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Abstract: Acute Kidney Injury (AKI) in intensive care unit (ICU) is highly morbid and fatal conditions and patients who 
received dialysis portend even worse outcomes. Current prospective observational study was aimed to evaluate the 
risk factors associated with AKI and dialysis among patients attending ICU during predefined period of six months. 
Predisposing factors were evaluated by using logistic regression. Out of total 1544 patients, 748 (48.4%) had AKI 
while 244 (16%) patients received renal replacement therapy (RRT). Among patients receiving dialysis, 231 were 
having AKI. Old age, diabetes mellitus, mechanical ventilation, use of vasopressors, sepsis, SOFA score >9 and 
high APACHE-II score were significant risk factors of AKI in current study. AKI patients with old age, female gender, 
mechanical ventilation, use of vasopressors, sepsis, score >9 and high APACHE-II were found to be at high risk of 
receiving dialysis in study cohort. ROC curve analysis demonstrated excellent prediction accuracy of regression 
model for AKI (AUC: 0.845, P<0.001) and dialysis (AUC: 0.785, P<0.001). Moreover, AKI and dialysis use was asso-
ciated with higher mortality and prolonged hospital stay present study. Overall mortality in current study was 30.1% 
while mortality among AKI patients receiving RRT was 42.5%. A substantial number of patients attending ICU had 
AKI. Dialysis was initiated among significant proportion of study participants and most of them had AKI. High risks 
patients should be managed aggressively in the first instance. Early identification may cause a dramatic decrease 
in mortality and morbidity could be expected in these high-risk patients.
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Introduction

Acute kidney injury (AKI) encompasses a wide 
spectrum of injury to the kidneys, not just kid-
ney failure. The definition of AKI has changed  
in recent years, and detection is now mostly 
based on monitoring serum creatinine levels, 
with or without urine output. AKI is increasingly 
being seen in primary care in people without 
any acute illness, and awareness of the con- 
dition needs to be raised among primary care 
health professionals [1]. In critical care set-
tings, patients with AKI constitute an important 
subgroup and subjected to higher short and 
long-term mortality, prolonged hospital stay, 
and more resource consumption [2]. Incidence 
of AKI in intensive care unit (ICU) varies from 
20% to 70% according to hospital settings,  
and, among these, patients who undergo re- 
nal replacement therapy (RRT) portend even 
worse outcome [3]. The in hospital mortality 
rate among AKI patients receiving RRT ranges 
50-70%, depending on AKI etiologies. On the 

other hand 25-50% patients with develop ch- 
ronic kidney disease (CKD) after AKI episodes 
without complete recovery of renal function [2- 
4]. Consequently, better understanding of the 
precipitating factors of AKI in these critically ill 
patients is of paramount importance for clini-
cians to reduce the incidence of AKI in ICUs.

About 70% critically ill patients with AKI require 
renal replacement therapy (RRT). There is some 
evidence that early high flux renal replacement 
therapy (RRT) may improve clinical outcomes in 
critically ill patients [5], however there is still 
lack of consensus on definition of AKI and on 
timing of acute RRT initiation [6, 7]. Usually AKI 
patients in ICU are often managed conserva-
tively with intravenous fluids, mechanical venti-
lation, inotropes and diuretics because of limit-
ed health resources and complications related 
to RRT. In such cases, RRT is only initiated when 
major complications of acidosis, fluid overload, 
hyperkalemia or uremia develop. Although RRT 
causes a considerable escalation in the com-
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plexity of treatment and associated with inher-
ent risks for adverse effects and increases cost 
of care for those with severe AKI but still a key 
component of modern critical care [8]. Early 
prediction of the requirement for RRT will use- 
ful to intensivists in managing critically ill pa- 
tients. Additionally, data regarding risk factors 
of dialysis are sparse. In this context, current 
study was conducted to evaluate factors as- 
sociated with AKI and dialysis among patients 
attending ICU.

Methods

Ethical approval

Current study was approved by institutional 
research review committee (Reference: SXT.
GICU/134532/2016). Board specifically appro- 
ved the informed consent waiver due to the 
anonymous, observational and non-interven-
tional nature of the study.

Study location and participants

This prospective monocentric observational 
study was performed among patients attend- 

ing intensive care unit (ICU) of Shanghai 9th 
People’s Hospital, Shanghai, China. A total 
5772 patients were admitted to ICU during  
the period of six months (January 2015 to De- 
cember 2015). Patients with chronic renal in- 
sufficiencies (CRI), severe hypovolemia, miss-
ing demographic and laboratory data or having 
stay less than 48 hours or on renal replace-
ment therapy were excluded preliminary stage 
of the study. A total 1544 patients were inclu- 
ded in final analysis and were followed up until 
discharge or death, whichever occurred first. 
Study process flow diagram with inclusion and 
exclusion criteria is shown in Figure 1.

Data collection

The data collected for each participant includ-
ed demographics, co-morbidities, ICU diagno-
sis, surgical and non-surgical procedures, clini-
cal and laboratory parameters, discharge out-
comes and modalities of RRT. Patients with 
missing data required for the purpose of ana- 
lysis were excluded from the study. Demogra- 
phics included age, gender and other baseline 
standard characteristics. Clinical data included 
patient’s sign and symptoms on hospital ad- 

Figure 1. Study Flow with patient’s 
Exclusion and Inclusion criteria (clas-
sification of patients based upon AKI 
and dialysis treatment).
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mission, co-morbidities and need of mechani-
cal ventilation. Laboratory data included com-
plete blood count (CBC), arterial blood gases 
(ABGs), renal function tests (RFTs) and liver 
function tests (LFTs). Kidney functions were 
assessed by serum creatinine (SCr), urine out-
put and urea while severity of illness was as- 
sessed using Sequential Organ Failure Asse- 
ssment (SOFA), APACHE-II and GSC scores. De- 
mographics and clinical data were recorded on 
the day of admission while laboratory data were 
recorded for each day of hospitalization until 
discharge or death, whichever occurred first. All 
the data was collected by trained researchers 
by using electronic case report form (CRF). All 
the completed CRFs were sent to the principle 
investigator on daily basis via email to check 
the integrity of data collection. All the collected 
data were screened for missing values, incom-
plete details or any further queries before in- 
clusion into statistical analysis. Patients with 
missing data required for analysis were exclu- 
ded from the study (Figure 1).

AKI diagnostic criterion

Acute Kidney Injury Network (AKIN) criterion [9] 
was used to stratify AKI among studied par- 
ticipants (Table 1). Baseline SCr was estima- 
ted with Modification of Diet in Renal Disease 

(MDRD) equation by assuming glomerular fil- 
tration rate as 75 ml/min/1.73 m2 for patients 
without baseline SCr and having no history of 
chronic renal insufficiency (CRI). All the patients 
were stratified into AKI on the basis of SCr and 
urine output (UO), whichever led to worst clas-
sification of AKI. In case of progressive AKI, the 
severe stage of AKI during ICU stay was consid-
ered in final analysis. For patients having recov-
ery of AKI during ICU stay, the worst stage of 
AKI was recorded as final stage. Baseline Scr 
values were calculated in approximately 45% of 
studied population.

Terminologies

The primary diagnosis of patients was subje- 
cted to cause of ICU admission, recorded by 
treating clinician on ICU admission. Definitions 
of primary diagnosis used in current study are 
described in Table 2 [10].

Statistical analysis

The statistical package SPSS (version 20.0) 
was used for all statistical analyses. Continu- 
ous variables were expressed as mean ± stan-
dard deviation (SD) or as median with inter 
quartile range (IQR), while as categorical vari-
ables were expressed frequency along with  

Table 1. Acute Kidney Injury Network (AKIN) criterion for AKI classification
AKI severity staging Criteria
AKIN-I Increase in serum creatinine ≥26.2 μmol/L or increase to ≥150-199% (1.5- to 1.9-fold) from baseline OR urine 

output <0.5 mL/kg/h for ≥6 h

AKIN-II Increase in serum creatinine to 200-299% (>2-2.9 fold) from baseline OR urine output <0.5 mL/kg/h for ≥12 h

AKIN-III Increase in serum creatinine to ≥300% (≥3-fold) from baseline or serum creatinine ≥354 μmol/L with an acute 
rise of at least 44 μmol/L or initiation of RRT or urine output <0.3 mL/kg/h ≥24 h or anuria ≥12 h

Table 2. Primary diagnosis of patients recorded by treating clinician on ICU admission
Primary diagnosis Conditions
Septic and septic shock If sepsis related diagnosis was present

Sepsis Due to infections, pneumonia and gastrointestinal disease or unknown cause of sepsis

Cardiac diagnosis Cardiogenic shock (systolic blood pressure <90 mmHg, absence of hypervolemia and clinical signs of poor tissue 
perfusion i.e. oliguria, cyanosis, cool extremities, altered mentation)
Congestive heart failure (bilateral basal crackles, cardiomegaly, elevated jugular venous pressure)
Cardiac arrest or acute myocardial infarction (rise in troponin and either ischemic chest pain, new ST-T wave 
changes or pathological Q waves on ECG)

Respiratory diagnosis Aspiration syndrome, exacerbation of chronic obstructive pulmonary disease (COPD) or asthma, pulmonary embo-
lism, non-cardiogenic pulmonary edema, primary respiratory arrest and aspiration syndrome

Gastrointestinal hemorrhage Bleeding due to peptic ulcer, varices and diverticulosis

Neurological diagnosis Epidural hematoma, stroke, intra-cerebral hemorrhage, subarachnoid hemorrhage and other neurological causes 
for coma

Metabolic or poisoning causes Non-operative causes of metabolic coma, diabetic ketoacidosis, drug overdose and other endocrinopathies
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proportion (percentage). For the purpose of 
comparison all the patients were grouped into 

AKI/non-AKI and dialysis dependent/dialysis 
independent. Groups were compared by stu-

Table 3. Comparison of clinical and laboratory characteristics (baseline) among patients with and 
without AKI
Variables Total patients N=1544 AKI N=748 Non-AKI N=796 P values
Age (years) 48.2 ± 9.6 64.7 ± 16.7 50.2 ± 11.6 <0.001
SCr (µmol/L) 144.3 ± 19.7 179.6 ± 42.1 85.2 ± 12.4 <0.001
Urea (mmol/L) 18.6 ± 7.2 25.6 ± 4.2 10.8 ± 4.4 <0.001
Male gender 926 (60%) 457 (61.1%) 469 (58.9%) 0.221
Comorbidities
    Hypertension 404 (26.2%) 235 (31.4%) 169 (21.2%) 0.016
    Diabetes 372 (24.1%) 228 (30.5%) 144 (18.1%) <0.001
    Hyperlipidemia 221 (14.3%) 117 (15.6%) 104 (13.1%) 0.172
    Ischemic HD 281 (18.2%) 149 (19.9%) 132 (16.6%) 0.082
    Coronary HD 241 (15.6%) 149 (19.9%) 92 (11.6%) 0.022
    CHF 146 (9.5%) 87 (11.6%) 59 (7.4%) 0.041
    COPD 121 (7.8%) 73 (9.8%) 48 (6 %) 0.036
    Cardiac arrhythmia 171 (11.1%) 99 (13.2%) 72 (9%) 0.031
    Vulvular disease 71 (4.6%) 38 (5.1%) 33 (4.1%) 0.431
    Pulmonary disease 63 (4.1%) 33 (4.4%) 30 (3.8%) 0.093
    Psychiatric disorders 72 (4.7%) 34 (4.5%) 38 (4.8%) 0.281
Treatments
    RRT 244 (15.8%) 231 (31.6%) 13 (1.4%) <0.001
        CRRT 217 (14.1%) 206 (27.5%) 11 (1.4%) 0.001
        Intermittent HD 27 (1.7%) 25 (3.3%) 2 (0.3%) 0.003
    Mechanical ventilation 1092 (70.7%) 600 (80.2%) 492 (61.8%) 0.001
    Vasodilators 232 (15%) 134 (17.9%) 98 (12.2%) 0.040
    Vasopressors 722 (46.8%) 436 (58.3%) 286 (35.9%) <0.001
    Inotropes 294 (19%) 171 (22.9%) 123 (15.5%) 0.027
    Aminoglycosides 109 (7.1%) 70 (9.4%) 39 (4.9%) 0.042
Primary diagnosis in ICU
    Neurological 260 (16.8%) 137 (18.3%) 123 (15.5%) 0.168
    Gastrointestinal 310 (22.3%) 178 (26.7%) 132 (18.4%) 0.036
    GI bleed 98 (6.3%) 20 (2.7%) 78 (9.8%) 0.048
    Cardiovascular 368 (23.8%) 188 (25.1%) 180 (22.2%) 0.069
    Respiratory 322 (20.9%) 167 (22.3%) 155 (19.5%) 0.332
    Malignancies 290 (18.8%) 191 (25.5%) 99 (12.4%) 0.003
    Metabolic 88 (5.7%) 54 (7.2%) 32 (4%) 0.811
    Hepatic 131 (8.5%) 67 (9%) 64 (8%) 0.781
    Sepsis 621 (40.2%) 458 (61.2%) 163 (20.5%) <0.001
    Unknown 79 (11.1%) 41 (10.8%) 38 (11.3%) 0.521
Multiple organ dysfunctions (MODs) 156 (10.1%) 101 (13.5%) 55 (6.9%) 0.033
SOFA score 14 ± 2 22 ± 3 15 ± 4 0.014
SOFA score >9 922 (59.7%) 588 (78.6%) 334 (42%) <0.001
APACHE II score 43 ± 4 50 ± 7 38 ± 4 0.002
GCS 10 ± 2 13 ± 2 9 ± 3 0.020
ICU stay (days) 13 ± 3 17 ± 3 5 ± 2 <0.001
Mortality 465 (30.1%) 318 (42.5%) 147 (18.5%) <0.001
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dent t test, Kolmogorov-Smirnov test, Chi-Squ- 
are test or Mann-Whitney U test, where appro-
priate. Logistic regression analysis was app- 
lied to determine independent risk factors of 
AKI and dialysis. In univariate analysis, the vari-
ables having P values <0.25 were considered 
as candidates multivariate regression analysis 
[11, 12]. Variables with p values <0.05 were 
considered final predictors of AKI and dialysis 
in current study. All the variables were deemed 
to be significant if p values were less than 0.05.

Results

A total 4228 out of 5772 patients were exclud-
ed due to the various reasons (2129 patients 
staying less than 48 hours in ICU, 697 patients 
with age less than 18 years, 78 patients with 
hypovolemia, 320 patients with CKD, 121 pa- 
tients having dialysis before getting admit to 
ICU, 4 patients with renal transplant and 879 
patients with missing data required for analy-
sis) (Figure 1). After applying exclusion criteria, 
1544 patients (mean age: 48.2 ± 9.6 years) 
were included into the final analysis. Most of 
the patients had sepsis (40.2%) as primary 
diagnosis on ICU admission followed by car- 
diovascular (23.8%), gastrointestinal (22.3%) 
and respiratory (20.9%) reasons of ICU admis-
sion (Table 3).

The incidence of AKI in current study was 
48.4% (n=748/1544). Based upon AKIN crite-
rion, most of the patients had AKIN-III (382/ 
748, 18.9%) followed by AKIN-II (225/748, 

ed with AKI, a comparison between patients 
with and without AKI was performed (Table 3).

Patients having AKI were older (P<0.001) than 
those who did not develop AKI, while gender 
was equally distributed among patients with 
and without AKI (P=0.221). Likewise, patients 
with AKI had higher proportion of comorbidi- 
ties and among them hypertension, diabetes 
mellitus (DM), coronary heart disease (CHD), 
congestive heart failure (CHF) and chronic ob- 
structive pulmonary disease (COPD) was sig- 
nificantly associated with AKI. Most of the pa- 
tients in current study were diagnosed with 
sepsis (40.2%) on ICU admission and AKI was 
found to be significantly associated with sep-
sis. Moreover, gastrointestinal and malignan-
cies diagnosis on ICU admission were promi-
nent among patients with AKI. Patients with 
higher SOFA, APACHE-II and GSC scores were 
also associated with AKI in our study cohort.

Mean duration of ICU stay was 13 days and 
patients with AKI had significantly prolonged 
ICU stay as compared to non-AKI (P<0.001). 
Similarly, mortality rate in AKI group was more 
than twice as compared to non-AKI group (P< 
0.001). Patients with AKI had worse clinical 
presentations and poor prognoses during ICU 
stay compared to the patients without AKI. We 
found abnormal recordings of renal functions 
tests, hepatic function tests, complete blood 
count, arterial blood gasses and urinalysis 
were significantly higher in AKI patients than 
non-AKI. Similarly, prevalence of multiple organ 

Table 4. Predisposing factors of AKI according to multi-
variate logistic regression

Variables B Odds 
ratio

95% confidence 
interval

P  
values

Old age* 0.989 2.5 1.6-4.1 0.001
Diabetes mellitus 0.672 2.7 1.2-6.3 0.023
Mechanical ventilation 0.433 1.6 0.6-4.7 0.031
Vasopressors 1.321 3.2 2.1-8.4 0.047
Inotropes 0.532 2.2 0.9-3.9 0.071
Malignancies 0.401 1.9 1.1-6.5 0.062
Sepsis 2.561 7.2 5.7-11.2 <0.001
SOFA score >9 0.882 4.4 2.9-7.3 0.040
High APACHE II score 1.041 3.0 1.4-4.8 0.001
Hypertension, coronary heart disease, CHF, COPD, cardiac arrhythmia, 
use of vasodilators and aminoglycosides, gastrointestinal reasons of 
ICU admission, multiple Organ dysfunctions (MODs) and high GSC on 
baseline had P>0.25, hence excluded from multivariate analysis. *Age 
greater than 60 years.

30.1%) and AKIN-I (141/748, 51.1%). 
Out of total patients with AKI, 42 
patients developed AKI by AKIN criteri-
on of elevation of SCr within 48 hours 
and these patients were belonged to 
AKIN-I stage. Among AKI patients, 
about 90 had AKI on ICU admission 
while remaining 10% developed AKI 
during their stay in ICU. Approximately, 
18% with AKIN-II on ICU admission 
were progressed to AKIN-III during ICU 
stay and only 3% (n=22) patients with 
AKIN-I progressed to AKIN-II (n=16)  
and AKIN-III (n=6). Patients with AKIN- 
II had higher risks (Odds ratio: 3.9, P< 
0.001) of disease progression in while 
patients with AKIN-I had 1.5 (P=0.025) 
times more odds of developing AKIN-I 
and AKIN-II in current study. In order to 
evaluate factors significantly associat-
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dysfunctions (dysfunctions of more than 2 
organs) was also significantly higher among  
AKI patients (P=0.033).

The variables that were statistically significant 
and clinically relevant were subjected to logistic 
regression. Univariate analysis was performed 
on 19 variables and among them 9 variables 
with p values less than 0.25 were included in 
multivariate analysis. Out of these nine vari-
ables, 7 were found to be independent predic-
tors of AKI in present study (Table 4). 

Multivariate logistic regression analysis show- 
ed that patients with old age, diabetes mellitus, 
mechanical ventilation, use of vasopressors, 
sepsis, high SOFA and APACHE II scores on ICU 
admission had more likelihood of development 
of AKI in our study. Use of inotropes and malig-
nancies were significantly associated with AKI 
in unadjusted analysis but failed to demon-
strate any association in multivariate adjusted 
analysis. We also performed sub group analy- 
sis of these variables to determine risk factors 
of severe AKI (AKIN-III) in our study. Multivariate 
analysis showed presence showed that pres-

dosis, hyperkalemia and symptomatic uremia. 
Approximately 95% patients with AKI received 
dialysis, so the comparison between patients 
with and without dialysis was not performed 
because it would be same comparison as we 
did in Table 3. Therefore, we compared only AKI 
patients with and without dialysis in Table 5. 

Most of the patients receiving dialysis (225/ 
231) were belonged to AKIN-III stage, while  
dialysis was initiated in 6 patients with AKIN- 
II due to accompanied complications. AKI pa- 
tients who received dialysis were older and 
have higher preponderance of female gender 
than non-dialysis dependent AKI. Diabetes  
mellitus, CHF and COPD were more common 
among AKI patients receiving dialysis. AKI pa- 
tients who had sepsis as primary diagnosis on 
ICU admission were associated with dialysis 
treatment (P<0.001). Similarly, patients receiv-
ing dialysis were more severe as indicated by 
high SOFA, APACHE II and GSC scores as com-
pared to AKI patients without dialysis. Dialysis 
led to longer ICU stays and higher mortality 
among AKI patients (P<0.001) (Table 5). 

Figure 2. ROC curve analysis for prediction model of AKI [Area under Curve 
(AUC): 0.845, P<0.001, Sensitivity: 0.783, Specificity: 0.862, Cutoff predict-
ed probability value: 5.244].

ence of old age [OR (95%  
CI): 2.2 (1.3-4.5), P=0.001], 
mechanical ventilation [OR 
(95% CI): 3.1 (2.3-7.3), P< 
0.001], sepsis [OR (95% CI): 
4.2 (1.8-6.3), P<0.001] and 
multiple organ dysfunctions 
[OR (95% CI): 2.4 (1.4-5.5), 
P=0.002] was associated 
with AKIN-III. ROC curve anal-
ysis demonstrated excellent 
prediction (area-under-curve: 
0.915, 95% CI: 0.901-0.981, 
P<0.001) accuracy of regres-
sion model for AKI (Figure 2).

Approximately 16% patients 
(n=244) received RRT in cur-
rent study and among them 
231 were belonged to AKI. 
Most of the patients (217/ 
244) received continuous 
renal replacement therapy 
(CRRT) while intermittent he- 
modialysis (IHD) was used in 
27/244 patients. Only 13 pa- 
tients without AKI received 
RRT due to various reasons 
including hypervolemia, aci-
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A total twelve variables were analyzed in  
univariate analysis, among them 9 variables 
with P<0.25 were subjected to adjusted ana- 
lysis. Final logistic regression model showed  
7 significant variables associated with dialysis 
among AKI patients (Table 6). Among these, 
presence of sepsis, mechanical ventilation, 
high SOFA and APACHE scores were significant 
predictors of dialysis among AKI patients. 
Though diabetes mellitus (OR 2) and MODs  
(OR 1.6) showed association with dialysis in 
univariate analysis but failed to demonstrate 
such association in multivariate adjusted anal-
ysis. ROC curve analysis demonstrated excel-
lent prediction (area-under-curve: 0.847, 95% 
CI: 0.793-0.900, P<0.001) accuracy of regres-
sion model for AKI (Figure 3).

The overall mortality in current study was 30.1% 
(465/1544). Patients with AKI were significant-
ly associated with mortality in our study (Table 
3). Similarly, AKI patients with dialysis had high-
er mortality rate as compared to AKI patients 
without dialysis (Table 5). We did not perform 
logistic analysis to evaluate predictors of mor-
tality because it was beyond the study scope. 
However, in a separate series, we are assess-
ing several factors associated with ICU related 
mortality and results will be shared once com- 
pleted. 

Discussion

We conducted single center study with ICU 
patients to characterize AKI, stratified by AKIN 

Table 5. Comparison of clinical and laboratory characteristics (baseline) among AKI patients with and 
without dialysis

Variables Total patients with 
AKI N=748

AKI patients + RRT 
N=231

AKI patients-RRT 
N=517 P value

Age (years) 64.7 ± 16.7 67.3 ± 7.8 62.4 ± 5.5 <0.001
SCr (µmol/L) 179.6 ± 42.1 202.4 ± 19.3 162.5 ± 10.4 <0.001
Urea (mmol/L) 25.6 ± 4.2 29.8 ± 7.4 25.3 ± 6.6 <0.001
Gender
    Male 457 (61.1%) 142 (61.5%) 315 (60.9%) 0.632
    Female 291 (38.9%) 113 (48.9%) 178 (34.4%) 0.001
    Comorbidities
    Hypertension 235 (31.4%) 78 (33.8%) 157 (30.4%) 0.072
    Diabetes 228 (30.5%) 82 (35.5%) 146 (28.2%) 0.013
    Hyperlipidemia 117 (15.6%) 34 (14.7%) 77 (14.9%) 0.872
    Ischemic HD 149 (19.9%) 51 (22.1%) 98 (19%) 0.092
    Coronary HD 149 (19.9%) 46(19.9%) 103(19.9%) 1.000
    CHF 87 (11.6%) 34 (14.7%) 53 (10.3%) 0.030
    COPD 73 (9.8%) 29 (12.6 %) 44 (8.5 %) 0.041
Treatments
    Mechanical ventilation 600 (80.2%) 218 (94.4%) 382 (73.9%) <0.001
    Vasodilators 134 (17.9%) 45 (19.5%) 89 (17.2%) 0.062
    Vasopressors 436 (58.3%) 188 (81.4%) 348 (67.3%) <0.001
    Inotropes 171 (22.9%) 58 (25.1%) 113 (21.9%) 0.051
    Aminoglycosides 70 (9.4%) 25 (10.8%) 45 (8.7%) 0.077
Multiple organ dysfunctions (MODs) 101 (13.5%) 45 (19.5%) 56 (10.8%) 0.016
Sepsis 458 (61.2%) 210 (90.9%) 248 (48%) <0.001
SOFA score 22 ± 3 23 ± 2 28 ± 1 <0.001
SOFA score >9 588 (78.6%) 218 (94.4%) 370 (71.6%) <0.001
APACHE II score 50 ± 7 51 ± 4 46 ± 7 <0.001
GCS 13 ± 2 14 ± 4 13 ± 4 0.042
ICU stay (days) 17 ± 3 20 ± 4 14 ± 3 <0.001
Mortality 318 (42.5%) 138 (59.7%) 180 (34.8%) <0.001
P values are calculated by chi-square test or student t test, where appropriate Abbreviations. 
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classification and evaluate various factors as- 
sociated with the development of AKI and dia- 
lysis. In the present study, 48.4% patients de- 
veloped AKI, which was associated with pro-
longed ICU stay and increased mortality, com-
pared with those who did not develop AKI. The 

mate baseline SCr and therapeutic interven-
tions [18]. We used AKIN criterion in current 
study because it also identified patients with 
an abrupt increase in SCr (26.4 umol/L) during 
hospital stay and identified patients with slight 
increase in creatinine levels [19, 20]. On the 

Table 6. Risk factors of dialysis among AKI patients according to 
multivariate logistic regression

Variables B Odds 
ratio

95% confidence 
interval

P  
values

Old age* 0.821 2.3 1.8-4.7 0.001
Female 0.562 1.8 1.2-6.9 0.022
Diabetes -0.031 1.7 0.7-7.3 0.189
Mechanical ventilation 1.033 3.8 2.2-9.3 0.002
Vasopressors 0.718 2.1 1.5-5.5 0.015
Multiple organ dysfunctions (MODs) 0.211 1.5 0.8-2.4 0.452
Sepsis 1.412 4.7 3.1-7.8 <0.001
SOFA score >9 0.895 3.2 2.4-6.1 0.001
High APACHE II score 0.786 2.6 1.6-4.2 0.026
Congestive heart failure, COPD and high GSC score were excluded from multivariate 
analysis due to p values greater than 0.25. Presence of diabetes and MODs were 
insignificant in multivariate analysis. *Age greater than 60 years.

Figure 3. ROC curve analysis for prediction model of dialysis among AKI pa-
tients [Area under Curve (AUC): 0.785, P<0.001, Sensitivity: 0.712, Specific-
ity: 0.801, Cutoff predicted probability value: 4.144].

prevalence of AKI varies 
according to methodology 
and location of the studies. 
Additionally, AKI diagnostic 
criteria, availability of ba- 
seline SCr values and het-
erogeneous population of 
studies are some other  
factors related to variability 
of AKI incidence and char-
acteristics across studies 
[13]. Various studies report-
ed AKI among 41.3% [14] 
and 53.2% [15] patients at- 
tending ICU by using RIFLE 
(Risk, Injury, Failure, Loss  
of Function, End stage) cri-
terion. Lou et al. compared 
three diagnostic criteria of 
AKI and found highest inci-
dence (51%) by using KD- 
IGO (Kidney disease impro- 
ving global outcomes) crite-
rion, followed by 46.9% by 
RIFLE and 38.4% by AKIN 
criteria [16]. Despite avail-
ability of vast literature, 
true incidence of AKI in ICU 
is still unknown that war-
rants need of randomized 
controlled trials. However, 
current study demonstrat-
ed high incidence of AKI in 
patients seeking medical 
care in ICU. Such high pro-
portion of patients is not 
only related to increased 
morbidity or mortality but 
also to increased hospital 
expenditure and burden on 
health care system [17]. 

A recent increase in report-
ed incidence of AKI can be 
observed and it might be 
contributed to availability of 
aggressive diagnostic crite-
ria, efforts made to esti-
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other hand, RILFE criterion does not classify 
such small increase in SCr and may lead to 
under-estimation of AKI cases [21].

It has been documented that transient incre- 
ase in serum creatinine is associated with in- 
creased mortality and poor outcomes [21, 22]. 
Therefore, early identification of AKI cases will 
be of paramount importance to reduce morbid-
ity and mortality. We found that patients with 
AKI were severely ill as demonstrated by high 
SOFA, APACHE-II and GCS scores on ICU ad- 
mission (Table 3) and had higher mortality  
rate (42.5%) and prolonged ICU stay (17 ± 3 
days). Early identification of these patients will 
not only reduce morbidity and mortality but 
also economic burden on health care system. 
Logistic regression analysis showed that pa- 
tients with old age (≥60 years), diabetes melli-
tus, mechanical ventilation, vasopressors use, 
sepsis and high SOFA and APACHE-II scores  
on ICU admission were significantly associated 
with AKI (Table 4). Old age is well defined risk 
factor of occurrence of AKI and related to com-
promised kidney function due to aging induc- 
ed physiological and pharmacokinetic chang- 
es. Moreover, elderly patients have comorbid 
conditions for which they are using medica- 
tions including nephrotoxic drugs and it make 
them more susceptible of AKI [1]. The need  
of mechanical ventilation and vasopressors is 
associated with severity of illness as denoted 
by high SOFA and APACHE-II scores. Such pa- 
tients also had multiple organ dysfunctions in 
our study and it might be reasons that these 
patients had higher odds of AKI in present 
study [23]. The predisposing factors in current 
study are consistent with various other similar 
studies evaluating predictors of AKI in ICU [23, 
24].

Sepsis as primary diagnosis on ICU admission 
was present in most of the studied partici- 
pants (40.2%) followed by cardiovascular, gas-
trointestinal and respiratory diagnoses. Gas- 
trointestinal, malignancies and sepsis as pri-
mary diagnosis on ICU admission were asso- 
ciated with the development of AKI (Table 4). 
However, only sepsis was found to be a stron-
gest risk factor of AKI where patients with sep-
sis diagnosis had 7.2 times more risk of AKI 
while malignancies and gastrointestinal diag-
nosis failed to demonstrate any risk predict- 
ion in logistic regression (Table 3). The findings 
are consistent with the results reported by 

Wijewickrama et al. [9]. AKI in ICU is multifa- 
ctorial and true etiology is still needed to be 
evaluated [14, 15, 25]. Primary diagnosis on 
ICU admission may vary from clinicians to clini-
cians; therefore we suggest studies with well-
defined diagnostic criteria in order to determine 
the exact cause of AKI.

Patients with AKI in ICU are usually managed 
with conservative treatments or RRT. Conser- 
vative treatment includes management of vol-
ume, electrolyte and acid-base homeostasis 
and specific drug management. Renal replace-
ment therapy (RRT) is indicated for manage-
ment of specific problems such as volume  
overload, hyperkalemia, acidosis and symp-
toms of uremia [26]. Because of limited health 
resources and complications associated with 
RRT, many critically ill patients with AKI are 
often managed conservatively with mechanical 
ventilation, inotropes, diuretics and intrave-
nous fluids; RRT is usually initiated when ma- 
jor complications of fluid overload, acidosis, 
uraemia or hyperkalaemia develop. Early pre-
diction of the requirement for acute RRT will  
be useful in ICU where physicians have exces-
sive workload. Therefore, we determine seve- 
ral risk factors of dialysis treatment in current 
study. In present study, most of the patients 
who received RRT had AKI and only 13 pa- 
tients without AKI required RRT during ICU  
stay. However, we excluded these 13 patients 
from analysis and comparison was performed 
among AKI patients with and without dialysis 
(Table 5). If we compare patients receiving  
dialysis therapy (n=244) with those without 
dialysis (n=1300), then it would be more or  
less same comparison as we performed in 
Table 3 (AKI versus non-AKI). In this context, 
current study determined risk factors of dialy- 
sis treatment among AKI patients.

AKI patient with old age were found to be sig-
nificantly associated with dialysis treatment 
where the risk of dialysis initiation was 2.3 
times as compared to their younger counter-
parts (Table 6). Similar findings were report- 
ed by Elsevier and co-workers that AKI pa- 
tients requiring RRT were significantly older 
than those who did not need RRT in ICU [26, 
27]. We also identified that female patients 
were associated with a higher risk of dialysis 
requiring AKI and similar findings have been 
reported by Doddakula et al. [27]. Other risk 
factors of dialysis initiation were mechanical 
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ventilation, vasopressors and high disease 
severity scores (Table 6). The severity of dis-
ease, as evaluated by recognized prognostic 
scales in ICU, considerably affects the risk of 
dialysis treatment [28]. The results of current 
study also showed increased risk of dialysis 
with high SOFA (OR: 3.9) and APACHE-II (OR: 
2.6) scores. These results are also in concor-
dance with the findings of Czempik et al. where 
odds of dialysis increased 1.12 times with each 
5 score increase [29]. Need of mechanical ven-
tilation and vasopressors denote seriously ill 
patients as evidenced by the high GSC, APAC- 
HE-II and SOFA scores and these patients had 
2.1 to 3.8 times higher risks of dialysis in pres-
ent study. These findings are consistent with 
other studies conducted in ICU [27]. It is worth-
while to mention that ventilation duration is  
correlated with development of AKI as well as 
with dialysis initiation. Doddakula et al., found 
that ventilator duration and pulmonary compli-
cations are significantly associated with RRT 
risk [27]. Impact of nor-adrenalin, furosemide, 
antibiotic, activated protein C and intubation on 
development of AKI and dialysis initiation has 
also been evaluated by various studies [29, 
30]. Unfortunately, these variables were not as- 
sessed in current study. We suggest the evalu-
ation of different treatment modalities for their 
association with the development of AKI and 
dialysis initiation.

Presence of congestive heart failure and COPD 
was associated with dialysis in present study. 
However, these variables failed to predict dia- 
lysis treatment among AKI patients in logis- 
tic regression. These results are in agreement 
with other findings evaluating different factors 
of RRT need among AKI patients [27]. Diabetes 
mellitus were found to be significantly associ-
ated with dialysis need in unadjusted analy- 
sis but failed to demonstrate such association 
in adjusted model (Table 6). Faulke et al. have 
also reported association of diabetes mellitus 
with RRT but the results of their logistic regres-
sion were in accordance with our findings (OR: 
18.3, P=0.08) [30]. 

AKI patients who received RRT were found to 
be associated with higher mortality rate and 
prolonged hospital stay in our study. These find-
ings suggest that dialysis initiation is asso- 
ciated with not only dialysis-related complica-
tions but also with higher costs to the patients 
as well as to the health care system. Therefore, 

decision to start RRT should be considered with 
great care by taking into account the patient’s 
conditions. However, there is still controver- 
sy regarding timing of dialysis initiation that 
needs further studies to make final conclusion 
in clinical practice. Karvellas and colleagues  
in a meta-analysis suggested that earlier in- 
stitution of RRT in critically ill patients with AKI 
may have a beneficial impact on survival [31]. 
However, their conclusion is based on hetero-
geneous studies of variability quality, recom-
mending dire need of suitably designed studies 
to draw definitive treatment recommendation.

Overall mortality in present study was 30.1%. 
Presence of AKI and need of dialysis were 
found to be significantly associated with mor-
tality and these findings are consistent with 
other studies [14, 15]. Out of 465 fatal cases, 
318 (68.4%) patients had AKI and among  
them 278 patients had AKIN-III, 38 had AKIN- 
II and 2 had AKIN-I. A total 138 out of 465 pa- 
tients were on dialysis therapy [32]. These find-
ings suggest strong association of AKI and dial-
ysis need with mortality. We did not perform 
analysis on death cases due to the scope of 
study but we strongly suggest early identifica-
tion of predictors of death will be of great value 
in reducing mortality in ICU. However, we are 
currently working on a series evaluating predis- 
posing factors of mortality among ICU patients.

There are some potential limitations accom- 
panied by the study. Being an observational 
study, it is prone to biases. We used two in- 
dependent investigators to collect data from 
both electronic and clinical records to reduce 
selection and detection biases. However, we 
cannot exclude significant performance bias  
in this study. Initiation of dialysis treatment  
is usually at discretion of attending physician, 
so the result of current study might be biased 
toward clinician’s decision of RRT initiation. 
Hence, there is no definite criterion to start  
RRT and it only depends on patient’s entire 
condition. On the other hand, in our institu- 
tion, nephrologists follow KDIGO guidelines to 
manage AKI patients taking into account of 
good clinical practices (KDIGO). We used the 
simplified MDRD formula to estimate baseline 
serum creatinine for patients without values. 
This can lead to under or over estimation of  
AKI cases and may affect true incidence of  
AKI in our study. We did not evaluate impact of 
several treatment modalities in current study. 
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Additionally, our study lacks post-discharge fol-
low-up of patients. However, current study is 
strengthening by population size and exten- 
sive analysis of possible variables to predict 
AKI and dialysis.

In conclusion, half of the patients attending ICU 
in current study had AKI defined by AKIN crite-
rion. Severely ill elderly patients with diabetes 
mellitus diagnosed with sepsis on ICU admis-
sion and receiving mechanical ventilation and 
vasopressors at baseline were at high risk of 
AKI development. Dialysis was initiated among 
substantial proportion of study participants 
and most of them had AKI. Old age, female gen-
der, need of mechanical ventilation and vaso-
pressors, sepsis as primary diagnosis on ICU 
admission and high disease severity scores 
were independent predisposing factors of dialy-
sis treatment. Both AKI and dialysis therapy 
were associated with high mortality rate and 
prolonged ICU stay. High risk patients should 
be managed aggressively in the first instance. 
Early identification may cause a dramatic de- 
crease in mortality and morbidity could be ex- 
pected in these high-risk patients.
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