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Abstract
Acute kidney injury (AKI) is independently associated with significant morbidity and mortality, and is thus an important 
challenge facing physicians in modern healthcare. This narrative review assesses the impact of strategies employed to tackle 
AKI following the 2009 NCEPOD report on acute kidney injury (Sterwart et al. Acute kidney injury: adding insult to injury, 
pp 1–22, 2009). There is scarce and heterogeneous research into hard end points such as mortality and AKI progression 
for AKI interventions. This review found that e-alerts have varying effects on mortality and AKI progression, but decrease 
the incidence of contrast-induced AKI. The use of AKI bundles delivers statistically significant improvements in mortal-
ity and AKI progression. Similarly, AKI nurses generate statistically significant improvements on hospital acquired AKI 
and mortality. As yet there is no evidence base for the effects of education, sick day rules and smart phone apps. Overall, 
a combination of e-alerts and AKI bundles supported by education yielded the most effective and statistically significant 
results. Current practice revolves around reactive rather than preventative behaviour. This narrative review discusses reac-
tive interventions and their impact on the progression and severity of AKI, and on mortality from it. Preventative behaviour, 
such as risk stratification and early intervention in the deteriorating patient, may be influential in decreasing AKI incidence.

Keywords  Acute kidney injury · Review of impact · AKI bundle · AKI nurses · E-alerts · Sick day rules

Introduction

Overview

Acute kidney injury (AKI) is an important challenge facing 
physicians in modern healthcare. AKI is a common and seri-
ous syndrome present both in the community and in hospital 
populations. It is characterised by an acute deterioration in 
renal function and classified into Stages 1, 2 and 3 as shown 
in Table 1. A US single centre study of more than 15,000 
emergency admissions to hospital found that AKI accounted 
for more than 1 in 5 of the presentations [2]. In a United 

Kingdom single centre study, 65% of AKIs identified had 
commenced in the community [3]. Specific sub-groups of 
patients are at particularly high risk of AKI, such as the 
elderly and those with pre-existing CKD. AKI is indepen-
dently associated with significant morbidity and mortality, 
with a mortality of 23.9% in adults (95% CI, 22.1–25.7) 
shown in a 2013 meta-analysis [4]. AKI is linked with sig-
nificant healthcare costs, [5] with ‘the cost of ignoring AKI’ 
priced at £1.2 billion in the UK [6].

This narrative review focuses on patient outcome of inter-
ventions employed to tackle AKI through changes in both 
investigation and management. A narrative review has been 
conducted because the lack of high quality studies for each 
intervention, combined with the heterogeneity of both study 
design and population, makes it difficult to produce a reli-
able systematic review or meta-analysis. This review will 
focus on studies since the seminal NCEPOD (National Con-
fidential Enquiry into Patient Outcome and Death) report 
of 2009 [7].
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NCEPOD report 2009: ‘adding insult to injury’

The NCEPOD report ‘adding insult to injury: a review 
of the care of patients who died in hospital with a pri-
mary diagnosis of acute kidney injury (acute renal fail-
ure)’ in 2009 was chosen as a cut-off for review, as it 
was a milestone in the recognition of AKI, elevated its 
profile, and was a factor in the increase in studies of AKI 
interventions in the United Kingdom in recent years. This 
report stressed several key concerns in recognition and 
investigation of AKI, and highlighted poor adherence to 
basic clinical investigation protocols in a consistent and 
timely fashion. It emphasised that less than 50% of care 
was deemed good, while 43% of patients with hospital-
acquired AKI had an unacceptable delay in recognition. 
Overall, the panel felt that there was poor recognition 
of sepsis, acute illness, and hypovolaemia. They con-
cluded that 17% of hospital-acquired AKI could have 
been avoided. Underlying this, they described a failure 
to complete basic investigations and continue baseline 
physiological monitoring [7].

Interventions post‑NCEPOD

Several interventions have been developed with the aim of 
achieving significant improvements in the care of patients 
in hospital to both prevent and detect AKI, and to focus on 
swift management after identification.

In response to the NCEPOD report, the commissioning 
for quality and innovation (CQUIN) instigated financial 
rewards for improving AKI care. In 2015/16 NHS England 
supported CQUIN’s financial rewards strategy by allowing 
NHS commissioners to offer such rewards to healthcare 
service providers under the NHS standard contract, provid-
ing the indicators detailed in Fig. 1 were complied with. 
Previously, when the advancing quality alliance (AQuA) 
pursued a similar strategy to focus attention on pneumonia, 
they found that a 6% reduction in mortality was achieved, as 
well as a saving of £10 for every £1 spent [8].

Aims of this review

The pursuit of these CQUIN targets has led to several devel-
opments in the race to improve recognition of AKI and the 
ways in which healthcare professionals are alerted to investi-
gate and initiate management. The aim of this review was to 

Table 1   KDIGO acute kidney injury classification

AKI Serum creatinine criteria Urine output criteria

Stage 1 Increase of more than 0.3 mg/dl (≥ 26.4 µmol/l) or increase of 1.5 to twofold from baseline < 0.5 ml/kg per hour for 6–12 h
Stage 2 Increase two to threefold from baseline < 0.5 ml/kg per hour for > 12 h
Stage 3 Increase threefold or serum creatinine of more than or equal to 4.0 mg/dl (> 354 µmol/l) or 

initiation of renal replacement therapy
Less than 0.3 ml/kg per hour or 

anuria for > 12 h

Fig. 1   CQUIN indicators 
2015/2016 for acute kidney 
injury

The percentage of patients with AKI treated in an acute hospital whose discharge 

summary includes each of four key items:  

1. Stage of AKI (a key aspect of AKI diagnosis)  

2. Evidence of medicines review having been undertaken (a key aspect of AKI 

treatment)  

3. Type of blood tests required on discharge; for monitoring (a key aspect of post 

discharge care)  

4. Frequency of blood tests required on discharge for monitoring (a key aspect of 

post discharge care). 
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look at whether the specific interventions of electronic alerts 
(e-alerts), AKI nurses, AKI bundles, AKI apps for electronic 
devices, education, and sick day rules have improved out-
comes for patients with AKI.

Review method

A preliminary scoping exercise was undertaken. It indicated 
that the studies available were too heterogeneous to permit 
a systematic review or meta-analysis of the interventions 
developed to tackle AKI. Therefore a narrative review of the 
literature from January 2009 to November 2016 was under-
taken using computer and internet databases. The review 
focussed on the period following 2009, since it was in that 
year that AKI started to attract significant media and medi-
cal attention and was pushed to the forefront of the national 
agenda following publication of the NCEPOD report.

The databases searched were NHS evidence, CINAHL, 
EMBASE, Medline and PubMed, Google Scholar and the 
Cochrane Library. There was an additional review of rel-
evant references in the selected final papers. Studies were 
selected that considered adult patients only, had a defined 
intervention (AKI bundle, AKI nurse, e-alert, sick day rules, 
education package, AKI app), and a measured outcome 
(mortality, renal morbidity, change in creatinine, dialysis, 
AKI progression, AKI incidence).

The specific search keywords used are shown in Table 2, 
below. Each vertical column was combined using the 
Boolean operator OR. Each vertical column group was then 
combined using AND with the AKI column group.

Papers were initially screened by title. At this stage dupli-
cates and unrelated papers were excluded. After this ini-
tial refinement, the papers were then reviewed by abstract 
to determine relevance. All study designs were eligible. 
Finally, the full paper was reviewed and judged against the 
following inclusion criteria:

•	 Exclusively considered adults over the age of 18
•	 Rooted in secondary care, hospital only
•	 Written in English, from any country
•	 Published 2009–2016, in full and peer reviewed
•	 At least one AKI intervention (e-alert, specialist nurse, 

education package, AKI bundle, AKI app)

•	 At least one acute kidney injury outcome measured from 
the following—mortality, renal morbidity or change in 
creatinine or dialysis, AKI progression, AKI incidence.

The total number of articles related to AKI and each 
intervention at each stage of the review process are found 
in Fig. 2.

The criteria were decided upon prior to the review being 
undertaken to create a robust framework while review-
ing articles, and to ensure this review aligned with future 
research work that is planned by the department.

The main reasons for exclusion were concerned with no 
measured outcome related to AKI progression, mortality 
or incidence. The majority of seemingly relevant studies 
were excluded during review of the paper as they focussed 
on compliance with the intervention, rather than the effect 
the intervention had on AKI. Another significant section of 
papers covered epidemiological aspects of AKI that were 
generated from the advent of the e-alert.

Results

E‑alerts

The introduction of the mandatory e-alert system has stand-
ardised criteria for AKI staging with a national algorithm for 
detection. This was established by NHS England in March 
2015 and rolled out over the following year across primary 
care [5].

There have been numerous heterogeneous studies on the 
topic of e-alerts and their impact, generating a slowly grow-
ing body of evidence. As far back as 1994 Rind et al. [9] laid 
foundations for the current national algorithm with software 
that tracked creatinine, for over 1500 episodes of AKI, and 
sent an alert to the email of the responsible physician. This 
improved average the average time from change in creatinine 
to change in nephrotoxic medication by 21.6 h (p = 0.0001) 
with a risk of serious renal impairment of 0.45 (95% CI 
0.22–0.94) when compared to the control period.

Table 3 summarises the e-alert studies included in this 
review. A single centre study in Belgium by Colpaert et al. 
found an increase in the number of early therapeutic inter-
ventions, (28.7% in e-alert group vs. 7.9 and 10.4% in the 

Table 2   Key words used as Boolean operators or in search for articles

AKI E-alert Specialist nurse AKI bundle AKI app Sick day rules Education

Acute kidney injury Electronic alert Nurse Bundle Application Sick day Education package
Acute renal failure E alert Outreach App Sick day cards Teaching
Acute renal impairment Electronic flag Smartphone Sick day guidance
ARF Alert Smart phone
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pre- and post e-alert control groups, respectively, p < 0.001). 
In the e-alert group, more patients received fluid therapy 
(23.0 vs. 4.9 and 9.2%, p < 0.01), diuretics (4.2 vs. 2.6 and 
0.8%, p < 0.001), or vasopressors (3.9 vs. 1.1 and 0.8%, 
p < 0.001). However there was no change in length of stay 
in ICU, mortality, or severity of AKI [10]. This highlights 
balancing factors: the negative impact that interventions can 

have such as an increased workload or increased interven-
tions with no related clinical improvement.

Wilson et al. produced the largest study of e-alerts post 
NCEPOD. This single centre study from the USA screened 
23,364 adult patients, randomly assigning 1192 patients to 
standard care and 1201 patients to the intervention arm. 
They found alerts to be ineffective at improving outcomes 

Fig. 2   Number of articles meet-
ing the criteria for inclusion by 
category
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[11]. They described an alert system for the intervention 
arm that relied on paging an automated electronic alert 
to the medical provider and pharmacist for each for AKI 
within 1 h of the alert. This alert contained a hyperlink to 
a website of study information and the latest KDIGO AKI 
guidelines. There was a parallel control group who received 
standard care without an alert. Overall there was no change 
to the way AKIs were managed. The website was not visited 
more frequently and nephrology referrals were not signifi-
cantly increased. There was no improvement seen in AKI 
progression (p = 0.81), the incidence of dialysis [odds ratio 
1.25 (95% CI 0.90–1.74); p = 0.18] or mortality between 
the groups [odds ratio 1.16 (0.81–1.68); p = 0·40]. Most 
importantly, there was no improvement in survival. A simi-
lar, smaller, UK-based single centre study by Thomas [12] 
that relied on the automated national e-alert detection sys-
tem found similar conclusions. There was a mean age of 70 
and around 80% of those patients with alerts were admitted 
to hospital. The intervention involved the primary clinical 
care team receiving a phone call to advise them on AKI 
management. They detected an initial 6% improvement in 
survival with the intervention group. However, this was no 
longer statistically significant when followed up at 4 years 
(p = 0.38 log rank test). Thomas’ study differed from Wil-
son’s by including a follow-up phone call to the team after 
the automated e-alert. This additional phone call or interac-
tion appears to have an influence on human behaviours and 
may be what drives e-alert success.

How an e-alert is communicated is important to its 
acceptance—the process by which a fact is considered valid 
and adopted into clinical practice. As such, weaknesses in 
the format of an alert and/or the method of its delivery may 
account for failures to translate alerts into action. Technolog-
ical and human elements combine in a complex relationship 
in an e-alert. Several of those elements typically combine 
to affect an e-alert’s efficacy, including placement, impact, 
frequency or intrusiveness of alerts within the software. 
Another issue is a high incidence of deferring or overriding 
alerts.[13, 14] Human factors such as habituation, banner 
blindness and alert fatigue are all key influences. Phansalkar 
et al. describe large pressures on the NHS from organisation, 
reorganisation and time shortage [15].

E-alerts that were linked to an intervention have yielded 
positive outcomes in terms of AKI incidence, AKI progres-
sion and AKI mortality. A key example of a proactive, rather 
than reactive, intervention is by Cho et al. [17] in the context 
of adult in-patients in a single centre and contrast prophy-
laxis. Cho linked an interruptive e-alert for the physician 
to consider contrast prophylaxis at the time of CT request 
for all patients with an eGFR < 60 ml/min/1.73 m2. This 
intervention led to a significant reduction in contrast induced 
AKI (CI-AKI) (p = 0.02) with a significant increase in con-
trast prophylaxis prescription in the intervention group of 

55 vs. 25% [16]. Selby published a cautiously optimistic 
observational assessment from service developments of 
8411 patients from a single UK centre. He reported lower 
mortality with the combination of e-alert, care bundle and an 
education package. The unadjusted survival data at 30 days 
showed an improvement in survival from 76.3 to 80.5% over 
6 months [17].

A propensity score-matched cohort single centre study 
of 2297 patients by Kolhe et al. that used a care bundle 
to support the interruptive e-alert also found a significant 
decrease in mortality (p = 0.046, OR 0.46–0.89) that per-
sisted for up to 4 months in multivariable analysis. This had 
a hazards ratio of 0.77 for those patients with AKI bundles 
completed within 24 h [18]. None of the subsequent stud-
ies have long enough follow-up periods or sufficient long 
term data to prove sustained improvement in mortality. The 
notable difference between those studies that demonstrated 
positive outcomes appears to be the introduction of a care 
bundle or interruptive checklist alongside the e-alert. It is 
likely that this secondary element, alongside the inevitable 
rise in profile of the intervention with education and aware-
ness, is creating a redundancy within the system that allows 
AKI to be more reliably identified and its treatment to be 
instigated earlier.

Ebah and Chandrasekar [19, 20] each conducted quality 
improvement projects using a variety of tools to improve the 
recognition, investigation and management of AKI. These 
two studies had similar interventions: AKI nurses, educa-
tion, an AKI bundle and e-alerts. The significant differences 
were that Ebah’s Manchester team developed an e-alert that 
was highly sensitive—more so than the national algorithm—
and the AKI nursing team worked to remove any false posi-
tives. This interventional, quasi-experimental, longitudinal, 
before-and-after study generated significant improvements 
in AKI incidence (313 average new cases reduced to 215 
cases per month, 2.5% reduction as proportion of admis-
sions), on hospital-acquired AKI (28% reduction) and on 
length of stay (22.1–17 days, 23% reduction). There was also 
a trend toward improvements in mortality (average 38 deaths 
per month to 34 deaths per month) [19].

Meanwhile, the Liverpool team under Chandrasekar used 
all of the above interventions and an additional risk predic-
tion score that was in use prior to the improvement pro-
ject. They saw an overall reduction in mortality rate (23.2% 
reduction for in-hospital mortality, 25.9% for 30 day mortal-
ity) sustained over 33 months, a reduction in AKI 3 and a 
reduction in length of stay (2.6 days) [19, 20].

Other improvements seen as a product of the e-alert 
system are medication and pharmacy orientated. Several 
studies (McCoy [14], Terrel [21], Claus [22] and Awdishu 
[23]) identified more appropriate dosing, increased use of 
contrast prophylaxis and improved rates and timeliness 
of medication. However, they did not evaluate the patient 
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outcomes that are within the scope of this paper. Such 
interventions need further evaluation and may well have a 
clinically relevant impact for AKI.

It is important to recognise that while the e-alert is now 
mandatory for detection of AKI, the process of alerting 
the key staff to engage in clinical correlation remains flex-
ible. The e-alert must therefore be appropriately supported 
with a tangible set of actions such as the AKI bundle, 
and buttressed with a dynamic and accessible programme 
of education, as described by Ebah and Chandrasekar in 
their differing but similarly effective quality improvement 
projects [19].

E-alerts may also have led to an increase in AKI detec-
tion and awareness. A study in Italy noted that up to 75% 
of chronic kidney disease (CKD) is missed or not coded 
for [24]. Whereas by comparison a study from two large 
district general hospitals in the UK, found that only 10.5% 
of AKI was missed. They found significantly more epi-
sodes of AKI missed in surgery, however those that were 
missed were less severe [25]. Hospital acquired AKI was 
also evaluated in a large Chinese study. They found that 
AKI under the surgical team was found in the younger, 
male patients with less comorbidity than medical patients. 
They also found mortality to be lower with 11% in sur-
gery as opposed to 39% in medicine [26]. There is also an 
association found between mortality and the time to refer-
ral. 4296 patients with hospital acquired AKI in a Swiss 
Tertiary referral centre were analysed. Those patients with 
late referrals or non referrals to nephrology were associ-
ated with increased mortality and worse renal outcome 
[27]. Some of the improvements in outcomes seen in the 
care bundles may have been influenced by the recommen-
dation to refer.

AKI care bundles

A care bundle is a collection of interventions grouped 
together to investigate and manage a specified condition. 
The International Healthcare Institute (IHI) definition of a 
‘care bundle’ is shown in Fig. 3.

The rationale for the use of care bundles is clear from 
the track record laid down by the ‘Sepsis Six’ campaign 
and the sepsis bundle. Introduction of the sepsis bundle 
has halved mortality (21.2–8.7%) in a multicentre observa-
tion US cohort of 4329 patients; this was correlated with 
increased bundle compliance (4.9–73.4%) [28]. However, for 
AKI, rates of implementation and bundle completion remain 
low. Nguyen, in a prospective cohort study of 556 patients 
from eight tertiary medical centres in Asia [29], noted that 
bundle compliance improved from 13% (baseline) to 54% 
following education and four cycles of quality improvement 
work (p ≤ 0.01). Bundle completion equated to a relative 
risk reduction of death of 0.251 (95% confidence interval; 
0.007–0.442). Steinmo [30] interviewed 34 medical profes-
sionals to explore barriers and influences on bundle compli-
ance, allowing behavioural science to feed back into PDSA 
cycles and solve real-world care bundle application issues. 
There is a need to understand this phenomenon of improved 
outcome with relatively poor bundle completion compliance.

There is a growing body of evidence for the impact of the 
AKI care bundle that is summarised in Table 4. The bundles 
that had an impact and are included in this review contained 
five core elements. All of the bundles included considera-
tion of the cause of AKI and investigation it. The next most 
common elements were a fluid assessment, urine dip and a 
referral to the renal team. Table 4 shows the outcome of the 
reviewed literature.

Fig. 3   The International Health-
care Institute (IHI) definition of 
a ‘care bundle’ [45] “A structured method of improving processes of care and patient outcomes; 

a small, straight-forward set of evidence based practices, treatments and/or 
interventions for a defined patient segment or population and care setting 
that, when implemented collectively, significantly improves the reliability of 
care and patient outcomes beyond that expected when implemented 
individually.

• The bundle has 3–5 elements 
• Each bundle element is relatively independent 
• The bundle is utilized for a defined population in a defined location 
• The bundle is developed by a multi-disciplinary team 
• Each bundle element should be descriptive rather than prescriptive 

in nature, to enable local customization and applicable clinical
judgment 

• Compliance with bundles is measured as ‘all-or-none’ with an ideal 
target of greater than 95%”
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Tsui et al. published their single centre UK audit results 
of 108 patients that focused on educating junior doctors to 
complete the bundle. This served to improve documenta-
tion (p  ≤ 0.001) with a reduction in high dependency unit 
admissions (p  ≤ 0.001) and renal replacement therapy in 
the Intensive Care Unit (1.8–0%) [31]. This study did not 
include hospital-acquired AKI, and acknowledged that 
junior doctors’ documentation was insufficient to ensure 
adequate completion of the bundle.

The prospective observational study of over 2000 
adults in the UK carried out by Kolhe et al. [18] found 
that timeliness was a significant factor in outcomes. The 
authors assert that completion of a care bundle within 
24 h of admission was associated with a significantly 
lower hazard ratio of death 0.771 (95% CI 0.620, 0.958) 
after a median follow-up of 134 days in comparison to 
those who did not have a care bundle completed within 
24 h (p = 0.019).

As discussed in the previous e-alert “Results” section, 
Ebah and Chandrasekar [19, 20] both used care bundles 
as part of their quality improvement project interventions. 
Bundle compliance was considered as part of the dis-
cussion in each study. Ebah in particular considers the 
individual elements and their compliance in an “unbun-
dled” analysis. If the ten elements of Ebah’s bundle were 
“unbundled” there would be 90% compliance, as compli-
ance with urine dipstick was poor [19]. Chandresekar, 
however, did not analyse compliance with the care bun-
dles as part of the quality improvement project [20].

Does compliance necessarily equate to improvement? 
Bhagwani’s quality improvement project of an AKI 
sticker, educational intervention and AKI bundle, audited 
92 patients and found that 62% had a fluid chart pre-
AKI bundle. Compliance actually decreased with bundle 
introduction. This result was thought by the researchers to 
reflect the isolated education given only to junior doctors 
and not the wider hospital staff, such as the nurses, who 
complete the fluid balance charts. Availability, aware-
ness and accessibility of the physical bundle sticker also 
limited its use and the documented results [32].

Joslin et  al. audited 192 episodes of AKI care at a 
Central London hospital and found significant improve-
ments in recognition, fluid assessment and nephrotoxic 
cessation (all p ≤ 0.001) following introduction of their 
8-element AKI bundle, but this was not correlated with 
improved patient outcomes [33]. Educational campaigns 
raise staff awareness, but significant complex external 
and human factors influence completion of bundles. As 
seen with the sepsis campaign, there is a constant need 
to assess and overcome barriers to implementation of the 
bundle to allow true evaluation of its impact [34].

Educational packages

There is little research concentrating on the effect of educa-
tion on outcomes in AKI, and none of it met the inclusion 
criteria for this review. Ebah and Chandrasekar each credit 
education as a contributor to the results seen in their respec-
tive quality improvement projects, with Ebah referring to a 
well-received and effective 4-slide headline tool [19, 20].

Gang Xu et al. have completed a two centre UK-based 
study looking at an educational package to improve out-
comes in AKI. There were 319 questionnaires completed 
by physicians pre-intervention and 138 post-intervention. 
Their work improved awareness of AKI guidelines from 
26 to 64% (p  ≤ 0.001), self-reported diagnosis of AKI (50 
vs. 68%, p  ≤ 0.001) and investigating AKI (48 vs. 64%, 
p = 0.002) [35].

It is difficult to discern individual educational packages’ 
effects or impacts in isolation from other interventions, as 
it is implicit that a change such as an e-alert would require 
supporting information and education. Selby [17] maintains 
that the effect lies in a triad of strategies:

1.	 Detailed, bespoke education
2.	 Electronic detection and e-alerts
3.	 Care bundle.

AKI nurses and AKI outreach teams

Different approaches to responsibility for AKI are adopted 
in different centres, with some considering AKI the respon-
sibility of nephrologists, whereas others consider AKI to be 
everyone’s problem [3]. AKI specialist nurses are a grow-
ing factor in the interventions developed to tackle AKI. The 
nurses can provide targeted education to those wards with 
high prevalence in an opportunistic manner and create a 
redundancy in the system so that patients with AKI are not 
missed.

Thomas [12] described a phone call-based outreach 
service in a single UK centre (as discussed in the e-alert 
“Results” section) which, overall, generated more recom-
mendations but garnered no statistical improvements. There 
is a delicate balance between improved AKI outcomes and 
increased work for radiology, nephrology and pathology 
colleagues. Gulliford [36] whose work covers three district 
general hospital settings within the UK, saw an increase in 
renal USS, renal review and senior review, but also saw bet-
ter medication prescribing, less AKI 3, decreased LOS and 
decreased mortality.

Royal Liverpool University Hospitals state that since the 
introduction of an AKI team there has been a reduction in 
AKI progression and an 18% reduction in median hospital 
mortality. This has been partially achieved by combining an 
outreach team review for medically unwell patients with a 
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bleep system for those scoring on the early warning system 
and prompt intervention and review [37].

The MAKIT better study [38] and Ebah [19] at the Cen-
tral Manchester Foundation Trust both describe how the 
introduction of two AKI nurses led to improvements in 
several of the key areas. Ebah’s study is described in the 
“Results” section and the MAKIT better study saw similar 
results with regards to AKI incidence (18% reduction), hos-
pital acquired AKI (1% reduction), mortality (10% reduc-
tion) and length of stay (10% reduction), although it is not 
stated whether these were statistically significant.

These appear to be showing a trend towards improvement. 
It may be that a combination of dedicated nurse time, “an 
extra pair of hands” assistance by outreach to give timely 
intervention, education and human interaction is more per-
suasive than an inanimate e-alert.

The key features of successful nurses or outreach teams 
where specified, were that they consisted of a specialist 
nurse with access to a consultant, either acute medicine or 
renal, and they operated 5 days a week between the hours 
of 9 a.m. and 5 p.m. The interventions were either ward vis-
its or phone calls, with more favourable results linked with 
ward visits. A summary of these findings is found in Table 5.

Smartphone applications, AKI app

Smartphones are now almost ubiquitous throughout both the 
general public and medical professionals, allowing immedi-
ate access to information at the point of care. Despite several 
AKI related apps from London, Edinburgh, Salford (AKI 
care) and Leeds (RRAPID—sepsis based) there is no data 
yet on their effectiveness or impact. As this intervention 
remains isolated from the NHS IT services, it is likely that 
mostly it will serve as an educational and reference tool. 
With the advent of Google and DeepMind integration at the 
Royal Free in London we await analysis from projects that 
may lead to developments in the future.

Sick day guidance

There is no published quantitative evidence or long-term 
data on sick day guidance and its impact on AKI outcomes. 
The hypothesis for sick day guidance is that reducing or 
omitting medications such as anti-hypertensives or diuret-
ics during an intercurrent illness will lead to a reduction in 
AKI incidence or progression. However this hypothesis has 
struggled from its conception. The main issue is a lack of 
consensus between renal and other specialities as there is 
little evidence to support this intervention thus undermining 
confidence in the premise. Heterogeneous groups of patients 
sustain AKI. As such, no “one size fits all” message is suit-
able. This is the key point in the qualitative piece by Morris 
et al. exploring the implementation of sick day guidance in 
primary care in the North West of England [39].

Several studies clearly indicate that combination medi-
cation such as angiotensin-converting enzyme (ACE-
inhibitors), diuretics and non-steroidal anti-inflammatories 
(NSAIDs) are a risk for AKI. Tomlinson [40] found an 
increased prevalence of AKI in those on ACE inhibitors and 
angiotensin receptor blockade (ARB) over a 4 year study 
period from an observational study of around 8000 general 
practices across the UK. Likewise, Lapi [41] performed a 
similar nested case-control study of over 487,000 patients, 
with 2215 episodes of AKI, and found that a triple combi-
nation of diuretics, ACE inhibitors and NSAIDs increased 
incidence of AKI (rate ratio 1.31, 95% CI 1.12–1.53). There 
are professional consensus opinions published by the col-
laborative Think Kidneys Board [42] yet overall there is a 
need for improved resourcing and evidence base [39].

Table 5   Studies showing the effect of AKI nurses and AKI outreach teams on AKI outcomes

Author Intervention Outcome

Thomas [12] Outreach service More recommendations made, initial 6% improvement in 
mortality, no statistical improvements long term

Hill [44] AKI/outreach team-review AKI 2/3 and EWS scores > 5 Less AKI progression, 18% reduction in median hospital 
mortality

CMFT MAKIT [38] AKI nurses, e-alerts, education Decrease hospital acquired AKI (−1%), decrease mortality 
(−10%)

Gulliford [36] AKI nurse, education, AKI champions, telephone follow up Less AKI 3, decreased mortality
Chandrasekar [20] Outreach team/AKI nurse, care bundle, e-alerts, education Weak inverse correlation of AKI incidence (R2 0.351), 

decrease in AKI 3 and decrease length of stay (2.6 days)
Ebah [19] AKI nurses, e-alerts, education, care bundle Decrease in AKI incidence (9–6.5%), decreased length 

of stay (22.1–17 days), trend towards improvement in 
mortality
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Discussion

The NCEPOD of 2009 has been a great motivator by cre-
ating improved public awareness of AKI, increasing its 
profile in the NHS, and by provoking the introduction of 
financial incentives. This narrative review supports the 
growing body of evidence that grouped interventions can 
create an impact on the progression and severity of, and 
mortality from, AKI. Overall success appears to be due to 
a combination approach of an e-alert and an AKI bundle, 
supported by overarching education and an AKI nurse to 
create a failsafe within the system.

•	 The e-alert must be timely and appropriately intrusive 
to trigger actions such as the completion of an AKI 
bundle.

•	 All healthcare workers, from healthcare assistants, 
nurses and doctors both undergraduate and postgradu-
ate, should undergo AKI education with a focus on risk 
recognition, the unwell patient and task prioritisation.

•	 There must be a redundancy built into the system, be it 
AKI nurses or dedicated pharmacist review, to mitigate 
for human factors and ensure that alerts translate into 
action.

Where does the AKI community look to next?

At present the system is entirely reactive. For example, 
e-alerts and care bundles only commence once the insult 
has happened. In order to reduce AKI incidence there is 
a need for a proactive element. Successful and reliable 
risk modelling for AKI, coupled with education and rapid 
recognition of the deteriorating patient, may well result in 
an impact on incidence.

NCEPOD’s report “adding insult to injury” [1] suggests 
that simple achievable change lies in ensuring that the 
basics of patient monitoring and investigations are com-
pleted, then escalated, in a timely and appropriate fashion. 
This would include identification of, and early interven-
tion for, those at high risk of AKI [1]. On-going audit of 
AKI incidence would create the opportunity for targeted 
education. This will probably rely on further research and 
a public and health sector wide programme of education. 
Further research is needed into the departmental and hos-
pital variation in management of AKI and the correspond-
ing outcomes.

A separate key intervention concerns feedback mecha-
nisms between secondary and primary care. Dissemination 
of information from in-hospital patient stays or visits, such 
as discharge summaries and clinic letters, must improve 

in both quality and consistency, as must corresponding 
coding practices in primary care. The most discernible 
predictive factor for AKI is having had one previously. A 
patient who has had an AKI already has composite risk 
factors for AKI recurrence. Flagging up each patient with 
an AKI on discharge for review of these risk factors in 
the community should trigger consideration of secondary 
prevention.
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