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CHAPTER 16 

Risk Factors and Risk Assessment in Acute 
Kidney Injury
Joshua D. King and Mitchell H. Rosner

OBJECTIVES
This chapter will:
1. Explain the importance of risk assessment for acute kidney 

injury in improving clinical outcomes.
2. Describe how to apply risk assessment principles to lower 

the incidence of acute kidney injury resulting from prevent-
able causes.

3. Delineate how biomarkers may refine risk assessment 
strategies.

Acute kidney injury (AKI) is a well-defined deterioration 
in kidney function that occurs within a short period of 
time and ranges in severity from mild, transient elevations 
in serum creatinine to severe anuric kidney failure with 
the need for dialysis.1 Depending upon the patient popula-
tion studied, the incidence of AKI in hospitalized patients 
ranges from 3% to 20%.2–6 For those patients admitted to 
the intensive care unit (ICU), the incidence of AKI ranges 
from 16% to 67%.7–9 Furthermore, the available evidence 
suggests that the incidence of AKI is growing.10 What is 
paramount is that the development of AKI is associated 
with significant increases in morbidity and mortality, even 
with small decreases in kidney function.3,6,10–14 Despite this 
clinical importance, there are very few effective interventions 
either to prevent AKI in at-risk populations or to treat 
established AKI other than dialysis.15

Given this scenario, prevention of AKI and its down-
stream effects is critical. Preventative strategies begin with a 
deep understanding of the risk factors associated with AKI, 
especially those risk factors that are potentially amenable to 
intervention and/or modification. Numerous observational 
studies have identified a host of risk factors associated with 
the development of AKI (Box 16.1). Many of these risk factors 
are considered nonmodifiable or intrinsic susceptibilities to 
developing AKI. This indicates that preventative strategies 
cannot directly affect these risks factors to lower the event 
rate for AKI. However, knowledge of these risk factors is 
critical in allowing clinicians to identify those patients who 

are at highest risk and implement diagnostic and therapeutic 
strategies to improve outcomes. This is important because the 
event rate for AKI is very infrequent in low-risk populations, 
and implementing preventative strategies in such low-risk 
populations is likely to be expensive and not cost effective. 
This is also true for design of clinical trials, in which an 
enriched patient population at the highest risk for AKI is 

BOX 16.1 

Risk Factors for the Development of Acute  
Kidney Injury

Intrinsic and Nonmodifiable Susceptibilities
Age
Male gender
Genetic predispositions
Comorbid conditions:

Preexisting CKD
Diabetes mellitus (usually in combination with 

proteinuria and/or CKD)
Proteinuria or albuminuria
Hypertension (especially, poorly controlled)
Chronic liver disease with cirrhosis
Heart failure (systolic or diastolic)
Coronary artery disease and/or recent myocardial 

infarction
Chronic obstructive pulmonary disease
Peripheral vascular disease
Cancer

Extrinsic and Potentially Modifiable Exposures
Drug toxicity, drug dosing and drug-drug interactions
Procedure related:

Cardiac surgery
Noncardiac (especially vascular) surgery
Emergency surgery
Radiocontrast media exposure

Treatment related:
Sepsis
Fluid resuscitation (type and amount of fluids)
Trauma care (such as rhabdomyolysis)
Anemia

CKD, Chronic kidney disease.
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such as radiographic contrast administration. This is largely 
due to logistic issues, because the opportunity to intervene 
before exposures in the community setting is limited, and 
most patients with community-acquired AKI enter the 
hospital with established injury. Furthermore, risk assess-
ment as a tool to lessen the risk of AKI is most useful when 
the exposure can be predicted and is timed. This allows 
the clinician to modify, delay, or cancel the exposure to 
directly lower the AKI event rate. For those exposures that 
cannot be predicted easily, such as sepsis, risk assessment 
still can be useful in that it can help stratify patients who 
may be exposed to subsequent nephrotoxic exposures, 
identify patients in need of more frequent monitoring, and 
guide clinicians in performing maneuvers that mitigate 
further injury.

Many clinicians intuitively perform risk assessment by 
integrating known clinical data to make an informed decision 
on how they may proceed to mitigate the eventual occurrence 
of AKI. In doing so, clinicians use the combination of the 
patient’s inherent susceptibility to AKI along with details 
of the exposure to develop a plan to mitigate the event rate 
(Fig. 16.1). The utility of this approach may, in fact, be 
limited, because both low- and high-risk populations for 
AKI share many common risk factors, such as age, and 
thus risk assessment scoring systems have been developed 
to better stratify patients for informed consent purposes 
and initiation of mitigation strategies.

Common Risk Factors for Acute Kidney Injury
Unfortunately, many common risk factors for AKI are not 
modifiable. These include intrinsic patient characteristics 
such as age, gender, and genetic predisposition, as well as 
multiple comorbid medical conditions such as heart failure, 
diabetes, hypertension, and CKD.1 Elderly patients, defined 
as somewhere between 65 and 75 years of age, depending 
on the study cited, are at significantly greater risk for AKI. 
Bagshaw et al. found that patients above the age of 65 had 
more than twice the rates of AKI compared with patients 
aged 50 to 64, and those above 75 had nearly three times the 
rate of AKI compared to the 50- to 64-year-old group; notably, 
this finding was much stronger in males than females.20

The relationship between gender and risk for AKI is 
complex. Some literature suggests that rates of hospital-
acquired AKI are greater in females than in males.21–25 
However, some newer studies seem to suggest that the risk 
for AKI in males may be higher than previously reported; 
a large meta-analysis including multiple cohorts of patients 
from the general population and CKD groups suggests that 
males have a risk for AKI that is somewhere between 50% 
to 100% greater than that of females.26

Race does not seem to be a strong risk factor for AKI in 
most settings. Some studies reveal no observed difference 

needed to perform an appropriately powered trial that enrolls 
a reasonable number of subjects. A recent study highlighted 
that even in low-risk populations, AKI is associated with 
significant mortality and thus even lower risk populations 
benefit from strategies focused on prevention.16 Many of 
the most important and consistent susceptibilities found 
in observational studies associated with AKI fall into this 
intrinsic category and include advanced age and the presence 
of comorbid illnesses, especially chronic kidney disease 
(CKD), diabetes, and heart failure. Of increasing importance 
but yet to be well defined are genetic susceptibilities to 
kidney injury that genome-wide association studies are 
elucidating.17

The other groups of risk factors or exposures include 
those that may be modifiable and include events such as 
radiographic contrast exposure or surgery, which can be 
timed and predicted and protocols can be developed to lower 
risk. Other factors are in direct control of the clinician, such 
as medication choice and dosage, and also can be altered. 
A multinational study by Uchino et al. demonstrated the 
possible impact of modifying these risks.18 Although many 
of the causes of AKI may not be intervened upon easily 
(47.5% of patients had sepsis as the primary cause and 27% 
had cardiogenic shock), a large percentage of cases represent 
those resulting from causes that may be modifiable (34% of 
AKI was associated with major surgery, 26% was related to 
hypovolemia, and 19% of AKI was potentially drug-related). 
Thus many of these causes have risk/exposure components 
that can be identified and potentially affected to lower the 
eventual rate of AKI in susceptible patients. For example, 
within causes such as cardiac surgery, the treatment of 
hypovolemia and avoidance of nephrotoxic medications 
when rapidly identified may lessen the development of 
AKI. Most patients will have more than one risk factor 
for AKI. For example, a recent study identified that the 
prevalence of AKI risk factors was 2.1 +/- 2.0 per patient 
and that 72% of patients who developed AKI had more 
than two risk factors (when age ≥ 65 years was included, 
84% of patients with AKI had two or more risk factors).19 
An important caveat is that risk factors for AKI commonly 
are encountered in the hospitalized patient, and in this 
study, two or more AKI risk factors still were found in 43% 
of the cohort without AKI, suggesting that simply looking 
at AKI risk factors without robust prediction models may 
be of limited use.19

Kidney Disease Improving Global Outcomes (KDIGO) 
guidelines specifically recognize the importance of risk 
factor assessment in the following sections1:

•	 Guideline	 2.2.1:	 We	 recommend	 that	 patients	 be	
stratified for risk of AKI according to their susceptibili-
ties and exposures (evidence grade 1B)

•	 Guideline	2.2.2:	Manage	patients	according	to	their	
susceptibilities and exposures to reduce the risk of 
AKI (not graded)

•	 Guideline	 2.2.3:	 Test	 patients	 at	 increased	 risk	 for	
AKI with measurements of serum creatinine and urine 
output to detect AKI (not graded). Individualize 
frequency and duration of monitoring based on patient 
risk and clinical course (not graded)

RISK ASSESSMENT AND  
PREVENTATIVE STRATEGIES

Risk assessment for AKI is restricted largely to hospitalized 
patients or to patients undergoing outpatient procedures 

Patient Susceptibilities Exposure

Risk of developing AKI

Mitigation strategies

FIGURE 16.1 Risk assessment. AKI, Acute kidney injury. 
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Specific Risk Settings for Acute Kidney Injury
Many procedures in cardiac surgery and vascular surgery 
convey a high risk of AKI to the patient. Rates of AKI 
requiring renal replacement therapy in cardiac surgery vary 
from less than 0.5% to more than 18% depending on the 
patient population and local practices.52–54 In addition to 
the aforementioned intrinsic risk factors for development 
of AKI after cardiac surgery, more complex cardiac disease 
such as left main coronary disease, cardiogenic shock, and 
emergent surgery convey additional risk.55 Longer cardio-
pulmonary bypass, cross-clamp time, and “off-pump” (no 
cardiopulmonary bypass) procedures also increase the risk 
for AKI in patients undergoing cardiac surgery.55 Risk of 
ESRD after cardiac surgery is also substantial, with 0.4% 
of patients in a cohort of nearly 30,000 developing ESRD 
within 4 years of the procedure; the risk was much higher 
in patients with AKIN stage 2 or 3 AKI, with a hazard ratio 
of 3.8 to develop ESRD compared with all patients.56

Vascular surgery may carry an even higher risk of AKI 
compared with cardiac surgery. A cohort of more than 3600 
patients undergoing vascular surgery had rates of periopera-
tive AKI of nearly 50%; smaller studies have found rates 
of vascular surgery-related AKI ranging from 12% to 75%, 
depending on the clinical situation.57–63 Unsurprisingly, 
patients with ruptured aortic aneurysms have extremely 
high rates of AKI.58

The risk of development of AKI after iodinated contrast 
administration has been well described. Risk for AKI after 
iodinated contrast varies from less than 1% to greater than 
25%.1 Patient risk for AKI with iodinated contrast is best 
understood as a factor derived from factors related to the 
contrast itself (the volume and type of contrast used) and 
patient factors (hemodynamic status, medications used, pres-
ence of factors such as diabetes, CKD, and age).1,24 Multiple 
risk-scoring systems (discussed in more detail later) have 
been developed to better assess risk and counsel patients.

High-osmolality iodinated contrast has been shown in 
multiple trials to increase the risk of AKI, particularly in 
patients with preexisting CKD, and these agents have largely 
been phased out of routine clinical practice.64,65 Screening 
for kidney function before administration of contrast is 
done routinely; evidence also exists for screening of pro-
teinuria in some settings given strong associations between 
proteinuria and serum creatinine in patients undergoing 
contrast studies.66 Volume expansion with intravenous fluids 
is clearly the most evidence-based intervention to decrease 
the risk of iodinated contrast-associated AKI.1,24 In addition 
to iodinated contrast, gadolinium-containing intravenous 
contrast also has been associated with AKI, although not 
as strongly.67,68

Multiple medications and drugs clearly raise the risk 
for AKI. Perhaps no group is as extensively studied as 
angiotensin converting enzyme (ACE) inhibitors and 
angiotensin receptor blockers (ARBs). Rim et al. found in 
a cohort of 5299 patients that the use of ACE inhibitors or 
ARBs in patients receiving iodinated contrast conveyed an 
increased risk of more than 40% to develop AKI. In cardiac 
surgery, use of ACE inhibitors and ARBs has been associated 
with greater rates of AKI and postoperative shock in ret-
rospective trials.69–71 Nonsteroidal antiinflammatory drugs 
(NSAIDs) clearly raise the risk for AKI in multiple clinical 
settings; this risk is increased with simultaneous usage of 
NSAIDs, ACE inhibitors/ARBs, and diuretics.24,72 Many other 
drugs can cause or increase the risk of AKI, including 
calcineurin inhibitors, antibiotics such as vancomycin and 
aminoglycosides, and others; in addition to the risk conferred 
by each of these agents used in isolation, drug-drug interac-
tions and dosing errors may further increase risk.1,24,72–74 

between rates of AKI in different ethnicities or races, 
whereas others suggest a greater risk for AKI in African-
Americans.26–28 Notably, the effects of age, gender, and race 
appear to be attenuated in higher stages of CKD; it is unclear 
whether they play less of a role biologically, or simply that 
patient risk for AKI with advanced CKD is great enough 
that the contribution of these factors is not statistically  
significant.26

Unsurprisingly, preexisting CKD carries a high risk for 
development of AKI. Virtually every study that addresses 
the risk for AKI in patients with CKD has found a substan-
tially increased association of AKI with CKD.1,20,22–23,29–30 
In one of the largest meta-analyses to date, Grams et al. 
found that the hazard ratio of developing AKI at an eGFR 
of 45 mL/min was 3.3 compared with an eGFR of 80.26 
Unsurprisingly, rates of AKI are even higher for stage 4 
CKD. However, perhaps simply because of the very high 
rate of AKI in patients with significant CKD compared with 
other populations, the presence of CKD tends to decrease 
the impact of other risk factors such as hypertension and  
diabetes.31

In addition to greater rates of development of AKI, 
patients with CKD are more likely to have nonrecovery of 
their GFR to baseline after episodes of AKI. Patients with 
eGFR < 45 mL/min had roughly a 30% increase in the 
likelihood of death or development of end-stage renal disease 
(ESRD) after AKI in a cohort of nearly 40,000 patients.32

Similar to advanced CKD, preexisting proteinuria confers 
a markedly greater chance of developing AKI. Patients with 
albuminuria > 300 mg/g creatinine had a risk of AKI that 
was more than 2.5 times that of patients with undetectable 
albumin in urine.26 With reduced GFR, this risk is multiplica-
tive, with much higher rates of AKI in patients with 
advanced CKD and proteinuria; patients with CKD stage 4 
and nephrotic-range proteinuria have an adjusted risk of 
AKI more than thirty times that of patients with no pro-
teinuria and GFR > 90 mL/min.31

Patients with diabetes develop AKI at varying rates 
compared with the general population. The association 
between diabetes and AKI is established most strongly in 
the settings of iodinated contrast administration and car-
diovascular surgery.22,23 This risk may not be equal between 
type 1 and type 2 diabetes mellitus; for example, a Swedish 
registry of more than 36,000 patients undergoing coronary 
artery bypass graft surgery found that patients with type 1 
diabetes had an odds ratio versus nondiabetic patients of 
4.89 to develop AKI, compared with a relatively modest 
odds ratio of 1.27 for patients with type 2 diabetes compared 
with nondiabetic patients.33

Hypertension has been shown to increase the risk for 
AKI in various settings, including overall risk,31 contrast 
administration,34 lung resection,35 severe aortic dissection,36 
and abdominal surgery,25 among others. The odds ratio for 
hypertension causing AKI is generally 2 or less compared 
with reference populations, rendering hypertension a modest 
risk factor for AKI compared with some others.

Clinicians know that chronic liver disease carries a very 
high risk for acute kidney injury. Rates of AKI in cirrhosis 
range from below 20% to above 50%, depending on the 
clinical situation37–42 and carry a hefty risk of mortality in 
this patient group; the risk of mortality rises to 10 times 
that of patients with cirrhosis but without AKI.43

Heart failure has been associated with increased risk for 
AKI across multiple settings.20,22,23,29 In patients admitted 
with decompensated heart failure, very high rates of AKI 
have been described, often involving more than one third 
to one half of the patient cohort.44–50 AKI risk is commonly 
higher in patients with systolic dysfunction regardless of 
clinical setting. 23,24,51
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expected rate of AKI. As mentioned above, these risk predic-
tion scores also can improve the informed consent process, 
giving patients more specific details about their risk for 
particular outcomes.91

Using Risk Factors in Clinical Decision Making When 
the Insult Is Not Predictable
A substantial number of AKI events occur in patients in 
whom the precipitating insult is not predictable, such as 
sepsis or hypotensive events resulting from bleeding. In 
these settings, preemptive risk reduction strategies are not 
feasible. For example, in one series of patients with sepsis 
presenting to the emergency department, the admission 
serum creatinine was on average 2.6 mg/dL (+/- 2.0), signify-
ing that many patients already had significant levels of 
AKI before any opportunities for intervention.92 However, 
knowing the risk factors for AKI in a particular patient can be 
useful in thinking about care pathways and ongoing patient 
monitoring with a goal to lessen the impact of AKI (such as 
minimizing the risk of AKI transitioning to worsening stages 
or the need for renal replacement therapy). For instance, 
higher-risk patients (those with advanced age, diabetes, heart 
failure, preexisting CKD) with stage 1 AKI may benefit from 
more frequent vital sign monitoring, targeting higher mean 
arterial pressures, closer medication monitoring, avoidance 
of radiocontrast agents, and other interventions that are 
targeted to prevent worsening of AKI and hasten resolution. 
Such a strategy has not been tested rigorously.

Biomarkers to Enhance Risk Prediction Models
Novel biomarkers of AKI, such as neutrophil gelatinase-
associated lipocalin (NGAL), kidney injury molecule-1 
(KIM-1), and a host of others have been found to detect 
evidence of AKI before traditionally used laboratory methods 
such as serum creatinine become clinically relevant.93 
Although multiple biomarkers have been validated clinically, 
none have emerged as clearly providing a new standard of 
care for AKI diagnosis or risk assessment; however, nephrol-
ogy is closer today than it has ever been to biomarkers 
being ready for widespread clinical use.94

Of all commercially available biomarkers of AKI, none 
have been better studied than NGAL. Initially validated 
with multiple studies in the setting of AKI in cardiac 
surgery,95,96 there have since been investigations revealing 
NGAL as an early marker of AKI in all-cause AKI in critically 
ill patients,97 sepsis,98 and poisoning,75 among others. 
Examining AKI in sepsis, a meta-analysis revealed that 
serum NGAL had a pooled sensitivity of 83% and specificity 
of 57% in predicting AKI; urine NGAL was more specific 
with sensitivity and specificity of 80% apiece, with an area 
under the curve (AUC) of 0.90.98

Combinations of biomarkers logically may fare better 
than certain single biomarkers at predicting the risk for 
AKI. One commercially available test (NephroCheck; Astute 
Medical) measures urinary levels of insulin-like growth 
factor 7 and tissue inhibitor of metalloproteinases-2, with 
an AUC of 0.80 for prediction of AKI in all-cause AKI in 
critically ill patients compared with 0.70 for urinary NGAL 
in their population.99

Biomarkers of kidney injury occupy a space somewhere 
between modifying risk prediction and diagnosis of AKI; 
clinically, although many of them have been shown to 
predict AKI, they are not yet accepted as evidence that AKI 
has occurred.93 However, the knowledge that biomarkers 
are abnormal can lead clinicians to optimize the patient’s 

Although AKI related to nonmedication poisoning is 
substantially less well studied, acute and chronic poisoning 
with agents such as ethylene glycol, paraquat, and others 
also confer risk for AKI.24,75

Risk Assessment Scoring Systems
To facilitate refined risk assessment and assist in decision 
making, informed consent, and quality improvement projects, 
detailed risk assessment models have been developed and 
validated for situations in which the timing the nephro-
toxic insult is known (e.g., surgery, radiographic contrast 
administration, or percutaneous coronary interventions). In 
these models, variables associated with AKI are identified, 
stratified in a logistic model (given point values proportional 
to their risk of being associated with AKI), and combined 
to give a global risk assessment of AKI (percent chance of 
developing AKI). An important caveat for many of these 
models is that the definition of the defining event (AKI) 
is not the same across models and can range from mild 
AKI (stage 1) to moderate-severe AKI (stages 2, 3). As an 
example, using data from the National Cardiovascular Data 
Registry Cath-Percutaneous Catheterization Intervention 
(PCI) Registry, Tsai et al. identified 11 variables that were 
associated with AKI: older age, baseline renal impairment 
(categorized as mild, moderate, and severe), prior cerebro-
vascular disease, prior heart failure, prior PCI, presentation 
(nonacute cardiovascular syndrome vs. non-ST segment 
elevation myocardial infarction [NSTEMI] vs. STEMI), 
diabetes, chronic lung disease, hypertension, cardiac arrest, 
anemia, heart failure on presentation, balloon pump use, 
and cardiogenic shock.76 STEMI presentation, cardiogenic 
shock, and severe baseline CKD were the strongest predictors 
for AKI. These variables were used to develop the risk 
prediction model that has been validated subsequently with 
good predictive ability for AKI (c-statistic of 0.76) and even 
better predictive ability for AKI requiring dialysis (c-statistic 
of 0.92).76,77 Thus clinicians can use a table that assigns point 
weights to each clinical variable in the model, add these 
values, and determine a total risk for AKI. For example, in 
this model, a 78-year-old male with diabetes, prior heart 
failure, prior carotid endarterectomy, and presenting with 
a NSTEMI and an estimated GFR of 42 with a hemoglobin 
of 9.5 g/dL would have a calculated AKI risk of 27.5% and 
a risk of needing dialysis of 0.5%.76

Similar risk assessment scores have been developed for 
cardiac surgery,78–81 percutaneous cardiac interventions,82–85 
and radiographic contrast administration.86–89 Some risk 
assessment scores do not only rely on patient-specific factors 
but also include procedure-related risk such as the volume 
of iodinated contrast that is administered.90

There are important caveats in using these risk prediction 
scores.1 It is important to use contemporary risk-scoring 
systems, because those systems developed more than 5 to 
10 years previously may not be applicable to current care 
settings 2; patients who may have low risk scores still may 
benefit from prevention strategies3; the scores tend to have 
better negative predictive ability over positive predictive 
power; and4 the best scoring systems are developed and 
validated in large cohort groups with a wide span of clinical 
variables and associated risk.

Risk prediction scores may be particularly useful in 
assessing quality improvement programs, because they allow 
for the determination of a predicted percentage of patients 
that would be expected to develop AKI in a particular 
setting such as postcardiac surgery. If the observed rate of 
AKI is greater than this predicted rate, quality improvement 
processes are mandated and can be measured against an 
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this impact versus usual care.109 In this study the composite 
relative maximum change in creatinine, dialysis, and death 
at 7 days did not differ between the alert group and the 
usual care group.109 Thus simply alerting clinicians to the 
early development of AKI did not change outcomes in  
the absence of the risk assessment or recommendations for 
next steps. This study and other similar ones led a consensus 
panel to conclude that current evidence for e-alert system 
efficacy, although growing, remains insufficient.110

SUMMARY

Risk assessment for AKI is a critically important part of the 
care of patients and has the possibility to improve outcomes 
by lessening the incidence and impact of AKI. However, 
risk scoring systems still require refinement and greater 
predictive capability. Recent developments with biomarkers 
and genome-wide association studies may provide tools to 
better define prediction algorithms, and the use of EMR tools 
and triggers may improve implementation of these scoring 
systems as well as link them to improved care pathways.

Key Points

1. Given that there are few effective therapies for 
established acute kidney injury (AKI), prevention 
is a critical aspect of care that can be used to 
improve outcomes, and risk assessment is a key 
part of any preventative strategy.

2. Risk assessment scoring systems have been devel-
oped and studied in specific circumstances in 
which preventative strategies for AKI could be 
applied, such as after cardiac surgery.

3. Risk assessment strategies for causes of AKI that 
are not predictable (such as sepsis) are much harder 
and must focus on prevention of subsequent insults 
that may be more preventable.

4. Biomarkers and genetic polymorphisms may 
allow enhanced refinement of risk assessment 
methodologies.
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situation to further reduce any risk for AKI (e.g., change 
intravenous fluid strategies, discontinue nephrotoxins, and 
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Genetic Polymorphisms and Their Association With 
Risk for Acute Kidney Injury
The past decade has brought with it a growing body of 
research examining non-Mendelian genetic factors affecting 
risk for AKI, specifically, studies of single nucleotide 
polymorphisms (SNPs) and other genetic polymorphisms 
of various genes that confer increased risk for AKI.100–103 
For example, du Cheyron et al. evaluated patients who 
were hospitalized in a critical care unit for the presence 
of an inserted base pair fragment in one of the introns that 
codes for angiotensin-converting enzyme (ACE); they found 
that patients who were homozygous for this ACE insertion 
polymorphism had a substantially elevated risk to develop 
AKI, with an odds ratio of 6.5 compared with heterozygotes 
and homozygotes.101 In the setting of severe sepsis, SNPs 
in genes coding for vascular endothelial growth factor (VEGF) 
and pre–B-cell colony-enhancing factor were associated 
with AKI.102 Other SNPs have been associated with AKI in 
various settings, including SNPs in the genes BCL-2, IL-6, 
TNFA, and many others; however, some of these associations 
are not robust.103

Genome-wide association studies allow for a broader 
search than testing individual genes of concern; these studies 
use microarrays to detect many different SNPs, allowing 
for discovery of novel genes that may confer risk for AKI. 
The only genome-wide association study of patients with 
AKI, performed in the setting of coronary bypass graft 
surgery, found two novel loci with SNPs that conferred an 
increased risk for AKI.100 As increasing effort and importance 
is placed on “personalized medicine,” preemptive identifica-
tion of these genes may play a role in determining individual 
patients’ risk for AKI.

Using the Electronic Medical Record to Assess Risk 
for Acute Kidney Injury
Electronic medical records (EMR) and computer-assisted 
order entry offer a potential method to link automated risk 
assessment with a series of clinical pathways designed to 
lessen that risk.104 Furthermore, the large amount of data 
and outcomes embedded in the EMR allow for develop-
ment, testing, and validation of risk prediction models.105 
For instance, a simple system alerts clinicians regarding 
the use of potentially nephrotoxic medications (risks) and 
small changes in serum creatinine.106 In one study using 
such a system, the use of alerts led to a significant fall in AKI 
(relative risk of 0.46 [95% confidence interval]: 0.22 to 0.94).105 
Another system alerted clinicians to the risk for contrast 
media-associated AKI and recommended a prophylactic 
measure (such as hydration protocols) to those patients 
at risk.107 With this intervention, the use of prophylactic 
measures increased from 25% to 55%, and the incidence 
of AKI fell from 10% to 3%. In the pediatric population, a 
robust nephrotoxin identification program linked to changes 
in serum creatinine led to 42% reduction in AKI intensity.108 
These systems focus on delivering a risk assessment to the 
clinician and then recommending a course of action or 
linking the risk with a change in kidney function.

Using a different methodology, Wilson et al. provided 
a simple AKI alert to clinicians via text-page and assessed 
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