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      Patients in whom acute kidney injury (AKI) develops 
while in the ICU have increased risks of death in 

the ICU, in the hospital, and in the short term.  1-12   This 
increased risk has been found to be proportional to 
the stage of AKI.  1-3,6   However, most studies that have 

linked AKI to mortality have examined in-hospital 
mortality but not long-term outcomes. 

 In 2002, the Acute Dialysis Quality Initiative defi ned 
universal AKI criteria,  13   and in 2005, these were revised 
by the Acute Kidney Injury Network (AKIN), using 
updated serum creatinine and urine output criteria 

  Background:    The association between levels of acute kidney injury (AKI) during ICU admission 
and long-term mortality are not well defi ned. 
  Methods:    We examined medical records of adult patients admitted to a large tertiary medical center 
with no history of end-stage renal disease who survived 60 days from ICU admission between 
2001 and 2007. Demographic, clinical, physiologic, and date of death data were extracted. 
  Results:    Among 15,048 patients, 12,399 (82.4%) survived 60 days from ICU admission and com-
prised the study population. AKI did not develop in 5,663 (45.7%) during ICU admission, whereas 
progressively severe levels of AKI as defi ned by Acute Kidney Injury Network (AKIN) criteria 
AKIN 1, AKIN 2, and AKIN 3 developed in 4,589 (37.0%), 1,613 (13.0%), and 534 (4.3%), respec-
tively. Only 42.5% of patients with AKIN 3 survived 2 years from ICU admission. Patients with 
AKIN 3 had a 61% higher mortality risk 2 years from ICU discharge compared with patients in 
whom AKI did not develop. Patients with AKIN 1 and AKIN 2 had similar increased mortality risk 
2 years from ICU admission (hazard ratio, 1.26 and 1.28, respectively). The level of estimated 
glomerular fi ltration rate on ICU discharge and chronic kidney disease were associated with 
long-term mortality. 
  Conclusions:    Patients in whom AKI develops during ICU admission have signifi cantly increased 
risks of death that extend beyond their high ICU mortality rates. These increased risks of death 
continue for at least 2 years after the index ICU admission.    CHEST 2013; 144(3):866–875   

  Abbreviations:  AKI  5  acute kidney injury; AKIN  5  Acute Kidney Injury Network; CKD  5  chronic kidney disease; 
eGFR  5  estimated glomerular fi ltration rate;   ESRD  5  end-stage renal disease; HR  5  hazard ratio; ICD-9  5   International 
Classifi cation of Diseases, Ninth Revision ; MDRD  5  Modifi cation of Diet in Renal Disease; MIMIC-II  5  Multiparameter 
Intelligent Monitoring in Intensive Care II; RIFLE  5  risk, injury, failure, loss, end-stage renal disease; RRT  5  renal 
replacement therapy; SAPS  5  Simplifi ed Acute Physiology Score; SOFA  5  Sequential Organ Failure Assessment 
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hemodialysis], “RRT”) in text notes on the day of admission. We 
screened these patients’ written admission notes and excluded 
those confi rmed to have ESRD. Finally, we manually screened all 
the notes of patients who received RRT during ICU admission 
and excluded those who had ESRD. 

 From this group of 15,048 patients, we excluded 2,649 who 
did not survive 60 days from ICU admission. Thus, the analysis 
focused on 60-day survivors ( Fig 1 ).  

 Defi nition of AKI 

 We classifi ed patients into non-AKI and three AKI classes 
accord ing the AKIN criteria (ie, AKIN 1, AKIN 2, AKIN 3).  14,15   
AKIN class was determined by serum creatinine measurements 
from laboratory reports and urine output measurements recorded 
at least every 2 h during the patient’s ICU stay. The observed time 
periods to detect creatinine elevation were divided to 48-h blocks. 
By AKIN classifi cation (which is based on RIFLE classifi cation),  14   
creatinine elevation should be calculated relative to baseline cre-
atinine level. To calculate the creatinine  d , we compared the highest 
creatinine rise to the lowest creatinine level during hospitaliza-
tion. This approach was used previously when the AKI classi-
fi cations were defi ned.  2,11,16,,24   The most severe AKI stage was 
recorded for every patient. We also calculated the AKIN stage 
from the fi rst creatinine level on ICU admission. Furthermore, 
we calculated the estimated glomerular fi ltration rate (eGFR) on 
ICU discharge (Modifi cation of Diet in Renal Disease [MDRD] 
equation).  25   The study population was divided into fi ve groups 
based on eGFR according to the chronic kidney disease (CKD) 
classifi cation  26   (group 1, eGFR  .  90 mL/min/1.73 m 2 ; group 5, 
eGFR  ,  15 mL/min/1.73 m 2 ). 

 Outcome Measures 

 The primary outcome measures were all-cause mortality within 
1 and 2 years from ICU admission stratifi ed by AKIN level (based on 
the peak creatinine level during the admission) among all patients 
admitted to the ICU and among 60-day survivors. Secondary out-
comes were all-cause mortality within 60 days from ICU admis-
sion stratifi ed by AKIN level and 2-year mortality risk among ICU 
survivors stratifi ed by (1) AKIN level defi ned by the admission 
creatinine level, (2) eGFR on ICU discharge, and (3) presence 
of CKD. 

 Statistical Analysis 

 All data were extracted from the MIMIC-II database (ver-
sion 2.5). The extracted data included baseline characteristics 
(age, sex, Elixhauser score), unit of admission, use of RRT, use 
of mechanical ventilation and vasopressors, laboratory results 
(ie, serum creatinine level), urine output measurements, ICD-9 
codes, and 2-year survival. Acuity level on admission was assessed 
with the Simplifi ed Acute Physiology Score (SAPS)  27   and Sequen-
tial Organ Failure Assessment (SOFA).  28   Both were calculated 
on admission day 1. Date of death was found and matched from 
Social Security death records as well as from hospital records. 

 The preferred method of analysis for continuous variables was 
parametric. Nonparametric procedures were used only if paramet-
ric assumptions could not be satisfi ed, even after data transforma-
tion attempts. Parametric model assumptions were assessed by 
normal plot or Shapiro-Wilks statistics for verifi cation of nor-
mality and Levene test for verifi cation of homogeneity of vari-
ances. Categorical variables were tested with Pearson  x  2  test for 
contingency tables or Fisher exact test, as appropriate. Kaplan-
Meier survival curves were plotted for the survival analysis strati-
fi ed by AKI level and in patients with AKIN 3 stratifi ed by RRT. 
Kaplan-Meier mortality rates were calculated for 1 and 2 years of 
follow-up. 

and including renal replacement therapy (RRT) data.  14   
Several large studies have been performed to validate 
the new AKIN classifi cation.  1,2,15,16   Some suggested that 
the risk, injury, failure, loss, end-stage renal disease 
(RIFLE) and AKIN criteria correlate with mortality 
risk.  1,2,6,13,14     Ostermann et al  2   as well as Mandelbaum 
et al  1   found that although AKIN 3 criteria were a strong 
predictor for in-ICU mortality, AKIN 1 and AKIN 2 
criteria had the same in-ICU mortality risk. 

 Relatively few studies examined the association 
between the severity of AKI and long-term outcomes. 
These studies showed that severe AKI that requires 
dialysis as well as AKI that does not require dialysis 
were associated with increased long-term mortality,  17-21   
but they did not use a validated AKI classifi cation 
system (eg, AKIN, RIFLE). Lafrance and Miller  22   
classifi ed AKI by the AKIN criteria and found that 
long-term mortality risk was highest among the most 
severe cases of AKI. 

 The aim of the current study was to explore the 
effects of the severity of AKI in the ICU on long-term 
mortality among patients who survived their initial 
ICU encounter. To do so, we used an existing, pro-
spectively collected, electronic repository of highly 
detailed patient data. 

 Materials and Methods 

 The Multiparameter Intelligent Monitoring in Intensive 
Care II Database 

 The Multiparameter Intelligent Monitoring in Intensive Care II 
(MIMIC-II) project  23   was approved by the institutional review 
boards (IRB number 2001p-001699) of the Massachusetts Institute 
of Technology and Beth Israel Deaconess Medical Center and 
granted a waiver of informed consent. The MIMIC-II database 
includes patients admitted to the ICUs at Beth Israel Deaconess 
Medical Center, a large, academic, tertiary medical center in Boston, 
Massachusetts, between January 2001 and September 2007 and is 
maintained by researchers at the Harvard-MIT Division of Health 
Sciences and Technology. 

 The MIMIC-II database includes physiologic information from 
bedside monitors; records of all laboratory values; admission 
records; discharge summaries;  International Classifi cation of Dis-
eases, Ninth Revision  (ICD-9), codes; general demographic data; 
and long-term mortality data derived from the Social Security 
Administration master fi le of deaths. A further description of the 
database is available at http://mimic.physionet.org. 

 Assembly of the Cohort 

 We examined medical records of patients aged  �  15 years who 
survived an ICU admission of  .  24 h. Patients were excluded 
if they had an ICD-9 code for end-stage renal disease (ESRD). 
Additionally, patients who underwent RRT on the day of admission 
or who had a fi rst-recorded serum creatinine level of  .  4 mg/dL 
were suspected to have ESRD. Because the MIMIC-II database 
did not have a specifi c coding system for RRT, patients were con-
sidered to have undergone RRT if they had the words “end-stage 
renal disease” or “dialysis” (or equivalent, ie, “CVVH” [continuous 
venovenous hemofi ltration], “CVVHD” [continuous venovenous 
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lar ICU (31.7% of all patients with AKIN 1 and 34.4% 
of all patients with AKIN 2), whereas most patients 
with AKIN 3 were admitted to the medical ICU 
(51.8%). 

  Table 2   presents patient hospitalization character-
istics. Severity of illness on admission (SAPS I   score) 
and the comorbidity index (Elixhauser score) increased 
from no AKI (11.76 and 3.08 points, respectively) to 
AKIN 3 (16.36 and 8.94 points, respectively). The 
prevalence of preexisting congestive heart failure, 
dia betes mellitus with complications, cardiac arrhyth-
mias, valvular heart disease, COPD, liver failure, and 
IV drug abuse increased with the degree of renal failure, 
whereas the prevalence of hypertension decreased. 
The leading diagnoses on ICU admission for patients 
with AKIN 3 were exacerbation of congestive heart fail-
ure (40.4%), sepsis (36.0%), and pneumonia (39.4%). 
For AKIN 1, AKIN 2, and no AKI, the most prevalent 
diagnoses on admission were coronary artery diseases 
and congestive heart failure. One hundred seventy-
nine patients (33.5%) with AKIN 3 needed RRT. The 

 Logistic regression models were used to assess the adjusted 
60-day mortality risk. Cox proportional regression was used as a 
multivariate analysis for the prediction of 2-year mortality. The 
following variables were included in the model: sex, SAPS, Elixhauser 
score,  29,30   use of mechanical ventilation and vasopressors, sepsis, 
congestive heart failure, and malignancy. Parsimonious models 
were reported. All statistical tests and CIs, as appropriate, were 
performed at  a   5  0.05 (two sided). All  P  values reported were 
rounded to three decimal places. The data were analyzed with 
SPSS (IBM) software. 

 Results 

 There were 15,048 patients aged  .  15 years who 
were admitted to the ICU with no ESRD. Of these 
patients, 12,399 (82.4%) survived 60 days from ICU 
admission ( Fig 1 ); 5,663 (45.7%) had no AKI during 
their ICU stay; and AKIN 1, AKIN 2, and AKIN 3 
developed in 4,589 (37.0%), 1,613 (13.0%), and 
534 (4.3%), respectively.  Table 1   shows the patient 
baseline characteristics. Patients with less severe AKI 
tended to have been hospitalized in the cardiovascu-

  Figure  1. Patient distribution from the MIMIC II database. A total of 12,399 patients were classifi ed 
by a combination of urine output and creatinine level measurements. AKI  5  acute kidney injury; 
MIMIC II  5  Multiparameter Intelligent Monitoring of Intensive Care II  .   
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during their ICU admission and patients with AKIN 3 
who did not require RRT ( Fig 3 ).  Patients in whom 
AKIN 1 and AKIN 2 developed had the same 2-year 
mortality risk (HR, 1.26 and 1.28, respectively, com-
pared with no AKI;  P   ,  .001). After adjusting for CKD 
at baseline, AKIN 1 to AKIN 3 were still independently 
associated with higher 2-year mortality (HR, 1.12, 
1.19, and 1.24, respectively, compared with no AKI; 
 P   ,  .05 for all). For each point increase in the Elix-
hauser comorbidity score, there was an 8% increase in 
mortality risk ( P   ,  .001). SAPS I showed a 2% increased 
mortality risk per point ( P   ,  .001). 

 Secondary Outcomes 

 The adjusted 60-day mortality rate was associated 
with the severity of AKI as well. Patients in whom 
AKIN 3 developed had an 85% higher adjusted mor-
tality rate at 60 days from ICU admission compared 
with the no-AKI group ( P   ,  .001) ( Table 4 ).  

 In ICU survivors, the level of eGFR on ICU discharge 
showed a strong association with mortality rate at 
2 years. For the decrease in one eGFR class (from 5 
[lowest eGFR] to 1 [normal eGFR] calculated with 
the MDRD equation), there was a 47% decrease in 
2-year mortality risk ( P   ,  .001). CKD at baseline was 
found to be an independent risk factor for mortality 
2 years after ICU survival (HR, 1.19;  P   ,  .001). How-
ever, in the same group of ICU survivors, AKIN levels 

difference in the need for mechanical ventilation and 
vasopressor support was not clinically signifi cant 
between AKIN 2 and AKIN 3. 

 Primary Outcome 

 Two years from ICU admission, Kaplan-Meier mor-
tality rates for patients with no AKI, AKIN 1, AKIN 2, 
and AKIN 3 were 21.4% (95% CI, 20.5%-23.8%), 
34.3% (95% CI, 33.2%-35.5%), 37.8% (95% CI, 
35.7%-40.0%%), and 57.5% (95% CI, 55.4%-62.1%), 
respectively. After adjustment for sex, SAPS and 
Elixhauser scores, use of mechanical ventilation and 
vasopressors, and admission diagnosis, Cox regression 
analysis showed an association between 2-year mor-
tality risk from ICU admission and AKI severity (hazard 
ratios [HRs], 1.19, 1.17, and 1.53 for AKIN 1-3 respec-
tively;  P   ,  .001 for all). 

  Table 3     and  Figure 2   show 2-year mortality risk 
and 2-year survival curves among ICU survivors, 
respectively, both stratifi ed by AKIN class and adjusted 
for baseline and clinical characteristics. For 60-day 
survivors, 1- and 2-year mortality rates increased sig-
nifi cantly with AKIN level ( Table 2 ). Patients in whom 
AKIN 3 developed and who survived 60 days after 
admission had a 61% higher adjusted mortality risk 
2 years from ICU admission than those in whom AKI 
did not develop ( P   ,  .001). A similar 2-year survival 
time was found among patients who required RRT 

 Table 1— Baseline Characteristics of Patients in the ICU Who Survived 60 Days (n  5  12,399)  

Variable
AKIN 0 (n  5  5,663 

[45.7%])
AKIN 1 (n  5  4,589 

[37.0%])
AKIN 2 (n  5  1,613 

[13.0%])
AKIN 3 (n  5  534 

[4.3%])  P  Value

ICU unit
 Medical  1,639 (28.9) 1,371 (29.8) 484 (30.0) 277 (51.8)  ,  .001
 Surgical 1,360 (24.0) 1,053 (22.9) 432 (26.8) 126 (23.6) …
 Cardiac care 1,178 (20.8) 712 (15.5) 142 (8.8) 70 (13.1) …
 Cardiovascular 1,486 (26.2) 1,453 (31.7) 555 (34.4) 61 (11.4) …
Male sex 3,397 (60.0) 2756 (60.1) 832 (51.6) 278 (52.2)  ,  .001
Age, y 60.76  �  22.09 65.49  �  20.85 65.31  �  18.41 61.24  �  18.20  ,  .001  a  
Comorbidity
 Elixhauser score 3.08  �  6.22 5.15  �  7.01 6.16  �  7.14 8.94  �  8.22  ,  .001  b  
 Diabetes uncomplicated 918 (16.2) 989 (21.6) 366 (22.7) 94 (17.6)  ,  .001
 Diabetes complicated 134 (2.4) 224 (4.9) 85 (5.3) 55 (10.3)  ,  .001
 Congestive heart failure 618 (10.9) 831 (18.1) 330 (20.5) 175 (32.8)  ,  .001
 Alcohol abuse 363 (6.4) 225 (4.9) 83 (5.2) 32 (6.0) .01
 Cardiac arrhythmias 691 (12.2) 757 (16.5) 325 (20.2) 107 (20.1)  ,  .001
 Valvular disease 326 (5.8) 288 (6.3) 118 (7.3) 45 (8.4) .02
 Hypertension 1,886 (33.4) 1,323 (28.9) 484 (30.1) 111 (20.8)  ,  .001
 CKD 84 (1.5) 188 (4.1) 38 (2.4) 93 (17.4)  ,  .001
 COPD 796 (14.1) 726 (15.8) 271 (16.8) 91 (17.1) .01
 Liver failure 174 (3.1) 176 (3.8) 85 (5.3) 42 (7.9)  ,  .001
 Metastatic cancer 153 (2.7) 142 (3.1) 59 (3.7) 17 (3.2) .23
 Psychosis 181 (3.2) 149 (3.2) 54 (3.4) 22 (4.1) .72
 Depression 253 (4.5) 156 (3.4) 57 (3.5) 22 (4.1) .04
 Drug abuse 212 (3.8) 121 (2.6) 31 (1.9) 26 (4.9)  ,  .001

Data are presented as No. (%) or mean  �  SD. AKIN  5  Acute Kidney Injury Network; CKD  5  chronic kidney disease.
 a Between AKIN 0 and AKIN 1 and 2, between AKIN 1 and 3, and between AKIN 2 and 3 ( P   5  .001).
 b Among all groups.

Downloaded From: http://journal.publications.chestnet.org/ by David Kinnison on 09/03/2013



870 Original Research

charge mortality has been mainly evaluated in patients 
with severe AKI that required RRT.  19,20,31,32   These 
studies found a strong association between the need 
for RRT during ICU admission and both in-hospital 
mortality and long-term mortality risk. The present 

based on the admission creatinine level and adjusted 
for the baseline characteristics were not associated 
with the long-term mortality ( Table 5 ).  

 Discussion 

 The fi ndings suggest that development of AKI dur-
ing a stay in the ICU is a signifi cant independent mor-
tality risk factor not only for the short term but also 
for patients who survive their episode of critical illness. 
AKI remains associated with ongoing, substantial risks 
of mortality for at least 2 years after the ICU stay. 
Lower eGFR levels on ICU discharge and CKD were 
both associated with long-term mortality as well. 

 This ongoing decrement in survival has important 
individual and public health consequences. Moreover, 
it suggests that prevention of AKI could translate to 
increased long-term survival in critically ill patients, 
which is particularly true for those who meet AKIN 3 
criteria. 

 Numerous studies linking the severity of AKI to 
mortality risk have focused on in-hospital mortality and 
did not address long-term outcomes.  1-3,6,15,16   Postdis-

 Table 2— Characteristics of Patient Hospitalization  

Variable
AKIN 0 (n  5  5,663 

[45.7%])
AKIN 1 (n  5  4,589 

[37.0%])
AKIN 2 (n  5  1,613 

[13.0%])
AKIN 3 (n  5  534 

[4.3%])  P  Value

Diagnosis
 Postsurgery trauma 1,360 (24.0) 1,053 (22.9) 432 (26.8) 126 (23.6) .02
 Sepsis 282 (5.0) 556 (12.1) 292 (18.1) 192 (36.0)  ,  .001
 Congestive heart failure 977 (17.3) 1,392 (30.3) 523 (32.4) 216 (40.4)  ,  .001
 Cirrhosis 75 (1.3) 108 (2.4) 45 (2.8) 24 (4.5)  ,  .001
 Pneumonia 383 (6.8) 750 (16.3) 329 (20.4) 157 (29.4)  ,  .001
 COPD 503 (8.9) 535 (11.7) 180 (11.2) 74 (13.9)  ,  .001
 GI bleeding 311 (5.5) 263 (5.7) 88 (5.5) 47 (8.8) .02
 Diabetic ketoacidosis 40 (0.7) 69 (1.5) 39 (2.4) 17 (3.2)  ,  .001
 Neurologic event 182 (3.2) 180 (3.9) 54 (3.3) 8 (1.5) .02
 Coronary artery disease 2,304 (40.7) 2,093 (45.6) 663 (41.1) 153 (28.7)  ,  .001
 ARDS 84 (1.5) 303 (6.6) 177 (11.0) 61 (11.4)  ,  .001
 RRT during admission 0 (0.0) 0 (0.0) 0 (0.0) 179 (33.5)  ,  .001
Acuity score on admission
 SOFA 4.27  �  3.25 6.57  �  3.58 7.66  �  3.62 8.91  �  4.19  ,  .001  a  
 SAPS I 11.76  �  4.79 14.72  �  4.77 15.83  �  4.75 16.36  �  5.42  ,  .001  b  
Treatment
 Mechanical ventilation 2,647 (46.7) 3,202 (69.8) 1,267 (78.5) 377 (70.6)  ,  .001
 Vasopressors 1,613 (28.5) 2,197 (47.9) 923 (57.2) 293 (54.9)  ,  .001
Creatinine level
 Admission 0.83  �  0.33 1.10  �  0.70 1.15  �  0.83 2.71  �  2.22  ,  .001  c  
 Maximum 0.87  �  0.34 1.29  �  0.78 1.43  �  0.94 3.99  �  2.79  ,  .001  a  
 Discharge 0.82  �  0.32 1.05  �  0.64 1.00  �  0.62 2.47  �  2.40  ,  .001  a  
Mortality
 1 y 427 (7.6) 540 (11.9) 226 (14.1) 120 (22.7)  ,  .001  d  
 2 y 743 (13.1) 875 (19.1) 340 (21.1) 171 (32.0)  ,  .001  d  

Data are presented as No. (%) or mean  �  SD. RRT  5  renal replacement therapy; SAPS I  5  Simplifi ed Acute Physiology Score I; SOFA  5  Sequential 
Organ Failure Assessment. See Table 1 legend for expansion of other abbreviation.
 a Among all groups.
 b Between all groups other than 2 and 3  .
 c Between all groups other than 2 and 1.
 d Kaplan-Meier mortality rates.

 Table 3— Cox Proportional Hazards Regression Model 
for Variables Associated With 2-Year Mortality Among 

60-Day Survivors  

Variable HR (95% CI)  P  Value

AKIN (vs 0)  a  
 1 1.26 (1.14-1.40)  ,  .001
 2 1.28 (1.11-1.47) .001
 3 1.61 (1.30-1.99)  ,  .001
Elixhauser score, per point 1.08 (1.07-1.08)  ,  .001
SAPS I, per point 1.02 (1.01-1.03)  ,  .001
Mechanical ventilation 0.74 (0.65-0.83)  ,  .001
Vasopressors 0.82 (0.74-0.92)  ,  .001
Sepsis 1.44 (1.28-1.63)  ,  .001
Congestive heart failure 1.29 (1.16-1.42)  ,  .001
Malignancy 1.40 (1.24-1.58)  ,  .001

HR  5  hazard ratio. See Table 1 and 2 legends for expansion of other 
abbreviations.
 a AKIN level calculated from highest creatinine level during ICU 
admission.
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after surgery. Lafrance and Miller  22   were the fi rst to 
use the AKIN criteria to assess the degree of AKI and 
the association with long-term (4-year) mortality among 
82,711 hospitalizations of patients with AKI. AKIN 1-, 
AKIN 2-, and AKIN 3-adjusted mortality rates were 
1.39, 1.51, and 1.71, respectively, compared with patients 
without AKI. 

 Patients with CKD at baseline had a 19% higher 
adjusted mortality rate 2 years from ICU admission. 
We also showed that eGFR level on ICU discharge 

fi ndings for AKIN 3 criteria are consistent with the 
reported fi ndings. We found 1- and 2-year survival 
rates of 77.5% and 68%, respectively, for patients with 
AKIN 3 who survived 60 days from ICU admission. 
Compared with patients without AKI and after adjust-
ment for baseline characteristics and severity for dis-
ease, AKIN 3 survivors had a 61% higher mortality 
rate 2 years from admission ( Table 3 ). 

 To our knowledge, the present study is one of the 
fi rst to assess the association between the degree of 
AKI, on the basis of both creatinine level and urine 
output, and long-term mortality risk among ICU sur-
vivors. Previous meta-analyses as well as retrospec-
tive studies looked at the degree of AKI during ICU 
admission and the association with long-term out-
comes,  17,18,22,32,33   but only a few of these studies used 
the newer AKI criteria (RIFLE or AKIN).  22   This may 
explain the heterogeneity of the fi ndings. Bagshaw et al  19   
used serum creatinine level during ICU admission 
without using the new AKI criteria and found signif-
icantly greater case fatality rates for any degree of 
kidney dysfunction, but there was no difference in the 
mortality rate 1 year from ICU admission for those 
who had elevated creatinine levels between 1.7 and 
3.4 mg/dL compared with those with levels  .  3.4 mg/dL. 
Ishani et al  33   followed 29,338 patients postcardiac 
surgery and defi ned AKI by the magnitude of creati-
nine level increase from preoperation to peak level 
after surgery. They found that even a mild increase in 
creatinine level after cardiac surgery is associated with 
an increase in mortality. This trend persisted for 5 years 

  Figure  2. Survival curves derived from a Cox proportional hazards regression model for survival in 2 y. 
See Figure 1 legend for expansion of abbreviation  .   

  Figure  3. Kaplan-Meier curves of patients with Acute Kidney 
Injury Network 3 criteria stratifi ed by RRT received during ICU 
stay. RRT  5  renal replacement therapy.   
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mechanisms include the risks of the secondary com-
plications, such as fl uid overload,  51-53   infl ammation,  54-56   
acidosis,  57,58   electrolyte abnormalities,  57,59   infections 
and inadequate antimicrobial therapy,  60,61   and inade-
quate metabolic and nutritional support.  62   However, 
without showing that the decrease in AKI incidence 
is associated with the mortality benefi t, the possibility 
of AKI being a marker rather than a cause of clinical 
deterioration cannot be excluded. 

 Finally, we found that patients who received RRT 
during ICU admission had the same long-term sur-
vival as patients with AKIN 3 who did not receive 
RRT ( Fig 3 ). This fi nding may imply that kidney injury 
per se and not the intervention itself (RRT) is the 
actual factor associated with mortality. Further stud ies 
are needed to better understand the pathogenesis and 
mechanism of kidney injury and its effect on outcome. 

 The study has several strengths. First, it used a 
large, comprehensive cohort of  .  19,000 ICU patients. 
Second, the data are from an accurate, validated urine 
output assessment, which allowed us to evaluate the 
prognosis associated with the AKIN criteria in a more 
robust way than used in previous studies that used only 
creatinine measurements.  63   On the basis of a recent 
study published by our group that showed that both 
urine output- and creatinine-based defi nitions of AKI 
perform accurately in predicting mortality risk,  64   we 
defi ned AKI by the worst one of these two criteria. 
Finally, accurate follow-up to 2 years after discharge 
allowed us to examine the long-term consequences 
of AKI. 

 The study has a number of limitations as well. First, 
we did not have the true baseline creatinine levels and 
used the lowest value for the hospital admission. A 
number of studies demonstrated the inaccuracy of 
other commonly used methods for the calculation of 
baseline serum creatinine level (ie, MDRD equation), 
especially in patients with pre-AKI-reduced glomer-
ular fi ltration rate.  65,66   The AKIN classifi cation is based 
on the RIFLE classifi cation,  14   which was validated by 
using the lowest creatinine level during admission as the 
baseline when the real baseline was unknown.  2,11,16,24   
Second, the MIMIC-II database contains data from 
a period of 7 years (2001-2007), during which there 
were changes in management of critically ill patients 
and, therefore, possibly in patient outcome. Third, we 
did not have the data on patients who were RRT depen-
dent on discharge. Finally, although the study included 
the data from  .  19,000 patients and had strong statis-
tical power, it was still a retrospective analysis and a 
single-center design with their characteristic limitations. 

 Conclusions 

 Even among patients who survive an episode of 
critical illness, AKI remains associated with ongoing, 

had a strong negative association with long-term mor-
tality. One class of improvement in eGFR was asso-
ciated with an almost 50% decrease in the mortality 
risk. This association was demonstrated previously 
among patients with cardiovascular diseases and 
postsurgery.  34-36   

 These studies, in addition to the present study, 
repeatedly showed that AKI during ICU admission is 
independently associated with short- and long-term 
mortality risk. Preventing or reversing AKI may trans-
late to an increased survival rate among critically ill 
patients. Existing AKI classifi cation schemes rely on 
serum creatinine level and urine output and prac-
tically use kidney function as a surrogate for kidney 
injury. Unfortunately, serum creatinine rises lag kidney 
insult.  37,38   Identifying sensitive, specifi c, and early 
kidney injury markers has the potential to revolutionize 
the timing and accuracy of the diagnosis of AKI. Sev-
eral biomarkers have been proposed and are currently 
being investigated.  37,39-44   

 It is also possible that the creatinine rise is a marker 
for the disease severity beyond that captured by clin-
ical scores (SOFA and SAPS). Sicker patients have 
higher creatinine levels; hence, patients die with AKI 
rather than because of AKI. However, the current clin-
ical knowledge implies that AKI is an independent 
contributor to the mortality risk.  4,6,16,45-50   The proposed 

 Table 4— Cox Proportional Hazards Regression Model 
for Variables Associated With 60-Day Mortality  

Variable OR   (95% CI)  P  Value

AKIN (vs 0)  a  
 1 1.31 (1.15-1.47)  ,  .001
 2 1.28 (1.10-1.48) .001
 3 1.85 (1.48-2.32)  ,  .001
Male sex 0.89 (0.81-0.98) .02
SAPS I, per point 1.13 (1.12-1.14)  ,  .001
Elixhauser score, per point 1.08 (1.08-1.09)  ,  .001
RRT 1.87 (1.37-2.54)  ,  .001

See Table 1 and 2 legends for expansion of abbreviations.
 a AKIN level calculated from highest creatinine level during ICU 
admission.

 Table 5— Cox Proportional Hazards Regression Model 
for AKIN Level Calculated From Creatinine Level on 
ICU Admission and 2-Year Mortality Among 60-Day 

Survivors  

Variable HR (95% CI)  P  Value

AKIN (vs 0)  a  
 1 1.09 (0.95-1.26) .23
 2 1.09 (0.85-1.40) .49
 3 1.07 (0.72-1.58) .74
Male sex 0.89 (0.82-0.97) .01
SAPS I, per point 1.02 (1.01-1.03)  ,  .001
Elixhauser score, per point 1.10 (1.09-1.10)  ,  .001

See Table 1-3 legends for expansion of abbreviations.
 a AKIN level calculated from creatinine level on admission.
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