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Abstract
Background There is a paucity of studies in acute kidney injury in the intensive care unit, particularly in Sudan. Objectives 
The current study has estimated the incidence; risk factors and outcomes of subjects with acute kidney injury developed 
during admission to the intensive care unit at Fedail Hospital, Khartoum, Sudan. Methodology This was a cross-sectional 
study conducted in the intensive care unit during the period from July 2018 to June 2019. The data was collected from the 
clinical profiles of all adult subjects’ who have met the published criteria for acute kidney injury. Analysis of association 
(Chi square test χ2) and multivariate logistic regression were used to analyze data. Main outcome measure The development 
of acute kidney injury during the subjects’ stay in the intensive care unit, length of hospital stay and death. Results From 
a total of 187 subjects admitted to the intensive care unit; only (105, 56.2%) have met the inclusion criteria (mean age was 
61 ± 3.5 years). The main finding of the study was the high incidence of acute kidney injury 39%. The major significant pre-
dictors for the development of acute kidney injury with respective odds ratio (OR) were: sepsis (OR 7.5 [95% CI 3–19.7]; P 
.001); hypovolemia (OR 5.1 [95% CI 2–15.7]; P .001); chronic cardiovascular diseases (OR 3.4 [95% CI 1.2–9.4]; P .017); 
age > 60 years (OR 2.7 [95% CI 1.2–6.3]; P .018); diabetes mellitus (OR 2.6 [95% CI 1.2–6]; P .02); hypertension (OR 2.4 
[95% CI 1.2–5.4]; P .028); and renal replacement therapy (OR 0.2 [95% CI 0.15–0.3]; P .001). The length of hospital stay 
within the AKI cohort was (6.7 ± 3.8; [range 2–17]) and the mortality rate was (36, 87.8%). Conclusion The major significant 
predictors for the development of acute kidney injury in the intensive care unit were: sepsis; hypovolemia; chronic cardio-
vascular diseases; age > 60 years; diabetes mellitus; hypertension; and renal replacement therapy. Sepsis and hypovolemia 
were common etiologies for acute kidney injury post-admission to the intensive care unit. Acute kidney injury was associated 
with increased length of hospital stay and a very high absolute mortality rate.
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Impacts on practice

• Identifying the risk factors for the development of acute 
kidney injury will assist healthcare professionals in 
implementing preventive strategies.
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• Prevention strategies will decrease hospital length of stay 
and will improve short-term survival.

• The stratification of subjects admitted to the intensive 
care unit for the risk of acute kidney injury should be 
based on their susceptibilities and exposures.

• The increased mortality of subjects with acute kidney 
injury has an impact on the population health outcomes.

• The presence of the clinical pharmacist within the inten-
sive care unit will assist in early stratifying subjects with 
acute kidney injury and will ensure the implementation 
of the protocol.

Introduction

The clinical guidelines from Kidney Disease Improving 
Global Outcomes (KDIGO) define acute kidney injury 
(AKI) as a subgroup of acute kidney diseases (AKD) and 
disorders, and classify AKI according to severity (stages) 
and cause, which impacts both prognosis and manage-
ment [1]. The clinical outcome of AKI involves morbidity 
(chronic kidney disease [CKD] and end-stage renal failure 
[ESRF]), mortality, and considerable cost to population 
health [1]. Globally, AKI affects over 13 million people per 
year and results in 1.7 million deaths [2, 3]. Four in five 
cases of AKI occur in the developing world [2, 3]. Geo-
graphical, etiological, cultural, and economic reasons may 
underlie potential disparities in the risk of AKI between and 
within higher and lower-income countries.

In a systematic review (cohort studies) of AKI, was con-
ducted to estimate the world incidence of AKI and its stages 
of severity and associated mortality, and to describe geo-
graphic variations according to countries, regions, and their 
economies. The pooled incidence rate of AKI was 21.6% 
(95% confidence interval [CI], 19.3–24.1%); with 10% 
required dialysis and with the highest rate in critical care 
settings (32%) [4]. Other studies, in subjects admitted to the 
hospital, one-third of AKI cases were hospital-assimilated 
[5, 6].

AKI is diagnosed in up to 20% of hospitalized subjects 
[5], and in 30–60% of critically ill subjects [7, 8]. AKI is 
the most frequent cause of organ dysfunction in intensive 
care units (ICUs) and the occurrence of even mild AKI is 
associated with a 50% higher risk of death [9]. AKI results 
in a significant burden for the society in terms of health 
resource use during the acute phase, and the potential long-
term sequelae including the development of CKD and kid-
ney failure in ICU [10, 11]. The International Society of 
Nephrology has called the nephrology and the broader health 
care community to work collaboratively to develop effec-
tive programs to stem the tide of preventable deaths due 
to untreated AKI in developing countries. The “0 by 25” 

initiative has been launched with a goal that no one should 
die of untreated AKI by 2025 [12].

Rationale

Despite the consensus in the definition of AKI, there are still 
huge variations in its incidence and the associated risk fac-
tors. Therefore, exploring the variations in the risk of AKI 
will assist in understanding the contributory common risk 
factors and the confounders.

Objectives

The current study has estimated the incidence; risk factors 
and outcomes of subjects with AKI developed during admis-
sion to the ICU at Fedail Hospital, Khartoum, Sudan.

Ethics approval

The study protocol was approved by the Faculty of Pharmacy 
Research Board (Research Ethics Committee, No. 1/4/2018), 
at the Faculty of Pharmacy, Khartoum University-Sudan. 
Consent was provided by all subjects and informed confiden-
tiality and anonymity of participant’ information has been 
assured.

Methods

This was a cross-sectional study conducted within the ICU 
during the period from July 2018 to June 2019. The data 
was collected from the clinical profiles of all adult subjects’ 
who have met the published criteria for AKI. The inclusion 
criteria were: > 18 years; not presenting with AKI at admis-
sion to the ICU, and developed AKI during ICU stay period. 
The following subjects were excluded: subjects with kidney 
transplantation or organ donors, subjects with prior CKD or 
ESRF, and subjects who were readmitted to the ICU.

The total numbers of subjects admitted to ICU at Fedail 
hospital during the study period were 187. The total num-
bers of subjects who have met the inclusion criteria were 
105. This was illustrated in a diagram including the number 
of subjects who have developed AKI (Fig. 1).

The diagnosis of AKI was based on the rise in serum cre-
atinine and/or fall in urine output. The KDIGO staging for 
the severity of AKI was used to classify the different three 
stages of AKI (“Appendix 1”). According to changes in the 
serum creatinine and the urine output, AKl has been clas-
sified by various criteria such as the Risk, Injury, Failure, 
Loss, and End-stage renal disease (RIFLE), AKI Network 
(AKIN), and Kidney Disease Improving Global Outcomes 
(KDIGO) (“Appendix 2”). The definitions of AKI were 
included in “Appendix 3”.
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The clinical practice guidelines for AKI set by the Kidney 
Disease Improving Global Outcomes (KDIGO) were used 
for defining and staging the severity of AKI [1]. Our hospital 
uses published clinical practice guidelines for severe sepsis 
and septic shock. This criterion was set by the Surviving Sep-
sis Campaign (SSC) for the management of severe sepsis and 
septic shock [13].

Statistical analysis

Descriptive statistical analyses were used to summarize the 
result (mean standard deviation [SD]). Analysis of association 
(Chi squared test χ2) and multivariate logistic regression were 
used to analyze data using statistical package for social science 
software (SPSS version 23). The odds ratio (OR) and 95% con-
fidence interval (CI) were executed to assess the independent 
risk factors for the development of AKI. P value < 0.05 was 
considered statistically significant.

Results

Description of the study population

A total of 187 subjects were admitted to ICU at Fedail 
hospital during the study period. Of these (105, 56.2%) 
with a mean age of 61 ± 3.5 years have met the inclusion 
criteria. Slightly more than half of the subjects were males 
(59, 56.2%). The majority of the subjects have had normal 
kidney functions (64, 61.0%) throughout the study while 
(41, 39.0%) have had developed AKI during their stay at 
the ICU. The majority of subjects who have developed 
AKI were males (25, 60.9%) with age greater than 60 years 
(n = 32, 52.5%). The severity grading of AKI was mainly 
staged 1 (45.5%) and stage 2 (54.5%). The distribution of 
subjects’ age, age groups, and gender dichotomized on 
AKI and non-AKI was presented in Table 1.

Fig. 1  Descriptive diagram for 
subjects admitted to the ICU 
during the study period. AKI 
Acute kidney injury, ICU inten-
sive care unit, ESRD end stage 
renal disease

Total number of subjects admitted to ICU during the study period
(187)

↓

↓

↓

↓

Number of subjects excluded from the study
82 (43.8%)

AKI prior to ICU admission (54/82, 65.9%)
ESRD (9/82, 11.0%)
<18 years (12/82, 14.6%)
incomplete medical records (5/82, 6.1%)
renal transplantation (2/82, 2.4%)

Number of subjects included in 
the study

105 (56.2%)

Subjects with normal kidney functions 
during staying in the ICU

AKI free
(64, 61.0%)

Subjects who have had 
developed AKI during 

staying in the ICU
(41, 39.0%)
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Within all subjects, hypertension was the most frequent 
comorbidity (45, 42.8%), followed by diabetes mellitus (37, 
35.2%), chronic cardiovascular diseases (27, 25.7%), pre-
existing CKD (23, 22.0%), and respiratory diseases (15, 
14.3%), with subjects having more than one comorbidity. 
Within the subjects who have had developed AKI, hyperten-
sion was most frequent comorbidity (23, 56.0%), followed 
by diabetes mellitus (20, 48.8%), chronic cardiovascular 
diseases (19, 46.3%) and pre-existing CKD (18, 44.0%) 
(Table 1).

Subjects in this study were taking calcium channel block-
ers (18, 43.9%), antibiotics (15, 36.6%) such as vancomycin 
(11, 26.8%) and others (e.g. ciprofloxacin, rifampin, acyclo-
vir, amikacin),, thiazide diuretics (14, 34.1%), angiotensin-
converting enzyme (ACE) inhibitors/angiotensin receptor 
blockers (ARBs; [19, 22.0%]), chemotherapy (8; 19.5%), 
non-steroidal anti-inflammatory drugs [NSAIDs] (6, 14.6%), 
and radiocontrast media (3, 7.3%).

Some of the above-mentioned medications have been 
either added or continued during admission to ICU were 
examined as possible reasons for AKI in the study popula-
tion. The serum creatinine levels (means ± SD) of subjects 
who have had developed AKI post-admission to ICU, was 
1.2 (0.44, range [0.3–2.2]) at baseline, while it was 2.8 (1.5, 
range [2.2–10]) at the diagnosis of AKI.

The main reasons for admission to the ICU were sepsis 
(n = 62, 59.0%), respiratory diseases (43, 41.0%), and neuro-
logical disorders (32, 30.4%). The main etiological reasons 
for the development of AKI were: sepsis (33, 80.0%), res-
piratory diseases (19, 46.3%) and hypovolemic shock (13, 
31.7%) (Table 2).

The incidence of AKI in our sample was 39.0%, whereby 
41 subjects have had developed AKI during their admis-
sion to the ICU. The risk factors for developing AKI were: 
gender; age > 60 years; sepsis; hypovolemia; hypertension; 
diabetes mellitus, chronic heart diseases; pulmonary disor-
der, cancer; mechanical ventilation and renal replacement 
therapy (RRT). The significant predictors for developing 
AKI in subjects admitted to the ICU were: sepsis (OR 7.5 
[95% CI 3–19.7]; P = 0.001); hypovolemia (OR 5.1 [95% CI 
2–15.7]; P = 0.001); chronic cardiovascular diseases (OR 3.4 
[95% CI 1.2–9.4]; P = 0.017); age > 60 years (OR 2.7 [95% 
CI 1.2–6.3]; P = 0.018); diabetes mellitus (OR 2.6 [95% CI 
1.2–6]; P = 0.02); hypertension (OR 2.4 [95% CI 1.2–5.4]; 
P = 0.028); and RRT (OR 0.2 [95% CI 0.15–0.3]; P = 0.001). 
The predictors and respective odds ratio for the development 
of AKI were presented in Table 3.

The majority of subjects have required mechanical ven-
tilation during their stay in the ICU (77, 73.4%). There 
were (31, 75.6%) of subjects with AKI have had required 

Table 1  The characteristics and 
comorbidities of the subjects 
(105) admitted to the ICU 
dichotomized for non AKI (64) 
and AKI (41)

AKI Acute kidney injury, ICU intensive care unit, CKD chronic kidney disease, HIV human immune virus, 
N number/frequency, NA not applicable, SD standard deviation, % percent

Variable parameter Non AKI N (%) Developed AKI post ICU 
admission N (%)

Total N (%)

Gender
 Female 30 (65.2) 16 (34.8) 46 (43.8)
 Male 34 (57.6) 25 (42.4) 59 (56.2)

Age (years)
 (18–28) 4 (80.0) 1 (20.0) 5 (4.7)
 (29–39) 7 (70.0) 3 (30.0) 10 (9.5)
 (40–49) 6 (66.7) 3 (33.3) 9 (8.5)
 (50–60) 16 (80.0) 4 (20.0) 20 (19.0)
 > 60 29 (47.5) 32 (52.5) 61 (58.1)

Comorbidities
 Hypertension 22 (48.8) 23 (51.2) 45 (42.8)
 Diabetes mellitus 17 (46.0) 20 (54.0) 37 (35.2)
 Chronic cardiovascular diseases 8 (29.7) 19 (70.3) 27 (25.7)
 Pre-existing CKD 5 (21.7) 18 (78.3) 23 (22.0)
 Respiratory diseases 10 (66.7) 5 (33.3) 15 (14.3)
 Cancer 6 (42.8) 8 (57.2) 14 (13.3)
 Liver cirrhosis/liver failure 3 (42.8) 4 (57.2) 7 (6.7)
 HIV infection 0 (0) 1 (100.0) 1 (0.9)
 Serum creatinine at admission to ICU 

(mg/dl): mean (SD) and (range)
0.82 (0.29) 1.2 (0.44) NA
Range (0.2- 1.2) Range (0.3–2.2)

 Serum creatinine at diagnosis of AKI 
(mg/dl): mean (SD) and (range)

NA 2.8 (1.5) NA
Range (2.2–10)



1451International Journal of Clinical Pharmacy (2020) 42:1447–1455 

1 3

mechanical ventilation; versus (46, 72.0%) with non-AKI. 
53 (68.8%) of subjects had died from those who have had 
received mechanical ventilation. There were (22, 53.7%) 
from the AKI group have had received RRT of which 20 
(91.0%) have died. There were statistically significant 
associations between mechanical ventilation (P = 0.04), 
RRT (P = .001), and mortality. The length of hospital 
stay for subjects who have developed AKI was (6.7 ± 3.8; 
[range 2–17]) versus those with non-AKI (4.1 ± 3.1; [range 
1–14), P = 0.1. The mortality rate was very high in sub-
jects who have had developed AKI (36, 87.8%), corre-
sponding to an overall mortality rate of 62.9% (Table 4). 

Discussion

The current study findings

The development of AKI was very common among sub-
jects admitted to the ICU at our hospital. The current study 
was the first of its kind in Sudan to report the development 
of AKI in the ICU setting. It has examined the incidence, 
risk factors and mortality outcomes of subjects with AKI 
developed during their admission to the intensive care unit 
at Fedail Hospital, Khartoum, Sudan. The main finding 
of the study was the high incidence of AKI in the study 
population (39.0%). The second finding was the predictors 
for developing AKI in subjects admitted to the ICU. The 
major significant predictors for the development of AKI in 

Table 2  Reasons for admission 
to the ICU dichotomized for 
non AKI (64) and AKI (41) 
subjects

AKI Acute kidney injury, ICU intensive care unit, N number/frequency, % percent
*Others minor reasons were: Metabolic acidosis; diabetic ketoacidosis, anemia, hepatospleenomegaly, 
rhabdomyolysis, chronic myelogenous leukemia, hepato-renal syndrome, hyperglycemic hypersmolar non-
ketotic coma, malaria, multi organ dysfunction, burn, cellulitis, corona virus, respiratory failure, dissemi-
nated Intravascular coagulopathies, Gillian Barre Syndrome (GBS), gastrointestinal, pancreatitis

Reason for admission to ICU Non AKI N (%) Developed AKI post admis-
sion to ICU N (%)

Total N (%)

Sepsis and septic shock 29 (57.0) 33 (64.7) 62 (59.0)
Respiratory diseases 24 (42.0) 19 (34.0) 43 (41.0)
Neurological disorder 24 (60.0) 8 (20.0) 32 (30.4)
Postsurgical procedure 16 (66.6) 8 (33.4) 24 (22.8)
Cardiovascular complications 13 (36.0) 10 (28.0) 23 (22.0)
Hypovolemic shock 10 (28.0) 13 (36.0) 23 (22.0)
Liver failure 6 (46.0) 7 (54.0) 13 (12.4)
*Others 14 (46.7) 16 (53.3) 30 (28.5)

Table 3  Multivariate analyses for risk factors (OR, 95% CI) and pre-
dictors for the development of AKI in subjects (105) admitted to the 
ICU (AKI cohort)

AKI Acute kidney injury, CI confidence interval, ICU intensive care 
unit, OR odds ratio, RRT  renal replacement therapy
*P < 0.5

Variable Odds 
ratio 
(OR)

95% CI P value

Gender 1.4 0.6–31 0.43
Age (> 60 years) 2.7 1.2–6.3 0.018*
Sepsis 7.5 3–19.7 0.001*
Hypovolemia (volume depletion) 5.1 2–15.7 0.001*
Hypertension 2.4 1.2–5.4 0.028*
Diabetes mellitus 2.6 1.2–6 0.02*
Chronic cardiovascular diseases 3.4 1.2–9.4 0.017*
Respiratory diseases 0.7 0.2–2.3 0.62
Cancer 1.2 0.3–3.7 0.75
Mechanical ventilation 1.2 0.4–2.9 0.67
RRT 0.2 0.15–0.3 0.001*

Table 4  The medications used as possible predisposing factors for 
developing AKI in subjects (105) admitted to ICU (AKI cohort)

The above mentioned predisposing factors were captured from the 
medication chart of AKI cohort. However, there was no direct evident 
association between the use of the above drugs and the incidence of 
AKI
AKI Acute kidney injury, ICU intensive care unit, ACEI/ARBs angio-
tensin converting enzyme inhibitors/angiotensin receptor blockers, 
NSAIDs non-steroidal anti-inflammatory drugs, N number/frequency, 
% percent

Predisposing factor for developing AKI N (%)

Diuretics 14 (34.1)
Vancomycin 11(26.8)
ACEI/ARBs 9 (22.0)
Chemotherapy 8 (19.5)
NSAIDs 6 (14.6)
Radio-contrast media 3 (7.3)
Amikacin 3 (7.3)
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the ICU were: sepsis; hypovolemia; chronic cardiovascular 
diseases; age > 60 years; diabetes mellitus; hypertension; 
and RRT. There is a possibility that some of these predic-
tors might be cofounders such as cardiovascular diseases 
(cardio-renal syndrome) and RRT. Furthermore, due to the 
study design of observational nature, it was not possible 
to eliminate the presence of other confounders such as 
the hepato-renal syndrome and the cardio-renal syndrome. 
The age > 60  years predicts the development of AKI, 
which might be attributed to the associated comorbidities.

The third finding was relevant to the longer length of ICU 
stay for subjects who have developed AKI (6.7 ± 3.8; [range 
2–17]) versus those with non-AKI (4.1 ± 3.1; [range 1–14), 
P = 0.1. The difference in the mean value of the length of 
stay may be attributed to the prolonged hospitalization 
needed for the management of the subjects with AKI, as 
there was greater mortality in those with AKI, may have 
been even longer had those patients survived.

The fourth finding was the very high absolute mortality 
rate of 87.8%, which might be related to poorly coordinated 
care provided to our population.

Comparison between the findings of the current 
study and other similar studies

In the current study, the incidence of AKI (39.0%) was less 
than that reported in a large Chinese cohort study [14] con-
ducted in 30 ICUs where the incidence of AKI was 51.0%. 
This variation can be attributed to the characteristics differ-
ences between the two populations and the criteria used for 
the classification of AKI. The Chinese study has excluded 
nearly 6000 subjects (3107 participants were included in 
the final analysis among the 9049 subjects admitted to the 
participating ICUs during the study period) which might 
have affected the reported mortality. The incidence of AKI 
has included stage one (23.1%), stage 2 (11.8%), and stage 
3 (15.7%) [14]. However, in our current study, the severity 
grading of AKI was mainly staged 1 (45.5%) and stage 2 
(54.5%).

Marwa et al. [15]; have conducted a large retrospective 
cohort (6769 hospitalized subjects), a 1 year study in a ter-
tiary teaching hospital (Soba University hospital) at Khar-
toum, Sudan. The incidence of AKI in this study was 5.7% 
compared to 39.0% in our study and the mortality rate was 
31.2% compared to 87.8% in our study. The large variations 
between the two studies may be attributed to the variations 
in the study design (the retrospective vs. prospective), the 
quality of care, and differences between the two settings 
from where data was generated (versus all hospital wards 
versus ICU) [15].

An Egyptian multicenter prospective cohort study [16] 
was conducted in four Alexandria teaching hospitals, has 
reported that 39.6% of subjects have had AKI during their 

admission to the ICU. This was very similar to the findings 
of our study (39.0%). The preponderance of males in the 
AKI group of subjects was evident in both the Sudanese and 
the Malaysian studies [15, 17]. Both the Sudanese and the 
Egyptian studies [15, 16] have reported sepsis and volume 
depletion as the etiological confounded reasons for AKI.

The current study has reported that the major significant 
risk factors and predictors for the development of AKI in the 
ICU were: gender; age > 60 years; hypertension; and diabe-
tes mellitus. Similar findings have been revealed in the large 
retrospective study at Suba teaching hospital in Sudan [15]. 
In the current study the severity grading of AKI was mainly 
staged 1 (45.5%) and stage 2 (54.5%), which were nearly 
similar to the Egyptian study [16]; however; they were dif-
ferent from the Sudanese study [15], where the majority 
were stage 3 (47.9%).

A recent systematic review and meta-analysis of twenty-
four observational studies performed in trauma subjects 
admitted to the ICU have reported the incidence of AKI of 
24.0% [18]. Similar to our study some of the reported risk 
factors (high age, hypertension, diabetes mellitus, shock, and 
sepsis) have been recognized from this systematic review. 
Similar findings of the length of hospital stay 6 (4.0–7.9) 
days have been reported but with lower absolute mortality 
in subjects with AKI (27.0%) [18].

In Thailand, the largest prospective observational mul-
ticenter study (17 ICU centers) of AKI in Southeast Asia 
(SEA), reported AKI in 2471 of 4668 subjects (52.9%). 
AKI was classified as stage 1 in (7.5%), stage 2 in (16.5%), 
and Stage 3 in (28.9%). Similar to our study older age and 
cardiovascular-related diseases were reported as risk factors 
for developing AKI [19]. A multinational (4 countries, North 
American, Europe, and Australia), multicenter (six centers) 
prospective observational cohort study in the ICU (15,132 
subjects), 32.0% had developed AKI (OR, 2.57–6.04, 
P < 0.001) and hospital mortality was 27.0% (OR, 1.13–2.20, 
P < 0.001) [20]. The variations on the odds ratio reflect the 
wide variability between centers in the reported incidences 
and mortality of AKI.

The clinical presentation of lab values is very crucial to 
monitor closely and timely in subjects admitted to the ICU. 
The correction of any abnormal lab values higher than base-
lines such as serum creatinine, blood urea nitrogen, bicarbo-
nate, chloride, and micro-albuminuria is deemed important. 
It has been reported in a large study that higher serum chlo-
ride concentrations are associated with AKI in unselected 
critically ill subjects, due to its impact on clearance [21]. 
Furthermore, another study by the same author has reported 
that micro-albuminuria can predict the development of AKI 
in critically ill septic subjects [22].

Recently, RRT has been reported to be an independent 
risk factor for mortality in AKI [23] and does not reverse 
the negative impact of AKI [24]. Furthermore, a multicenter 
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randomized controlled trial in subjects with severe AKI and 
sepsis showed that a ‘watch and wait’ approach resulted in 
less use of RRT and did not increase mortality [25]. Fur-
thermore, positive fluid balance in subjects on RRT inde-
pendently impacted the outcomes [26, 27].

Healthcare facilities need to develop strict protocols to 
prevent, monitor, diagnose, report, and follow up AKI in 
the ICU. Particular emphasis should be fostered to identify 
early signs of AKI in ICU to deploy earlier management 
based on strict protocols and guidelines. The presence of 
the clinical pharmacist within the multidisciplinary team of 
ICU is needed to set controlled maneuvers for the utility 
of medications, laboratory monitoring for serum creatinine, 
and contribute to the early prediction of the development 
of AKI.

The implications of the current study for future research 
might be expressed in the need of examining AKI in multi-
center ICU studies with prospective follow up study design 
to prevent conversion to CKD. Moreover, more details on 
the role of RRT on long term clinical outcomes and survival 
are required. Furthermore, the quality of life of subjects with 
AKI needed to be explored and assessed with standard vali-
dated tools. The discharge care of subjects with AKI need 
further investigations and deserve planned discharge with 
follow up and care process (continuity of care). Population-
based studies are of great importance in establishing stra-
tegic health planning. Therefore, a more robust assessment 
of predictors for the development of AKI in ICU deserves 
special consideration in the national-wide scope.

Limitations of the current study

The main limitation of the current study was the small 
sample size. The nature of our study, particularly the data 
reported from the clinical records may have resulted in some 
bias. The other limitation may be related to the nature of 
the hospital, as selection bias may have affected the intake 
of cases, which may not be representative of AKI subjects 
in all Khartoum state. We were not able to examine the role 
of RRT, the timing, the modality type of the RRT, and the 
recovery of renal function in our sample.

Conclusion

The main finding of the current study was relevant to the high 
incidence of AKI in subjects admitted to the ICU. The main 
etiological risk factors that have contributed to the develop-
ment of AKI in our sample were sepsis and hypovolemia. The 
major significant predictors for the development of AKI in 
the ICU were: sepsis; hypovolemia; chronic cardiovascular 
diseases; age > 60 years; diabetes mellitus; hypertension; and 

RRT. The study has revealed that the development of AKI in 
subjects admitted to the ICU was associated with increased 
length of hospital stay and very high absolute mortality. It is 
highly recommended that subjects admitted to the ICU should 
be stratified for risk of AKI according to their susceptibilities 
and exposures.
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Appendix 1: The KDIGO staging for AKI 
severity (AKI is staged for severity according 
to the following criteria)

Stage Serum creatinine 
(SCr)

Urine output

1 1.5–1.9 times 
baseline

or ≥ 0.3 mg/
dL increase 
(≥ 26.5 µmol/L) 
increase

< 0.5 mL/kg/h for 
6–12 h

2 2–2.9 times baseline < 0.5 mL/kg/h for 
≥ 12 h

3 3 times baseline
or increase in SCr 

to ≥ 4 mg/dL 
(≥ 353.6 µmol/L)

or initiation of 
renal replace-
ment therapy in 
patients ≥ 18 years, 
decrease in eGFR 
to < 35 mL/min 
per 1.73 m2

< 0.3 mL/kg/h for 
≥ 24 h

or anuria for ≥ 12 h

AKI Acute kidney injury, eGFR estimated glomerular filtration rate, 
KDIGO Kidney Disease Improving Global Outcomes, SCr serum 
creatinine
Reference: [1]
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Appendix 2: Classification for AKI by various 
criteria

Stage KDIGO* RIFLE** AKIN*** Urine output

Stage 1 Increase in 
SCr of 
0.3 mg/
dL 
(within 
48 h) 
or × 1.5 
(within 
7 days)

Increase in 
SCr × 1.5 
(within 
7 days)

Increase in 
SCr of 
0.3 mg/
dL or 
> × 1.5 
(within 
48 h)

Urine output 
of < 0.5 mg/
kg/h 
for > 6 h

Stage 2 Increase in 
SCr × 2

Increase in 
SCr × 2

Increase in 
SCr × 2

Urine output 
of < 0.5 mg/
kg/h for 
> 12 h

Sage 3 Increase in 
SCr × 3 
or above 
4.0 mg/
dL

Increase in 
SCr × 3 
or above 
4.0 mg/dL

Increase in 
SCr × 3 
or above 
4.0 mg/
dL

Urine output 
of < 0.3 mg/
kg/h for 
> 24 h or 
anuria for 
> 12 h

RIFLE-
Loss

– Need for 
RRT for 
> 4 weeks

– –

RIFLE-
End 
stage

– Need for 
RRT for 
> 3 months

– –

AKIN***: AKI: Acute Kidney Injury Network; KDIGO*: Kidney 
Disease Improving Global Outcomes; RIFLE**: Risk, Injury, Failure, 
Loss, and End-stage renal disease; SCr: serum creatinine
References: [1, 28, 29]

Appendix 3: Definitions of AKI

KIDGO:

Increase in SCr by ≥ 0.3 mg/dL within 48 h or to ≥ 1.5 times 
baseline, known or presumed to have occurred within the 
prior 7 days.

RIFLE:

Increase in SCr × 1.5 or GFR decrease > 25%.

Akin:

Increase in SCr ≥ 0.3 mg/dL or increase ≥ 150–200% (1.5- to 
twofold) from baseline within 48 h.
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