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Introduction

Acute kidney injury (AKI) is an increasingly common
clinical problem faced by nephrologists and intensivists,
as well as general physicians and surgeons. AKI is associ-
ated with adverse outcomes both in the short and long
term with chronic kidney disease (CKD) being increas-
ingly recognised as a common sequela of AKI. In an anal-
ysis of 19,982 consecutive admissions in a single centre in
Boston, USA, AKI was significantly associated with mor-
tality, length of stay and healthcare cost [1]. Elevations in
serum creatinine were common, affecting up to 13% of
patients, and even relatively modest elevations in serum
creatinine were associated adverse outcomes - a rise in
serum creatinine of =0.5 mg/dl (44 wmol/l) was associ-
ated with 6.5-fold increase in the risk of death. The inad-
equacies of AKI management were highlighted by a re-
cent UK government survey where the care of AKI was
deemed inadequate in 33% of cases, with poor recogni-
tion of risk factors such as sepsis and hypovolaemia [2].
The pattern and burden of AKI appears to be particu-
larly significant in developing countries [3] and therefore
the recently published Kidney Disease Improving Global
Guidelines (KDIGO) Clinical Practice Guidelines for
Acute Kidney Injury provides a welcome and timely syn-
thesis of the evidence base to support the management of
AKI [4].

As in previous guidelines, KDIGO utilised a grading
system with level 1 being rated a ‘strong recommenda-

tion’, implying that most patients ‘should’ receive a par-
ticular action. In contrast, level 2 guidelines are essen-
tially ‘suggestions’ and are deemed to be ‘weak’ or discre-
tionary, recognising that management decisions may
vary in different clinical contexts. Each recommendation
was further graded from A to D by the quality of evidence
underpinning them, with grade A referring to a high
quality of evidence whilst grade D recognised a ‘very low’
evidence base. The overall strength and quality of the
supporting evidence is summarised in table 1.

The guidelines focused on 4 key domains: (1) AKI def-
inition, (2) prevention and treatment of AKI, (3) contrast-
induced AKI (CI-AKI) and (4) dialysis interventions for
the treatment of AKI. The full summary of clinical prac-
tice statements is available at www.kdigo.org, but a few
key recommendation statements will be highlighted here.

AKI Definition

A key recommendation is that clinicians effectively
adopt the previously published AKI Network definition
of AKI [5] as one of the following:

« Anincreaseinserum creatinine by =0.3 mg/dl (=26.5

pmol/l) within 48 h
« An increase in serum creatinine to =1.5 times base-

line within the previous 7 days
o Urine volume <0.5 ml/kg/h for 6 h
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Table 1. Summary of evidence level and

strength of KDIGO recommendations Quality of supporting evidence Level 1 Level 2 Not graded
A 9 (14.8%) 2 (3.3%) 26 statements not
B 10 (16.4%) 10 (16.4%) graded
C 3(4.9%) 20 (32.8%)
D 0 (0%) 7 (11.5%)
Table 2. Proposed KDIGO staging of AKI . ]
Stage Serum creatinine Urine output
1 1.5-1.9 times baseline <0.5 ml/kg/h for 6-12 h
or
>0.3 mg/dl (=26.5 pmol/l) increase
2 2.0-2.9 times baseline <0.5 ml/kg/h for 212 h
3 3 times baseline <0.3 ml/kg/h for 224 h

or

>4.0 mg/dl (=353.6 pmol/l) increase

or

or
anuria =12 h

initiation of RRT

or

in patients <18 years a decrease in eGFR
<35 ml/min/1.73 m?

Furthermore, KDIGO suggests that AKI should be
staged according to severity as outlined in table 2. The
rationale for the staging system comes from a plethora of
studies showing that the risk of death and renal replace-
ment therapy (RRT) increases with each stage [6-8]. Fur-
thermore, evidence suggesting patients in whom AKI re-
solves are at increased risk of death, CKD and cardiovas-
cular disease [9, 10] has prompted KDIGO to make an
ungraded suggestion that all those with resolved AKI
should be considered to be at increased risk of CKD and
be managed as per the KDOQI guidelines for individuals
at risk of CKD. Other recommendations include stratify-
ing patients for risk of AKI and monitoring serum cre-
atinine at urine output in those at risk as well as those
with established AKI.

The limitations of any classification system based on
serum creatinine in patients who are likely to be catabolic
and not in steady state are recognised by the guidelines.
Furthermore, the effects of age and pre-existing sarcope-
nia on the accuracy of the classification system are not
clearly discussed, but they are likely to impact on the ac-
curacy of any creatinine-based classification system.
Clearly knowing the baseline serum creatinine is essential
in utilising the classification system as AKI often begins
before patients are admitted to hospital, and for many pa-
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tients there is no record of baseline kidney function. Con-
troversially, the guidelines suggest that patients should be
assumed to have a baseline eGFR of 75 ml/min/1.73 m? in
cases where there is no history of CKD and baseline kid-
ney function is unknown. Although this approach has
been validated in AKI epidemiology studies in clinical
settings, many clinicians may be reluctant to make such
assumptions and there is an inherent risk that many pa-
tients would be inappropriately labeled as having AKI
without any outcome data to show that such labeling will
improve patient outcomes. Similarly, the use of urine out-
put as a diagnostic criterion is less well established. How-
ever, until the use of biomarkers such as N-Gal and Kim-
1 can be conclusively shown to improve patient outcomes
in AKI (rather than facilitate earlier diagnosis), the clini-
cal reality is that serum creatinine combined with urine
output will remain the cornerstone for diagnosing AKI.
There is no doubt that standardising the definition
and staging of AKI provides a clear framework for study-
ing outcomes in both epidemiological and clinical re-
search. However, the definition and staging of AKI is un-
graded - reflecting the fact that it cannot be subjected to
systemic review. The KDIGO work group argued that un-
graded statements ‘should not be viewed as weaker than
graded recommendations’. However, the bedside utility
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of the proposed classification and staging may be ques-
tioned by many ‘real world’ practicing clinicians who
would view such statements as being opinion-based rath-
er than evidence-based. In particular, it is not clear how
staging will alter immediate management and outcomes.

Furthermore, whilst a recommendation is made to
treat those with resolved AKI as being at increased risk of
CKD, no specific guidance is given on the nature or fre-
quency of such monitoring, nor is there any data to show
the cost-effectiveness of such a strategy.

Prevention and Treatment of AKI

A total of 25 practice statements are made in this sec-
tion, many of which seem eminently sensible, such as the
‘use of vasopressors in conjunction with fluids in patients
with vasomotor shock’ (level 1C). Importantly, the guide-
lines critically review the evidence for a number of agents
which have been evaluated in the prevention and treat-
ment of AKI, all of which have failed to show any consis-
tent benefit including dopamine (level 1A), fenoldopam
(a pure dopamine type-1 receptor agonist without - and
B-adrenergic stimulation; level 2C), atrial natriuretic
peptide (level 2C), insulin-like growth factor-1 (level 1B)
and diuretics (level 1B). There is no role for any of these
agents in the management of AKI though the guidelines
acknowledge that diuretics may be useful in the manage-
ment of volume overload.

A number of other recommendations are made in-
cluding:

o The use of isotonic crystalloids rather than colloids for
volume expansion (level 2B), based on randomised
controlled trials such as Saline versus Albumin Fluid
Evaluation comparing albumin with isotonic saline in
an intensive care setting, which found no difference in
outcomes [11]. Furthermore, a recent meta-analysis
showed certain preparations of colloids such as hyper-
oncotic starch are actually associated with AKI [12].

« Insulin therapy to target plasma glucose of 110-149
mg/dl (6.1-8.3 mmol/]; level 2C). This may be a some-
what controversial recommendation as these thresh-
olds have not been examined in a randomised con-
trolled trial and the risks of hypoglycaemia are sig-
nificant with a meta-analysis of intensive insulin
therapy trials showing an increased risk of death in
those with hypoglycaemia [13].

« Avoiding aminoglycosides (level 2A) if possible and
using single-daily dosing (level 2B) with therapeutic
drug monitoring (level 1A).

KDIGO Clinical Practice Guidelines for
AKI

 Using liposomal amphotericin or azoles and/or echi-
nocandins for fungal and parasitic infections (level
2A).

« Avoiding the use of oral or intravenous N-acetylcyste-
ine (NAC) for the prevention of postsurgical AKI (lev-
el 1A).

Contrast-Induced Acute Kidney Injury

The incidence of CI-AKI has been reported to be
around 10.5% [14], with mortality as high as 35% in those
who require dialysis [15]. Clearly it is difficult to tease out
the role of confounding variables, but the CI-AKI re-
mains a pressing clinical problem.

A number of recommendations are made by KDIGO
including:

o Assess risk for CI-AKI and screen for kidney disease
in those who require iodinated contrast, which may be
achieved by point-of-care creatinine testing or by
questionnaire-based risk assessment for factors such
as diabetes, cardiovascular disease and CKD (not
graded).

 Avoid/minimise contrast if possible in those at risk of
CI-AKI (not graded) and use iso-osmolar or low-os-
molar contrast in those with increased risk (level 1B).
In the head-to-head comparisons of iso-osmolar ver-
sus low-osmolar contrast, no definitive differences in
incidence of CI-AKI were found.

« Use of intravenous saline or sodium bicarbonate in
those at risk of CI-AKI (level 1A). A comprehensive
review of 23 studies comparing bicarbonate to saline
found no clear evidence that bicarbonate was superior
to saline [16].

o Use of oral NAC with fluids in those at risk (level 2D).

o No role for oral fluids alone (level 1C).

« No role for haemodialysis/haemofiltration for con-
trast removal in those with increased risk of CI-AKI
(Ievel 2C).

It is worth pointing out that despite the recommenda-
tion for intravenous fluid loading rather than oral fluid
loading, there is little head-to-head comparison between
the two approaches. The volume of fluid ingested appears
to be an important predictor of CI-AKI and a recent study
of oral versus intravenous fluids found no difference in
CI-AKI in mild CKD [17, 18]. Given the expense of intra-
venous therapy for all at risk of CI-AKI, the use of oral
fluid loading may be justified in those ‘well” outpatients
with mild CKD.

Nephron Clin Pract 2012;120:c179-c184 cl81



Table 3. Key recommendations for dialysis interventions for treatment of AKI

Recommendation Evidence level
Anticoagulation
Use anticoagulation in RRT as long as no impaired coagulation/bleeding risk 1B
Unfractionated or low-molecular-weight heparin for intermittent RRT 1C
Regional citrate preferred for CRRT 2B
Unfractionated or low-molecular-weight heparin in CRRT in those with contraindication to citrate; no role for 2C
prostacyclins
Regional citrate in CRRT for those with at increased bleeding risk — avoid regional heparinisation 2C
Stop all heparin and use direct thrombin inhibitors (argatroban) or factor Xa inhibitors (danaparoid or 1A
fondaparinux) in heparin-induced thrombocytopenia - argatroban preferred if severe liver failure
Access
Choice of vein as follows: ungraded

(1) Right Jugular

(2) Femoral

(3) Leftjugular

(4) Subclavian - dominant side
Ultrasound-guided insertion 1A
No use for topical antibiotics or antibiotic locks 2C
Modality
CRRT preferred to intermittent haemodialysis for those with: 2B

(1) Cardiovascular instability

(2) Acute brain injury or cerebral oedema or

raised intracranial pressure

Buffer
Use of bicarbonate rather than lactate as a buffer in those with associated circulatory shock/liver failure/lactic acidosis ~ 1B-2B
Dose
Kt/V of 3.9 per week for those on intermittent or extended RRT 1A
Effluent volume of 20-25 ml/kg/h for CRRT 1A

Concerning NAC, the guidelines recognise that there
is significant heterogeneity in the data and the effects ap-
pear modest, but support its use on the grounds that it is
a cheap and safe intervention. It is worth noting that the
oral bioavailability of NAC may be less than 10% and in-
terpretation of its effects in CI-AKI may be confounded
by the action of NAC on tubular secretion of creatinine.

Finally, there is conflicting data regarding the value of
prophylactic haemodialysis/haemofiltration on CI-AKI,
which is reflected in the level 2C grading of the guideline
[19-21].

Dialysis Interventions for the Treatment of AKI
This section of the guidelines covers a variety of issues

including initiation and withdrawal of RRT, anticoagula-
tion, vascular access, membrane use, modality and dose
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of RRT, and buffer solution use. A total of 30 recommen-
dation statements are made and some of the key recom-
mendations are summarised in table 3.

The use of citrate is reccommended for patients on con-
tinuous RRT (CRRT), mainly on the basis of a large ran-
domised controlled trial involving 200 patients showing
that its use was associated with fewer complications (e.g.
bleeding and thrombocytopenia) [22]. It is important to
note that the comparator arm was given low-molecular-
weight heparin without any monitoring which may have
driven the event rate in that group. The requirements for
complex protocols with additional calcium infusions and
intensive monitoring may limit the widespread use of ci-
trate in CRRT. Furthermore, citrate is contraindicated in
those with liver disease or shock states — the very patients
who are most likely to require CRRT on the intensive care.

The suggestion that CRRT be used rather than inter-
mittent haemodialysis for haemodynamically unstable
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patients again contrasts with the actual evidence as set
out in a Cochrane meta-analysis, which failed to show
any difference in haemodynamic instability or mortality
between the two modalities [23]. Whilst CRRT appeared
to be associated with less escalation of vasopressors with
higher mean arterial pressure at the end of therapy, it also
appeared to be associated with a higher risk of clotted fil-
ters. Furthermore, there is little data comparing CRRT to
either sustained low-efficiency dialysis (SLED) or proto-
col-driven management to improve the stability of hae-
modialysis (e.g. dialysate cooling, sodium profiling, stop-
ping vasodilator therapy, ‘extended slow’ dialysis). There
is scant data on the feasibility of peritoneal dialysis in the
management of AKI and its use appears to be primarily
limited to the paediatric population or resource-poor ar-
eas.

The guidelines recommend dialysis dose be measured
though the use of Kt/V as a marker of dialysis dose in
AKTI, but this is fraught with difficulty given the varia-
tions in urea generation with patients not being in steady
state. The recommended Kt/V of 3.9 appears to be de-
rived from the Veterans Affairs/NIH Acute Renal Failure
Trial Network. While this large randomised controlled
trial failed to show any benefit of increasing RRT dose,
the average Kt/V in the less intensive group was 3.9 per
week [24]. Those patients on CRRT in this trial had a
minimum effluent flow of 20 ml/kg/h whilst a large study
of CRRT dose from Australasia showed no difference be-
tween effluent flow rates of 25 and 40 ml/kg/h - hence
the recommendation of a minimum effluent volume of
20-25 ml/kg/h [25].
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