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Abstract

Background: Acute kidney injury (AKI) is a major problem in critically ill elderly patients in intensive care units (ICUs). It increases
their morbidity, mortality, and length of ICU stay. Objective: This study aims to determine the prevalence of AKI, the factors
associated with increased mortality of AKI patients, and the impact of AKI on ICU outcomes. Methods: This was a multistage cross-
sectional study followed by a cohort study. Included 210 patients who were admitted to the geriatric ICU. We included the elderly
aged 60 and more, and we excluded patients on regular dialysis, renal transplantation, and patients who died within the first 24 hours
of admission. Results: 210 elderly patients were included in the study. The prevalence of AKI was 53.8%. Overall, in-hospital
mortality was 46.2%. Mortality was higher in the AKI group compared to the non-AKI group (61.9% vs. 27.8%, p=0.001). 22.1% of
patients needed renal replacement therapy. Mortality for this RRT group was 84%. In multivariable analysis, chronic kidney disease
(CKD), KDIGO staging Ill, Acute Physiology and Chronic Health Evaluation (APACHE) Il, septic shock, and diabetes (DM) were
independent predictors of mortality. Conclusions: AKI is common in ICU patients. Most patients were having community-acquired
AKI. Chronic kidney disease (CKD), serum creatinine at AKI diagnosis, KDIGO staging Ill, acute physiology and chronic health
evaluation (APACHE) Il, septic shock, and diabetes (DM) were independent predictors of mortality.
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INTRODUCTION disorders. AKI is classified based on its severity

(stages) and origin, which affects management and
Acute kidney damage (AKI) in the intensive care unit prognosis [3]. Clinical outcomes from AKI include
(ICU) is one of the most prevalent and significant mortality, morbidity (including end-stage renal disease
global public health concerns [1]. AKI is the primary [ESRD] and chronic kidney disease [CKD]), prolonged
cause of organ failure in the ICU, and even mild AKI is ICU stays, and significant costs to public health [4].
associated with a 50% higher risk of hospital mortality AKI is diagnosed in 20% or more of hospitalized
[2]. Kidney Disease Improving Global Outcomes patients and 30-60% of critically ill patients [5]. This
(KDIGO) clinical guidelines define acute kidney injury difference is based on the mean age and clinical
(AKI) as a subset of acute kidney diseases (AKD) and severity of the patients, as well as the diagnostic

183


mailto:nesma.ali@med.asu.edu.eg
https://doi.org/10.54133/ajms.v7i2.1509
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://orcid.org/0009-0006-9624-8730
https://orcid.org/0009-0001-8929-9824
https://orcid.org/0000-0002-1750-2539
https://orcid.org/0000-0002-8006-2687
https://orcid.org/0009-0002-2080-6397

Ebrahim et al

criteria used [6]. It's becoming more and more crucial
to predict in-hospital mortality of critically ill AKI
patients. Four types of severity scoring systems have
been assessed for their ability to predict hospital
mortality among critically ill elderly patients. These
systems include Acute Physiology and Chronic Health
Evaluation (APACHE I, 1V), Sepsis-related Organ
Failure Assessment (SOFA), Simplified Acute
Physiology Score 1l (SAPS IIl), and Mortality
Probability Model 1l (MPM I11) [7]. We also lack
specific guidelines for the diagnosis of AKI and
prediction of mortality in geriatric ICUs, especially in
developing countries [8]. So, estimating the frequency
and consequences of AKI might be challenging. In this
study we describe the prevalence of AKI, the factors
associated with increased mortality of AKI patients,
and we find out the impact of AKI on ICU outcomes in
critically ill elderly patients.

METHODS
Design, setting and population of the study

A multistage prospective cross-sectional study was
performed in the geriatric ICU of a teaching hospital
located in Egypt. This study was conducted on 210
patients aged 60 years or older. The following patients
were excluded: those on regular dialysis, renal
transplantation, and patients who died within the first
24 hours.

Data collection

The data of patients admitted to the ICU from February
2023 to August 2023 was gathered. At the time of ICU
admission, all data were obtained, including the
patients' baseline characteristics, comorbidities, and
laboratory parameters examined. The Mortality
Probability Model 111 (MPM I11) [13], the Sequential
Organ Failure Assessment (SOFA) score [12], the
Simplified Acute Physiology Score (SAPS3) [11], and
the prognostic Acute Physiology and Chronic Health
Evaluation (APACHE II, 1V) score [9,10] were each
calculated.

Diagnostic criteria for AKI

The Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines were used to define and classify
AKI, which is diagnosed using serum creatinine and
urinary volume values [3]. The KDIGO definition is
superior to the Acute Kidney Injury Network (AKIN)
and Risk, Injury, Failure, Loss of kidney function, and
End-stage kidney disease (RIFLE) criteria [14]. The
baseline value was determined by utilizing the lowest
sCr at ICU admission to implement the KDIGO
criteria. The following phases are used to further
classify AKI: Stage 1: An increase in sCr of 1.5-1.9
times compared to the baseline or an increase of >0.3
mg/dl and a urine output of less than 0.5 ml/kg/h for a
period of 6-12 hours. Stage 2: A 2.0-2.9-fold increase
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in sCr compared to the baseline and a urine discharge
of less than 0.5 ml/kg/h for a period of at least 12
hours. Stage 3: An increase in sCr of 3.0 times the
baseline value, an increase in serum creatinine to >4.0
mg/dl, the initiation of renal replacement therapy, and
urine output of less than 0.3 mL/kg/h for a minimum of
24 hours or anuria for a minimum of 12 hours.

Outcomes of the study

The outcomes included the prevalence of AKI, renal
recovery, the need for renal replacement therapy
(RRT), the length of ICU and hospital stays, and
hospital mortality, as well as predictors of mortality in
non-survivors and AKI patients.

Ethical approval

The study protocol was approved by the Research
Review Board of the Geriatrics and Gerontology
Department, Faculty of Medicine, Ain Shams
University, and the ethical committee at the Faculty of
Medicine, Ain Shams University (FMASU MD
32/2023).

Statistical analysis

Data was analyzed using the Statistical Program for
Social Science (SPSS) (SPSS, wversion 26.0).
Comparisons among qualitative variables were
performed using the chi-square or Fisher’s exact test,
and those among the quantitative variables were
performed using the Student’s t-test or the Mann-
Whitney U test, depending on which was appropriate.
A p-value of less than 0.05 was considered statistically
significant. Multivariable techniques, including logistic
regression, are used to evaluate the independent factors
of mortality in AKI.

RESULTS

Two hundred and ten patients were admitted to the ICU
during the investigation period. The most prevalent
underlying comorbidities among study participants
were hypertension (HTN), diabetes mellitus (DM),
chronic cardiovascular diseases, and preexisting CKD,
with respective percentages of 66.5%, 53%, 46%, and
23%. APACHE II, IV, SAPS 3, SOFA, and MPM Il
scores were also higher in AKI patients than in those
without AKI (Tables 1, 2, and 3). The prevalence of
AKI is 54%, as illustrated in Figure 1. The prevalence
of AKI acquired in a hospital is 17%, while that of AKI
acquired in the community is 37%. The classifications
of AKI patients according to KDIGO staging criteria
are illustrated in Figure 2. Stage 1 AKI was present in
55% of the total AKI patients, while 25% had stage 2
AKI and 20% had stage 3 AKI. The length of ICU stay
for AKI patients was 9.14+7, while that of non-AKI
patients was 7.41+5.06. This information is presented
in Table 4.
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Table 1: Baseline characteristics of the study cohort

AKI mortality in elderly

All Patients AKI Non- AKI
Characters (n=210) (n=113) (n=97) p-value
Age (year) (Range=60-98) 74.96 £7.79 75.18+8.08 74.76x7.78 0.71
Sex Male 86 (41) 47 (41.6) 39 (40.2)
Female 124 (59) 66 (58.4) 58 (59.8) 0.84
. Non-Smokers 165 (78.6) 84 (74.3) 81 (83.5)
Smoking status Smokers 24 (11.4) 15 (13.3) 9(9.3) 0.26
Ex-smoker 21 (10) 14 (12.4) 7(7.2)
Neurological diseases* 59 (28.1) 35 (31.0) 24 (24.7) 0.3
Hypertension 135 (64.3) 75 (66.4) 60 (61.9) 0.5
Pulmonary diseases? 34 (16.2) 22 (19.5) 12 (12.4) 0.1
Diabetes mellitus 97 (46.2) 60 (53.1) 37(38.1) 0.03
s Cardiac disease® 97 (46.2) 52 (46.0) 45 (46.4) 0.9
Co-morbidities Chronic kidney disease 38 (18.1) 26 (23) 12 (12.3) 0.04
Hepatic diseases 40 (19) 18 (15.9) 22(22.7) 0.2
Dementia 73(34.8) 36 (31.9) 37(38.1) 0.3
Previous ICU admission 48 (22.9) 29 (25.7) 19 (19.6) 0.3
Charlson Comorbidity Index <7 137 (65.2) 67 (59.2) 70(72.1) 01
Charlson Comorbidity Index >7 73(34.8) 46 (40.7) 27 (27.8) )

Values were expressed as frequency, percentage, and mean+SD. ! This includes Stroke, Seizures. 2 This includes Chronic obstructive pulmonary
disease, Bronchial asthma, Tuberculosis. 2 This includes heart failure, ischemic heart diseases, arrhythmia and valvular heart diseases.

Table 2: Drug therapy and disease severity scoring of the studied cohort

All Patients AKI Non- AKI I
(n=210) (n=113) (n=97) p-value
BB 87(41.4) 46(40.7) 41(42.3) 0.82
ccB 36(17.1) 16(14.2) 20(20.6) 0.22
Drugs ACEI 55(26.2) 30(26.5) 25(25.8) 0.9
Diuretics 30(14.3) 7(6.2) 6(6.2) 0.26
Antiplatelet 82(39) 48(42.5) 34(35.1) 0.27
Statins 27(12.9) 17(15) 10(10.3) 0.31
APACHE Il 17.2146.79 18.65+7.02 15.77+6.57 0.002
APACHE IV 70.50£18.95 73.5%£19.0 67.5£18.9 0.02
SOFA 4.73+2.75 5.29+2.95 4.17+2.55 0.004
Severity scoring MPMo 11 (%) 29.77+19.99 33.3+19.95 26.24+20.02 0.01
MPMgglll (%) 35.25+ 22.05 38.97+£23.56 31.54+20.55 0.01
MPMz Il (%) 37.73+22.41 41.37+24.05 34.09+20.77 0.02
SAPS 11 67.02+11.47 68.73+£11.59 65.31+£11.35 0.03

Values were expressed as frequency, percentage, and mean+SD. BB: Beta blockers, CCB: calcium channels blockers, ACEI: angiotensin converting
enzyme inhibitors. APACHE Il and 1V: Acute Physiology and Chronic Health Evaluation Il AND IV respectively, SOFA: Sequential Organ Failure
Assessment, MPM 111: Mortality Probability Model 111, SAPS I11: Simplified Acute Physiology Score III.

Table 3: Renal function and serum electrolytes of the studied cohort
All Patients AKI Non- AKI I
(n=210) (n=113) (n=97) p-value
BUN (mg/dL) 41.06+29.55 46.19+33.06 35.93+26.04 0.001
Cr (mg/dL) 1.68+0.96 2.44+1.31 0.92+0.62 0.001
Renal Function Na (mmol/L) 136.23£8.13 136.67+8.13 135.7848.14 04
K (mmol/L) 4.14+0.83 4.24+0.88 4.04+0.78 0.09
PO, (mg/dL) 3.53+1.68 3.65+1.7 3.41+1.67 0.3
Ca (mg/dL) 8.97+0.63 8.97+0.6 8.97+0.66 0.9
eGFR (%) 57.93+34.27 38.29+8.74 77.57+£29.8 <0.001

Values were expressed as mean+SD. GFR: glomerular filtration rate, BUN: blood urea nitrogen, Cr: creatinine, Na: Sodium, K: Potassium, POy:

Phosphate, Ca: Calcium.

Figure 1: Prevalence of AKI. This figure shows the prevalence of
AKI is 54%. The incidence of hospital acquired AKI is 17% while

community acquired AKI is 37%.
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Figure 2: Classifications of AKI patients. According to KDIGO
staging criteria, 55% of the total AKI patients had stage 1 AKI, 25%
had stage 2 AKI, and 20% had stage 3 AKI.
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Table 4: ICU outcomes and interventions

paﬁiLts AN M7 X p-value
(n= 210) (n=113) (n=97)
Length Of ICU Stay 8.28+6.03 9.14+7.0 7.4145.06 0.04
Total hospital stays 12.91+8.3 12.31+#8.54 13.52+8.05 0.3
In-hospital mortality 97(46.2) 70(61.9) 27(27.8) 0.001
Vasopressor 43(20.5) 30(26.5) 13(13.4) 0.02
Mechanical
ventilation 31(14.8) 24(21.2) 7(7.21) 0.004

Values were expressed as frequency, percentage, and mean+SD.
ICU: Intensive care unit.

Mechanical ventilation was necessary for 21.5% of
AKI patients, while 26.5% of AKI patients required
vasopressor or ionotropic support. The mortality rate in
AKI was 62%, which corresponds to an overall
mortality rate of 46.2%. Table 5 shows the logistic
regression analysis of factors predicting in-hospital
mortality: DM (odds ratio [OR] - 1.008; 95%
confidence interval [CI] - 0.756-1.361; p= 0.045]),
CKD (OR - 4.786; 95% CI - 3.590-6.461; p= 0.017]),
creatinine (OR - 3.496; 95% CIl - 2.622-4.720; p=
0.019), KDIGO Il (OR - 1.817; 95% CI - 1.363-2.453;
p= 0.02), septic shock (OR - 1.580; 95% CI - 1.185-
2.133; [p= 0.025]), and APACHE Il (OR - 1.984; 95%
Cl - 1.488-2.678; p= 0.020).

Table 5: Logistic regression analysis of mortality predictors in
AKI patients (n=113)

Factors OR (95% CI) p-value
Diabetes 1.008 (0.756-1.361) 0.045
Hypertension 0.826 (0.619-1.115) 0.344
CKD 4.786 (3.590-6.461 ) 0.017
Creatinine 3.496 (2.622-4.720) 0.019
KDIGO Il 1.817 (1.363-2.453) 0.020
Septic shock 1.580 (1.185-2.133) 0.025
RRT 0.862 (0.646-1.163) 0.063
APACHE II 1.984 (1.488-2.678) 0.020

Cl: Confidence interval, CKD: chronic kidney disease, OR: odds
ratio, KDIGO: Kidney Disease Improving Global Outcomes,
APACHE II: Acute Physiology and Chronic Health Evaluation II,
RRT: Renal replacement therapy.

The logistic regression analysis of mortality predictors
in critically ill patients is illustrated in Table 6.

Table 6: Logistic regression analysis of mortality predictors in
critically ill patients (n=210)

Factors OR (95% Cl) p-value
Age (year) 1.585 (1.130-2.56) 0.313
Gender 0.610 (0.165-1.405) 0.562
AKI 1.955 (1.121-4.128) 0.001
Septic shock 1.849 (1.273-5.131) 0.003
Vasopressor 1.951 (1.282-3.188) 0.149
Mechanical ventilation 1.826 (1.203-4.869) 0.007
Charlson Comorbidity Index >7 1.232 (0.361-3.057) 0.027
Previous ICU admission 2.328 (1.376-5.697) 0.010
APACHE IV 1.094 (0.928-3.859) 0.040
SOFA 1.814 (1.047-6.005) 0.025

AKI: Acute kidney injury, Cl: Confidence interval, OR: odds ratio,
APACHE IV: Acute Physiology and Chronic Health Evaluation IV,
SOFA: Sequential Organ Failure Assessment.

DISCUSSION

AKI in the ICU is emerging as a global health issue
that has both clinical and economic repercussions in
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developed and developing nations. It increases in
hospitalized patients, particularly those who are
critically ill, which ultimately results in protracted
hospital stays, RRT, the development of CKD, and
increased short- and long-term morbidity and mortality
or ESRD [15]. The mean age of AKI patients in the
present study was 75.18+8.08 years. Male patients
comprised 47 (41.6%), and female patients comprised
66 (58.4%). In accordance with Roberts' findings [16],
which increased the prevalence of females to 56.7%.
Variations in the severity of the underlying illness, the
primary diagnosis (particularly sepsis), comorbidities,
and the quality of the healthcare systems may be the
cause of these variations. The elevated prevalence of
AKI in our study is a cause for concern. It is essential
to intensify efforts to promptly address modifiable risk
factors and identify individuals who are at risk of
disease. Comorbid conditions, such as hypertension
and diabetes mellitus, are essential for the development
of acute kidney injury (AKI) in the intensive care unit.
HTN (65.8%) and DM (33%) were identified as risk
factors for AKI, in accordance with the results of Levi
et al. [17]. However, Eswarappa et al. [18] identified
DM (30.6%) and HTN (29.2%) as the risk factors. AKI
risk is elevated in patients with CKD because of their
persistently low glomerular filtration rates (GFR) [19].
Our results suggest that AKI is present in 53.8% of
patients. The multinational study results indicated that
the prevalence of AKI was 57.3% [20]. Nevertheless,
Hashemian et al. [21] reported that 33% of all ICU
patients experienced acute kidney injury (AKI), while
Koez et al. [22] reported that 20% of ICU patients
experienced AKI. The incidence of hospital-acquired
AKI was 16.7%, which was essentially identical to the
findings of Ahmed et al. [23], who reported 16.1% of
hospital-acquired AKI. Conversely, 32.8% of hospitals
acquired AKI, as reported by Wonnacott et al. [24].
Most of our patients (55%) were in stage I, while
24.7% were in stage Il and 20.3% were in stage IlI.
Potter et al. [25] reported the same result, indicating
that 50% of the patients were in stage I, 19% were in
stage Il, and 31% were in stage Ill. In a UK cohort
conducted by Zhang et al. [26], it was discovered that
approximately 41.2% of AKI patients in the ICU were
in stage 1. In the ICU, the presence of AKI was
independently correlated with SAPS 3 scores (> 18
points) and APACHE Il scores (> 68 points). The
prediction of mortality, in addition to acute kidney
injury (AKI), may be facilitated by predictive mortality
systems. It is crucial to promptly and meticulously
monitor the clinical presentation of laboratory values in
the ICU. When contrasted with baseline values, AKI
patients exhibit elevated GFR, sCr, and blood urea
nitrogen levels. In our investigation, dialysis was
required by only 22.1% of individuals with AKI
(n=25/113). The majority of RRT procedures were
emergency dialysis through a temporary catheter for
two hours, and these were hemodialysis sessions. This
discovery is in stark contrast to a rate of 24% that was
previously reported [27]. This may be due to a higher



Ebrahim et al

proportion of low-stage AKI cases that did not
necessitate dialysis. Another potential explanation for
the low rate of dialysis is the treatment team's triage,
which involves declining dialysis for patients with a
poor prognosis. The aggregate mortality rate was 46%
in total, with AKI affecting 62% of the population. In a
tertiary care center in India, Kohli et al. [28]
discovered a mortality rate of 61% in elderly patients
with AKI. The mortality rate in a study conducted by
Pedersen et al. [29] was 53.1%, which is nearly
identical to our study. Hafez et al. [30] reported a
mortality rate of 35%, while El-Badawy et al. [31]
reported a mortality rate of 14%. These findings are
lower than those of our study. The severity of the
patients' underlying condition resulted in a mortality
rate of 84% among those who underwent RRT.
Nevertheless, the efficacy of RRT was not a predictor
of mortality, even though it is known to reverse some
of the life-threatening complications of AKI, including
severe metabolic acidosis, severe hyperkalemia, and
pulmonary edema. An ICU stay duration of 9.14+7 was
observed in participants with developed AKI, while a
stay duration of 7.41+5.06 was observed in non-AKI
participants. Dos Santos et al. [32] discovered that ICU
stays for AKI patients were longer than those of non-
AKI patients (12 vs. 7 days), which is consistent with
our research study. Between the AKI and the non-AKI,
the mean duration of hospital stays (12.3 days) did not
differ significantly (13.5 days). The shorter duration of
hospital stays and increased in-hospital mortality may
be attributed to the severity of the disease and the delay
in hospital admission. As a component of respiratory
support, mechanical ventilation was necessary for
21.2% of AKI patients in our study. Santos et al. [33]
determined that it was 65.2%, whereas Anaele et al.
[34] determined that it was 33.0%, a value that is
comparable to our findings. 26.5% of patients with
acute Kkidney injury required vasopressor support.
However, Anaele et al. [34] discovered a higher
percentage of 40.8% than we did. Using logistic
regression analysis, this study determined that the
Charlson Comorbidity Index 7, APACHE IV, SOFA,
mechanical ventilation, septic shock, AKI, and
previous ICU admission were all significant predictors
of mortality. Sepsis is a common occurrence and has a
strong correlation with AKI. It is imperative to
prioritize the early diagnosis of infection and the timely
implementation of appropriate antibiotics and fluid
management. It is essential to comprehend the
prognostic variables of any disease, as they may affect
its prognosis. The study's mortality variables were
identified as DM, CKD, sCr, KDIGO lll, septic shock,
vasopressor, mechanical ventilation, and APACHE 11
through a logistic regression analysis [35]. To prevent,
monitor, diagnose, report, and follow up on AKI in the
ICU, healthcare facilities must implement rigorous
protocols. It is crucial to identify the initial symptoms
of acute kidney injury (AKI) in the intensive care unit
(ICU) to implement early management in accordance
with established protocols and guidelines. To establish
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regulated procedures for the administration of
pharmaceuticals, monitor sCr levels, and assist in the
early detection of AKI, the clinical pharmacist must be
a member of the multidisciplinary ICU team.

Strength of the study

Few studies used new criteria to assess the prevalence
and risk of AKI in elderly patients admitted to ICUs in
developing nations. A high frequency of AKI among
older patients was discovered. Septic shock, greater
APACHE II, diabetes mellitus, CKD, and AKI severity
were identified as predictors of mortality.

Study limitations

The data presented from clinical records may have
contained some bias. We were unable to investigate the
effect of RRT on long-term clinical outcomes, RRT
timing, AKI patients' quality of life, or the absence of
data on long-term AKI repercussions. Furthermore, the
sample was rather modest.

Conclusion

Our findings indicate a higher mortality rate among
critically ill elderly patients with AKI in the ICU,
particularly those who are septic. Moreover, the risk of
mortality was greater for patients with more severe
AKI. The study has revealed that the development of
AKI in patients admitted to the ICU was associated
with an increased length of stay.
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