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ABSTRACT
Aim: The objective of this study was to evaluate prognostic impact of clinical factors on outcome of renal function in septic and non-sep-
tic acute kidney injury (AKI) patients. Methods: The prospective, observational, clinical study was performed at Nephrology Clinic and 
Clinic for Infectious Diseases, University Clinical Centre Sarajevo. One hundred patients with diagnosis of AKI were enrolled in the study, 
and divided into two groups: septic and non-septic AKI patients. Clinical parameters included causes and type of AKI, pre-existing co-
morbidities and different treatment modalities. Patients were followed up until discharge or death. Renal function outcome was defined 
by creatinine clearance values at discharge. Results: Septic AKI patients had significantly longer hospital stay (p=0.03), significantly worse 
renal function outcome (p<0.001), and higher burden of comorbidities (70.6% vs. 60.6%), compared to non-septic patients. Septic AKI 
patients were almost three times less likely to receive renal replacement therapy (8.8% vs. 24.4%) and they had significant delay in initiation 
of dialysis (p=0.03). By multivariate analysis, sepsis (95% CI 0.128-0.967, p=0.043) and hypertension (95% CI 0.114-0.788, p=0.015) were 
independent predictors of adverse renal function outcome in AKI patients. Postrenal type of AKI was independent predictor of renal 
function recovery in non-septic AKI patients (95% CI 1.174-92.264, p=0.035), while Failure, as third class of AKI, was independent pre-
dictor of non-recovered renal function only in septic AKI patients (95% CI 0.026 to 0.868, p=0.034). Conclusion: Septic AKI patients are 
clinically distinct compared to non-septic AKI patients with different prognostic factors and poorer renal function outcome.
Keywords: acute kidney injury; septic etiology; prognostic factors; renal function outcome.

1. INTRODUCTION
Acute kidney injury (AKI) is a syndrome with various 

etiologies, followed by numerous comorbidities, which 
makes predicting its outcome very complicated. AKI of-
ten occurs in the older population of patients with pre-ex-
isting chronic kidney disease (CKD), and it is associated 
with increased risk for dialysis (1).

The causes of AKI are multi-factorial, but sepsis has 
consistently been the most common contributing factor, 
accounting for approximately 50% of all cases, especial-
ly in the intensive care units (ICU) (2). Recent evidence 
suggests that septic AKI could be characterized by a dis-
tinct pathophysiology (3). Regrettably, not many clinical 
studies have investigated clinical characteristics, profile 
and renal function outcome of septic in comparison to 
non-septic AKI patients (4, 5). In addition, other authors 
have focused only on the clinical outcome of dialysis de-
pendent septic AKI patients in the ICU, and they defined 
renal function recovery as independence from dialysis at 
discharge (6). However, a significant proportion of AKI 

patients is not in the ICU, nor dialyzed, and may require 
alternate definitions for assessing renal recovery (7). This 
encourages us to define renal function outcome according 
to the values of creatinine clearance at discharge, and to 
focus on clinical differences between septic and non-sep-
tic AKI patients and their prognostic significance for re-
nal function outcome.

The objective of this study was to investigate clinical 
characteristics of septic compared to non-septic AKI pa-
tients, and to assess predictive value of clinical prognostic 
factors on renal function outcome of septic and non-sep-
tic AKI patients.

2. MATERIALS AND METHODS
A prospective, single-center, observational study was 

conducted from January, 2008 to December, 2012 at Ne-
phrology Clinic and Clinic for Infectious Diseases, Uni-
versity Clinical Centre Sarajevo. The Human Research 
Ethics Committee approved the study prior to the com-
mencement. One hundred patients included in this study 
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were adults (age ≥18 years) with hospital stay ≥24 hours, 
and diagnosis of AKI. Exclusion criteria were prior kidney 
transplant, end-stage kidney disease, and initiation of re-
nal replacement therapy (RRT) before hospital admission.  

Demographic informations included age, gender and 
dates of admission. Informations on kidney function 
included serum urea, serum creatinine and creatinine 
clearance. Clinical data encompassed origin of AKI (sep-
tic and non-septic), type of AKI (prerenal, intrinsic and 
postrenal), comorbid conditions and different treatment 
modalities as well as renal function outcome and in-hos-
pital mortality. Causative factors of non-septic AKI were 
also identified.

AKI was defined according to the consensus definition 
of the RIFLE criteria with three stages (Risk, Injury, Fail-
ure) of progressively higher creatinine (8). When pre-ad-
mission serum creatinine was unavailable, it was estimat-
ed by the Modification of Diet in Renal Disease equation, 
as recommended by the Acute Dialysis Quality Initiative 
Working Group (9).  

Septic origin of AKI was diagnosed in those patients 
who had recognized source of infection, regardless of 
whether the blood culture was positive or not, and if they 
had verified increased serum creatinine. Criteria for the 
diagnosis of sepsis and septic shock were defined accord-
ing to consensus American College of Chest Physicians/
Society of Critical Care Medicine Consensus Conference 
(10).

Patients were followed-up until hospital discharge or 
death. Outcome of renal function was defined according 
to the values of creatinine clearance as recovered (creat-
inine clearance >60 mL/min) and non-recovered (creati-
nine clearance <60 mL/min) with impaired renal function. 
Creatinine clearance was determined from measurement 
of creatinine in a 24-hour urine specimen and serum 
specimen. 

Statistical analysis
Descriptive statistics, Student’s t-test (for variables 

with normal distribution) and Mann Whitney U test (for 
variables without normal distribution) were used to com-
pare mean values between groups. A multivariate logistic 
regression was performed to evaluate the impact of the 
variables on renal function outcome. P values <0.05 were 
considered significant.

3. RESULTS
A total of 100 patients with diagnosis of AKI were in-

cluded in the study. Considering etiology, patients were 
divided into two groups: patients with AKI of non-septic 
etiology (66 patients) and patients with AKI of septic etiol-
ogy (34 patients). Characteristics of septic and non-septic 
AKI patients are summarized in Table 1. There was no ev-
idence of statistically significant difference in mean values 
of   age and gender between these two groups of patients, 
while hospital stay was significantly longer in septic AKI 
patients (p=0.03). In the group of non-septic AKI patients, 
prerenal type was recognized in 30.3% of patients, while 
intrinsic and postrenal type were detected in 51.5% and 
18.2% of non-septic AKI patients, respectively. Pre-exist-
ing chronic kidney disease had 10.6% of non-septic AKI 
patients and 2.3 greater proportion of septic AKI patients 

(23.5%). Comorbid conditions were present in 70.6% and 
60.6% of septic and non-septic patients, respectively. In 
the group of septic AKI patients, only 8.8% patients un-
derwent RRT, while 24.4% of non-septic AKI patients 
were treated with RRT. The mean hospital stay prior to 
the RRT commencement was significantly longer in septic 
AKI patients when compared to non-septic AKI patients 
(10.6 days vs. 2 days, p=0.03). Average values   of creati-
nine clearance at discharge were significantly lower in the 
group of AKI patients with septic etiology (46.49±3.8 mL/
min) than in the group of AKI patients with non-septic 
etiology (74.52±3.82 mL/min, p<0.001). Septic AKI pa-
tients also had significantly greater proportion of hospi-
tal mortality in comparison to non-septic AKI patients 
(14.7% vs. 3.03%, p=0.04).

Parameters Septic AKI
n=34

Non-septic AKI
n=66

p

Age (years) 67.5 (42.8-72.0) 63.0 (53.5-70.5) ns

Male (%) 40 (60.6%) 16 (47.1%) ns

Hospital stay (days) 22.0 (15.75-28.25) 16.0 (11.0-25.25) 0.03

RIFLE category of AKI

 Risk/Injury/Failure (%) 8.8/17.6/73.5 7.6/12.1/80.3 ns

Type of AKI (%)

Prerenal/Intrinsic/Post-
renal 0.0/100.0/0.0 30.3/51.5/18.2

Pre-existing CKD (%) 23.5 10.6 ns

Comorbid condition (%) 70.6 60.6 ns

Hypertension (n,%) 15/44.1 21/31.8 ns

Diabetes mellitus (n,%) 13/38.2 17/25.8 ns

RRT/Conservative (%) 8.8/91.2 24.2/75.8 ns

Delay in RRT (days) 10.6 (0.0-31.0) 2 (0.0-4.0) 0.03

Duration of RRT (days) 10.0 (2.0-16.0) 8 (7.9-12.0) ns

Creatinine clearance (mL/
min) at discharge 46.49±3.8 74.52±3.82 < 0.001

In-hospital mortality (%) 14.7 3.03 0.04

Table 1. Characteristics of acute kidney injury patients accord-
ing to etiology. Data are presented as median and interquartile 
range or as means and standard deviation. AKI–acute kidney 
injury; n–number; ns–non significant; RIFLE–Risk, Injury, 
Failure, Loss of kidney function and End-stage kidney disease; 
CKD–chronic kidney disease; RRT–renal replacement therapy

Figure 1. Etiology of non-septic acute kidney injury. HRS–
Hepatorenal syndrome; AIN–Acute interstitial nephritis; 
ADHF–Acute decompensated heart failure; ATN–Acute tubular 
necrosis; HFRS–Hemorrhagic fever with renal syndrome
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Figure 1 gives an overview of the most common causes 
of non-septic AKI: lower obstruction of the urinary tract 
(18.18%), Hantavirus hemorrhagic fever with renal syn-
drome (HFRS) (13.64%), hypovolemia due to acute en-
terocolitis (13.64%) and nephrotoxic drug-related acute 
tubular necrosis (ATN) (10.61%).

We monitored factors statistically significant in pre-
dicting outcome of renal function in all patients with AKI, 
and in the groups of septic and non-septic AKI patients, 
separately. Table 2 shows the results of multivariate lo-
gistic regression analysis. Factors statistically significant 
in predicting non-recovering of renal function in all AKI 
patients were sepsis (95% confidence interval 0.128 to 
0.967, p=0.043) and hypertension (95% confidence inter-
val 0.114 to 0.788, p=0.015). Failure was an independent 
predictor of non-recovered renal function in the group 
of septic AKI patients (95% confidence interval 0.026 to 
0.868, p=0.034; Table 3). In the group of non-septic AKI 
patients, only hypertension was independent predictor 
of renal function non-recovery (95% confidence inter-
val 0.064 to 0.824, p=0.024; Table 3). However, in this, 
non-septic AKI group of patients, postrenal type ARI 
was independently associated with the renal function re-
covery. Patients with postrenal type of AKI had 10 times 
more probability to achieve renal function recovery (95% 
confidence interval 1.174 to 92.264, p=0.035; Table 3).

Predictors of cre-
atinine clearance 
<60 mL/min

β coefficient 95% CI (min.-max.) p 

Sepsis 0.353 0.128 0.967 0.043

Hypertension 0.300 0.114 0.788 0.015

Table 2. Significant independent predictors of non-recovered 
renal function in acute kidney injury patients. CI–confidence 
interval

Predictors of creat-
inine clearance <60 
mL/min

β coefficient 95% CI (min.-
max.) p 

Non-septic acute kidney injury patients

Post renal type 10.406 1.174 92.264 0.035

Hypertension 0.230 0.064 0.824 0.024

Septic acute kidney injury patients

Failure 0.150 0.026 0.868 0.034

Table 3. Significant independent predictors of renal function 
outcome in non-septic and septic acute kidney injury patients. 
CI–confidence interval

4. DISCUSSION
Sepsis is a well-known risk factor for the development 

of AKI, but our understanding of the pathophysiology 
of septic AKI is limited. Recent study implies that septic 
AKI may represent unique form of AKI: hyperemic AKI 
(3). In present study, sepsis has proven to be etiological 
factor of AKI development in 34% patients. Bagshaw and 
Daher with their associates (4, 11) estimated that 41.5% 
and 47.5% of patients had sepsis as a contributing fac-
tor to AKI, respectively. Accompanied with heart failure, 
ATN and surgical procedures, sepsis was one of the four 
most common causes of AKI development in the BEST 
Kidney (12) and PICARD study (13). Our study revealed 
that the most common causes of non-septic AKI were 
lower urinary tract obstruction (18.2%), hypovolemia 

due to enterocolitis (13.64%), HFRS (13.64%), nephro-
toxic drug-related ATN (10.61%) and decompensated 
heart failure (9.09%). In comparison to the BEST Kidney 
(12) and PICARD studies (13), present study has shown 
a higher prevalence of HFRS, which can be explained by 
endemic occurrence of HFRS in the Balkans with epidem-
ic outbreaks and sporadic cases that have been recorded 
yearly since the disease was first recognized (14). The 
prevalence of nephrotoxic drug-related ATN in our study 
was lower than in BEST kidney study and PICARD study 
(12, 13), but almost the same as in the study of Daher with 
coworkers (11).

Both conceptually and diagnostically, the various caus-
es of AKI are divided broadly into three anatomic catego-
ries: prerenal, intrinsic, and postrenal. Since AKI of septic 
origin is more likely intrinsic type, we analyzed preva-
lence of prerenal, intrinsic and postrenal type of AKI only 
in the group of non-septic AKI patients. Prerenal type of 
AKI was present in 30.3% of non-septic AKI patients in 
our study. Similarly, prerenal azotemia was singled out as 
a separate etiological factor of AKI development in the 
study of other authors (15) who found prerenal type in 
38.9% of AKI cases.

AKI, as an isolated phenomenon, is not common. More 
than 80% of patients with severe AKI of critical illness 
have associated respiratory and circulatory failure (11). 
We analyzed presence of comorbidities in both followed 
groups of patients. In accordance with previous reports 
(11, 16), our results have shown that septic AKI patients 
have a higher prevalence of comorbid illnesses compared 
to non-septic patients. The main comorbid conditions in 
non-septic AKI patients were hypertension (31.8%) and 
diabetes mellitus (25.8%). In septic AKI group of patients, 
almost every second patient had hypertension (44.1%), 
and more than a third of patients had diabetes mellitus 
(38.2%). Other authors have also confirmed that hyper-
tension and diabetes mellitus were among the five most 
common comorbid conditions in AKI (11).

Recent data have suggested that rates of RRT utiliza-
tion in AKI are increasing (17). However, only 19% of all 
AKI patients included in our study were treated with RRT, 
which is similar with prevalence (12%) found in recent 
survey conducted in 10 Italian ICU (18). Present study 
detected that need for dialysis was greater in patients 
with non-septic AKI, compared to septic AKI patients, 
but without statistical significance (24.2% vs. 8.8%), which 
is consistent with previous reports (19). However, other 
authors (4) found no difference in proportion of RRT in 
septic and non-septic groups of patients. Our patients 
with septic AKI had 5.3 times longer hospital stay before 
initiation of RRT compared with non-septic AKI patients 
(10.6 vs. 2 days, p=0.03). This significant delay in initiation 
of RRT was also registered in the study of Bagshaw and 
associates (4).

Our findings also suggest that septic AKI patients have 
significantly worse outcome of renal function (measured 
by creatinine clearance values at the discharge) and that 
they have significantly longer hospital stay in comparison 
to non-septic AKI patients, which is consistent with data 
of other authors (18). By multivariate logistic regression, 
sepsis was significant predictor of non-recovering of kid-



Renal Function Outcome Prognosis in Septic and Non-septic Acute Kidney Injury Patients

80 Med Arh. 2015 Apr; 69(2): 77-80

ney function in AKI patients. This negative prognostic 
impact of sepsis can be explained by the pathophysiolog-
ical effect of sepsis on the kidney with significant damage 
at the level of the tubules (3). Using multivariate analy-
sis, Failure (as third, the most difficult class of AKI), was 
independently associated with non-recovering of kidney 
function only in the group of septic AKI patients in pres-
ent study. Although our results confirmed that septic AKI 
patients had significantly greater proportion of mortali-
ty when compared with non-septic AKI patients (14.7% 
vs. 3.03%, p=0.04), septic etiology was not proved to be 
predictor of mortality. Maybe this can be explained with 
rather low overall mortality rate in our study (7%). Un-
like our results, sepsis has shown to be strong predictor of 
death in other studies (4, 5).

In accordance with recent findings (19), we found that 
hypertension was independent predictor of adverse renal 
function outcome in all AKI patients and in the group 
of non-septic AKI patients separately. This is not unex-
pected since systemic hypertension is potent contributor 
to the development of arteriosclerosis, tubulointerstitial 
fibrosis and glomerulosclerosis, all of which may hasten 
the decline in kidney function. Opposite to hyperten-
sion, postrenal type of AKI proved to be an independent 
predictor of renal function recovery in non-septic AKI 
group. A possible reason for this finding could be the fact 
that the pathophysiology of lower urinary tract symptoms 
is the result of bladder outlet obstruction, mainly associ-
ated with benign prostatic hyperplasia with no great kid-
ney affection.

5. CONCLUSION
Septic AKI patients are clinically distinct compared 

to non-septic AKI patients with poorer renal function 
outcome. Significant prognostic factor of adverse renal 
function outcome in septic AKI is class Failure, while 
significant predictor of poor renal function outcome in 
non-septic AKI is hypertension. These findings highlight 
the importance of identification of clinical risk factors 
separately in septic and non-septic AKI patients, since 
those patients seem to have not only pathophysiological, 
but also clinical differences. Close monitoring of AKI pa-
tients due to sepsis should be recommended in order to 
improve renal function outcome of these high-risk AKI 
patients.
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