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Significance of this study

What is already known about this subject?
►► Although significant improvements have 
been achieved in the renal replacement 
therapy of acute kidney injury (AKI), the 
mortality of patients with AKI remains high.

  What are the new findings?
►► Acute Physiology and Chronic Health 
Evaluation version II (APACHE II), Simplified  
Acute Physiology Score version II (SAPS II), 
Sepsis-related Organ Failure Assessment 
(SOFA) and Acute Tubular Necrosis 
Individual Severity Index (ATN-ISI) are 
reliable in-hospital mortality predictors of 
critically ill patients with AKI.

How might these results change the focus 
of research or clinical practice?

►► Outcome prediction is of great importance 
in clinical practice. APACHE II, SAPS II, SOFA 
and ATN-ISI severity score systems are 
useful tools for the prediction of patients’ 
outcome.

Abstract
Although significant improvements have been 
achieved in the renal replacement therapy of 
acute kidney injury (AKI), the mortality of patients 
with AKI remains high. The aim of this study is to 
prospectively investigate the capacity of Acute 
Physiology and Chronic Health Evaluation version 
II (APACHE II), Simplified Acute Physiology Score 
version II (SAPS II), Sepsis-related Organ Failure 
Assessment (SOFA) and Acute Tubular Necrosis 
Individual Severity Index (ATN-ISI) to predict in-
hospital mortality of critically ill patients with AKI. 
A prospective observational study was conducted 
in a university teaching hospital. 189 consecutive 
critically ill patients with AKI were selected according 
Risk, Injury, Failure, Loss, or End-stage kidney disease 
criteria. APACHE II, SAPS II, SOFA and ATN-ISI counts 
were obtained within the first 24 hours following 
admission. Receiver operating characteristic analyses 
(ROCs) were applied. Area under the ROC curve 
(AUC) was calculated. Sensitivity and specificity of in-
hospital mortality prediction were calculated. In this 
study, the in-hospital mortality of critically ill patients 
with AKI was 37.04% (70/189). AUC of APACHE II, 
SAPS II, SOFA and ATN-ISI was 0.903 (95% CI 0.856 
to 0.950), 0.893 (95% CI 0.847 to 0.940), 0.908 
(95% CI 0.866 to 0.950) and 0.889 (95% CI 0.841 
to 0.937) and sensitivity was 90.76%, 89.92%, 
90.76% and 89.08% and specificity was 77.14%, 
70.00%, 71.43% and 71.43%, respectively. In this 
study, it was found APACHE II, SAPS II, SOFA and 
ATN-ISI are reliable in-hospital mortality predictors 
of critically ill patients with AKI. Trial registration 
number: NCT00953992.

Introduction
Although significant improvements in renal 
replacement therapy of critically ill patients 
with acute kidney injury (AKI) have achieved, 
the mortality remains high. AKI is frequent and 
is associated with poor outcomes.1 AKI elevates 
the risk of cardiovascular mortality and major 
cardiovascular events including heart failure 
and acute myocardial infarction.2 It increases 
the risk of other severe life-threatening 
complications.

Recently, several new urine and serum 
biomarkers for the early diagnosis of AKI 
such as cystatin C, kidney injury molecule-1, 

neutrophil gelatinase-associated lipocalin3 4 and 
interleukin-18 have been found. These new 
biomarkers have shown promising abilities to 
predict the occurrence of AKI. However,  they 
cannot predict the in-hospital mortality of 
patients with AKI. Biomarker alone-based strat-
egies are costly and prone to failure because 
of the clinical heterogeneity displayed by 
individual patients.5 Prediction of in-hospital 
mortality of critically ill patients with AKI has 
become an important issue facing clinicians. 
We have evaluated predictive capacity of two 
kinds of severity scoring systems including 
Acute Physiology and Chronic Health Evalua-
tion version II (APACHE II) and Acute Tubular 
Necrosis Individual Severity Index (ATN-ISI) to 
predict hospital mortality of the elderly patients 
with AKI.6 Simplified Acute Physiology Score 
version II (SAPS II) and Sepsis-related Organ 
Failure Assessment (SOFA) were important 
severity score systems in clinical practice. The 
aim of the study is to prospectively evaluate 
the predictive capacity of in-hospital mortality 
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Table 1  Clinical features and laboratory test results of 189 consecutive critically ill patients with acute kidney injury (AKI)

Characteristics All patients with AKI (n=189) Survived group (n=119) Non-survived group (n=70) P value

Mean ages (year)
(means±SD)

63.33±18.294 61.73±18.997 66.06±16.813 <0.001

Gender (male), n (%) 139 (73.5) 88 (73.9) 51 (72.9) 0.937

Gender (female), n (%) 50 (26.5) 31 (26.1) 19 (27.1)

SCr (μmol/L) (medians) 165.0 (133.0, 238.0) 166.0 (122.2, 359.2) 165.0 (138.0, 215.5) 0.716

BUN (mmol/L) (medians) 15.3 (9.8, 22.3) 13.9 (9.2, 21.5) 15.9 (10.8, 23.1) 0.307

Ua (medians) 0.4 (0.3, 0.6) 0.4 (0.3, 0.6) 0.4 (0.3, 0.5) 0.680

ALT (IU/L) (medians) 33.0 (20.0, 65.5) 41.0 (25.0, 85.0) 26.5 (17.0, 52.8) 0.004

TB (medians) 12.1 (8.3, 20.9) 12.3 (8.2, 18.7) 12.0 (9.2, 20.9) 0.870

Prealbumin (mg/L) (medians) 135.0 (95.0, 196.0) 134.5 (98.5, 176.2) 135.0 (94.0, 206.0) 0.699

Blood glucose (mmol/L) (medians) 6.9 (5.4, 9.5) 7.3 (5.5, 10.1) 6.5 (5.4, 8.5) 0.283

C reactive protein (μg/L) (medians) 69.1 (18.6, 122.0) 69.1 (20.0, 132.5) 69.7 (15.7, 119.0) 0.363

TG (medians) 1.6 (1.0, 2.8) 1.9 (1.2, 3.2) 1.4 (0.9, 1.9) 0.072

CHO (medians) 3.5 (2.7, 4.4) 3.6 (2.8, 4.3) 3.4 (2.6, 4.4) 0.512

LDL (medians) 2.4 (1.7, 3.0) 2.4 (1.8, 2.9) 2.4 (1.6, 3.0) 0.802

Albumin (g/L)
(means±SD)

32.3±6.9 31.6±7.2 32.9±6.6 0.215

HDL (means±SD) 0.8±0.4 0.7±0.4 0.9±0.4 0.091

Na (mmol/L) (medians) 140.0 (136.0, 148.8) 140.0 (135.0, 149.0) 140.0 (137.0, 147.0) 0.791

Cl (mmol/L) (medians) 103.0 (98.0, 111.0) 103.0 (98.0, 113.0) 102.0 (97.0, 111.0) 0.582

K (mmol/L) (means±SD) 4.2±0.9 4.2±0.9 4.2±0.9 0.555

Ca (mmol/L) (means±SD) 2.1±0.3 2.0±0.3 2.1±0.2 0.505

P (mmol/L) (medians) 1.2 (0.9, 1.6) 1.4 (1.0, 1.7) 1.2 (0.8, 1.4) 0.042

WCC (×103/μL) (medians) 11.5 (7.7, 16.7) 11.7 (9.1, 16.4) 11.0 (7.0, 16.9) 0.490

RBC (×1012/L) (means±SD) 3.7±0.9 3.8±0.9 3.7±0.8 0.227

HCT (means±SD) 33.6±7.2 34.0±8.3 33.2±6.1 0.495

Platelets(×109/L) (means±SD) 155.5±95.0 167.0±109.0 144.9±79.2 0.112

Hemoglobin (×g/dL) (means±SD) 111.0±24.5 112.5±28.0 109.6±20.8 0.420

MO (means±SD) 7.0±3.1 6.9±3.1 7.1±3.1 0.577

Stay in hospital (days) (medians) 20.0 (12.0, 36.5) 18.0 (13.0, 29.0) 22.5 (12.0, 51.0) 0.038

APACHE II scores
(medians)

16.00 (12.0, 26.0) 16.0 (10.0, 23.5) 17.0 (13.0, 26.0) 0.099

ATN-ISI scores (medians) 0.335 (0.21, 0.58) 0.28 (0.15, 0.59) 0.34 (0.24, 0.58) 0.032

SAPS II scores (medians) 43.0 (31.0, 60.5) 42.5 (24.0, 57.25) 44.0 (35.0, 62.0) 0.048

SOFA scores (medians) 6.0 (3.0, 11.0) 6.0 (4.0, 12.0) 6.0 (3.0, 11.0) 0.703

RIFLE 0.272

Fc, n (%) 55 (30.4) 34 (29.1) 21 (32.8)

Ic, n (%) 47 (26.0) 27 (49.0) 20 (31.2)

Rc, n (%) 79 (43.6) 56 (47.9) 23 (35.9)

The various parameters were obtained within the first 24 hours following admission.
ALT, alanine amino transaminase; APACHE II, Acute Physiology and Chronic Health Evaluation version II; ATN-ISI, Acute Tubular Necrosis Individual Severity Index; 
BUN, serum urea nitrogen; Ca, serum calcium; Cho, serum total cholesterol Cl, serum chlorine;  Fc, F stage of the Risk, Injury, Failure, Loss, or End-stage kidney 
disease criteria; HDL, High density lipoprotein; Ic, I stage of the Risk, Injury, Failure, Loss, or End-stage kidney disease criteria; K, serum potassium; LDL, low density 
lipoprotein; MO, monocyte; Na, serum sodium; P, serum phosphorus; RBC, total blood count of red blood cell; RIFLE, Risk, Injury, Failure, Loss, or End-stage kidney 
disease; Rc, R stage of the Risk, Injury, Failure, Loss, or End-stage kidney disease criteria; SAPS II, Simplified Acute Physiology Score version II ; SCr, serum creatinine; 
SOFA, Sepsis-related Organ Failure Assessment; WBC, total blood count of white cell count; TB, total protein; TG, triglyceride; Ua, uric acid; 

of APACHE II, SAPS II, SOFA and ATN-ISI in critically ill 
patients with AKI.

Materials and methods
In a university teaching hospital, 189 consecutive criti-
cally ill patients with AKI in an emerging country were 
enrolled into this prospective study. One hundred and 
thirty-nine were male and 50 were female. The mean age 
was 63.33±18.29 years old. Clinical features and labora-
tory tests of 189 critically ill patients with AKI were shown 

in table 1. The inclusion criteria were on the basis of Risk, 
Injury, Failure, Loss, or End-stage kidney disease  (RIFLE) 
criteria.7 8 R stage of the RIFLE criteria were inclusion 
criteria for the study. Patients with chronic kidney disease 
before AKI, critically ill patients with AKI with hospital 
stay of <24 hours, critically ill patients with AKI who were 
caused by postrenal obstruction and kidney transplan-
tation were excluded in this study. APACHE  II, SAPS  II, 
SOFA and ATN-ISI counts were obtained within the first 
24 hours following admission. APACHE II scores were 



1105Gong Y, et al. J Investig Med 2019;67:1103–1109. doi:10.1136/jim-2019-001003

Original research

Figure 1  Receiver operating characteristic analyses curves of 
APACHE II, SAPS II, SOFA and ATN-ISI severity score system on 
the in-hospital mortality prediction of critically ill patients with 
acute kidney injury. apache2ae, Acute Physiology and Chronic 
Health Evaluation version II (APACHE II); lianoae, Acute Tubular 
Necrosis Individual Severity Index (ATN-ISI); saps, Simplified Acute 
Physiology Score version II (SAPS II); sofaae, Sepsis-related Organ 
Failure Assessment (SOFA).

Table 2  Area under the receiver operating characteristic analyses curves of APACHE II, SAPS II, SOFA and ATN-ISI severity score systems 
on in-hospital mortality prediction of critically ill patients with acute kidney injury

Scoring system Area under the curve SE P value

95% CI

Lower Upper

APACHE II 0.903 0.024 <0.001 0.856 0.950

ATN-ISI 0.889 0.025 <0.001 0.841 0.937

SAPS II 0.893 0.024 <0.001 0.847 0.940

SOFA 0.908 0.021 <0.001 0.866 0.950

APACHE II, Acute Physiology and Chronic Health Evaluation version II; ATN-ISI, Acute Tubular Necrosis Individual Severity Index; SAPS II, Simplified Acute Physiology 
Score version II; SOFA, Sepsis-related Organ Failure Assessment.

Table 3  Mean value of APACHE II, SAPS II, SOFA and ATN-ISI 
severity score systems scores of survival group and non-survival 
group of critically ill patients with acute kidney injury

Severity score 
systems

Survival group 
(n=119)

Non-survival group 
(n=70) P value

APACHE II scores 13.0 (10.0, 17.0) 28.0 (22.0, 31.0) <0.001

ATN-ISI scores 0.24 (0.15, 0.35) 0.62 (0.44, 0.76) <0.001

SAPS II scores 35.9±14.1 62.0±14.2 <0.001

SOFA scores 4.0 (3.0, 6.5) 12.0 (8.0, 15.0) <0.001

APACHE II, Acute Physiology and Chronic Health Evaluation version II; ATN-
ISI, Acute Tubular Necrosis Individual Severity Index; SAPS II, Simplified Acute 
Physiology Score version; SOFA, Sepsis-related Organ Failure Assessment.

assessed according to the method presented by Knaus et 
al.9 SOFA scores were assessed according to the method of 
Vincentet al.10 SAPS  II scores were assessed according to 
the method of Le Gall et al.11 ATN-ISI scores were assessed 
according to the method presented by Liaño et al.12 Patients 
with severe AKI were treated with continuous renal replace-
ment therapy and intermittent hemodialysis. The primary 
outcome was identified as survived and non-survived before 
the study began. According to their final clinical outcomes, 
all patients were divided into survived group (n=119) and 
non-survived group (n=70). Clinical features and labora-
tory test results of the critically ill patients with AKI were 
collected at admitting to the hospital or within the next 
24 hours.

In this study, receiver operating characteristic anal-
yses (ROC), McNemar test and Kappa test were used. By 
applying the software of Statistical Product and Service 
Solutions V.16.0, the statistical analysis was performed. By 
means of summary measurements (mean±SD) or median 
(interquartile) of quantitative variables, the results were 
expressed. Comparison of parameters of the four groups 

was conducted by using Student’s t-test, and the comparison 
of non-parametric data of the four groups was conducted 
by using Mann-Whitney test. We considered p value <0.05 
as statistically significant. We calculated adjusted ORs and 
95% CIs. After ROC analyses, area under the ROC curve 
(AUC) of these four scoring systems was calculated. Sensi-
tivity and specificity of in-hospital mortality prediction of 
the four scoring systems were also calculated and compared.

It conforms to the provisions of the Declaration of 
Helsinki in 1975 (as revised in Edinburgh 1983). Informed, 
written consent was obtained from every patient.

Results
In this study, the in-hospital mortality of critically ill patients 
with AKI was 37.04% (70/189). There were gender differ-
ences in the in-hospital mortality of patients. The mortality 
of male patients was 36.7% and the mortality of female was 
38.0%, which was a little higher than that of male patients. 
ROC curves of APACHE  II, SAPS  II, SOFA and ATN-ISI 
were drawn up to assess the effectiveness of the in-hospital 
mortality prediction on critically ill patients with AKI, as 
shown in figure 1. The AUC of APACHE II, SAPS II, SOFA 
and ATN-ISI was 0.903 (95% CI 0.856 to 0. 950), 0.893 
(95% CI 0.847 to 0.940), 0.908 (95% CI 0.866 to 0.950) 
and 0.889 (95% CI 0.841 to 0.937). The AUC of SOFA 
was the largest among the four scoring systems (as shown 
in table 2).

In this study, it was found that mean value of APACHE 
II, ATN-ISI, SAPS II, SOFA scores of the non-survival group 
was higher than that of the survival group, p<0.001, as 
shown in table 3. Sensitivity of hospital mortality prediction 
of APACHE II, SAPS II, SOFA and ATN-ISI scoring systems 
was 90.76%, 89.92%, 90.76% and 89.08%, respectively. 
Specificity of hospital mortality prediction of APACHE II, 
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Table 4  Sensitivity and specificity of in-hospital mortality prediction of APACHE II, SAPS II, SOFA and ATN-ISI severity score systems on 
critically ill patients with acute kidney injury

Items APACHE II (%) ATN-ISI (%) SAPS II (%) SOFA (%)

Sensitivity 90.76 89.08 89.92 90.76

False negative rate 9.24 10.92 10.08 9.24

Specificity 77.14 71.43 70.00 71.43

False positive rate 22.86 28.57 30.00 28.57

Positive predictive value 87.10 84.13 83.59 84.38

Negative predictive value 83.08 79.37 80.33 81.97

Precision rate 67.90 60.50 59.92 62.18

APACHE II, Acute Physiology and Chronic Health Evaluation version II; ATN-ISI, Acute Tubular Necrosis Individual Severity Index; SAPS II, Simplified Acute Physiology 
Score version II; SOFA, Sepsis-related Organ Failure Assessment.

Table 5  Predicted in-hospital mortality rate and real in-hospital mortality rate of APACHE II, SAPS II, SOFA and ATN-ISI severity score 
systems on critically ill patients with acute kidney injury

Predicted mortality 
rate

APACHE II ATN-ISI SAPS II SOFA

Survival
Non- 
survival Total Survival

Non- 
survival Total Survival

Non- 
survival Total Survival

Non- 
survival Total

<0.5 108 16 124 106 20 126 107 21 128 108 20 128

≥0.5 11 54 65 13 50 63 12 49 61 11 50 61

Total 119 70 189 119 70 189 119 70 189 119 70 189

Kappa test 0.689 0.618 0.615 0.639

P value of McNemar 
test

0.442 0.296 0.163 0.150

APACHE II, Acute Physiology and Chronic Health Evaluation version II; ATN-ISI, Acute Tubular Necrosis Individual Severity Index; SAPS II, Simplified Acute Physiology 
Score version II; SOFA, Sepsis-related Organ Failure Assessment.

SAPS II, SOFA and ATN-ISI systems was 77.14%, 70.00%, 
71.43% and 71.43%, respectively. The sensitivity of in-hos-
pital mortality prediction of APACHE  II and SOFA were 
the highest. Specificity of in-hospital mortality prediction 
of APACHE II was the highest (as shown in table 4). The 
predicted mortality rate of APACHE II, ATN-ISI, SAPS, and 
SOFA was shown in table 5.

Discussion
In this study, capacity of in-hospital mortality prediction on 
critically ill patients with AKI of APACHE II, SAPS II, SOFA 
and ATN-ISI was compared. AUC of the four systems were 
all larger than 0.88, which suggested that the four systems 
have the capacity of prediction of in-hospital mortality on 
critically ill patients with AKI.

Critically ill patients with AKI are associated with signifi-
cantly extends hospitalizations and increased mortality 
despite prevention efforts and improvements in therapeu-
tics. Previous research found that in patients of intensive 
care unit (ICU), the in-hospital mortality of AKI was aver-
aging 36.4%.13 In Italy, it was reported that the in-hospital 
mortality of critically ill patients with AKI was 39.1% in 
an intermediate nephrology care unit,14 which was a little 
higher than that of our study.

Renal function of patients on admission seems to be a 
significant independent prognostic factor for long-term 
mortality and new cardiovascular morbidity over a 10-year 
period.15 In a study on the performance of SAPS II, APACHE 
II, Logistic Organ Dysfunction, Organ Dysfunctions and/or 
Infection, ATN-ISI (Liano) and Mehta in predicting in-hos-
pital mortality of critically ill patients with AKI, in-hospital 

mortality rate was found to be 75%,16 which was much 
higher than that of our research (37.04%). This is because 
the data in their study come from a developing country that 
owned less advanced technologies and equipment. In their 
study, mean APACHE II scores were 27.4±6.3 points and 
mean SAPS II scores were 48.5±11.2 points, which were 
much higher than that of our research, which was 16.00 
(12.0, 26.0), 43.0 (31.0, 60.5), respectively. This confirmed 
that renal function on admission and the severity of criti-
cally ill patients with AKI in their study were more serious 
than that of our study.

The ROC is a comprehensive index that reflects the sensi-
tivity and specificity of continuous variables. It reveals the 
relationship between sensitivity and specificity by mapping 
method. The greater the area under the curve, the higher 
diagnostic accuracy is. In the study of Maccariello et al,16 
AUC of SAPS II was 0.72, and they concluded that general 
severity score system and AKI special severity score system 
were inaccurate in predicting outcomes of critically ill 
patients with AKI in ICU who needed renal replacement 
therapy (RRT). This result is quite different from our 
research that demonstrated that APACHE II, SAPS II, SOFA 
and ATN-ISI are useful for evaluating the prognosis of crit-
ically ill patients with AKI. Perhaps this is because the data 
of their study came from the critically ill patients with AKI 
and need for RRT in ICU. The clinical conditions of these 
patients were more serious.

ATN-ISI belongs to AKI special severity score system 
that mainly focus on scoring the severity of AKI and evalu-
ates the risk of death of AKI itself completely. ATN-ISI is a 
linear model for analysis of hospital mortality of AKI, and the 
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score is derived from the physical signs and laboratory test 
results of the disease. ATN-ISI was originally derived from 
the statistics of acute tubular necrosis and the parameters of 
AKI. ATN-ISI was easy to obtain and had good versatility.12 
These score indices (gender, exposure to renal toxicity and 
oliguria) of ATN-ISI focus on the evaluation of the severity of 
AKI. Time points for parameter collection will lead to large 
differences in scores of ATN-ISI. For example, when patients 
use sedatives, analgesics and anesthetics, it will affect the eval-
uation of scores of coma and will also leads to the differences 
of final evaluation scores of ATN-ISI. A lot of factors affected 
the prognosis of critically ill patients with AKI. In addition to 
the main parameters in ATN-ISI system, serum urea, creati-
nine concentration, heart rate, serum albumin level, central 
venous pressure, coagulation time, immune system failure and 
hemodialysis model were the important influence factors. In 
fact, there are fewer parameters to evaluate these important 
influence factors in ATN-ISI that lead to the lack of compre-
hensiveness of ATN-ISI.

APACHE II system assigned little index scores to renal 
failure (AKI)9 and inclined to evaluation of the score 
indices such as blood coagulation, infection, anemia, 
blood concentration, arrhythmia, electrolyte, acid-base 
metabolism and so on. APACHE II takes into account 
the influence on prognosis of surgery, circulatory failure, 
nervous system disease, gastrointestinal bleeding, chronic 
liver disease, chronic kidney disease and tumor. SAPS 
II  system was proposed by Le Gall et al on the basis of 
SAPS I in 1984.17 SAPS II was built on the foundation of 
a large sample of patients that included data from consec-
utive admissions to 13 152 patients in 137 ICUs in 12 
countries. It includes 12 physiology variables and three 
underlying disease variables (AIDS, metastatic cancer and 
hematologic malignancy).11 SOFA is a relatively indepen-
dent severity score system compared with the APACHE 
II and SAPS II, and the correlations among them were not 
significant. SOFA score was based on the degree of organ 
dysfunction of patients and was used in clinical practices 
to assess disease’s severity  and predict mortality and in 
clinical research. It includes serum creatinine and assigns 
more points to higher creatinine values, and as such, the 
scoring system and stages of AKI are directly connected. 
For this reason, previous authors have used scoring 
systems like SOFA. In the study of Carbonell et al,18 SOFA 
score was found to be a useful tool to categorize criti-
cally ill patients with AKI and to describe a sequence of 
complications of critically ill patients with AKI in ICU. In 
our study, it was found that the AUC of SOFA system was 
0.908 (95% CI 0.866 to 0.950), which was the largest 
among the four scoring systems. AUC of SOFA system was 
bigger than that of SAPS II system, and the capacity to 
predict hospital mortality of critically ill patients with AKI 
was better than that of SAPS II. These results were similar 
to that of the study of Janssens et al,19 which concluded 
that SOFA and delta SOFA scores (total maximum SOFA 
score minus admission total SOFA) can assess the degree 
and progression of organ dysfunction and SOFA score 
was more important in the prediction of prognosis of 
critically ill patients with AKI than SAPS II scores. In a 
prospective study of 949 ICU patients, SOFA was found 
to be a reliable outcome predictors.20 Ferreira et al found 
that the mean and highest SOFA scores are particularly 

useful in prediction of prognosis in critically ill patients.21 
In a prospective, multicenter study in ICU, it was found 
that SOFA score system had a good ability to evaluate 
organ dysfunction of patients.22 The accuracy of SOFA 
score system among clinical physicians was found good.23

Severity score systems such as APACHE Ⅱ, SAPS Ⅱ and 
SOFA belong  tosystems that were usually derived from 
unselected ICU critically ill patients, it mainly focused on 
the general severity of diseases of patients and it was based 
on several organ failure sub-scores. In our study, AUC 
of APACHE II, SAPS II, SOFA and ATN-ISI was 0.903 
(95% CI 0.856 to 0.950), 0.893 (95% CI 0.847 to 0.940), 
0.908 (95% CI 0.866 to 0.950) and 0.889 (95% CI 0.841 
to 0.937). AUC of APACHE  II, SAPS  II and SOFA were 
larger than that of ATN-ISI.

There are also some opposite results from other study. 
For example, Fiaccadori et al14 compared three general 
scoring system including APACHE II, SAPS II and Mortality 
Probability Model 24 II (MPM 24 II) and found APACHE 
II model was a slightly better calibrated predictor of group 
outcome in patients with AKI, as compared with SAPS II and 
MPM 24 II outcome prediction models and concluded that 
none of the models provided sufficient confidence for the 
prediction of outcome in individual patient. The result was 
different from that of ours since their study was conducted 
in an intermediate nephrology care unit and did not enroll 
the critically ill patients with AKI in other clinical depart-
ments such as department of cardiology, department of 
surgery and so on. So the results of their study were limited. 
The comparison of the main studies mentioned above can 
be seen in table 6.

In clinical practice, it is ideal to diagnose by using the 
gold standard, but restricted by the objective conditions of 
patients, clinicians sometimes cannot use the gold standard 
to diagnose and to make outcome prediction of patients. 
These severity score systems are useful tools for the predic-
tion of patients’ outcome.

Conclusions
APACHE II, SAPS II, SOFA and ATN-ISI are reliable in-hos-
pital mortality predictors of critically ill patients with AKI.

Contributors  All authors equally contributed to the conception and design 
of the research; YuG contributed to the design of the research; FD contributed 
to the acquisition and analysis of the data; YuG and FZ contributed to 
the analysis of the data; YoG contributed to the acquisition, analysis and 
interpretation of the data. All authors drafted the manuscript, critically revised 
the manuscript, agree to be fully accountable for ensuring the integrity and 
accuracy of the work and read and approved the final manuscript.

Funding  The authors have not declared a specific grant for this research from 
any funding agency in the public, commercial or not-for-profit sectors. 

Competing interests  None declared. 

Patient consent for publication  Not required.

Ethics approval  The protocol for this research project has been approved by 
the Ethics Committee of Huashan Hospital, Fudan University and the approval 
number is 2009-206. 

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access  This is an open access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided 
the original work is properly cited, an indication of whether changes were 



1109Gong Y, et al. J Investig Med 2019;67:1103–1109. doi:10.1136/jim-2019-001003

Original research

made, and the use is non-commercial. See: http://​creativecommons.​org/​
licenses/​by-​nc/​4.​0/.

ORCID iD
Yu Gong http://​orcid.​org/​0000-​0001-​9285-​3753

References
	 1	 Bouchard J, Acharya A, Cerda J, et al. A prospective international 

multicenter study of AKI in the intensive care unit. Clin J Am Soc Nephrol 
2015;10:1324–31.

	 2	 Odutayo A, Wong CX, Farkouh M, et al. AKI and Long-Term Risk for 
Cardiovascular Events and Mortality. J Am Soc Nephrol 2017;28:377–87.

	 3	 Mishra J, Dent C, Tarabishi R, et al. Neutrophil gelatinase-associated lipocalin 
(NGAL) as a biomarker for acute renal injury after cardiac surgery. Lancet 
2005;365:1231–8.

	 4	 Di Grande A, Giuffrida C, Carpinteri G, et al. Neutrophil gelatinase-associated 
lipocalin: a novel biomarker for the early diagnosis of acute kidney injury in the 
emergency department. Eur Rev Med Pharmacol Sci 2009;13:197–200.

	 5	 Malhotra R, Kashani KB, Macedo E, et al. A risk prediction score for 
acute kidney injury in the intensive care unit. Nephrol Dial Transplant 
2017;32:814–22.

	 6	 Gong Y, Xu H, Xu Z, et al. Comparison of prognostic value of two kinds of 
severity scoring systems for hospital mortality prediction of elderly patients 
with acute kidney injury. Aging Clin Exp Res 2012;24:74–8.

	 7	 Bellomo R, Ronco C, Kellum JA, et al. Acute renal failure - definition, outcome 
measures, animal models, fluid therapy and information technology needs: 
the Second International Consensus Conference of the Acute Dialysis Quality 
Initiative (ADQI) Group. Crit Care 2004;8:R204–12.

	 8	 Kellum JA, Bellomo R, Ronco C. Definition and classification of acute kidney 
injury. Nephron Clin Pract 2008;109:c182–c187.

	 9	 Knaus WA, Draper EA, Wagner DP, et al. APACHE II: a severity of disease 
classification system. Crit Care Med 1985;13:818–29.

	10	 Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related Organ Failure 
Assessment) score to describe organ dysfunction/failure. On behalf of the 
Working Group on Sepsis-Related Problems of the European Society of 
Intensive Care Medicine. Intensive Care Med 1996;22:707–10.

	11	 Le Gall JR, Lemeshow S, Saulnier F. A new Simplified Acute Physiology Score 
(SAPS II) based on a European/North American multicenter study. JAMA 
1993;270:2957–63.

	12	 Liaño F, Gallego A, Pascual J, et al. Prognosis of acute tubular necrosis: an 
extended prospectively contrasted study. Nephron 1993;63:21–31.

	13	 Joannidis M, Metnitz B, Bauer P, et al. Acute kidney injury in critically ill patients 
classified by AKIN versus RIFLE using the SAPS 3 database. Intensive Care Med 
2009;35:1692–702.

	14	 Fiaccadori E, Maggiore U, Lombardi M, et al. Predicting patient outcome from 
acute renal failure comparing three general severity of illness scoring systems. 
Kidney Int 2000;58:283–92.

	15	 Tsagalis G, Akrivos T, Alevizaki M, et al. Renal dysfunction in acute stroke: an 
independent predictor of long-term all combined vascular events and overall 
mortality. Nephrol Dial Transplant 2009;24:194–200.

	16	 Maccariello ER, Valente C, Nogueira L, et al. Performance of six prognostic 
scores in critically ILL patients receiving renal replacement therapy. Rev Bras Ter 
Intensiva 2008;20:115–23.

	17	 Le Gall JR, Loirat P, Alperovitch A, et al. A simplified acute physiology score for 
ICU patients. Crit Care Med 1984;12:975–7.

	18	 Carbonell N, Blasco M, Ferreres J, et al. Sepsis and SOFA score: related 
outcome for critically ill renal patients. Clin Nephrol 2004;62:185–92.

	19	 Janssens U, Graf C, Graf J, et al. Evaluation of the SOFA score: a single-center 
experience of a medical intensive care unit in 303 consecutive patients with 
predominantly cardiovascular disorders. Sequential Organ Failure Assessment. 
Intensive Care Med 2000;26:1037–45.

	20	 Peres Bota D, Melot C, Lopes Ferreira F, et al. The Multiple Organ Dysfunction 
Score (MODS) versus the Sequential Organ Failure Assessment (SOFA) score in 
outcome prediction. Intensive Care Med 2002;28:1619–24.

	21	 Ferreira FL, Bota DP, Bross A, et al. Serial evaluation of the SOFA score to 
predict outcome in critically ill patients. JAMA 2001;286:1754–8.

	22	 Moreno R, Vincent JL, Matos R, et al. The use of maximum SOFA score to 
quantify organ dysfunction/failure in intensive care. Results of a prospective, 
multicentre study. Working Group on Sepsis related Problems of the ESICM. 
Intensive Care Med 1999;25:686–96.

	23	 Arts DG, de Keizer NF, Vroom MB, et al. Reliability and accuracy of Sequential 
Organ Failure Assessment (SOFA) scoring. Crit Care Med 2005;33:1988–93.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9285-3753
http://dx.doi.org/10.2215/CJN.04360514
http://dx.doi.org/10.1681/ASN.2016010105
http://dx.doi.org/10.1016/S0140-6736(05)74811-X
http://www.ncbi.nlm.nih.gov/pubmed/19673171
http://dx.doi.org/10.1093/ndt/gfx026
http://dx.doi.org/10.3275/7624
http://dx.doi.org/10.1186/cc2872
http://dx.doi.org/10.1159/000142926
http://www.ncbi.nlm.nih.gov/pubmed/3928249
http://www.ncbi.nlm.nih.gov/pubmed/8844239
http://dx.doi.org/10.1001/jama.1993.03510240069035
http://dx.doi.org/10.1159/000187139
http://dx.doi.org/10.1007/s00134-009-1530-4
http://dx.doi.org/10.1046/j.1523-1755.2000.00164.x
http://dx.doi.org/10.1093/ndt/gfn471
http://www.ncbi.nlm.nih.gov/pubmed/25306997
http://www.ncbi.nlm.nih.gov/pubmed/25306997
http://dx.doi.org/10.1097/00003246-198411000-00012
http://dx.doi.org/10.5414/CNP62185
http://dx.doi.org/10.1007/s001340051316
http://dx.doi.org/10.1007/s00134-002-1491-3
http://dx.doi.org/10.1001/jama.286.14.1754
http://www.ncbi.nlm.nih.gov/pubmed/10470572
http://dx.doi.org/10.1097/01.CCM.0000178178.02574.AB

	Investigate predictive capacity of in-­hospital mortality of four severity score systems on critically ill patients with acute kidney injury
	Abstract
	Introduction﻿﻿
	Materials and methods
	Results
	Discussion
	Conclusions
	References


