
http://units.renal.org/?qp=1&hx0026;res=1
http://units.renal.org/?qp=1&hx0026;res=1
http://units.renal.org/?qp=1&hx0026;res=1
http://units.renal.org/?qp=1&hx0026;res=1
http://www.nhs.uk/servicedirectories/pages/acutetrustlisting.aspx
http://www.nhs.uk/servicedirectories/pages/acutetrustlisting.aspx
http://www.hscic.gov.uk/catalogue/PUB14970/nati-diab-audi-12-13-care-proc-rep.pdf
http://www.hscic.gov.uk/catalogue/PUB14970/nati-diab-audi-12-13-care-proc-rep.pdf



	hcw072-TF1

