
MEETING REPORT
Corre

Street

kianou

Recei

March

Kidney
Acute Kidney Injury Risk Assessment:

Differences and Similarities Between

Resource-Limited and Resource-Rich

Countries
Kianoush Kashani1,2, Etienne Macedo3, Emmanuel A. Burdmann4, Lai Seong Hooi5,

Dinesh Khullar6, Arvind Bagga7, Rajasekara Chakravarthi8 and Ravindra Mehta3; on behalf

of the Acute Disease Quality Initiative (ADQI) Consensus Group
1Division of Nephrology and Hypertension, Department of Medicine, Mayo Clinic, Rochester, Minnesota, USA; 2Division of

Pulmonary and Critical Care Medicine, Department of Medicine, Mayo Clinic, Rochester, Minnesota, USA; 3Division of

Nephrology and Hypertension, Department of Medicine, University of California-San Diego, San Diego, California, USA; 4LIM

12, Division of Nephrology, University of São Paulo Medical School, São Paulo, Brazil; 5Department of Medicine & Hemodi-

alysis Unit, Sultanah Aminah Hospital, Johor Bahru, Malaysia; 6Nephrology & Renal Transplant Medicine, Max Super Specialty

Hospital, Saket, New Delhi, India; 7Division of Nephrology, Department of Pediatrics, All India Institute of Medical Sciences,

New Delhi, India; and 8Reknown Nephrology Associates, Hyderabad, India
The incidence of acute kidney injury (AKI) among acutely ill patients is reportedly very high and has vexing

consequences on patient outcomes and health care systems. The risks and impact of AKI differ between

developed and developing countries. Among developing countries, AKI occurs in young individuals with

no or limited comorbidities, and is usually due to environmental causes, including infectious diseases.

Although several risk factors have been identified for AKI in different settings, there is limited information

on how risk assessment can be used at population and patient levels to improve care in patients with AKI,

particularly in developing countries where significant health disparities may exist. The Acute Disease

Quality Initiative consensus conference work group addressed the issue of identifying risk factors for AKI

and provided recommendations for developing individualized risk stratification strategies to improve care.

We proposed a 5-dimension, evidence-based categorization of AKI risk that allows clinicians and

investigators to study, define, and implement individualized risk assessment tools for the region or

country where they practice. These dimensions include environmental, socioeconomic and cultural

factors, processes of care, exposures, and the inherent risks of AKI. We provide examples of these risks

and describe approaches for risk assessments in the developing world. We anticipate that these recom-

mendations will be useful for health care providers to plan and execute interventions to limit the impact of

AKI on society and each individual patient. Using a modified Delphi process, this group reached consensus

regarding several aspects of AKI risk stratification.
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A
cute kidney injury (AKI) is a common complica-
tion of acute illnesses in developed and devel-

oping countries.1 The impact of AKI on patient
outcomes and the cost of health care are significant.
AKI effects in the developing world are even more
appreciable.2,3 Identifying patients at risk of devel-
oping AKI allows health care providers to implement
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preventive interventions to avoid AKI, mitigate the
effects of the injury, and limit consequences of acute
illness, including volume overload, electrolyte and
acid-base imbalances, de novo chronic kidney disease
(CKD) development or its progression, or the need for
long-term renal replacement therapy (RRT). These
measures seek to alleviate the impact of AKI on
all-cause mortality and health care costs.4 The rela-
tionship between AKI and CKD is another issue to be
considered. On one hand, the risk of AKI is higher
among those with baseline CKD; therefore, close
monitoring of CKD patients is crucial in AKI preven-
tion. On the other hand, providing close monitoring
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and appropriate care to patients with acute kidney
disease (AKD) after an AKI episode could result in less
incidence of progressive CKD, with a significant impact
on overall AKI outcomes.5 There are major differences
among the causes, incidence, and follow-up care of AKI
between developed and developing countries. The
frequency of AKI in developing countries is not well
understood due to under-reporting and resource con-
straints that limit the identification of high-risk
patients with AKI. It is also difficult in developing
countries to escalate to higher levels of care for severely
ill patients.6 It is estimated that 85% of AKI cases occur
in developing countries, which causes tremendous
impact on their public health and economy.7 In these
areas, the estimated incidence of AKI differs from
developed countries, and there are major differences in
the age range of patients, risk factors, and the causes of
this devastating and fatal syndrome.3 In contrast to
developed countries where older patients with multiple
comorbidities develop AKI that is frequently related to
the multiorgan failure, AKI in developing countries
may occur in younger and healthier individuals, pri-
marily due to a single cause, including bacterial, viral,
and parasitic infectious diseases.8 Pinpointing the
major risk factors and causes of AKI in each region is
necessary to provide optimized care for the adult and
pediatric acutely ill patients. Therefore, the approach
to AKI risk stratification should be individualized to
each region and country based on multiple dimensions
that affect the overall incidence and outcomes of AKI.

To achieve this goal, the steering committee of the
18th Acute Dialysis Quality Initiative (ADQI) conference
dedicated a work group with the task of identifying
elements that might affect the risk of AKI based on the
availability of resources. Using a modified Delphi
process, this group reached consensus regarding stra-
tegies to assess AKI risk in each region of the globe. The
group addressed the following 4 questions that served as
the basis for accompanying consensus statements:

1. What are the recognized risk factors and exposures
associated with AKI development in different
regions of the globe?

2. What are the differences between risk factors for
community-acquired AKI (CAKI) versus hospital-
acquired AKI (HAKI)?

3. Can we identify populations and patients at high
risk for AKI?

4. How can high-risk patients be monitored to prevent
AKI development or progression?
Methods

This consensus meeting followed the established ADQI
process, as previously described.9 The broad objective
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of ADQI is to provide expert-based statements and
interpretation of current knowledge for use by clini-
cians according to professional judgment and to iden-
tify clinical research priorities to address these gaps.
The 18th ADQI Consensus Conference Chairs convened
a diverse panel that represented relevant disciplines
(i.e., adult and pediatric nephrology, critical care, and
renal pathology) from several continents (e.g., Africa,
Asia, North America, Latin America, and Europe)
around the theme of “Management of Acute Kidney
Injury in the Developing World” for a 2-1/2 day
consensus conference in Hyderabad, India on
September 27 to 30, 2016.

The preconference activities involved a search of the
literature for evidence on the epidemiology, risk factor
assessment, and management of AKI in developing
countries and their differences with developed coun-
tries. Our work group was also tasked to summarize the
scope, implementation, and evaluative strategies for AKI
risk stratification based on the location, resource avail-
ability, and a critical evaluation of the relevant litera-
ture. A series of phone conferences and emails that
involved work group members before the meeting
identified the current state of knowledge to enable the
formulation of main questions for which discussion and
consensus would be developed. A formal systematic
review was not conducted. During the conference,
the work group developed consensus positions, and
plenary sessions that involved all ADQI contributors
were used to present, debate, and refine these positions.
After the meeting, this summary report was generated,
revised, and approved by all participants of the ADQI.

Supplementary Table S1 provides the definitions for
“risk factor,” “exposure,” “community- and hospital-
acquired AKI,” “developing country,” “Human
Development Index,” and “prevention.”
Q1: What Are the Recognized Risk Factors and

Exposures Associated With AKI Development in

Different Regions of the Globe?
Consensus Statements

1. AKI risk is determined by multiple dimensions, and
each dimension includes several factors. The
dimensions are environmental, socioeconomic and/
or cultural, the process of care, acute exposures, and
inherent factors (Figure 1a). In resource-limited
regions, environmental, socioeconomic and/or
cultural, and the process of care risk dimensions
play a more important role, both in adult and
pediatric populations (Figure 1b).

2. Each risk dimension needs to be evaluated at the
population, health care system, provider, and
patient levels (Table 1).10
Kidney International Reports (2017) 2, 519–529



Figure 1. Risk dimensions and risk factors. (a) Provides a nonexhaustive list of risk factors within each risk dimension (from population to patient
level) to highlight differences in their impact on the overall risk of acute kidney injury (AKI) risk, based on resource availabilities. Includes a
nonexhaustive list of AKI risk factors, and additional factors may exist for each category. The factors listed may also span multiple dimensions
but may be listed within only 1 risk dimension for simplicity. (b) Differences between resource-limited versus resource-sufficient regions. In
resource-limited areas, the impact of environmental and socioeconomic and/or cultural risk dimensions on the overall risk of AKI is more than
that in resource-sufficient areas. Mainly, in the absence of significant risk factors among exposure, process of care, socioeconomic di-
mensions, and environmental dimensions, inherent risk dimension gains more relevance in the development of appropriate AKI risk prediction.
The bottom of the pyramid (environmental and socioeconomic and/or cultural risk dimensions) involves a larger cohort of individuals in each
population. Although modifying these characteristics may require considerable effort, they would have a greater impact on the risk of AKI in the
population. CKD, chronic kidney disease; EHR, electronic health record.
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3. After the initial determination of the individual risk
of AKI, the provider should periodically reassess the
risk category of AKI, based on new exposures,
throughout the medical visit. The frequency of these
reevaluations depends on the resource availability
and exposure intensity and rate.
AKI is a complex disorder associated with the

interplay of patient-related factors within the envi-
ronment where patients live. The U.S. Department
of Health and Human Services Office of Disease
Prevention and Health Promotion categorized the
determinants of health in the following 5 groups:
policymaking, social factors, health services, individual
Table 1. Interaction between the 5 risk dimensions and elements with im
Risk dimension Population Health care system

Inherent Average age; societal norm of lifestyle Comorbidity management

Exposure Poison or gun access; suicide incidence;
tropical areas

Poison and gun control p
antivenom availab

Process of care Alternative medicine; transportation
availability

Physician-to-patient r
policies to implemen

Socioeconomic-cultural Health beliefs, values, cultural
practices; information access

Insurance coverage; dis
quality standard

Environmental Campaign versus scientific driven legislations Sanitation; clean drinking

EHR, electronic health record; NSAID, nonsteroidal anti-inflammatory drug.
aIncludes a nonexhaustive list of acute kidney injury risk factors, and additional factors may ex
listed within only 1 risk dimension for simplicity.
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behavior, biology, and genetics.11 Each of these health
determinants could be evaluated within 4 distinct
levels of population, health care systems, providers,
and patients (Table 1). The ADQI 18th annual work
group determined 5 distinct dimensions of AKI risk
factors inspired by the preceding categories. These
dimensions are environmental, socioeconomic and
cultural, processes of care, exposures, and the inherent
risk elements (Figure 1a). Factors that can affect each of
these dimensions could originate from the populations,
health care systems, providers, or patients.10 In each
dimension, several modifiable risk factors could be
identified for the design and implementation of
pact on acute kidney injury outcomesa10

Provider Patient

policies High-risk patient identification; awareness
and desire to control comorbidities

Sex; personal comorbidities

olicies;
ility

Adherence to care protocols and guidelines Taking nephrotoxins (NSAIDs, etc.)

atio;
t EHR

Trained providers; appropriate protocols;
emphasis on informed decision

Trust in health care provider

parity;
s

Heuristics; fear of malpractice litigation Sedentary lifestyle due to personal
or societal beliefs

water Emergency disaster preparedness High-risk job (war-zone journalist,
soldier, etc.)

ist for each category. The factors listed may also span multiple dimensions, but may be
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preventive interventions or further investigations. The
nonmodifiable risk factors are also important in the
assessment of AKI risk and escalate the level of care for
higher risk patients, as needed.

The etiology and presentation of AKI in resource-
limited regions differ from resource-sufficient areas.
The impact of each dimension may vary based on
resource availability. In previous epidemiological
studies, AKI in developing countries with limited
resources was usually community-acquired, affecting
healthier and younger individuals, due to environ-
mental and societal exposures. However, in resource-
sufficient regions, AKI primarily occurred in older
patients in the hospital setting and was associated with
multiorgan failure in patients with a significant number
of comorbidities.3,12 Therefore, using a universal
strategy to identify AKI in high-risk individual
patients may not be appropriate at the global level. For
example, the impact of diabetes as an AKI risk factor
may vary from a quaternary health care institution in a
developed country to a remote area in a developing
country when experiencing a cholera pandemic. Also,
the extent of risk modification impact differs based on
the intervention in each region. Providing clean water
prevents AKI in most individuals in a population with
a diverse portfolio of health backgrounds, ages, and
comorbidities, whereas tight glucose control in patients
with diabetes can prevent AKI in a narrower group of
individuals (Figure 1b).

Lack of access to clean drinking water and sanita-
tion, inadequate control of infection-carrying vectors,
living in an area with a geographical propensity for
natural or man-made disasters (famine, flood, earth-
quakes), and a high incidence of tropical infections
and/or venomous snake accidents are examples of
environmental risk factors.13–16 Governments with
political will for improvement in public health can
mitigate the development of AKI at the population
level. Living in a war zone increases the risk of trauma
and infectious diseases epidemics, and therefore, may
increase the incidence of AKI.17

Within the socioeconomic and cultural dimension,
risk factors, such as deficient housing, nutrition, and
hygiene; lack of access to health services and health in-
surance; difficulty in transporting patients to a higher
level health service; low health care budgets; insufficient
health foundations, including scarce human resources;
and inadequate physical infrastructure are important
factors to consider.13,14 The International Society for
Peritoneal Dialysis used a questionnaire during the 2014
society meeting in Madrid, with the aim of under-
standing the barriers of increasing awareness regarding
AKI in resource-limited regions.18 The respondents
confirmed that limited resources were available for the
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diagnosis of AKI in rural health centers, where
assessment is made primarily through clinical judgment.
The management of dehydration, hypovolemia, and
febrile infectious diseases was suboptimal, because
approximately one-half of rural health centers had no
access to i.v. fluids or antibiotics. Also, when appro-
priate treatment was available, patients were often
required to pay for such services, rendering RRT out of
reach for most of them. The tendency of communities to
prefer to use alternative medicine and a mistrust of
modern medicine could result in the late presentation of
patients with acute illnesses to health care providers or
might increase their exposure to toxins and infections.12

In West Africa, burial practices and cemetery manage-
ment affected the spread of Ebola virus disease. This
cultural practice is an example of how the cultural
dimension can affect the overall risk of acute diseases
and their complications (e.g., AKI) in the population.19

Literacy and general awareness, as well as access to
electronic media, including the internet, can also affect
the risk and acquisition of acute illnesses, including
AKI. A higher level of awareness and literacy is
associated with earlier and more impactful medical
attention.13,14,20

The process of care has a bearing on the causation and
outcomes of AKI. Delayed recognition and treatment of
sepsis; the unavailability of diagnostics tools or a higher
level of care; limited access to antivenom and antibiotics,
including highly active antiretroviral therapy; and the
inability to provide timely and monitored management
of hyperkalemia, acidosis, and fluid overload with
diuretics increase AKI incidence, likely escalate the
requirements for dialysis treatment, and lead to higher
mortality.13,14 Tropical infections,16,21 community-
acquired pneumonia or meningitis, pregnancy-related
complications (bleeding, eclampsia, septic abortion),22–26

dehydration due to inadequate access to fluids in frail
older adults and young children, exposure to neph-
rotoxins (e.g., nonsteroidal anti-inflammatory drugs, cal-
cineurin blockers, antiretroviral therapy, antibiotics, or
contrast media),27–29 poisons (e.g., arsenic poisoning),30

drug interactions (e.g., calcium-channel blocker plus
clarithromycin),31 animal venoms (e.g., snake venom),20

trauma-induced rhabdomyolysis,32 and shock states due
to heart failure, hypovolemia, or sepsis1,16,33 are all factors
that can result in AKI. AKI following polypharmacy
and nephrotoxin exposures in developing countries
may be more prevalent, particularly when oversights
of pharmacies are not robust due tomore limited resources.

The inherent factors associated with AKI include
age1,22 and sex22; genetic susceptibility34,35; and other
comorbidities,16,22 such as diabetes mellitus, hyper-
tension, cancer, liver cirrhosis, chronic obstructive
pulmonary disease,36,37 previous episodes of AKI
Kidney International Reports (2017) 2, 519–529
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(AKD),5 and CKD.36,38,39 In a large multicenter inter-
national cross-sectional study (Acute Kidney Injury–
Epidemiologic Prospective Investigation study), AKI in
patients in the intensive care unit was associated with
hypertension, diabetes, cardiovascular causes of
admission, neurosurgery, and severity of illness at the
time of admission.1

The etiology of AKI in children in developing
countries is heterogeneous, ranging from perinatal
asphyxia, sepsis, and dehydration in neonates and
infancy, to severe systemic infections, diarrheal dehy-
dration, hemolytic uremic syndrome, and infection-
related glomerulonephritis in older children. Episodes
of AKI may follow infections due to vivax or falciparum
malaria, leptospirosis, dengue, and chikungunya, in
both adults and children.40

Following the initial medical visit and determination
of AKI risk category, clinicians need to reevaluate the
risk of AKI whenever new patients have new exposures
(e.g., sepsis, nephrotoxins, surgery, and so on). The
previously mentioned surveillance could be facilitated
via bedside examination, electronic records, and mobile
tools. The frequency of such reevaluations depends on
the resource availability and the extent and severity of
new exposures. Future investigations should focus on
the impact, optimal frequency, and the degree of
resource dependency of such surveillance studies.

A prospective observational study of critically ill
patients that compared AKI profiles in developing
versus developed countries demonstrated that sepsis
was the most common cause of AKI in developed
countries, whereas glomerular and interstitial diseases
accounted for most of the AKI cases in developing
countries.38 Comparative data on the impact of indi-
vidual components on AKI risk from resource-limited
and resource-sufficient countries are few.14

Collecting information at large multinational levels to
evaluate the global burden of health seems a necessary
step to have a more precise view on the impact of each
AKI risk dimension and factor on patients outcomes.41

Research Recommendation

Because data are limited with regard to the impact of

each dimension in different regions of the globe, we

recommend studies record risk factors and their effects

on overall AKI outcomes from each level of individual

dimensions in each region.

Q2: What Are the Differences Between Risk

Factors for Community-Acquired Versus

Hospital-Acquired AKI?
Consensus Statements

1. Risk dimensions and factors vary between CAKI and
HAKI.
Kidney International Reports (2017) 2, 519–529
2. We recommend that health care providers identify
risk factors at the population, health care system,
provider, and the individual patient levels for each
type of AKI (community-acquired vs. hospital-
acquired).

3. After identification of modifiable risk factors in each
setting, we recommend the implementation of pri-
mary and secondary preventive strategies, based on
each context, should be considered.42 Continuous
reassessment of patients after each risk modification
or any new exposure should be regarded as care
continuum to improve patient outcome and safety.
Supplementary Table S1 provides definitions for

CAKI and HAKI. In the developing world, the clinical
outcomes of CAKI are different from HAKI.43 The
marked social, political, and economic heterogeneity,
frequent illness pattern changes, and disparities in
access to products and services found in the developing
world profoundly affect the relative burden of the 5
dimensions of AKI risk factors in the community and
hospital settings. Even in a single country, large,
wealthy urban locations may have extremely well-
developed areas, whereas isolated smaller urban and
rural zones could have poor services and limited
infrastructure. Furthermore, in each city, the medical
care provided by the university, public, and private
hospitals alter from high-tech, tertiary-level care to
extremely inadequate or even a nonexistent health
system foundation.13,14 These disparities among
different locations in each country reflect the chal-
lenges of identifying the AKI risk profiles of each pa-
tient or population. Using well-developed measures of
disparity to evaluate its impact on AKI risk should be
assessed in future investigations (e.g., the Gini coeffi-
cient commonly used measure of inequality to detect
the income distribution of residents in each country).44

Community-Acquired AKI

In areas with poor infrastructure, most of the patients
present to the health care system late and often in
advanced disease stages, which in turn imposes a
significant additional burden of CAKI in deficient
economies.

Environmental exposures (e.g., infection) play the
most important role in CAKI among developing com-
munities with poor infection control infrastructures. At
the community level, the presence of chronic anemia,
undernutrition, and parasitic diseases impose addi-
tional, potentially modifiable inherent risk factors in this
population. In a large-scale epidemiology study in east
India, authors reported that the impact of risk factors on
the individual patient risk of CAKI changed course
during the last quarter century. They found, although
CAKI due to pregnancy, surgery, and diarrhea decreased
523



Figure 2. The process of ongoing risk assessment and surveillance.
Among high-risk patients within the community and hospital settings,
a subgroup of patients proceeds to develop acute kidney injury
(AKI). In this group, in addition to risk modification and prevention,
providing management measures like renal replacement therapies is
essential. Risk assessment and modification can decrease the
incidence of AKI in the community and hospital. Following the initial
risk evaluation, the risk of AKI for each population or patient needs
to be reassessed after any new exposure, risk modification, or
preventive measure implementation. Community-based risk surveil-
lance includes monitoring the occurrence of infection or drug use
pandemics, nutrition status among children, and women of child-
bearing age, and so on. At the hospital setting, surveillance could
include monitoring the incidence of antibiotic-resistant infections,
inappropriate antibiotic use, compliance with sepsis management
protocols, and so on. CAKI, community-acquired acute kidney injury;
HAKI, hospital-acquired acute kidney injury.
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significantly, the role of malaria, sepsis, nephrotoxic
drugs, and liver disease in AKI predisposition
increased.45 Because basic primary health infrastructure
may be lacking in rural areas, an underdeveloped and
underfunded public health foundation in these regions
increases the chance of CAKI.13,14,25,46

Hospital-Acquired AKI

The characteristics of patients with AKI in tertiary and
quaternary care hospitals in developing and developed
countries are most likely similar. The patients are
typically older, affected by multiorgan failure, have
preexisting chronic comorbidities, have sepsis, and/or
use nephrotoxic drugs, which can be the cause of
AKI.47

AKI risk factors among each population are different
for CAKI as in HAKI. The environment and socioeco-
nomic and/or cultural factors play a more limited role
in HAKI. In the hospital setting, the process of care
gains more significance. Inadequate identification of
risk factors, delayed or missing AKI diagnosis, late or
noninstallation of preventive measures or early ther-
apy, lack of protocolized care, limited access to
nephrology care, and poor awareness of the impact of
AKI on morbidity and mortality have all been previ-
ously documented in developed and developing
countries.48–50

Exposures that increase the risk of HAKI are often
completely or partially modifiable, and include sepsis,
intravascular volume depletion, hypotension and/or
shock, anemia, hypoxia, use of nephrotoxic drugs
(antibiotics, iodinated contrast agents, nonsteroidal
anti-inflammatory drugs, anticancer drugs, antiretro-
viral drugs, and calcineurin blockers), cardiac sur-
geries, and other major noncardiac surgeries.14

Inherent, nonmodifiable risk factors, such as the pres-
ence of previous comorbidities (CKD, diabetes, cancer,
chronic heart disease, chronic lung disease, and chronic
gastrointestinal disease, among others), genetic sus-
ceptibilities, sex, and age have been consistently
demonstrated as relevant in this setting.14 Surveillance
studies following each risk modification or new risk
exposures, to re-strategize preventive measures, are
necessary steps in improving patient outcomes
(Figure 2).

Research Recommendations

� The impact of AKI risk identification and modification to

prevent acute kidney disease, kidney function non-

recovery, development or progress of CKD, quality of

life, and mortality needs to be studied in both commu-

nity and hospital settings.

� In addition to the risk assessment tools for HAKI, in-

vestigators need to drive and validate risk assessment

scores for CAKI.
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Q3: Can We Identify Populations and Patients

Who Have a High Risk for AKI?
Consensus Statement

1. We recommend assessing the AKI risk profiles to be
determined based on all of the 5 dimensions of AKI
risk: environment, socioeconomic and/or cultural,
the process of care, acute exposures, and inherent
factors (Figure 3 and Table 1). The risk calculation
needs to determine categories at the population,
health care system, provider, and patient levels.
Risk assessment tools have been used to assist in

determining patients at risk of AKI in some specific
clinical settings. Most studies have identified risk in
critically ill patients—those undergoing general sur-
gical procedures or patients who receive iodinated
contrast.51–54 The factors included in most of the AKI
risk scores are related to patient-inherent characteris-
tics and comorbidities (e.g., age, diabetes, heart failure,
hypertension, and the presence of CKD). Occasionally,
some physiological factors, such as hypovolemia,
oliguria, and hypoxia, have also been included in AKI
risk stratification scores. Only a few risk assessment
scores have incorporated the process of care factors,
such as the use of diuretics (loop diuretics, thiazides,
and potassium-sparing diuretics), angiotensinogen-
converting enzyme inhibitor and/or angiotensin
receptor blockers, or b-blockers.52,55 Recent studies
have suggested that estimation of the renal angina
Kidney International Reports (2017) 2, 519–529



Figure 3. Suggested checklist for patient risk–level determination based on the 5 risk dimensions and available literature risk stratification
scores. Includes a nonexhaustive list of acute kidney injury risk factors, and additional factors may exist for each category. The factors listed
may also span multiple dimensions, but may be listed within only 1 risk dimension for simplicity. CV cardiovascular surgery; RAI, renal angina
index.
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index, a composite measure of risk strata and signs of
kidney injury in a critically ill pediatric population,
may predict the occurrence of AKI.56 The performance
of these risk stratification scores in the developing
countries needs to be validated.

Although hospitalized and acutely ill patients are
certainly those who would benefit most from risk
determination, the concept of AKI risk needs to be
further extended to other settings and populations.
There are several potential advantages of an AKI risk
assessment tool. Although evidence regarding the use
of risk assessment tools for HAKI is of average quality,
we believe that an accurate AKI risk assessment might
alter clinical management, allow more informed
decision-making, and might lead to earlier involvement
of a specialist or referral to a higher level of care.

The assessment of risk factors and application of risk
scores in clinical preventive strategies should be
equally emphasized and recommended in patients
within the primary care setting. All individuals and
health care providers should be aware of the conse-
quences of AKI and recognize the risk of AKI in pri-
mary and outpatient care settings, as well as urban and
rural areas.

AKI risk profiling involves an integrated assessment
of population, health care system, provider, and pa-
tient characteristics. Because of the complexity of the
dimensions and risk factors involved in AKI develop-
ment, a broad assessment is fundamental to build a risk
Kidney International Reports (2017) 2, 519–529
profile in each region of the world. The assessment of
environmental, socioeconomic and/or cultural, and the
process of care dimensions are of particular importance
in primary and outpatient clinics, especially in
resource-limited regions, where these dimensions
largely contribute to the overall AKI risk. In the
context of resource-limited areas where AKI occurs in
younger and generally healthier individuals and is
caused by infections, volume depletion associated with
severe diarrhea, pregnancy-related events, or animal
envenomation,14 limited access to clean water and basic
health care, lack of awareness about the impact of AKI
on clinical outcomes, and scarcity of supervision for
nephrotoxin and polypharmacy exposure constitute
important risk factors and therefore need to be
included in the risk profile of the population. At the
patient level, the risk associated with environmental,
socioeconomic and/or cultural, and the process of care
dimensions, constitute potentially modifiable factors.
Therefore, these could be the key targets in risk
assessment tools for AKI prevention.

Although we currently have no evidence of the
economic benefit of assessing the risk of AKI, the
application of risk scores is not costly. Identification of
patients at risk may result in the earlier initiation of
preventive therapies, avoidance of harmful drugs, and
early interventions, which may potentially change the
course of patients with AKI. The potential harm of
falsely classifying a patient as high risk for AKI cannot
525
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be ignored. Overdiagnosis of AKI could result in un-
necessary interventions that could be associated with
higher cost and worse patient-related outcomes.11

Costly, intensive and frequent monitoring, unnec-
essary investigations, and complex treatments can
negatively affect patients and add to the cost of care
related to population, health care systems, providers,
and patients (Table 1).

Research Recommendations

� We recommend that future research should address the

development of a risk score for AKI prediction and

implementation of appropriate preventive strategies

suitable for each region.

� Subsequent studies should provide an evaluation of the

usefulness of risk assessmentLdriven preventive mea-

sures on patient-centered outcomes, such as progres-

sion to more severe stages, renal recovery, functional

status, the length of hospital stay, and mortality.
Q4: How Can High-Risk Patients Be Monitored

to Prevent AKI Development or Progression?
Consensus Statement

1. Prevention of AKI should be provided at the pop-
ulation, health care system, provider, and patient
levels. Within each level, we recommend that efforts
be made to recognize and monitor risk factors
within the each of the 5 dimensions for each region.
In the resource- limited areas, general practitioners,
and allied health staff or public health operatives
should be trained to assess AKI and provide pre-
ventive measures.
� At the population level, raising awareness
regarding AKI and its risk factors, preventive
measures, raising the level of education and liter-
acy, and correction of potentially harmful beliefs
could affect the overall incidence of AKI and its
effects on patients, health systems, and the
economy.

� At the health care system level, enactment of
appropriate policies and laws for risk control,
investing in public health, and health care,
improvement in health care access (including
RRTs) are steps to affect AKI and its effects on
patients, health systems, and the economy.

� At the provider level, training of primary care
providers and ancillary personnel, plus supplying
tools to record and convey information about
high-risk individuals is recommended.

� At the patient level, we suggest nephrotoxin
avoidance, lifestyle modifications, and AKI risk
awareness as preventive measures for development
and progression of AKI (Figures 2 and 3).
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To deliver AKI primary prevention, health care
providers, together with public health policymakers
and politicians, need to collaborate to devise and
implement plans to affect risk factors in all 5 risk di-
mensions at the population, health care system, pro-
viders, and patient levels. The first step is to raise
awareness regarding AKI, and its risk factors and
consequences among each population and all health
care providers.2,13,14

At the population level, interventions like mosquito
control can prevent AKI and death from malaria due to
Plasmodium falciparum. Epidemiological studies have
shown that the incidence of malaria dropped by 18%
around the world from 2000 to 2015.57 Malaria-related
mortality in Africa decreased from 764,000 to 395,000
during this period. There have been concerted efforts
to provide insecticide-treated mosquito nets (ITN) to
countries in sub-Saharan Africa (2% in 2000 and 55%
in 2015), where most deaths were reported. Seventy
percent of the decreased malaria-related deaths in sub-
Saharan Africa was due to simple interventions like
ITNs and indoor residual spraying rather than
artemisinin-based combination therapy. In this case,
funding came from the Global Fund and domestic
government expenditures.58 The cost was approxi-
mately 2.5 billion United States Dollars (USD) in 2014
($1.9 billion USD from international donors and
$550,000 USD from local governments).57 Despite the
initial cost, controlling malaria was proven to be asso-
ciated with faster economic growth.59 Approximately
1% of malaria infection episodes lead to AKI,40 which
contributes to the fatality due to malaria because dial-
ysis support is limited.7,60 It is logical to note that
increasing malaria control may result in a significant
reduction in AKI incidence in the whole population.

An example of a successful government (health care
system) intervention was the imposition of a “sugar
tax.” A tax on sugar-sweetened beverages was imposed
in Mexico in 2014 in an attempt to prevent obesity and
type 2 diabetes mellitus.61 There was a 7.3% decline in
per capita sales of sugar-sweetened beverages from
2014 to 2015 compared with from 2007 to 2013. The
long-term effects of such reduction in sugar use would
most likely affect the risk of obesity, diabetes, CKD,
and therefore, AKI. The provision of clean drinking
water to prevent diarrheal disease in developing
countries and to provide oral rehydration solutions
could significantly affect AKI incidence.62 Providing
appropriate access to health care and education,
improving housing, transportation, and mitigating
racial and economic disparity, as well as unemployment
could affect the risk of AKI.10 Supporting public health
facilities to improve prenatal care, vaccination, pre-
vention of anemia, and malnutrition are essential
Kidney International Reports (2017) 2, 519–529
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steps in AKI prevention at the health care system
level. Obviously, primary prevention is not complete
without limiting exposures like infection, traffic
accidents, snake bites, or alternative nephrotoxic
medicines.7

Providers can prevent AKI development and pro-
gression with proper risk assessment, timely manage-
ment, and ongoing monitoring. In the hospital setting,
the known methods of AKI primary prevention include
fluid resuscitation with i.v. balanced crystalloids,
prevention of hypotension with inotropes after volume
repletion, adjustment of medication doses for kidney
function, and limiting exposures to nephrotoxic drugs.
In the community setting, rapid and adequate rehy-
dration, early antibiotic therapy for febrile infectious
diseases, and early antivenom administration after
snakebites may have a profound effect on the incidence
of AKI.

For each individual patient, the inherent risk factors
should be taken into account for assessing the risk of
AKI in individual patients—age, sex, diabetes, CKD,
and substance abuse.63 Educating each high-risk
member of the community to improve lifestyle or
control modifiable comorbidities (e.g., hypertension,
diabetes) could be considered as preventive measures.

Research Recommendations

� We recommend the evaluation of preventive measures

effects on high-risk AKI individuals as determined by

regionally specific AKI risk scores based on the 5

dimensions.

� We recommend that health care providers in each

region evaluate the impact of population, health care

system, provider, and patient-level risk modification on

patient outcomes.

� We recommend that the role of mobile health technol-

ogy for surveillance and tracking of high-risk individuals

be evaluated in resource-limited areas.
Conclusion

The identification of risk factors that predispose to AKI
is a crucial aspect of care. Application of a 5 dimension
risk approach is advisable for adequate flow and
sequence of actions. Risk factors in the environment
and socioeconomic and/or cultural dimensions must be
correctly and precisely identified. Knowledge of
modifiable exposures, especially in populations and
patients with high-risk profiles, is crucial for preven-
tion, early diagnosis, and/or attenuation of AKI. Polit-
ical efforts for the modification of risk factors within
each dimension in conjunction with increasing aware-
ness among health care providers is likely to signifi-
cantly affect patient outcomes.64–66
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