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ABSTRACT
Acute kidney injury (AKI) is increasingly prevalent in developing and devel-
oped countries and is associated with severe morbidity and mortality. Most
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aetiologies of AKI can be prevented by interventions at the individual, com-
munity, regional and in-hospital levels. Effective measures must include
community-wide efforts to increase an awareness of the devastating effects of AKI and provide guid-
ance on preventive strategies, as well as early recognition and management. Efforts should be focused
on minimising causes of AKI, increasing awareness of the importance of serial measurements of serum
creatinine in high risk patients, and documenting urine volume in acutely ill people to achieve early
diagnosis; there is as yet no definitive role for alternative biomarkers. Protocols need to be developed
to systematically manage pre-renal conditions and specific infections. More accurate data on the true
incidence and clinical impact of AKI will help to raise the importance of the disease in the community,
increase awareness of AKI by governments, public, general and family physicians, and other health
care professionals to help prevent the disease. Prevention is the key to avoid the heavy burden of mor-
tality and morbidity associated with AKI.
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INTRODUCTION

On March 14, 2013, the 8" World Kidney Day
(WKD) will be celebrated. WKD is an annual
event jointly organised by the International
Society of Nephrology and the International
Federation of Kidney Foundations. This year,
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we aim to alert the public to the global in-
crease in acute kidney injury (AKI) in both
developing and developed countries. AKI is a
syndrome of abrupt loss of kidney function,
often with oliguria, which is strongly associat-
ed with increased early and long term patient
morbidity and mortality, as well as the subse-
quent development of chronic kidney disease
(CKD).



There is an urgent need for a global
health strategy to reduce the enormous grow-
ing burden of AKI and its consequences. We
advocate that efforts focused on preventing
AKI be coupled with early detection and treat-
ment, and adequate follow up to reduce mor-
tality and the long term burden of AKI-
induced CKD. AKI be coupled with early de-
tection and treatment, and adequate follow
up to reduce mortality and the long term bur-
den of AKI-induced CKD.

Epidemiology of AKI Worldwide

The KDIGO (Kidney Disease Improving Global
Outcome) Clinical Practice Guideline for AKI,
defines AKI as any of the following: increase
in serum creatinine by >0.3 mg/dl (= 26.5
pmol/L) within 48 hours; or increase in serum
creatinine to =1.5 times baseline, which is
known or presumed to have occurred within
the prior 7 days; or urine volume <0.5 ml/kg/
hr for 6 hours. ! An epidemiological study in
Scotland showed that the incidence of AKI
was 2,147 per million population per year
(pmp) 2 and in a community study in North-
ern California, the annual incidence of non-
dialysis requiring and dialysis requiring AKI
were respectively 3841 and 244 pmp 3; this
incidence increased over time and was con-
sistently higher in men and in the elderly. 3
Unfortunately, there are still no comprehen-
sive studies on the incidence of AKI in the

community in the developing world.

Recent hospital studies in the devel-
oped world reported AKI in 3.2-9.6% of ad-
missions, with overall in-hospital mortality
around 20%, and up to 50% in intensive care
unit (ICU) patients. %> There is also increased
long term mortality in those with AKI surviv-
ing hospitalisation, with adjusted mortality
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risk of 1.4, which augmented with increasing
severity of AKI.> AKI requiring renal replace-
ment therapy occurs in 5-6% of ICU patients,
with an extremely high in-hospital mortality
rate of 60%. ° It is estimated that about two
million people die of AKI every year. &7 Those
who survive AKI have a higher risk for later

development of CKD. &

AKI in the Developing World

Eighty-six per cent of the world’s population
live in low and middle income countries,
which have many contrasts and inequalities.
Sophisticated tertiary hospitals co-exist with
inadequate primary care and poor health sys-
tem infrastructure in the same country and
even in the same city. In such countries, AKI
has a peculiar bimodal presentation. In mod-
ern, large, urban centres, the pattern of AKI
is very similar to that found in the developed
world; it is predominantly a hospital-acquired
disease occurring mostly in older, critically ill
multiorgan failure patients with substantial
comorbidity. The main cause for AKI in this
population is renal ischaemia, principally due
to sepsis, and often associated with ne-
phrotoxic drugs. °

At the same time, in rural areas or
smaller cities in the countryside, AKI will usu-
ally be a community-acquired disease, affect-
ing younger and previously healthy individu-
als. In this population, specific causes of AKI
include diarrhoeal diseases with dehydration,
infectious diseases (malaria, dengue, yellow-
fever, leptospirosis, tetanus and human im-
munodeficiency virus), animal venoms (sna-
kes, bees, Loxosceles spiders, Lonomia cater-
pillars), septic abortion, dyes and natural
medicines. %2 Most of these factors trigger-
ing AKI are associated with poverty and



affect vulnerable populations because of poor
sanitation and water hygiene (diarrhoeal dis-
eases), a lack of education and access to an
adequate urban infrastructure and difficulty
to have access to the healthcare system
(septic abortions, snakebite, natural medi-
cines, tetanus) and breaking of an ecological
balance from uncontrolled and unplanned
urbanisation (leptospirosis, yellow-fever, Afri-
canised bees and Lonomia caterpillar acci-
dents). %13 In the developing world, the
same ICU may have a typical bacterial sepsis
-induced AKI patient side-by-side with a pa-
tient suffering from dengue or tetanus-
induced AKI.

Increasingly these causes of AKI may
be exported from developing to developed
countries due to immigration, business travel,

tourism and global warming.

AKI in the Developed World

The availability of standardised criteria for
diagnosis and staging of AKI has made clear
that the prevalence of AKI in the developed
world has increased in the last decade. '*1'°
AKI is now encountered in 45% of patients
admitted to the ICU and 20% of hospitalised
patients. !¢ !7 This increase in prevalence
likely reflects an aging population burdened
by multiple co-morbidities, which is often
managed with multiple drugs. %1% AKI is a
multifactorial entity. Aetiological factors in-
clude pre-renal injury contributing to reduced
renal perfusion, however the precipitating
events are often iatrogenic e.g. hypotension
during anaesthesia and surgery, or profound
diarrhoea secondary to Clostridium difficile
(C. difficile) infection resulting from aggres-
sive antibiotic therapy. 2° Drug induced kid-

ney injury is recognised as a major factor in
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about 20% of cases, while hospital acquired
infections, sepsis, complex surgery and diag-
nostic procedures requiring intravenous con-
trast continue to be significant risk factors for
development of AKI. 223 patients in the ICU
are dying of AKI and not just simply with AKI.
Experimental and small observational studies
have shown that AKI negatively affects im-
munity and is associated with higher rates of
infection. 2* AKI patients frequently develop a
vicious cycle of immune dysfunction, sepsis
and multi-organ failure. Indeed, severe sepsis
is currently the major cause of AKI in the
United States of America (USA). #* The host
response to sepsis involves an inflammatory
response which activates innate immunity. If
this persists, the immune response will lead
to a release of a multitude of pro-

which

cause organ dysfunction, including kidney

inflammatory products, frequently

failure. 26

A key issue in the developed world is
that patients are increasingly cared for by
multiple providers, often in different health
care systems, with infrequent or minimal data
sharing between providers and across health
care systems. This lack of knowledge often
results in overdosing of nephrotoxic medica-
tions, for example a dentist might prescribe
large doses of non-steroidal anti-inflam-
matory drugs (NSAIDs) for pain management
after dental surgery without the knowledge of
a patient’s underlying CKD, thus contributing
to development of AKI superimposed on the
CKD. Since kidney disease is generally silent,
unless it is severe enough to reduce urine
output or lead to complications, it can often
go unrecognised. ¥’ A recent national audit of
the care provided to patients who died with a
diagnosis of AKI in the United Kingdom (UK)



hospitals revealed several shortcomings. AKI
was often diagnosed late in the course, the
initial severity was underestimated, and diag-
nostic and therapeutic interventions were of-
ten incomplete or delayed. % This audit illus-
trates the urgent need for improving aware-
ness of AKI and has prompted the medical
community in the UK to implement specific
measures to facilitate early recognition, time-
ly diagnosis, and appropriate management

and follow up of AKI patients. 2°

AKI in Children

The epidemiology of paediatric AKI has shift-
ed in the last decades from intrinsic kidney
diseases such as haemolytic uraemic syn-
drome and glomerulonephritis to ischaemia,
nephrotoxins and sepsis in critically ill chil-
dren. 7 Estimates on the incidence of AKI in
children vary depending on the definition
used and the population assessed, but it is
clearly increasing. A paediatric-modified RI-
FLE (Risk, Injury, Failure, Loss, and End-
Stage Kidney) criterion was developed and
validated in 2007. The major difference with
the original RIFLE definition is the use of
changes in estimated creatinine clearance
calculated by Schwartz formula rather than
serum creatinine, in view of the large varia-
tion in body mass in children. ¥’ Development
of AKI has been consistently demonstrated as
an independent risk factor for death in chil-
dren, from neonates to adolescents. Recently,
the concept of ‘renal angina’ was proposed as
a tool to the early identification of kidney in-
jury together with early adoption of preven-
tive measures in children at high risk for de-
velopment of AKI. *° One of the strongest
indicators of ‘renal angina’ and risk of further
development of AKI in children is fluid over-
load. /3% As in adults, AKI carries a signifi-
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cant risk for late development of CKD in sur-

viving children. 7:31

Other Consequences of AKI

Apart from the high mortality associated with
AKI, there are other major consequences. Pa-
tients with AKI utilise more resources and
have longer hospital lengths of stay in part
due to effect of AKI on other organ function.
For instance, AKI patients have more difficulty
being weaned off ventilators. 32 AKI patients
are more prone to fluid overload with a result-
ant increase in mortality and impaired renal
recovery. ¥ When patients leave hospital they
generally require prolonged recuperation often
in skilled nursing facilities and may not recov-
er kidney function. 3* In a study of over 4,000
type 2 diabetic patients in the Veterans Affairs
healthcare system in the USA, approximately
half required one or more hospitalisations,
and among those requiring hospitalisation,
29% experienced at least one episode of AKI.
35 CKD is now recognised as a major non-
communicable disease, and data in the same
study of type 2 diabetics showed that AKI was
an important independent risk factor for stage
4 CKD (hazard ratio 3.56), with each AKI epi-
sode doubling that risk. There is other con-
sistent and increasing evidence that AKI con-
tributes to CKD development and may result
in dialysis dependency. %35 Collectively these
data demonstrate the high personal and com-
munity costs of an episode of AKI and stress
the pressing need to address this problem in

an effective way. 3’

Is AKI Preventable and

Treatable?
A central tenet of the WKD message since

2006 has been that ‘kidney disease is com-
mon, harmful and treatable’. Like CKD, AKI



is common, harmful and treatable, and is also

largely preventable.

The heterogeneity of patients and the
broad range of situations where AKI is en-
countered make it challenging to standardise
an approach for evaluating and managing
patients with this syndrome. The recent KDI-
GO guidelines for management of AKI provide
a useful reference to assist clinicians for man-
aging AKI, however the successful implemen-
tation of guidelines and their application to
individual patients can be slow and requires

concerted efforts. /38

Prevention of AKI starts in the com-
munity with prompt assessment of those at
risk, for example in taking prompt action fol-
lowing effective evaluation of the severity of
fluid depletion in acute diarrhoea. Regular
drug therapy can compound that risk and the
many older people taking NSAIDs or renin-
angiotensin system blockers should be edu-
cated to discontinue them temporarily in the
face of acute intercurrent illness, a so-called

‘medication holiday’.

In the developed world, the growing
adoption of electronic medical records (EMRs)
provides several opportunities for managing
patients through the continuum of outpatient
and in-hospital care. Several studies have
now shown that active surveillance for chang-
es in creatinine can automate alerts to guide
drug dosing and reduce the incidence of drug
-induced kidney injury. 3 4°An ‘AKI sniffer
system’ embedded in the EMR to warn physi-
cians of changing renal function has been
shown to increase the number and timeliness
of early therapeutic interventions. *' The
emerging field of kidney specific biomarkers
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of damage will additionally offer opportunities
to improve care. ** Several studies have now
shown the ability of various biomarkers alone
or in combination to facilitate earlier diagnosis
and improve differential diagnosis of AKI.
However, biomarker guided interventions
have not as yet been shown to be of benefit,
“3and currently serum creatinine and urinary
volume remain the clinical pointers to AKI di-
agnosis. Given the advances in medical infor-
matics, biomarker development and interpre-
tation, and therapeutic interventions, it is now
imperative that we leverage these advances
to educate physicians and care providers
about AKI and provide them with the tools to

manage these patients timely and effectively.

In the hospital setting, AKI preventive
measures continue to be adequate haemody-
namic control, hydration, haematocrit and
oxygen profiling, and avoidance of nephrotox-
ic drugs. Other preventive manoeuvers should
be implemented for particular diseases or con-
ditions causing AKI. In the developing world,
awareness of the specific infectious or venom-
ous organisms in certain areas will allow envi-
ronmental protection, vaccines, pharmacologic
prophylaxis, and early administration of anti-
venom. Early and adequate anti-venom ad-
ministration is a valuable preventive maneu-
ver for snakebite and caterpillar venom in-
duced AKI, reducing its morbidity and lethali-
ty. %13 prompt diagnosis, timely haemodialy-
sis and adequate supportive therapy are asso-
ciated with improved outcome in tropical in-
fectious disease-associated AKI, such as lep-
tospirosis and malaria. %% *> As always, ear-
ly diagnosis of AKI is key to minimising fur-

ther insults.

Prevention of AKI is clearly the key to
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Table 1: Strategies for preventing Acute Kidney Injury.

L Funding support for AKI research in hospital and community on AKI incidence, outcome

L Recognition of natural hazards for AKI: water sanitation, flooding, venomous animals

L Recognition of AKI in common infections: malaria, dengue, leptospirosis, HIV, post-

L Collaboration with healthcare professionals on educating the public about AKI prevention

Aware of the potential problems of AKI and avoid unsupervised, indiscriminate and long

L Aware of pre-renal causes of AKI and of the need for early and appropriate rehydration

L Aware of natural and man-made nephrotoxin, nephrotoxic drugs, herbs and indigenous

Stakeholders Actions
Government
and mortality
L Funding support for setting up AKI registries
infectious haemolytic uraemic syndrome
L4 Better obstetric care
Public ®
term use of nephrotoxic drugs and natural substances
General L Awareness of patients at risk for AKI and situations contributing to AKI
practitioners and
physicians and haemodynamic optimisation in hypovolemic patients
medicine
L Judicious use of nephrotoxic drugs and aware of potential drug interactions
L Early recognition of AKI and early referral to nephrologists
Nephrologists

treatment and research

L Establish and implement common AKI diagnostic criteria and definitions for prevention,

L Find new diagnostic tools including inexpensive technology and biomarkers for AKI diag-

nosis and monitoring

L Adapt renal replacement therapy to regional needs, technique and resource availability

AKI: Acute kidney injury

avoid the heavy burden of mortality and mor-
bidity associated with this syndrome (Table
1), and this will only come about through in-
creasing the awareness of the true incidence
and clinical impact of AKI among govern-
ments, the public, general and family physi-
cians and other health care professionals.
Most aetiologies of AKI can be prevented by
interventions at the individual, community,
Effective

measures must include community-wide ef-

regional and in-hospital levels.
forts to increase an awareness of the devas-
tating effects of this illness and provide guid-

ance on preventive strategies and for early

recognition and management. Efforts should
be focused on minimising AKI causes, increas-
ing awareness of the importance of serial
measurements of serum creatinine in high risk
patients and observing urinary volume to
achieve early diagnosis. Protocols need to be
developed to systematically manage prerenal

conditions and specific infections.

Renal Replacement Therapy

for AKI
When AKI patients require renal replacement

therapy (RRT), the current KDIGO recom-

mendations are to deliver an effluent volume



of 20-25 ml/kg/hr for continuous renal re-
placement therapy (CRRT) or to deliver a Kt/
V of 3.9 per week when using intermittent or
extended RRT. ! This requires careful moni-
toring as there is often a significant reduction
in the dose delivered versus that prescribed.
6 peritoneal dialysis (PD) should also be con-
sidered for AKI, particularly in developing
countries, because it is a simple, effective,
safe and relatively inexpensive form of RRT.
47 The technical simplicity of PD and the po-
tential to reduce costs if consumables can be
made locally, present an opportunity to es-
tablish cost-effective programmes for manag-
ing AKI as has been shown in a recently es-
tablished PD programme for managing AKI in

one of the poorest countries in Africa. *8

CONCLUSION

The worldwide celebration of World Kidney
Day 2013 provides an opportunity to share
the message that AKI is indeed common,
harmful, preventable and treatable, and that
protecting the kidneys from this lethal syn-
drome is an important health strategy for the
patient and the community. The effective im-
plementation of such strategies will only come
when both the general public and the renal
community work together to convince health
authorities of the pressing need to do this.
Governments and health authorities must al-
locate resources to manage this problem both
in the developed and developing world.

NOTE: World Kidney Day (WKD) is a joint initiative of the
International Society of Nephrology and the International
Federations of Kidney Foundations

WKD Steering Committee members: Miguel Riella
(Brazil, Co-chair), John Feehally (UK, Co-chair), Timur Erk
(Turkey), Paul Beerkens (Netherlands), Guillermo Garcia-
Garcia (Mexico), Philip KT Li (Hong Kong), William G Cous-
er (USA), Georgi Abraham (India), Paul Shay (Canada),
Luca Segantini (Belgium), and Sara Martin (Belgium).
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Healthcare in Pictures: A newspaper snippet

Kidney girl Beng
Geok 'feeling fine'

LONDON. — Brunei’s
first kidney transplant
patient, 17-year-old Ho
Beng Geok, has made a
remai kable recovery since
she lapsed into a two-day
coma about 10 days ago.

The head of the renal
dialysis unit of the Lon-
don Royal Free Hospital,
Dr J.F. Moorehead, said
on Wednesday that her
recovery was ‘‘quite en-

couraging” and that she
should be discharged in
a week or two.

He denied reports that
Beng Geok had been in
a three-week coma re-
cently while recovering
from a transplant opera-
tion.

In January she was
given a kidney donated
by her sister, Beng
Soo, 21, who has been
living in London to keep
her company.

Dr Moorehead declin-
ed to discuss the medical
details but said Beng
Geok was no longer on
a dialysis machine.

The Ho sisters, from
Bandar Seri Begawan,
made news headlines in
January when they un-
derwent = operations for
the kidney swap.

Although both recov-
ered well, Beng Geok re-
mained in hospital for
clgse observation.

Her sister, a depart-
ment store- assistant back
home, has been with her
daily to keep her morale
high.

Beng Geok said today
that she felt fine and was
looking forward to going
home, as she missed her
parents.

She said the doctors
had not told her when
she could be discharged
but she hoped it would
be séon. S

In the meantime, Beng
Soo has been writinj
home frequently to their
parents to tell them that
all is well. :
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Kidney failure, either acute or chronic is common and
is a significant cause of morbidity and mortality. The
previous year’'s World Kidney Day theme highlighted
the important of transplantation in the treatment of
chronic kidney failure. The newspaper snippet from
the Borneo Bulletin (Saturday, July 29, 1978), the
largest circulating newspaper in Borneo, reported on
the first Bruneian to undergo kidney transplant. Ho
Beng Geok underwent the transplantation in the Royal
Free Hospital in London, United Kingdom in 1978.

Renal replacement therapy started in Brunei Darus-
salam in the Brunei General Hospital in the late 1960s
by Dato Hart (Historical Perspective: Healthcare Pio-
neers). Both Dato Hart and Dato Sherlock Chin under-
went training in renal replacement therapy at the Roy-
al Free Hospital.

The first renal transplant is tentatively planned for this
year in RIPAS Hospital.




