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Outline - AKI

• What is the clinical problem
• Limitations of current diagnostics
• Novel AKI biomarkers
• Application of biomarkers to clinical practice
• Future approaches to research
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Clinical Scenario #1

• 75 yr old lady is referred with community 
acquired pneumonia

• Type 2 Diabetes and Atrial Fibrillation
• BP 105/45 HR 105 T 37.9 

O2 Sats 94% on 28% O2, Resps 18, 
Creatinine 100
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Clinical Scenario #1

• 75 yr old lady is referred with community 
acquired pneumonia

• Type 2 Diabetes and Atrial Fibrillation
• BP 105/45 HR 105 T 37.9 

O2 Sats 94% on 28% O2, Resps 18, 
Creatinine 100

• Does she have or is she developing AKI?
• Where should she be managed?
• How should she be resuscitated?
• Will AKI affect outcome?
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Figure 2. One-year mortality in patients with and without AKI in the overall cohort and within
non-severe CAP subgroups
(a) The Kaplan–Meier failure plots by maximum RIFLE stage for probability of death in the
entire CAP cohort, which at 1 year was higher in patients with AKI than in patients without
AKI (log rank P<0.001). (b) Failure plots for probability of death at 1 year within the four
non-severe CAP subgroups. Non-severe CAP patients with AKI in each of the four
subgroups had higher probability of death associated with AKI at 1 year compared to those
without AKI (log rank P<0.01 for all subgroups). AKI, acute kidney injury; CAP,
community-acquired pneumonia; RIFLE, Risk, Injury, and Failure criteria.
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Acute kidney injury in non-severe pneumonia is associated with

an increased immune response and lower survival

Raghavan Murugan1, Vijay Karajala-Subramanyam1, Minjae Lee1,2, Sachin Yende1, Lan
Kong1,2, Melinda Carter1, Derek C. Angus1, and John A. Kellum1 on behalf of the Genetic
and Inflammatory Markers of Sepsis (GenIMS) Investigators
1The CRISMA Laboratory, Department of Critical Care Medicine, University of Pittsburgh School
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2Department of Biostatistics, University of Pittsburgh Graduate School of Public Health,
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Abstract
While sepsis is a leading cause of acute kidney injury in critically ill patients, the relationship
between immune response and acute kidney injury in less severely ill patients with infection is not
known. Here we studied the epidemiology, 1-year mortality, and immune response associated with
acute kidney injury in 1836 hospitalized patients with community-acquired severe and non-severe
pneumonia. Acute kidney injury developed in 631 patients of whom 329 had severe and 302 had
non-severe sepsis. Depending on the subgroup classification, 16–25% of the patients with non-
severe pneumonia also developed acute kidney injury. In general, patients with acute kidney injury
were older, had more comorbidity, and had higher biomarker concentrations (interleukin-6, tumor
necrosis factor, D-dimer) even among patients without severe sepsis. The risk of death associated
with acute kidney injury varied when assessed by Gray's survival model and after adjusting for
differences in age, gender, ethnicity, and comorbidity. This risk was significantly higher
immediately after hospitalization but gradually fell over time in the overall cohort and in those
with non-severe pneumonia. A significantly higher risk of death (hazard ratio 1.29) was also
present in those never admitted to an intensive care unit. Hence acute kidney injury is common
even among patients with non-severe pneumonia and is associated with higher immune response
and an increased risk of death.
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Figure 2. One-year mortality in patients with and without AKI in the overall cohort and within
non-severe CAP subgroups
(a) The Kaplan–Meier failure plots by maximum RIFLE stage for probability of death in the
entire CAP cohort, which at 1 year was higher in patients with AKI than in patients without
AKI (log rank P<0.001). (b) Failure plots for probability of death at 1 year within the four
non-severe CAP subgroups. Non-severe CAP patients with AKI in each of the four
subgroups had higher probability of death associated with AKI at 1 year compared to those
without AKI (log rank P<0.01 for all subgroups). AKI, acute kidney injury; CAP,
community-acquired pneumonia; RIFLE, Risk, Injury, and Failure criteria.
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16–25%  of  the  patients  with  non-­ severe  pneumonia  also  developed  acute  
kidney  injury
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Clinical Scenario #2

• 55 yr old man 12hr post open cholecystectomy
• High blood pressure, Moderate LV function
• poor analgesia
• BP 105/55 HR 110 BE -5 Lactate 1.8
• Fluid balance +4L in 12hr
• Urine 15ml/hr last 3hr
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Clinical Scenario #2

• 55 yr old man 12hr post open cholecystectomy
• High blood pressure, Moderate LV function
• poor analgesia
• BP 105/55 HR 110 BE -5 Lactate 1.8
• Fluid balance +4L in 12hr
• Urine 15ml/hr last 3hr
• Does he have or is he developing AKI?
• Where should he be managed?
• How should he be resuscitated?
• Will AKI affect outcome?
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creatinine during hospitalization was 1.40 mg/dL among 46% of all
patients with AKI, a value that rarely initiates any postdischarge
follow-up in current clinical practice. This might have an important
implication as AKI during hospitalization was a common occurrence
among postsurgical patients in our study (32%). Although a signif-
icant proportion of patients present with AKI in the setting of
multiorgan dysfunction, kidney injury should no longer simply be
viewed as an indicator of overall severity of illness, but rather the
failing kidney can exhibit important independent effects on outcome
that may extend well beyond discharge from hospital.27,28 In a
cohort of 105,951 VA patients undergoing major surgery, Khuri et
al demonstrated that the occurrence of any 1 of 22 major compli-
cations in the 30-day postoperative period (including severe renal
failure) is more important than preoperative risks and intraoperative
factors in determining short and long term survival.29 They hypoth-
esized that the postoperative complications induce a cascade of

inflammatory processes that ultimately influence survival beyond
hospital discharge.29

This is the first study to determine the long term outcome of
surgical patients with a full spectrum of severity of AKI as defined
by the well-validated RIFLE classification system. The most severe
AKI requiring RRT comprised only 6% of all AKI patients in our
series and a majority of the patients had the least severe form.
Likewise, the fact that only 16% of patients with AKI defined by
RIFLE had an ICD-9-CM code for ARF emphasizes that the prev-
alence and clinical significance of postoperative AKI may be un-
derestimated when based solely on ICD-9-CM codes for ARF.
Waikar et al assessed the validity of ICD-9-CM codes for ARF
against sCr based definitions of ARF in 97,705 adult discharges
from 3 Boston hospitals in 2004. As compared with a diagnostic
standard of a 100% change in serum creatinine (corresponds to
RIFLEmax I), ICD-9-CM codes for ARF had a sensitivity of 35.4%
and specificity of 97.7%, with positive predictive value of 47.9%.30

Another strength of our study is that inclusion of only surgical
patients after 4 major types of surgery with exclusion of patients
with a documented history of CKD provided a better defined and
more homogeneous population. This approach eliminated problems
that arise from the fact that medical and surgical patients carry
different risks for long term mortality and that preoperative CKD is
already a well-recognized risk factor for in-hospital and postdis-
charge mortality.19,31,32

In addition, despite the long follow-up period after postoper-
ative AKI, the number of patients that were completely lost to
follow-up due to invalid social security numbers or residence in a
country other then US was small; their follow-up would have
contributed a maximum of 250 patient-years. In our analyses, we
took these patients into account until the last recording. Neverthe-
less, the patients with no or incomplete follow-up might have been
lost because they had an outcome event, which also could have led
to additional underestimation of the absolute risks.

We constructed a multivariate model that included informa-
tion typically available at the time of discharge from the hospital.
One of the drawbacks was that we did not have data on severity of
illness at the time of admission to the ICU as measured by APACHE
score. Nevertheless, our model included LOS in the ICU as well as
the most common ICU complications, so the final model did take
into account the differences in severity of illness. The discrimination
in our study was excellent for all-cause death and we identified risk
factors that can be readily evaluated at the time of hospital dis-

TABLE 2. Cox Proportional Hazard Model for Patient
Mortality Following Hospital Discharge

Parameter
(reference level) Level

Adjusted
Hazard
Ratio

95%
Confidence

Interval P

Rifle class (none) Risk 1.18 1.08–1.29 !0.001
Injury 1.43 1.29–1.59
Failure 1.57 1.40–1.75

Age group (18–45) 46–60 1.62 1.44–1.82 !0.001
61–70 2.32 2.07–2.61
71" 3.23 2.87–3.64

Gender (male) Female 0.88 0.82–0.94 !0.001
Ethnicity (white) African

American
1.06 0.94–1.19 !0.001

Other 0.75 0.65–0.88
Type of surgery (NSG) CT 0.92 0.84–1.02 !0.001

GS 0.90 0.81–1.01
VS 1.18 1.07–1.31

Diabetes (none) Yes 1.27 1.18–1.38 !0.001
Atrial fibrillation (none) Yes 1.16 1.06–1.27 !0.001
Congestive heart failure

(none)
Yes 1.34 1.23–1.46 !0.001

Chronic pulmonary
disease (none)

Yes 1.35 1.25–1.46 !0.001

Liver disease (none) Yes 1.26 1.09–1.44 0.001
Hypertension (none) Yes 0.97 0.91–1.03 0.33
Malignancies (none) Yes 2.46 2.29–2.64 !0.001
Chronic anemia (none) Yes 1.25 1.13–1.37 !0.001
Depression (none) Yes 1.32 1.10–1.57 0.003
Sepsis (none) Yes 1.01 0.88–1.15 0.92
Mechanical ventilation

(none)
Yes 1.09 1.00–1.20 0.07

Tracheostomy (none) Yes 1.34 1.17–1.53 !0.001
Postoperative anemia

(none)
Yes 1.03 0.96–1.11 0.44

Coagulopathy (none) Yes 1.11 0.98–1.26 0.10
Discharge site (home) Other* 1.36 1.24–1.49 !0.001
Length of hospital stay 8–11 1.13 1.03–1.24 !0.001

(in days) (0–7) 12–19 1.20 1.09–1.33
20" 1.31 1.18–1.47

GS indicates general and gastrointestinal surgery.
*Other includes short and long-term rehabilitation facilities, nursing home, other

acute care hospitals, and unknown disposition.

FIGURE 2. Adjusted hazard ratio of AKI for postdischarge
mortality within different patient subgroups. NSG indicates
neurosurgery; CT, cardiothoracic surgery; GS, general and
gastrointestinal surgery; VS, vascular surgery.
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Objective: To determine the relationship between long-term mortality and
acute kidney injury (AKI) during hospitalization after major surgery.
Summary Background Data: AKI is associated with a risk of short-term
mortality that is proportional to its severity; however the long-term survival
of patients with AKI is poorly studied.
Methods: This is a retrospective cohort study of 10,518 patients with no
history of chronic kidney disease who were discharged after a major surgery
between 1992 and 2002. AKI was defined by the RIFLE (Risk, Injury,
Failure, Loss, and End-stage Kidney) classification, which requires at least a
50% increase in serum creatinine (sCr) and stratifies patients into 3 severity
stages: risk, injury, and failure. Patient survival was determined through the
National Social Security Death Index. Long-term survival was analyzed
using a risk-adjusted Cox proportional hazards regression model.
Results: In the risk-adjusted model, survival was worse among patients with
AKI and was proportional to its severity with an adjusted hazard ratio of 1.18
(95% confidence interval !CI", 1.08–1.29) for the RIFLE-Risk class and 1.57
(95% CI, 1.40–1.75) for the RIFLE-Failure class, compared with patients
without AKI (P # 0.001). Patients with complete renal recovery after AKI
still had an increased adjusted hazard ratio for death of 1.20 (95% CI,
1.10–1.31) compared with patients without AKI (P # 0.001).
Conclusions: In a large single-center cohort of patients discharged after
major surgery, AKI with even small changes in sCr level during hospital-
ization was associated with an independent long-term risk of death.

(Ann Surg 2009;249: 851–858)

Severe acute kidney injury (AKI) requiring renal replacement
therapy (RRT) is a well recognized risk factor for in-hospital

mortality. However, with the recent introduction of the RIFLE
(Risk, Injury, Failure, Loss, and End-stage Kidney) classification for
AKI, the adverse effects of small changes in serum creatinine (sCr)
level have begun to be recognized and systematically studied.1

Hence the term AKI has been proposed to encompass the entire
spectrum of the syndrome, from minor changes in renal function to
the requirement for RRT and to replace the old term of “acute renal
failure (ARF).”2 The association of AKI characterized by small

changes in renal function after surgery with short-term mortality has
emerged in the recent literature.3,4

The RIFLE classification defines 3 grades of AKI severity
(R-Risk, I-Injury, F-Failure) based on changes in sCr relative to the
baseline condition.5 Studies enrolling more than 76,000 patients
from different patient populations have demonstrated an increase in
the prevalence of RIFLE-defined AKI and confirmed the predictive
ability of the RIFLE classification for adverse clinical outcomes.2,6

However, most of the studies of AKI have focused on short-term
outcomes usually assessed at hospital discharge.

The few studies that have documented long-term survival
after AKI were single-center cohorts with mixed populations of
medical and surgical patients and often included patients with
preexisting chronic kidney disease (CKD). In addition, most of these
studies included only severe AKI and lacked an adequate control
group.7–22 Recently, a high risk of end-stage renal disease (ESRD)
and death after hospital discharge was associated with small changes
in sCr level during hospitalization for acute myocardial infarction.23

No study to date has reported the relationship between long-term
mortality risk and RIFLE-defined AKI among patients undergoing
major surgery.

The goal of this study was to assess the long-term mortality
risk associated with AKI characterized by even small changes in sCr
level during hospitalization after major surgery, in a large single-
center cohort of patients with no history of CKD, who required at
least a 24 hour admission to a surgical intensive care unit (SICU).

PATIENTS AND METHODS

Data Source
Critically ill adult surgical patients at the University of

Florida and Shands (UF and Shands) Hospital are managed in 75
multidisciplinary SICU beds (including surgical, trauma and burn,
neurosurgical, and cardiovascular surgery ICUs) by dedicated inten-
sivists. The billing database for the UF and Shands Hospital,
established in 1990, provides detailed information on all discharged
patients’ demographics, outcomes (eg, in-hospital mortality, length
of stay !LOS"), total charges, hospital characteristics, and insurance
status. International Classification of Diseases, ninth edition, Clini-
cal Modification (ICD-9-CM) codes for up to 15 diagnoses and
procedures are listed for each admission. The database was
searched for the period between January 1, 1992 and December
31, 2002 to identify all patients who were admitted to the SICU
for $24 hours after any kind of operative procedure and who
survived to be discharged from the hospital. We arbitrarily chose
the year 2002 to allow at least 5 years of follow-up after the last
discharge date to assess 5-year mortality. This study was de-
signed and approved by the Institutional Review Board of the UF
as a retrospective cohort study.

Patient Population
We identified 11,080 adult patients who were admitted to a

SICU for at least 24 hours after any kind of general/gastrointestinal,
vascular surgery, cardiothoracic surgery or neurosurgical operative
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The Problem

• We are unable to risk stratify many patients early 
in the course of their illness

• Current diagnostics are inadequate to enable us 
to identify early AKI and intervene

• Late intervention may be of less benefit

• Avoidance of harm in established AKI
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We need to identify who benefit 
from:

• Specific intervention

• Concentration on supportive care and 
avoidance of secondary injury
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Conventional diagnosis of AKI

• Serum Creatinine
• Urine output
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KDIGO AKI definitions 
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Creatinine:  
At  Steady  State:  In  =  Out

GFR = P
[Cr]

Double  Creatinine  =  Half  GFR

Production =GFR.[Cr]
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10.5 (4.2) mg/kg/day using IBW. We compared this rate to
the rate that would be predicted by actual body weight
(ABW), the Cockroft-Gault formula, a modification of
the Jelliffe formula and a recently published formula by
Levey et al. [23–25]. The Cockroft-Gault formula was
derived in 249 male Caucasian outpatients with and with-
out chronic kidney disease (CKD), while the Levey equa-
tion was developed in 2466 outpatients with CKD. The
Jelliffe equation was developed mathematically to esti-
mate GFR in patients with changing serum creatinine

concentration due to AKI. CGR was significantly less
than predicted by each of these equations (P < 0.001 for
all comparisons) (Figure 2).

Table 2 demonstrates the unadjusted and adjusted associ-
ations of clinical parameters with CGR. The classic predic-
tors of CGR, i.e. gender, race and age, were not associated
with CGR in this cohort. CGR was lower by a small but
statistically significant amount for each additional hospital
day spent prior to the measurement. To assess for delay in
initiation of CVVHD due to lower CGR, we analyzed the
association between serum creatinine at the start of CVVHD
and the time to CVVHD initiation, and found no significant
relationship (P ¼ 0.15). Patients with CKD Stage "3 (n ¼
55) had significantly higher CGR than their non-CKD coun-
terparts, although CKD status could not be determined in 16
patients. Patients who carried an oncologic diagnosis had a
significantly lower CGR than non-oncologic patients. There
was no difference in CGR between medical and surgical
patients. There was no association between CGR and serum
total bilirubin concentration (r¼ 0.04, P¼ 0.67) or between
steady state creatinine concentration and serum total biliru-
bin (r ¼ 0.11, P ¼ 0.28).

Multivariable linear regression models were fit with
CGR as the outcome and variables associated with CGR
in unadjusted analyses and those that have been previously
described as associated with CGR. Sensitivity analyses
(assuming patients with missing data were entirely without
CKD, entirely with CKD or with the population mean) did
not substantially alter the univariate or multivariable rela-
tionship between CKD and CGR. Shorter hospital stay
prior to our calculation of CGR and lack of oncologic
diagnosis were significantly associated with higher CGR
in the multivariable model.

Impact of CGR on in-hospital mortality

The overall in-hospital mortality rate was 73%. We divided
the patients into tertiles of CGR: highest (>12.2 mg/kg/
day), middle (8.7–12.2 mg/kg/day) and lowest (<8.7 mg/
kg/day). Corresponding death rates were 57, 76 and 85%,
respectively (P ¼ 0.01). Adjusted ORs for in-hospital

Table 1. Patient characteristics measured at steady statea

Total (N ¼ 103)

Age (SD) 59 (14.3)
Male (%) 68 (64)
Black (%) 23 (21)
Diabetes mellitus (%) 39 (36)
Medical ICU (%) 52 (51)
Surgical ICU (%) 51 (50)
Oncologic diagnosis (%) 14 (14)
ABW, kg 88.6 (74.7–106.2)
BMI, kg/m2 30.1 (25.8–37.1)
IBW, kg 63.7 (56.3–69.5)
Obese (%) 57 (57)
Pressor support (%) 75 (73)
Mechanical ventilation (%) 90 (84)
Hospital stay pre-CRRT, days 5 (2–13)
Time from AKI onset to CRRT initiation, days 2 (0–4)
Serum creatinine at CRRT initiation, mg/dL 3.6 (2.7–4.8)
BUN at CRRT Initiation, mg/dL 70 (47–99)
Time from CRRT initiation to steady state, hours 60 (43–107)
Serum albumin, g/dL 1.9 (1.7–2.6)
Serum total bilirubin, mg/dL 2.0 (1.1–5.5)
Weight change from admission to CRRT
initiation, kg

4.9 (0–10.9)

Dialysate flow rate, L/h 2.0 (2.0–2.5)

aAll data median (interquartile range) unless otherwise specified. AKI
onset defined as first day when creatinine was >50% of baseline value.
Albumin available in 63/103 patients. Total bilirubin available on 96/103
patients. BUN, blood urea nitrogen.

Fig. 1. Bland–Altman plot showing agreement of serum and effluent
creatinine concentrations. A positive direction on the Y-axis indicates a
higher serum than effluent value. X-axis is the average of the two measure-
ments. Dotted line represents mean difference (0.009 mg/dL). Shaded area
represents 95% CIs of agreement.

Fig. 2. Box plot demonstrating measured versus predicted CGR in the
cohort. Prediction equations appear in appendix [23–25].
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Abstract
Background. Existing systems for grading severity of
acute kidney injury (AKI) rely on a change of serum
creatinine concentration over a defined time interval.
The rate of change in serum creatinine increases by de-
gree of reduction in glomerular filtration rate, but is mi-
tigated by low creatinine generation rate (CGR). Failure
to appreciate variation in CGR may lead to erroneous
conclusions regarding severity of AKI and distorted
predictions regarding patient outcomes based on AKI
severity.
Methods. Cohort study of 103 patients who received con-
tinuous venovenous hemodialysis (CVVHD) over a 2-year
period in a tertiary care hospital setting. Study participants
entered the cohort when they were anuric, receiving a
stable and uninterrupted dose of CVVHD with serum
creatinine in steady state. They were followed until hospital
discharge. CGR was measured based on dialyzate effluent
volume and effluent creatinine concentration (prospective
cohort) and via effluent volume and serum creatinine
concentration (retrospective cohort).
Results. CGR (mean 10.5, range 1.7–22.4 mg/kg/day) was
substantially lower in this patient population than what
would be predicted from existing equations. Correlates of
CGR in multivariable analysis included the length of
hospitalization prior to measurement and presence of an
oncologic diagnosis. Lower CGR was independently asso-
ciated with in-hospital mortality in unadjusted analysis and
after multivariable adjustment for measures of severity of
illness.
Conclusions. Grading systems for severity of AKI fail to
account for variation in CGR, limiting their ability to pre-
dict relevant outcomes. Calculation of CGR is superior to
other risk metrics in predicting hospital mortality in this
population.

Keywords: acute kidney injury; continuous renal replacement therapy;
creatinine generation; critical care nephrology; mortality

Introduction

Acute kidney injury (AKI) affects an estimated 4–5% of
hospital inpatients, and is a potentially devastating condi-
tion, with mortality rates approaching 20% [1]. Until
recently, the study of AKI was hampered by a lack of clear
consensus definitions. The Risk, Injury, Failure, Loss,
End-stage kidney disease (RIFLE) and subsequent Acute
Kidney Injury Network (AKIN) criteria for AKI severity
have ushered in a new era of AKI research [2, 3]. These
scoring systems define AKI by a change in serum creati-
nine concentration or reductions in urine output over a
defined time period. Urine output may be unreliable due
to inaccuracies in measurement and confounded by diuretic
usage [4, 5], while increases in serum creatinine concen-
tration depend not only on the degree of reduction of glo-
merular filtration rate (GFR) but also on the patients’
underlying creatinine generation rate (CGR)—with higher
CGR leading to more rapid increases in serum creatinine.
The CGR is itself dependent on the non-enzymatic hydrol-
ysis of creatine, which is produced primarily in the liver but
stored almost entirely in skeletal muscle. Progressive stages
of kidney injury in both the RIFLE and AKIN frameworks
predict mortality [4–10], but studies in stable outpatients
demonstrate that higher CGR independently associates with
better survival [11]. Similar findings have been published in
chronic hemodialysis patients [12]. Animal studies have
demonstrated acute reductions in CGR in the setting of sep-
sis [13]. As lower CGR would lead to assignment of lower
RIFLE or AKIN stages for any given level of GFR decre-
ment, heterogeneity in CGR may limit the ability of the
RIFLE and AKIN criteria to capture the true severity of
AKI and to accurately predict mortality. Few studies have
examined CGR in an acutely ill population, and none have
described its association with mortality [14–16].

Measurement of CGR in AKI is difficult for several
reasons. Patients are often not in steady state with regard
to serum creatinine, making urinary collections for creati-
nine excretion uninterpretable. In addition, unmeasurable
changes in the volume of distribution of creatinine may
occur due to fluid administration and accumulation [17].

! The Author 2012. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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Limitations of existing diagnostics

• Creatinine is an insensitive and late indicator of AKI
• Creatinine is indirectly related to tubular injury

– Failure to distinguish haemodynamic (reversible) azotaemia
and not rapidly reversible tubular injury

• Oliguria has poor sensitivity and specificity
• Many specific interventions for AKI have been 

promising experimentally but failed in clinical practice
• Delayed and imprecise diagnosis prevents effective 

intervention and risk stratification
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What is a Biomarker?

• A diagnostic test for the presence of a specific 
pathology.

• Like Plasma Creatinine
– or Quantification of Urine Output

• Do we need new (better) markers?
– More specific and sensitive

– Better connected with pathology of interest

• Do we have them?

• Will they alter outcomes?
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life-threatening arrhythmias and requires both specifi c 
potassium-lowering treatment and possible early renal 
replacement therapy. Similarly, decompensated marked 
metabolic acidosis with acidae mia should prompt 
consideration for renal replacement therapy.

In specifi c situations, other investigations are neces-
sary to establish the diagnosis, such as measure ment of 
creatine kinase and free myoglobin to identify possible 
rhabdomyolysis.80 Chest radiographs, blood fi lms, 
measurement of non-specifi c infl am matory markers, 
and assays that detect specifi c antibodies (eg, those 
against glomerular basement membrane, neutrophil 
cytoplasm, DNA, or smooth muscle) are useful screening 
tests to help support the diagnosis of vasculitis, specifi c 
types of collagen disease, or glomerulo nephritis. If 
thrombotic–thrombocytopenic purpura is suspected, 
concentrations of lactic dehydro genase, haptoglobin, 
unconjugated bilirubin, and free haemoglobin should 
also be measured. The presence of microangiopathic 
haemolysis in blood smears is also crucial for this 
diagnosis. In some patients, specifi c fi ndings—eg, 
cryoglobulins, Bence-Jones pro teins—provide almost 
conclusive diagnosis. Rarely, clinical signs, laboratory 
inves tigations, and radiological investi gations are not 
suffi  cient to make a causative diagnosis with certainty. 
In such patients a renal biopsy might be necessary.

Novel biomarkers
Investigators have used new search techniques based on 
proteomics to identify several novel biomarkers of acute 
kidney injury. Despite the novelty and dynamic nature of 
this new research specialty,67–89 several key points can 
already be made. First, in patients who develop acute 
kidney injury, concen trations of these biomarkers seem 
to change earlier than do serum creatinine concentrations 
(fi gure 3).82 Typically, these biomarkers have been most 
extensively assessed after cardiac surgery or on presen-
tation to the emergency department.83–85 Second, they 
seem to show diff erent aspects of renal injury. For 
example, cystatin C concentrations seem to show 
changes in glomerular fi ltration rate,86–89 whereas concen-
trations of neutrophil gelatinase-associated lipocalin are 
related to tubular stress or injury.86–93

Third, these biomarkers seem to change with 
treatment or recovery, which suggests that they can 
be used to monitor interventions.94 Fourth, they can 
identify subpopulations of patients who do not have 
acute kidney injury according to creatinine-based 
criteria, but actually have a degree of kidney stress or 
injury that is associated with worse outcomes.93 Finally, 
by identifying possible mechanisms of injury, novel 
biomarkers increase our understanding of the patho-
genesis of acute kidney injury.

Although neutrophil gelatinase-associated lipocalin is 
the most studied renal biomarker,95–99 several other 
biomarkers are under investigation.100–104 Whether the 
additional cost (£5–20 per test) is worthwhile, or 

whether this research will yield therapeutic benefi ts has 
not been established.

Prevention
The fundamental principle of prevention of acute kidney 
injury is to treat the cause or trigger. If prerenal factors 
contribute, they should be identifi ed, haemo dynamic 
resuscitation quickly begun, and intravascular volume 
maintained or rapidly restored. In many patients, 
insertion of a peripheral intravenous catheter and rapid 
administration of intravenous fl uids are suffi  cient to 
complete this process. The choice of fl uid for such 
resuscitation is controversial. In particular, the possibility 
that fl uids containing large-molecular-weight starch are 
nephro toxic is of concern.105 Whether fl uids containing 

Figure 3: Evolution of acute kidney injury
Injury begins before excretory function is lost (ie, decreased GFR) and can in some cases be detected by the 
measurements of biomarkers. Such biomarkers can also be used for diagnostic and prognostic assessment. 
GFR=glomerular fi ltration rate. NGAL=neutrophil gelatinase-associated lipocalin. Cys C=cystain C. KIM-1=kidney 
injury molecule 1. IL-18=interleukin 18. GST=glutathione-S-transferase. L-FABP=liver fatty-acid-binding protein. 
CRP=C reactive protein. IL-6=interleukin 6.

Early detection
biomarkers
Serum (NGAL,
Cys C); urine
(NGAL, IL-18,
KIM-1, GST,
L-FABP)

Diagnostic
biomarkers
Serum (NGAL,
Cys C); urine
(NGAL, KIM-1)

Diagnostic
biomarkers
Serum
(creatinine,
urea, Cys C)

Prognostic
biomarkers
Serum (NGAL,
Cys C, creatinine,
urea, IL-6, CRP);
urine (NGAL,
KIM-1)

Normal
kidney
function

Kidney
damage ↓GFR Death

Increased
risk of
kidney injury

Kidney
failure

Complications

Panel 1: Drugs that contribute to acute kidney injury

• Radiocontrast agents
• Aminoglycosides
• Amphotericin
• Non-steroidal anti-infl ammatory drugs
• β-lactam antibiotics (specifi cally contribute to interstitial 

nephropathy)
• Sulphonamides
• Aciclovir
• Methotrexate
• Cisplatin
• Ciclosporin
• Tacrolimus
• Angiotensin-converting-enzyme inhibitors
• Angiotensin-receptor blockers
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• 30 min ischemia 
 
• S creat Ĺ����K 
 
• .LGQH\�1*$/�Ĺ���K 
 

• NGAL in tubule lumen 

Phase 1: Kidney NGAL in Ischemic AKI 

Mishra et al, JASN 14:2534-43, 2003 
Mishra et al, JASN 15:3073-82, 2004 
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Neutrophil gelatinase-assoiated
lipocalin (NGAL)

• 25kDa protein
• Binds siderophores
• Bacteriostatic iron chelating activity
• Inducible in neutrophils
• Up-regulated in injured epithelia including 

kidney via NF-KB
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Unilateral ischaemia-perfusion
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Volume Depletion
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How does NGAL perform 
clinically?
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AUC	
  0.998



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?
ER Presentations NGAL & subsequent AKI

NGAL>130 = 25 fold odds of 
composite clinical outcome 
(nephrology consultation, intensive 
care admission, dialysis initiation, 
mortality)
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NGAL Meta-analysis
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NGAL Meta-analysis



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?

NGAL poor in Context of CKD



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?

NGAL Performance - Summary

• Children > Adults

• Cardiac Surgery > Critical Illness (Sepsis)

• Normal Baseline Function > CKD

• Urine > Plasma
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Predictive power of biomarkers vs Creatinine

• +ve NGAL but no Creatinine diagnosis of AKI?
– Is this really a false positive?
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Sub-­clinical  
AKI?
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tion model that was adjusted for sCr level at inclusion (Table 3,
model 1). We then added each individual biomarker to the
baseline model (Table 3, models 2 to 6) and found that each
biomarker added significantly to the predictive ability of the
baseline model. In addition, 2 measures of the overall
performance of the regression model, R2 and AUC-ROC,
improved when each biomarker was added to the baseline
model. We then used stepwise backward selection tech-
niques to identify combinations of biomarkers that inde-

pendently contributed to the prediction of the composite
outcome. We found that uNGAL and uKIM-1 indepen-
dently added to a combined prediction model (Table 3,
model 7). However, R2 and AUC-ROC of the combined
model increased only slightly compared with the single
biomarker models.

To examine the incremental utility of urinary biomark-
ers and their combinations in more detail, we calculated
the IDI, comparing the biomarker-aided models (models

Test Characteristics of Urinary Biomarkers in the Diagnosis of iAKI Including AUC-ROC Analysis,Predictive Values, and Likelihood RatiosTable 2 Test Characteristics of Urinary Biomarkers in the Diagnosis of iAKI Including AUC-ROC Analysis,
Predictive Values, and Likelihood Ratios

Urinary
Biomarker

AUC-ROC
(95% CI)

Cutoff Level,
ng/ml

Sensitivity,
%

Specificity,
%

Positive Predictive
Value, %

Negative Predictive
Value, %

Positive
Likelihood

Ratio

Negative
Likelihood

Ratio

uNGAL 0.81 (0.76–0.86) 104 68 81 23 97 3.64 0.39

47 82 67 17 98 2.49 0.27

uKIM-1 0.71 (0.65–0.76)* 2.817 52 79 17 95 2.49 0.61

1.665 63 65 12 95 1.76 0.58

uIL-18 0.64 (0.57–0.70)† 0.065 43 78 14 94 1.95 0.73

0.036 58 65 12 95 1.67 0.64

uL-FABP 0.70 (0.65–0.76)† 12.9 50 80 18 95 2.56 0.62

5.2 67 66 14 96 1.90 0.50

uCysC 0.65 (0.58–0.72)† 171 46 80 16 95 2.26 0.68

101 59 64 12 95 1.70 0.60

sCr 0.90 (0.86–0.93) 1.4 81 82 28 98 4.49 0.23

1.1 92 63 17 99 2.48 0.13

2 cutoff values were analyzed for each urinary biomarker, corresponding to the 60th (lower cutoff) and 75th (upper cutoff) percentiles of the biomarker level across the entire cohort. *p ! 0.001. †p !
0.0001 vs. uNGAL. ‡Positive likelihood ratio " sensitivity/(1 # specificity). §Negative likelihood ratio " (1 # sensitivity)/specificity. Serum creatinine (sCr) is shown for comparison.

AUC-ROC " area under the receiver-operating characteristic curve; uIL-18 " urinary interleukin-18; uKIM-1 " urinary kidney injury molecule 1; uL-FABP " urinary liver-type fatty acid binding protein;
uNGAL " urinary neutrophil gelatinase–associated lipocalin; uCysC " urinary cystatin C; other abbreviations as in Table 1.
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Figure 3 Risk Stratification by Serum Creatinine and Urinary Biomarkers

Rates of clinical events (initiation of dialysis or in-hospital mortality) in patients stratified by admission sCr and uNGAL (A) or sCr and uKIM-1 (B). Cutoffs were applied
at the 75th percentile for each biomarker (sCr, 1.4 mg/dl; uNGAL, 104 ng/ml; uKIM-1, 2.82 ng/ml). Significance level was determined by Pearson’s chi-square test.
***p ! 0.001, **p ! 0.01. Abbreviations as in Figures 1 and 2.
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Diagnostic and Prognostic Stratification
in the Emergency Department Using
Urinary Biomarkers of Nephron Damage
A Multicenter Prospective Cohort Study
Thomas L. Nickolas, MD, MS,* Kai M. Schmidt-Ott, MD,*†‡ Pietro Canetta, MD,*
Catherine Forster, MD,* Eugenia Singer, MD,†‡ Meghan Sise, MD,* Antje Elger, MD,†
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Subodh J. Saggi, MD,§ Barry Hahn, MD,§ Ralph Kettritz, MD,†‡ Friedrich C. Luft, MD,†‡
Jonathan Barasch MD, PHD*
New York and Staten Island, New York; Berlin, Germany; Cincinnati, Ohio; and Abbott Park, Illinois

Objectives This study aimed to determine the diagnostic and prognostic value of urinary biomarkers of intrinsic acute kid-
ney injury (AKI) when patients were triaged in the emergency department.

Background Intrinsic AKI is associated with nephron injury and results in poor clinical outcomes. Several urinary biomarkers
have been proposed to detect and measure intrinsic AKI.

Methods In a multicenter prospective cohort study, 5 urinary biomarkers (urinary neutrophil gelatinase–associated lipocalin,
kidney injury molecule-1, urinary liver-type fatty acid binding protein, urinary interleukin-18, and cystatin C) were mea-
sured in 1,635 unselected emergency department patients at the time of hospital admission. We determined
whether the biomarkers diagnosed intrinsic AKI and predicted adverse outcomes during hospitalization.

Results All biomarkers were elevated in intrinsic AKI, but urinary neutrophil gelatinase–associated lipocalin was most useful
(81% specificity, 68% sensitivity at a 104-ng/ml cutoff) and predictive of the severity and duration of AKI. Intrinsic AKI
was strongly associated with adverse in-hospital outcomes. Urinary neutrophil gelatinase–associated lipocalin and
urinary kidney injury molecule 1 predicted a composite outcome of dialysis initiation or death during hospitalization,
and both improved the net risk classification compared with conventional assessments. These biomarkers also identi-
fied a substantial subpopulation with low serum creatinine at hospital admission, but who were at risk of adverse events.

Conclusions Urinary biomarkers of nephron damage enable prospective diagnostic and prognostic stratification in the emergency
department. (J Am Coll Cardiol 2012;59:246–55) © 2012 by the American College of Cardiology Foundation

Acute kidney injury (AKI) is a common clinical event with
severe consequences. In the United States, !1 million hospi-

talized patients yearly receive a diagnosis of AKI, and its
incidence is increasing (1–4). AKI is associated with a 25% to
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NGAL reflects sub-clinical AKI after 
cardiac arrest
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A mean  52%  
decrease  in  GFR  
was  required  to  
account  for  the  lack  
of  reduction  in  
plasma  creatinine
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Problem

• The potential for sub-clinical AKI poses 
significant difficulties in the use of serum 
creatinine a gold standard for AKI diagnosis.
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Better Biomarkers?
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Discovery-Validation Pathway

Discovery  Study
340  proteins  analyzed  
(including  KIM-­1,  urine  
NGAL,  plasma  NGAL,  

Cystatin-­C,  IL-­18,  pi-­GST,  
and  L-­FABP)

Validation  Study
Primary  Endpoint:  moderate  
to  severe  AKI  (KDIGO  stage  
2-­3)  within  12  hours  of  
sample  collection

(based  on  serum  creatinine  
and  hourly  urine  output)

Sapphire Study
35 sites 

(20 North America, 15 Europe)
Age > 21, Critically Ill3, 
no AKI (Stage 2 or 3)4

N = 744

Vienna Cohort
Age > 18, 

in ICU + Sepsis
N = 134

Duke Cohort
Age > 18,

At least 1 risk factor1

N = 123

Mayo Cohort
Age > 18,

At least 1 risk factor2

N = 265

N = 7285

No AKI
N = 416

AKI Stage 1
N = 211

AKI Stage 2
N = 83

AKI Stage 3
N = 18

16 patients excluded 
(2 withdrew consent, 7 

lost to follow-up, 7 with 
invalid or missing test 

results)

Best Two Markers

D
is

co
ve

ry
V

al
id

at
io

n

Within
12 hrs

Kashani et  al.  Critical  Care  2013,  17:R25
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Novel Biomarkers Were Identified

• Biomarkers ranked by ability to predict 
development of AKI RIFLE I or F within 12 to 
36 hours

• Of 340 candidates the top performing 
biomarkers were:

– Tissue Inhibitor of Metalloproteinases-2 (TIMP-2)
– Insulin-like Growth Factor Binding-Protein 7 

(IGFBP7)
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TIMP-2 and IGFBP7 Work Well In 
Important Subgroups

Sepsis Surgery
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TIMP-2 and IGFBP7 are related to clinically 
meaningful outcomes
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TIMP-2 and IGFBP7 Have Mechanistic Origins in Early 
Cellular Injury
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? • AUC is still only 0.8 in a real-world clinical 
population
– Compared against creatinine

• Renal biomarkers could be very good, but we 
are unable to prove it

• How should we move forward?
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Staging AKI:
Different interventions in different groups

Acutely  
unwell  patient

Intrinsic  AKI

Early

Late

Recovery

Non-­recovery‘Pre-­Renal’
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What to do with Biomarker results?

• Nothing
• Stratify care
• Give intervention
• Stratify discharge and follow-up
• I don’t have enough evidence to guide my 

therapy
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How does early AKI diagnosis help me in 
the ICU?
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How does early AKI diagnosis help me in 
the ICU?

• What are the interventions for AKI?
– Best supportive care 
– Avoid secondary injury
– Timely CRRT to clinical indications

• What is good ICU care?
– Best support care 
– Avoid secondary injury
– Timely organ support to clinical indications
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– Timely organ support to clinical indications



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?

How does early AKI diagnosis help me in 
the ICU?

• What are the interventions for AKI?
– Best supportive care 
– Avoid secondary injury
– Timely CRRT to clinical indications

• What is good ICU care?
– Best support care 
– Avoid secondary injury
– Timely organ support to clinical indications



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?

How does early AKI diagnosis help me in 
the ICU?

• What are the interventions for AKI?
– Best supportive care 
– Avoid secondary injury
– Timely CRRT to clinical indications

• What is good ICU care?
– Best support care 
– Avoid secondary injury
– Timely organ support to clinical indications



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?

How does early AKI diagnosis help me in 
the ICU?

• What are the interventions for AKI?
– Best supportive care 
– Avoid secondary injury
– Timely CRRT to clinical indications

• What is good ICU care?
– Best support care 
– Avoid secondary injury
– Timely organ support to clinical indications



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?

How does early AKI diagnosis help me in 
the ICU?

• What are the interventions for AKI?
– Best supportive care 
– Avoid secondary injury
– Timely CRRT to clinical indications

• What is good ICU care?
– Best support care 
– Avoid secondary injury
– Timely organ support to clinical indications



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?

How does early AKI diagnosis help me in 
the ICU?

• What are the interventions for AKI?
– Best supportive care 
– Avoid secondary injury
– Timely CRRT to clinical indications

• What is good ICU care?
– Best support care 
– Avoid secondary injury
– Timely organ support to clinical indications



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?

How does early AKI diagnosis help me in 
the ICU?

• What are the interventions for AKI?
– Best supportive care 
– Avoid secondary injury
– Timely CRRT to clinical indications

• What is good ICU care?
– Best support care 
– Avoid secondary injury
– Timely organ support to clinical indications
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Recommended action after early 
assessment of AKI 

KDIGO AKI Guidelines

High Risk 1 2 3

Avoid subclavian catheters if possible

Consider ICU admission
Consider Renal Replacement Therapy
Check for changes in drug dosing

Consider Renal Replacement Therapy
Check for changes in drug dosing

Consider alternatives to radiocontrast procedures
Avoid hyperglycemia
Monitor serum creatinine and urine output
Consider functional hemodynamic monitoring
Ensure volume status and perfusion pressure
Discontinue all nephrotoxic agents when possible

Kidney  Disease:  Improving  Global  Outcomes  (KDIGO)  
Acute  Kidney  Injury  Work  Group.  KDIGO  Clinical  Practice  Guideline     
for  Acute  Kidney  Injury.  Kidney  Int  Suppl 2012;;  Volume  2,  Issue  1:1–126.
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Where to study patients

• Ward
• ED
• Community
• ICU ?

– ICU as a biomarker driven treatment not a 
patient group

– Admission & Discharge

• Exclusion of AKI
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Relevant biomarker outcomes

• GFR rather than creatinine
• Development Chronic Kidney Disease rather 

than AKI
• Interventional studies
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So am I interested in AKI biomarkers in ICU? 
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So am I interested in AKI biomarkers in ICU? 

• What about Intervention X?
– ie RRT, Any number of drugs

• I don’t know is this is effective in early AKI
– OK lets test it!

• I don’t know if biomarker Y reliably diagnoses 
early AKI
– The gold standard is inadequate

• Can we test both these things in a pragmatic 
study?
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So am I interested in AKI biomarkers in ICU? 

• What about Intervention X?
– ie RRT, Any number of drugs

• I don’t know is this is effective in early AKI
– OK lets test it!

• I don’t know if biomarker Y reliably diagnoses 
early AKI
– The gold standard is inadequate

• Can we test both these things in a pragmatic 
study?
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of  AKI

Revealed  
Biomarker

+ve

Biomarker  
Directed  
Treatment

-­ve

Standard  
Management

Hidden  
Biomarker

+ve

Standard  
Management

-­ve

Standard  
Management

A B C D

Measure a patient-centred endpoint such as mortality or new CKD

Approach #1 
Validating Biomarker Directed Therapy



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

? Patient  at  risk  
of  AKI

Revealed  
Biomarker

+ve

Biomarker  
Directed  
Treatment

-­ve

Standard  
Management

Hidden  
Biomarker

+ve

Standard  
Management

-­ve

Standard  
Management

A B C D

Comparisons:
A  vs B
A  vs C
C  vs D

or
(A  vs B)  vs (C  vs D)

Measure a patient-centred endpoint such as mortality or new CKD

Approach #1 
Validating Biomarker Directed Therapy
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Clinical  
Trial

Measure  
Biomarker

+ve
Randomize  1:1

Treatment Standard  
Care

-­ve
Randomize  1:1

Treatment Standard  
Care

Approach #2
Stratified Randomization for Biomarker –
Biomarker specific treatment effect?
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Do AKI biomarkers have a role in 
clinical practice now?
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Do AKI biomarkers have a role in 
clinical practice now?
• Need validation by proving clinical- and cost-effectiveness 

of biomarker directed management

• What therapies?

– AKI care bundle

– Critical Care admission

– Pharmacotherapy

– RRT

– CRRT/IHD

– Follow-up



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?

Do AKI biomarkers have a role in 
clinical practice now?
• Need validation by proving clinical- and cost-effectiveness 

of biomarker directed management

• What therapies?

– AKI care bundle

– Critical Care admission

– Pharmacotherapy

– RRT

– CRRT/IHD

– Follow-up



Bi
om

ar
ke

rs
 fo

r A
K

I –
W

he
re

 n
ow

?

Thank you for you kind attention 


