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Abstract

Background/Aim: Acute kidney injury (AKI) is a common and serious complication associated with
morbidity and mortality in patients with sepsis. This study aimed to determine the severity of AKI
according to the Kidney Disease: Improving Global Outcomes (KDIGO) criteria and evaluate its
relationship with mortality in patients who were followed up in the intensive care unit (ICU) due to sepsis
and developed AKI.

Methods: We retrospectively analyzed patients diagnosed with sepsis and followed up in the ICU,
including all patients with AKI. The severity of AKI was determined for all patients using the KDIGO
criteria. The patients were divided into four groups: Stage 1, Stage 2, Stage 3, and without AKI. Patients
with missing data, COVID-19 patients, patients with chronic kidney insufficiency, and kidney transplant
patients were excluded.

Results: A total of 1,177 sepsis patients were included in the study, of whom 52.4% were male (n=617).
The median age of the study group was 78 years (Q1-Q3: 68-85 years). It was determined that 57.9% of
the patients (n=681) developed AKI at any stage. According to the KDIGO criteria, the rates of patients in
Stage 1, Stage 2, and Stage 3 developing AKI were 23.9%, 16.2%, and 17.8%, respectively. The incidence
of hypertension (HT) and diabetes mellitus (DM), which are comorbidities, increased as the patients’
KDIGO stage increased (P<0.001).

Conclusion: AKI occurred in 57.9% of sepsis patients in the ICU, and 30.4% received renal replacement
therapy (RRT). It was determined that mortality increased as the KDIGO stage of our patients increased.
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Introduction

Acute kidney injury (AKI) is a common complication
observed in patients undergoing intensive care unit (ICU)
treatment. It is associated with adverse outcomes, including
prolonged ICU and hospital stays, the development of chronic
kidney disease, and an increased risk of short- and long-term
mortality [1].

In the intensive care setting, AKI serves as an
independent risk factor for mortality, with patients requiring
renal replacement therapy (RRT) experiencing mortality rates
ranging from 40% to 55%. The elevated mortality is primarily
attributed to systemic effects on various organs, such as the
lungs, heart, liver, brain, and immune system, rather than mere
loss of clearance. Studies have demonstrated that AKI heightens
susceptibility to infections, doubles the incidence of respiratory
failure, and directly or indirectly compromises cardiac function
[2].

Numerous risk factors have been identified in
association with the development of AKI, with the most common
being renal hypoperfusion, which can arise from conditions such
as hypovolemia, heart failure, and arterial hypotension.
Additionally, the administration of nephrotoxic drugs and
contrast-related AKI are known contributors. Among these
factors, sepsis-related AKI is particularly prevalent in the
intensive care setting [3]. The prevention of septic AKI primarily
revolves around prompt sepsis treatment and early resuscitation.
In cases where sepsis resolves, most patients regain normal
kidney function. However, even a single episode of septic AKI is
linked to an elevated risk of subsequent chronic Kidney disease
[4].

The Kidney Disease: Improving Global Outcomes
(KDIGO) guideline, established in 2012, defines AKI as a rapid
decline in kidney function within 7 days or less [5,6].

Managing AKI in the ICU presents significant
challenges, necessitating appropriate volume control, careful
management of nephrotoxic drugs, and strategic decision-making
regarding the timing and type of renal replacement therapy.
Effective management of fluid and electrolyte balance is crucial
in this regard [7].

In this study, our primary objective was to examine the
incidence of AKI, the requirement for RRT, and the association
between AKI and mortality among sepsis patients in the 1CU.
Additionally, our secondary objective was to assess the
relationship  between the ratios of white blood cell
(WBC)/lymphocyte and C-reactive protein (CRP)/albumin with
mortality.

Materials and methods

This retrospective study was conducted between
January 1, 2018, and December 31, 2020, following approval
from the Afyon Health Sciences University Faculty of Medicine
Clinical Research Ethics Committee (Decree no: 416, date:
2021). The study aimed to analyze the clinical data of patients
over 18 years old who were admitted to the ICU with a diagnosis
of sepsis. A total of 1,177 patients diagnosed with sepsis
accompanied by organ failure due to infection were included in
the analysis. Patients with missing data, COVID-19 patients,
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those with chronic kidney insufficiency, and kidney transplant
patients were excluded from the study. The recorded parameters
for all patients included age, gender, comorbidities, Acute
Physiology and Chronic Health Assessment (APACHE) Il score,
duration of intensive care and hospital stay, WBC/lymphocyte
ratios, and CRP/Albumin ratios.

In this study, AKI was defined and staged according to
the KDIGO (Kidney Disease: Improving Global Outcomes)
serum creatinine criteria. According to KDIGO, AKI is defined
as an increase of >0.3 mg/dl in serum creatinine within 48 hours,
or a 1.5-fold increase in serum creatinine from baseline within
seven days, or urine output of <0.5 ml/kg/h in the last 6 hours
[5]. The baseline creatinine value was determined as the most
recent creatinine value available in the pre-hospital system
within the past year. The patients were categorized into four
groups: Stage 1, Stage 2, Stage 3, and without AKI. A
comparison of clinical features was performed among the
patients, and subgroup analysis was conducted based on the
KDIGO staging criteria and the implementation of RRT.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics version 20. The data were presented as ratios, medians,
and interquartile ranges (IQR). The normal distribution of
variables was assessed through visual examination (histogram)
and analytical methods (Kolmogorov-Smirnov test). The
Kruskal-Wallis test was employed to compare continuous
variables, while the Chi-square test was used for categorical
variables. Receiver operating characteristic (ROC) curves were
utilized to evaluate the predictive power of WBC/lymphocyte
and CRP/albumin values for mortality. A P-value of less than
0.05 was considered statistically significant.

Results

The study enrolled a total of 1,177 patients, with 52.4%
(n=617) being male. The median age of the study group was 78
years (Q1-Q3: 68-85 years). AKI was observed in 57.9%
(n=681) of the patients at any stage. The characteristics of the
patient groups are presented in Table 1, where Stage 1 AKI was
found in 23.9% (n=281) of patients, Stage 2 AKI in 16.2%
(n=190), and Stage 3 AKI in 17.8% (n=210). Among those who
developed AKI, 69.6% (n=474) did not require RRT, while
23.2% (n=158) received intermittent RRT, and 7.2% (n=49)
underwent continuous RRT treatments.

Table 1: Characteristics of patients and comparison by groups

Characteristic Total No AKI Stage 1 Stage 2 Stage 3 P-value
(n=1177) (n=496) (n=281)  (n=190)  (n=210)
Age (years) 78 (68-85) 76 (66-84) 80 (72-86) 78 (69-84) 75 (67-83) 0.004
Male, %-n 52.4-617  53.2-264  49.8-140  48.9-93 57.1-120 | 0.297
DM, %-n 20.4-240  14.1-70 21.4-60 25.8-49 29-61 <0.001
HT, %-n 16.6-195 | 11.3-56 15.3-43 21.1-40 26.7-56 <0.001
COPD, %-n 20.6-243  23-114 19.2-54 19.5-37 18.1-38 0.392
Malignancy, %-n | 16.7-197 | 12.9-64 18.1-51 20-38 21-44 0.021
CHF, %-n 13-153 11.3-56 13.9-39 14.7-28 14.3-30 0.515
RRT, %-n 17.6-207 0 15.7-44 15.8-30 63.3-133  <0.001
Dead, %-n 51.1-602 35.5-176  56.9-160 57.9-110 74.3-156  <0.001
WBC/Lymphocyte | 15 (9-22)  12(8-20) 15 (10-24) 16 (11-25) 18 (12-30) <0.001
CRP/Albumin 38 (18-51) 31 (12-44) 38 (20-53) 40 (18-57) 49 (34-62) <0.001
APACHE 11 23 (18-30) 20 (16-26) 24 (19-30) 27 (20-32) 30 (24-35) <0.001

DM: diabetes mellitus, HT: Hypertension, COPD: Chronic obstructive pulmonary disease, CHF: Congestive
heart failure, RRT: Renal replacement therapy, APACHE: Acute Physiology and Chronic Health
Assessment

The overall survival rates were as follows: 64.5% in the
group without AKI, 43.1% in the KDIGO 1 group, 42.1% in the
KDIGO 2 group, and 25.7% in the KDIGO 3 group (log-rank
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P<0.001). The survival chart of these groups is illustrated in
Figure 1. The average duration of ICU stay was 8.4 days (Q1-
Q3: 4-11 days).

Figure 1: Survival chart of the groups
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Figure 2 displays the ROC curve depicting the
predictive value for mortality of WBC/lymphocyte and
CRP/albumin values, along with the corresponding P-values at
the 95% confidence interval. The area under the curve (AUC) for
WBC/lymphocyte was 0.670 (95% CI: 0.640-0.701, [P<0.001]),
and for CRP/albumin, it was 0.696 (95% CI 0.666-0.726,
[P<0.001)).

Figure 2: The ROC curve for predicting mortality of WBC/lymphocyte and CRP/alb values
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The optimal cutoff value determined by the Youden
index was 15.5 for WBC/lymphocyte, with a sensitivity of 58.6%
and specificity of 67.7%. For CRP/albumin, a value of 41.5
predicted mortality with a sensitivity of 58.2% and specificity of
76.3%.

Discussion

Sepsis-related AKI is defined as the development of
AKI within seven days following the onset of sepsis [8]. The
prognosis for sepsis-associated AKI is worse compared to sepsis
or AKI alone. Prolonged stays in the ICU and hospital are linked
to increased mortality rates and a diminished quality of life [1,9].

In studies examining AKI, it has been reported that AKI
classifications can serve as predictors of mortality, with mortality
rates rising as the stage of AKI increases [10-12]. Our study
found a similar trend, where mortality increased in correlation
with the severity of AKI among sepsis patients in the ICU.

In a multicenter study encompassing 15,132 patients in
general intensive care, the incidence of AKI development was
reported to be 32% [13]. Another study focused on ICU patients
and employed the KDIGO criteria to assess AKI, revealing an
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occurrence rate of 57.3% among 1802 patients [1]. Similarly, our
study found that the frequency of AKI among sepsis patients was
57.9%.

In a study investigating the epidemiology of acute
kidney injury in intensive care sepsis patients, KDIGO
guidelines were utilized for AKI staging and were found to be a
reliable measure when compared to Acute Kidney Injury
Network (AKIN) criteria. The incidence of AKI was determined
to be 47.9%, with a corresponding 28-day mortality rate of
32.7% [14]. In our own study, we similarly employed the
KDIGO staging for sepsis patients and observed a 28-day
mortality rate of 62%. It is worth noting that our higher mortality
rate could be attributed to a significant number of deaths caused
by factors other than sepsis.

In a prospective study conducted on sepsis patients in
the ICU, it was observed that mortality rates were elevated
among patients who experienced recurrent AKI during their stay.
Specifically, AKI recurred in 20% of the patients [15]. One
limitation of our own study is that we did not investigate or
document episodes of recurrent AKI.

Studies have reported AKI-related mortality rates
ranging from 30% to 60% among patients with sepsis [16-18]. In
our study, the mortality rate among sepsis patients was 51.1%.
However, it is important to note that mortality is influenced by
various factors beyond AKI. One limitation of our study is that
we did not investigate other contributing factors to mortality.

The international AKI-EPI study, which examined the
prevalence of AKI in the ICU, revealed a high incidence of AKI
among patients with diabetes mellitus (DM) and hypertension
(HT) [1], consistent with our findings.

In a multicenter intensive care study conducted in
China, focusing on the association between AKI and mortality
among general intensive care patients, it was observed that
KDIGO Stage-1 patients did not exhibit an elevated 30-day
mortality rate [19]. However, in our study, we found a 30-day
mortality rate of 72% among our Stage-1 patients. It is important
to note that this finding cannot be solely attributed to AKI, as our
sample predominantly consisted of sepsis patients, which may
contribute to the higher mortality rate observed.

In a study examining AKI in a cohort of 1689 ICU
patients, sepsis was identified as the primary cause of acute
kidney injury necessitating dialysis [20].

In the study conducted by Hoste et al. [1] in the ICU,
RRT was administered to 23.5% of patients with AKI. Similarly,
in a study focused on AKI among sepsis patients in the ICU, the
rate of RRT utilization was 15%. In our cohort of AKI patients,
the rate of RRT utilization was notably higher at 30.4%. This
increase may be attributed to the timing of RRT initiation. While
we did not have a specific strategy for early or late initiation of
RRT, we speculate that RRT might have been initiated early due
to the presence of sepsis or septic shock.

The kidneys are among the organs most vulnerable to
early injury during sepsis. Approximately two-thirds of patients
with septic shock develop AKI [1], with half of them
experiencing AKI before even being admitted to the emergency
department [21]. Hence, it is appropriate to regard AKI as an
early indicator of sepsis. In our study, the mortality rate among
patients who developed AKI was 51.1%, whereas the mortality
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rate among sepsis patients who did not develop AKI was 62%.
Notably, the mortality rates of sepsis patients with and without
AKI were comparable [22].

Irrespective of whether sepsis occurs prior to,
concurrently with, or after AKI, it is evident that it contributes to
additional mortality in AKI cases. A study examining the
mortality of ICU patients with AKI compared individuals with
and without sepsis, revealing that septic shock resulted in higher
mortality rates than sepsis alone [23]. Moreover, other studies
have reported significantly elevated rates of AKI among patients
with septic shock, ranging from 60% to 70% [24]. One limitation
of our study was its retrospective nature, which prevented us
from examining the rates of AKI in patients who developed
septic shock.

A high CRP/Albumin ratio serves as an indicator of
severe inflammation. In a study involving sepsis patients in the
ICU, it was observed that the CRP/Albumin ratio yielded more
consistent prognostic information than CRP levels alone, and it
was also correlated with mortality [25]. Furthermore, the
association between CRP/Albumin ratios and hospital mortality
has been reported in studies conducted both in general ICUs and
among ICU patients with AKI [26,27].

Upon analyzing the  WBC/lymphocyte and
CRP/albumin values of our patients as predictors of mortality,
we observed that the sensitivity and specificity were relatively
low. Given the multitude of factors influencing patient mortality,
we believe it would be inappropriate to draw conclusions
regarding mortality based solely on these indices.

Limitations

This study has several limitations, including the absence
of data regarding urine output, fluid administration, and
nutritional management. Due to the retrospective nature of our
study, we were unable to analyze the occurrence of septic shock,
which directly impacts both mortality and the development of
AKI. Furthermore, another limitation is our failure to investigate
organ failures other than AKI among sepsis patients in the ICU.
Future research must address these limitations by conducting
prospective and multicenter studies focused on sepsis patients in
the ICU.

Conclusion

In this study, we observed the development of AKI in
57.9% of sepsis patients admitted to the ICU. By categorizing
patients with AKI according to KDIGO staging, we investigated
their respective mortality rates. Our findings demonstrated a
correlation between the severity of AKI and mortality, as
indicated by the KDIGO criteria. Early identification and
appropriate management of sepsis in the ICU can potentially
decrease mortality rates and the occurrence of AKI, ultimately
leading to improved outcomes for patients with sepsis admitted
to the ICU.
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