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Abstract 

Introduction: Acute kidney injury (AKI) is an under-recognized disorder, which is associated with a high risk for mortality, and the development 
of chronic kidney disease (CKD).The aim of this study was to determine the etiology and severity of AKI among hospitalized patients at our clinic in 
the five-year follow-up period according to the contemporary classifications (RIFLE, AKIN, and KDIGO).

Methods: We analyzed a clinical database of 312 adult patients who were consecutively admitted to hospitals in Clinic for nephrology in the 
previous 5 years. AKI was defined by the RIFLE, AKIN, and KDIGO criteria. Receiver operating curves were used to compare the predictive ability for 
mortality, and regression analysis was used for the calculation of odds ratios and 95% confidence intervals.

Results: The incidence rates of AKI based on the RIFLE, AKIN, and KDIGO criteria were 13,1%, and 12,4%, respectively. However, the predictive 
ability of all three classifications for renal function recovery was poor (AUROC: RIFLE 0.664, AKIN and KDIGO 0.643). According to the RIFLE and 
AKIN criteria, in-hospital was statistically significantly higher in stage F/3, compared to stages R/1 and I/2. Only the RIFLE classification showed 
a statistically significant difference in in-hospital mortality incidence rate between the stages: in-hospital mortality was more frequent in stage F 
than in stages R and I. According to the RIFLE criteria, patients in stage F of AKI had a relative risk of 4.95, which means they had a 5 times higher 
possibility of in-hospital mortality than patients categorized as stage I and II of AKI. 

Conclusions: The incidence of AKI in ill patients varied according to the criteria used. The RIFLE  criteria identified more patients as AKI than 
KDIGO and AKIN did. Compared with the KDIGO  criteria,  RIFLE was more predictive for in-hospital mortality, but there was no significant difference 
between AKIN and KDIGO.
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Introduction
Acute kidney injury (AKI) is a complex syndrome with wide 

variation in etiologies that makes its outcome difficult to predict. It 
is associated with various etiologies and pathophysiological mech-
anisms and manifested by increased serum creatinine (Scr) or re 

 
duction in urine output [1]. Acute kidney injury is a common com-
plication in patients admitted to hospital (10-15%), with increasing 
incidence in recent years, especially in the intensive care unit (ICU), 
where it can sometimes exceed 50% [2]. It is associated with ad-
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verse short- and long-term outcomes and increased mortality, plac-
ing a high cost to patients, as well as healthcare systems[1]. Due to 
its prognostic impact and frequent development as part of other 
syndromes such as heart failure, liver failure, and sepsis, early and 
rapid diagnosis of AKI is crucial in all adult and pediatric patients. 

There are significant variations in the reported incidence of 
AKI, which can be explained by population differences, differenc-
es between high-income and low-to-middle-income countries, and 
most importantly by the inconsistent use of diagnostic criteria for 
AKI. Additionally, there is a lack of studies comparing critically ill 
and non-critical patients, which makes it difficult to reach accurate 
conclusions on the epidemiology of AKI [3].  Considering the prog-
nostic impact and outcomes of AKI, substantial research has fo-
cused on assessment and comparison of diagnostic criteria, as well 
as prevention and treatment strategies, which necessitate uniform 
epidemiological data. Over the last few decades, the definition and 
classifications of AKI have been modified and improved significant-
ly, starting with the Risk, Injury, Failure, Loss of Kidney Function, 
End-Stage Kidney Disease (RIFLE) classification in 2004, Acute Kid-
ney Injury Network (AKIN) classification in 2007, until the recent-
ly developed Kidney Disease Improving Global Outcomes (KDIGO) 
classification, which had the aim of unifying the definition of AKI. 
Since then, many studied have compared the three classifications 
in their reported incidence of AKI, as well as sensitivity, accuracy, 
and predictive ability for various short- and long-term outcomes 
[4,5,6].  

AKI is not a single disease but, rather, a loose collection of con-
ditions that share common diagnostic features. The causes of AKI 
have traditionally been divided into three broad categories, accord-
ing to the semi-anatomical divisions of the urinary tract: prerenal 
azotemia, intrinsic renal parenchymal disease, and postrenal ob-
struction. Identification of prognostic factors of AKI provides the 
information necessary to make important medical decisions. The 
presence of AKI is usually determined by an elevation in the serum 
creatinine concentration, however, it might be challenging to diag-
nose AKI if a patient’s baseline renal function is not well document-
ed, so it must be inferred using medical history.

The aim of this study was to determine the etiology and sever-
ity of AKI among hospitalized patients at our clinic in the five-year 
follow-up period according to the contemporary classifications (RI-
FLE, AKIN, and KDIGO) and compare the incidence of stages of AKI 
using different classification systems

 Material and Methods
This study was retrospective analysis of prospectively collected 

data. It was performed during period 2016-2020 at Clinic for Neph-
rology in University Clinical Centre of Sarajevo. Three hundred and 
twelve patients with presence of AKI according to the RIFLE (Risk, 
Injury, Failure, Loss, and End-stage kidney disease) who gave their 
informed consent were enrolled in the study. Patients included in 
this study were adults (age ≥18 years) with hospital stay ≥24 hours. 
Patients with preexisting end-stage renal disease on chronic dialy-
sis or with prior kidney transplant were excluded. AKI was defined 
and categorized according to RIFLE classification, based on creati-

nine criteria [4]. Class Risk was considered if there was an increase 
of baseline serum creatinine x1.5; Class Injury was considered if 
there was an increase of baseline serum creatinine ×2; and Class 
Failure was considered if there was an increase of baseline serum 
creatinine ×3, or if there was an acute rise in serum creatinine of at 
least 44 µmol/L in patients with baseline serum creatinine >354 
µmol/L. When pre-admission serum creatinine was unavailable, it 
was estimated by the Modification of Diet in Renal Disease (MDRD) 
equation, as recommended by the Acute Dialysis Quality Initiative 
(ADQI) Working Group [5].

Septic origin of AKI was diagnosed in those patients who had 
recognized source of infection, regardless of whether the blood cul-
ture was positive or not, and if they had verified increased blood 
urea nitrogen and serum creatinine. Criteria for the diagnosis of 
sepsis and septic shock were defined according to consensus Amer-
ican College of Chest Physicians/Society of Critical Care Medicine 
Consensus Conference (ACCP/SCCM) [5] Patients were followed-up 
until hospital discharge or death. Outcome of AKI was defined ac-
cording to the values of creatinine clearance as recovered (creati-
nine clearance >60 mL/min) and unrecovered (creatinine clear-
ance <60 mL/min) with impaired renal function.

Statistical Analysis 
Statistical analysis was realized using SPSS software (version 

21.0). Chi-square, fisher mood’s median test were used to compare 
variables. Regression statistical model was used to test for signifi-
cance of association between the independent and dependent vari-
ables. Values were considered significant at p < 0.05. 

Results
A total of 312 patients participated in the study, of which 154 

were men and 158 were women. The median age of patients was 72 
(62-80), while the median age of men was 69 (60.75-79.25) years, 
and the median age of women was 73 (65-80) (Figure 1). (Table 1) 
shows the distribution of patients according to classification stag-
es. According to the RIFLE classification, a slightly smaller number 
of subjects were classified in the first (R)  and second (I) stages of 
acute kidney injury. The distribution of subjects according to AKIN 
and KDIGO classification was almost identical. The study showed 
that a total of 42.04% of patients had prerenal, 49.04% had renal, 
while 8.92% had postrenal acute kidney injury  (Figure 2). (Table 
2)  shows the frequency and percentage of patients according to 
the causes of AKI. Of the total number of patients, 28% had hypo-
volemia with kidney hypoperfusion as the cause of AKI, while AKI 
was caused by an infectious syndrome in 19.8% of cases. (Table 3) 
shows that 88.4% of patients had a satisfactory treatment outcome, 
32.6% were cured while 55.8% recovered. Of the total number of 
patients, 2.9% had a verified worsening of renal function during 
hospitalization, while mortality was recorded in 8.7% of patients.

Comparison of renal function recovery based on the stages of 
RIFLE, AKIN and KDIGO criteria is shown in Table 4. Based on all 
three classifications, patients in stage 1/R and stage 2/I of AKI had 
a significantly higher percentage of renal function recovery than 
patients in stage 3/F of AKI. 
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Figure 1:  Distribution of patients according to gender and age.

Figure 2: Distribution of patients according to the AKI etiology.

Table 1: Distribution of patients according to the AKI stages.

Classification Stage Patients (No) %

RIFLE R 58 18.5

I 79 25.2

F 177 56.4

AKIN 1 52 16.4

2 73 23

3 189 59.4

KDIGO 1 52 16.4

2 73 23

3 189 59.4

Abbreviations: R-Risk; I-Injury; F-Failure
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Table 2: Causes of AKI.

Cause of AKI Patients (No) %

Acute on CKD 44 13.9

Obstructive nephropathy 28 8.8

Glomerulonephritis 6 1.9

Hypovolemia 89 28

Infectious syndrome 63 19.8

Cardiorenal syndrome type 1 43 13.5

Contrast nephropathy 12 3.8

Nephrotoxicity (exogenous) 16 5

Rhabdomyolysis 13 4.1

Table 3: Outcome of AKI.

Outcome of AKI Patients (No) %
Full recovery 101 32.6

Partial recovery 173 55.8
Deterioration 9 2.9

Mortality 27 8.7
Total 312 100

Table 4 : Comparison of the outcome of patient according to the stages of AKI based on  KDIGO, RIFLE and AKIN classification.

Classification Stage

Outcome
P*

Recovery Non-recovery

N % N %

RIFLE
R and I 124 91.9 11 8.1

p=0.135 x2=2.797
F 150 85.7 25 14.3

AKIN
1 and 2 113 91.1 11 8.9

p=0.294 x2=1.514
3 161 86.6 25 13.4

KDIGO
1 and 2 113 91.1 11 8.9 p=0.294

3 161 86.6 25 13.4 x2=1.514

* The Chi2 test of independence was performed
Abbreviations: R-Risk; I-Injury; F-Failure

Comparison of incidence rate of in-hospital mortality in stage 3 
of each classification with stages 1 and 2 is shown in (Table 5). Only 
the RIFLE classification showed a statistically significant difference 
in in-hospital mortality incidence rate between the stages: in-hos-
pital mortality was more frequent in stage F than in stages R and I. 

According to the RIFLE criteria, patients in stage F of AKI had rela-
tive risk of 4.95, which means they had 5 times higher possibility of 
in-hospital mortality than patients categorized as stage I and II of 
AKI. AKIN and KDIGO classifications were statistically significantly 
associated with increased relative risk of in-hospital mortality. 

Table 5: In-hospital mortality incidence rate and relative risk.

Classifications Stage
In-hospital mortality

Incidence 95% CI Odds ratio p

RIFLE
F 13.1%

1.669-14.7 4.950 X2 (1. n=310)=8.694;  
p=0.03; fi= -0.179R and I 3%

AKIN
III 12.4%

1.427-12.5 4.237 X2 (1. n=310)=6.709; 
 p=0.01;.fi= -0.159I and II 3.2%

KDIGO
III 12.4%

1.427-12.5 4.237 X2 (1. n=310)=6.709;  
p=0.01;fi= -0.159I and II 3.2%
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Area under the ROC curves for RIFLE, AKIN, and KDIGO classi-
fications and their predictive abilities for renal function outcome 
are shown in (Figure 3) and (Table 6). Using the three AKI classifi-
cations (RIFLE, AKIN and KDIGO) as a predictive test for renal func-
tion recovery showed that: RIFLE classification had AUROC=0.664, 

p=0.005- suggesting it has failed as a predictive test. KDIGO and 
AKIN classification had identical results AUROC=0.643, p=0.014 
- suggesting that they can be used as one of the predictive tests, 
but with “poor” accuracy. They have a relatively high sensitivity 
(85.2%) with a specificity of 42.4%.

Figure 3: AUROC for the predictive value of RIFLE, AKIN and KDIGO classifications for mortality in hospitalized patients.

Table 6:  ROC analysis of RIFLE, AKIN and KDIGO classifications for mortality in hospitalized AKI patients.

Classification AUROC Sensitivity Specificity 95% CI p

RIFLE 0.664 86.4% 46.3% 0.572-0.755 0.005

AKIN and KDIGO 0.643 85.2% 42.4% 0.549-0.738 0.014

Discussion
Numerous studies have compared the RIFLE and AKIN crite-

ria for AKI [7,8]. However, the incidence of AKI still varied. Based 
on these two criteria, the KDIGO criteria were proposed in order 
to unify the definition of AKI. To date, only a few previous studies 
have compared the incidence and mortality of AKI in critically ill 
patients according to these three definitions in a period of several 
years. Identification of prognostic factors of acute kidney injury is 
very important for proper clinical treatment, quality control and 
management of health resources. Earlier epidemiological studies 
have demonstrated a great diversity in the etiology and prognostic 
factors of acute kidney injury, and pointed to a common consequent 
development of chronic kidney disease [2,7]. 

Our data showed that AKI remains a common clinical condi-
tion in adults in urban or semi-urban areas. Patient presented with 
the severe form of AKI but more in the semi-urban area. Pre renal 
AKI was more prevalent and the main aetiologies were sepsis and 
volume depletion Of the 312 patients files assessed in both hospi-
tals, 55.58% were female, resulting in an F: M ratio of 1.25:1. The 
median age (IQR) was 59 (19-93) years, this distribution is quite 
similar to previous studies in other developing countries showing 

a female gender preponderance with those in mid-age being more 
affected [9-11]. The disparities in age between developing and de-
veloped countries lies in the difference in life span of the general 
population (generally more longer in developed countries) and in 
the differences of risk factors of AKI (infectious causes versus non 
communicable diseases).

Although many studies have reported an increased incidence 
of AKI, there is notable variability in the reported incidence, which 
could be contributed to different causes of AKI and diagnostic cri-
teria used, as well as differences in the characteristics of the pop-
ulations studied [4]. In the present study, the incidence of AKI de-
fined by the RIFLE, AKIN and KDIGO classifications varied between 
3.2 and 13.1% depending on the classification used. The incidence 
of AKI defined by the RIFLE classification (F) was slightly higher 
(13.1%) than that defined by KDIGO and AKIN classifications, but 
there were no significant variations between the three classifica-
tions.

Furthermore, a clinical trial conducted by colleagues reported 
identical incidence of AKI according to the AKIN and KDIGO classifi-
cation (25.9%) [12]. An increased incidence of AKI according to the 
KDIGO criteria compared to the AKIN criteria could be explained by 
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the fact that for AKI diagnosed (with an increase in creatinine 1.5 x 
relative to the baseline values) according to KDIGO criteria, a longer 
timeframe of 7 days is allowed, compared to the timeframe of only 
48 hours used to diagnose AKI according to AKIN criteria. Further-
more, diagnosing AKI based on the RIFLE criteria can be difficult 
due to the occasional lack of baseline creatinine values, which then 
requires the use of MDRD formulas to calculate the value. Variabil-
ity in the reported incidence of AKI is further attributable to differ-
ent clinical settings. There are important differences in the report-
ed incidence among ambulatory patients, patients hospitalized in 
different clinical departments and critically ill patients [13]. In the 
present study, AKI was diagnosed based on the RIFLE classification 
the highest percentage was represented in the Failure stage. Using 
the AKIN and KDIGO classification (stage III), AKI was diagnosed in 
the same number of patients and was often represented on stage. 
Accordingly, the highest number of patients was categorized as 
stage 3 of each classification. When comparing the severity of AKI, 
there was no statistically significant difference between stages of 
AKI based on the three classifications (RIFLE, AKIN and KDIGO). 
These results are supported by the results of other studies, such 
as the one conducted by Bastin and colleagues, which concluded 
that the staging of AKI based on the KDIGO criteria was identical 
to the AKIN criteria[12]. In the present study, prerenal type of AKI 
was diagnosed in 42.04% of patients, intrinsic type in 49.04%, and 
postrenal type in 8.92% of patients. The most frequent causes of 
AKI were hypovolemia and infectious syndrome. These results are 
supported by the results of a study conducted by Thongprayoon  
and al., where prerenal and intrinsic type of AKI were most fre-
quently diagnosed [14]. Poston and al. also reported prerenal cause 
as the most frequent contributor to AKI in 49.1% of patients  [15]. 
Furthermore, Wilson and al. found that the most frequent cause of 
AKI was prerenal , followed by sepsis-associated AKI and ischemic 
acute tubular necrosis [16].  

Among 312 patients with AKI in the present study, 88.4% had 
a full and partially recovered renal function, while 2.9% had dete-
rioration renal function. Using the three AKI classifications (RIFLE, 
AKIN and KDIGO) as a predictive test for renal function recovery 
showed the following: RIFLE classification had AUC=0,664 (0,005) - 
suggesting it has failed as a predictive test. KDIGO classification had 
AUC=0.643 (0,014) - suggesting that it could be used as one of the 
predictive tests but with “poor” accuracy. AKIN had same results 
AUC. 

According to all three classifications (RIFLE, AKIN and KDIGO), 
in-hospital mortality increased in accordance with staging of AKI. 
Comparing stage 3 with stages 1 and 2 jointly, both AKIN and RIFLE 
classification showed statistically significant difference between 
the stages: in-hospital mortality was more frequent in 3/F than in 
1/R and 2/I. Based on all three classifications, there was a weak, 
but significant correlation with in-hospital mortality; stage of AKI 
had a significant influence on in-hospital mortality (RIFLE inci-
dence 13.1%, AKIN and KDIGO 12.4%). These results, although not 
as compelling as the results of other studies, do show that higher 
degrees of AKI severity are associated with increased risk of in-hos-
pital mortality. One such study was published, where the in-hos-

pital mortality rate was 2.2% and varied significantly depending 
on the severity of AKI [17]. Our results confirm that all three clas-
sifications have similar but poor predictive ability for in-hospital 
mortality. These results are similar to the results of a study about 
improve outcomes in acute kidney injury, where they investigated 
septic patients and found that all three classifications have similar 
prognostic abilities and there were no statistically significant dif-
ferences between them  [4,5,12, 18-21].  

However, the results of the present study differ from the results 
of many previous studies that have found better predictive ability 
of some criteria for in-hospital mortality, compared to others. For 
example, a study by Pan and al. showed that the KDIGO criteria had 
greater predictive ability compared with the RIFLE criteria, accord-
ing to the AUC curve for in-hospital mortality (AUROC: RIFLE 0.738, 
AKIN 0.746, KDIGO 0.757). There was no significant difference be-
tween AKIN and KDIGO in their predictive ability for in-hospital 
mortality (0.757 versus 0.746, p=0.12) [7]. Bastin and al. found that 
in patients after cardiac surgery, the AKIN classification correlated 
better with in-hospital mortality than the RIFLE criteria (AUROC: 
AKIN 0.86 RIFLE 0.78) [12]. It has been confirmed in some studies 
that RIFLE and KDIGO criteria had similar and sufficient prognos-
tic ability for in-hospital mortality and performed better than the 
AKIN criteria (AUROC: RIFLE 0.77, AKIN 0.69, KDIGO 0.78)  [22]. On 
the other hand, one study claimed that in patients with type 1 cardi-
orenal syndrome, the KDIGO criteria are superior in their outcome 
prediction, compared to RIFLE and AKIN (AUROC: RIFLE 2.56, 
AKIN 2.68, KDIGO 4.00) [23]. Also, a study that was done before 
the COVID-19 pandemic investigated patients on extracorporeal 
membrane oxygenation (ECMO) support and showed that all three 
classifications had excellent predictive ability, although the KDIGO 
classification performed better than RIFLE and AKIN (AUROC: RI-
FLE 0.826, AKIN 0.836, KDIGO 0.840) [24]. These discrepancies in 
the results of the present study and most others could be explained 
by a small sample size in the present study, and rather low in-hos-
pital mortality rate. 

The main limitation of the present study is that it was a sin-
gle-center study, with a relatively small cohort of patients. As a 
retrospective study, quality of data was dependent on the accuracy 
of health provider to keep his archives. Over 20% of files were not 
reviewed because of either missing or incomplete clinical infor-
mation. The definition of renal recovery limited to short term (at 
discharged), the absence of baseline serum creatinine availability 
may have. Bias in the analysis of the outcome related to these pa-
rameters. Furthermore, pre-admission serum creatinine level was 
unknown in some cases, necessitating the application of the MDRD 
equation to calculate an estimated baseline value. 

Although these classifications are exceedingly important in the 
diagnosis of AKI, the fact that they rely on markers which are in-
sensitive and unspecific for AKI demands caution. It is becoming 
increasingly apparent that novel biomarkers must be researched, 
and diagnostic measures, as well as treatments could still be im-
proved [25]. This study could be expanded to better understand the 
role of the three classifications (RIFLE, AKIN, and KDIGO) for AKI. 
For example, patients could be monitored for a longer period after 
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discharge from the hospital, to determine whether CKD has devel-
oped, and whether the classifications have any predictive ability 
for the development of certain stages of CKD. This would require 
monitoring the patients’ renal function 3 months after discharge 
of the patient, at the earliest. Furthermore, we believe that future 
studies should include ICU patients in several clinical centers, to 
diagnose AKI on time and take appropriate measures to prevent it 
in the future.

Conclusion
There were no significant variations in incidence of AKI in pa-

tients hospitalized at the Nephrology Department according to the 
RIFLE, AKIN, and KDIGO criteria. When comparing the severity of 
AKI, there was no statistically significant difference between stages 
of AKI based on the three classifications. Based on the RIFLE and 
AKIN criteria, the number of in-hospital mortalities was significant-
ly higher in stage F/3, compared to stages R/1 and I/2. However, 
ROC analysis showed that all three classifications showed similar, 
but poor predictive ability for renal function outcome and in-hos-
pital mortality. Compared with the KDIGO criteria, RIFLE was more 
predictive for in-hospital mortality, but there was no significant 
difference between AKIN and KDIGO. The integration of the new 
biomarkers of AKI into the clinical classification could increase the 
sensitivity and specificity of AKI diagnosis, overwhelming some of 
the limitations of the traditional markers of kidney function, such 
as creatinine and urine output. The high prevalence of AKI, even in 
the post-COVID era, indicates that there is a need to raise aware-
ness about AKI as well as better preventive protection of patients in 
primary health care and overall care.
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