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Introduction

Acute kidney damage or acute renal failure is
defined as a sudden decrease in renal filtration function.
This condition is usually characterized by an increase in
serum creatinine or azotemia (an increase in blood urea
nitrogen concentration). Acute renal impairment may be
classified into three general categories as prerenal,
intrinsic or post-renal (1-3).

Cardiovascular complications (e.g., heart failure,
myocardial infarction, arrhythmia, cardiac arrest) have been
reported in 35% of patients with acute renal failure. Fluid

AR

overload, secondary to acute oliguric kidney damage, is a
particular risk for elderly patients with limited cardiac
functional reserve. Conversely acute renal impairment can
also be a complication of heart disease such as endocarditis,
compensated heart failure, or embolic atrial fibrillation (4-
6). Pulmonary complications have been reported in
approximately 54% of patients with acute renal impairment
and is the most important risk factor for death in patients
with acute renal impairment (7-9). Neurological
consequences include lethargy, drowsiness, reversal of the
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sleep-wake cycle, and cognitive impairment or memory
impairment (10, 11).

Acute renal impairment associated with sepsis has a
significantly higher mortality rate than patients with acute
non-septic renal impairment according to the literature.
Acute kidney damage is a recurrent and serious
complication of sepsis in patients in the intensive care unit,
especially in the elderly group (12-14). Sepsis is the most
common cause of acute kidney damage in critically ill
patients. Acute renal failure associated with sepsis is
associated with worsen disease course and increased risk of
death and hospital stay compared to non-sepsis-related
acute kidney damage. Sepsis is responsible for 26 to 50
percent of acute kidney injuries in developed countries,
compared to 7-10 percent of acute kidney injuries (AKI)
caused by primary kidney diseases (15-17).

Although septic shock is one of the main causes of
AKI, the exact underlying mechanisms are not entirely
clear. Despite extensive research and advances, prevalence
and mortality of sepsis associated with AKI have remained
unacceptably high (18). The pathophysiology of AKI in
sepsis is complex and multifactorial, and includes intra-
tubal hemodynamic changes, endothelial dysfunction,
infiltration of inflammatory cells in renal parenchyma,
intracellular thromboembolism, and blockage of tubules by
necrotic cells and debris (19-21).

Interleukin-18 (IL-18) excretion is more in acute
septic kidney damage compared to non-septic kidney injury
(22, 23). In addition, elevated IL-18 levels predict a
worsening of renal function approximately 24 to 48 hours
before a significant clinical renal impairment. A new study
showed that patients with acute septic renal impairment had
higher urine and plasma neutrophil gelatinase—associated
lipocalin (NGAL) compared to non-septic renal failure
patients (24). The use of these markers and other new
biomarkers such as cystatin C, liver fatty acid-binding
protein and neutrino-1 is very encouraging for the early
detection of acute renal failure caused by sepsis and may
have prognostic values.

The aim of this study was to assess the risk factors of
developing AKI during sepsis for the treatment and
prognosis of such patients.

Methods & Materials

In this cross-sectional study, patients who were
diagnosed with sepsis, were monitored regarding any
evidence in favor of acute kidney injury according to the
RIFLE criteria (risk (class R), injury (class I) and failure
(class F)). Simple convenience sampling was used.
Patients’ demographic characteristics, laboratory data and
sepsis underlying causes were recorded. Also, the time
interval from the initiation of antibiotics or fluid therapy
to the onset of infection symptoms, receiving
vasopressors during, number of hospital days, need for
dialysis and whether acute renal impairment has occurred
in the first 24 hours were recorded. After that, patients
were followed for 1 month and morbidities and
mortalities were recorded.

Exclusion criteria were age below 18 years, chronic
renal failure, hemodialysis patients, using nephrotoxic
medicines, organ transplantation, obstructive nephropathies
or those who did not consent for enrolment.

All patients signed a written informed consent. All the
study steps were performed in accordance to the
declaration of Helsinki. FEthics committee of Iran
University of Medical Sciences approved the study.

Data was analyzed using SPSS 16 (SPSS Inc.,
Chicago, Illinois, USA). For descriptive analysis,
percentage and frequency, mean and standard deviation
were used. Kolmogorov-Smirnov was used to check data
normality. Chi-square, Independent T-test or ANOVA or
their non-parametrics counterparts were used. P-value
below 0.05 was considered as statistically significant.

Results

In total, 380 patients entered the study. Of the
psamples, 212 (55.8%) were males and 168 females
(44.2%). Mean £ SD of body mass index (BMI) was 25.11 +
3.90 kg/m2. The mean hospital stay was 14.31 + 4.34 days
(minimum and maximum of 7 and 30 days, respectively).
Baseline characteristics of participants in the two groups of
with and without AKT are presented in Table 1.

Table 1. Baseline characteristics of participants in the two groups of with and without AKI

Variable All participants AKI group Non-AKI group P-value
BMI, kg/m2 2511 +3.90 412 +£2506 374+2515 638.0
Age group (yr), Percentage o

18-29 16 (4.2%) 0 ;g g61 f;))

30-49 44 (11.6%) 8 (5.1%) 3 (14'30/0) <001.0

50-59 60 (15.8%) 28 (17.9%) 96 (42'9‘;)

60-69 156 (41.1%) 60 (38.5%) 44 (19.6‘V0)

70-80 104 (27.4%) 60 (38.5%) s

\Y



WA bl 5 e I Vooylels ¥ojg0 I S590g)l po Dlidiod iyl (oole dolladgs

Gender
Male 168 (44.2%) 72 (46.2%) 96 (42.9%) 5240
Female 212 (55.8%) 84 (35.9%) 128 (57.1%)
Smoking, percentage 96 (25.3%) 359 (56%) 40 (17.9%) <001.0
Alcohol consumption, percentage 12 (3.2%) 8 (5.1%) 4 (1.8%) 067.0
Past medical history
IHD 104 (27.4%) 64 (41%) 40 (17.9%) <001.0
HTN 168 (44.2%) 88 (56.4%) 80 (35.7%) <0010
Diabetes 92 (24.2%) 48 (30.8%) 44 (19.6%) <001.0
Asthma and COPD 76 (20%) 36 (23.1%) 70 (17.9%) 2110
Malignancy 36 (9.5%) 12 (7.7%) 26 (10.7%) 3220
Connective tissue disease 32 (8.4%) 16 (10.3%) 16 (7.1%) 2820
CHF 28 (7.4%) 16 (10.3%) 12 (5.4%) 072.0
Neurologic disorders 88 (23.2%) 24 (15.4%) 64 (28.6%) <001.0
Drug history
NSAID 112 (29.5%) 52 (33.3%) 60 (26.8%) 0.168
ACE S ARB 116 (30.5%) 72 (46.2%) 44 (19.6%) 0.001<
N ,S"rl _3 4 (1.1%) 0 4(1.8%) 0.119
R“;‘,ncl’g yeost tes t 40 (10.5%) 12 (7.7%) 28 (12.5%) 0.133
AC10708IC CONTrasts 20 (5.3%) 8 (5.1%) 12 (5.4%) 0.922

Herbal medicines

Of 380 patients, 156 patients (41.1%) developed AKI. Based on the RIFLE criterion, 51.3% (80 patients) developed
AKI stage 1, 30.8% (48) stage 2 and 17.9% (28) stage 3. The mortality rate in this study was 11.6% (44).

A study of the correlation between age groups and the incidence of AKI showed a significant statistical relationship
(P=0.001), so that in older age groups, the incidence of AKI was higher than younger ones. Those aged 70 years or older
had the greatest risk for developing AKI following sepsis. In the age groups over 60 years, the incidence of stage 111 AKI
was higher than expected, and the incidence of stage II AKI was higher in those older than 70 years, with a statistically
significant difference (P=0.001). Figure 1 shows the association between the grade of AKI and the age groups.

No statistical significant difference was found between gender and developing AKI (P=0.524), however, higher stages
of AKI were more seen in men, and vice versa in women, AKI was more in lower stages (P=0.001). Body mass index had
no difference between patients with and without AKI (P=0.638).

There was a significant association between the history of ischemic heart disease, hypertension, diabetes, neurological
diseases, smoking and drug use with the incidence of AKI (P=0.001). However, there was no significant associations
between pulmonary diseases (P=0.211), malignancy history (P=0.322), connective tissue diseases (P=0.282), congestive
heart disease (P=0.072) and alcohol consumption (P=0.067) and the incidence of AKI.

There was a significant association between the use of ACE and ARB inhibitors with the occurrence of AKI, so that
this rate was higher in the group of users of these drugs (P=0.001). On the other hand, no significant association was found
between the use of NSAIDs (P=0.168), aminoglycosides (P=0.119), radiopharmaceuticals (P=0.133), herbal drugs
(P=0.922) and developing AKI. However, there was no significant association between ACE and ARB inhibitors and AKI
severity (P =0.122). However, there was no significant association between the use of ACE and ARB inhibitors and AKI
stage (P=0.122). A summary of laboratory and clinical findings in patients with and without developing AKI is depicted in
Table 2.

However, there was a significant statistical association between soft tissue infection as the source of sepsis and
developing AKI (P=0.001). The results showed that the incidence of AKI was higher than expected if antibiotics and fluid
therapy were started with a delay or vasopressors were prescribed (P=0.001). Mortality rate was significantly higher in
patients who developed AKI (P=0.001). Multivariate logistic regression analysis was performed to determine the risk
factors for septic AKI. A summary of risk factors with their odd ratio and confidence intervals is presented in Table 3.

\Y



g 43 Mo 5l lomt 0 Sl (G9lS o] s Jalge | oy K0n g (SLS e £5,8

40

30

Count

Table 2. A summary of laboratory and clinical findings in patients with or without developing AKI
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Figure 1. The association between the grade of AKI and the age groups

Variable All participants AKI group Non-AKI group P-value
Hospital stay, days 14.31+4.34 16.28 £4.30 12.93 £3.82 0.001<
Serum albumin, (g/dl) 3.29 +£0.52 0.35+£2.98 0.51 £3.51 0.001<
Hemoglobin, (g/dl) 11.45+2.12 11.22+243 1.86+11.62 0.001<
WBC, (cells/m3) 13500 + 32.13 5662.45 + 137000 492139 + 135000 0970
Platelet count, (cells/m3x103) 236.82+110.94 111.76 + 236.64 110.61 +23695 0.796
Serum BUN, (mg/dl) 28.47 +21.03 23.04 +£46.15 346 +£16.16 0001<
Creatinine at admission, (mg/dl) 0.95+0.20 022+104 0.16+0.89 0.001<
Creatinine after 48 hours, (mg/dl) 1.54+0.94 099 +£236 0.17+ 098 0.001<
C_reatinine one month after 1.26 + 0.64 083+ 166 017+ 098 0.001<
discharge or at death, (mg/dl)
Plasma Na level, (meg/L) 137.58 £ 5.94 578 +136.79 599 +138.12 0.001<
Plasma K level, (meg/L) 421+0.72 084 +430 062+4.15 0.001<
Bacteremia, % 92 (24.2%) 52 (33.2%) 40 (17.9%) 0.001<
Sepsis etiology
Endocarditis 32(8.4%) 16 (10.3%) 16 (7.1%) 0.282
Pneumonia 168 (44.2%) 68 (43.6%) 100 (44.6%) 0.839
Cholangitis 88 (23.2%) 36 (23.1%) 52 (23.2%) 0.975
UTI 60 (15.8%) 24 (15.4%) 36 (16.1%) 0.857
Meningitis 28 (7.4%) 8 (5.1%) 20 (8.9%) 0.163
Soft tissue infection 80 (21.1%) 44 (28.2%) 36 (16.1%) 0.001<
pancreatitis 12 (3.2%) 8 (5.1%) 4 (1.8%) 0.068
Antibiotics initiation
First 24 hours 112 (29.5%) 12 (7.7%) 100 (44.6%) 0.001<
24-48 hours of admission 136 (35.8%) 56 (35.9%) 76 (33.9%)
After 48 hours of admission 132 (34.7%) 80 (51.3%) 36 (16.1%)
Hydration therapy initiation
First 24 hours 128 (33.7%) 16 (10.3%) 112 (50%) 0.001<
24-48 hours of admission 136 (35.8%) 60 (38.5%) 76 (33.9%)
After 48 hours of admission 116 (30.5%) 80 (51.3%) 36 (16.1 %)
Vasopressor receiving, % 76 (20%) 44 (30.8%) 28 (12.5%) 0.001<
Mortality rate, % 44 (11.6%) 28 (17.9%) 16 (7.1%) 0.001<
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Table 2. A summary of laboratory and clinical findings in patients with or without developing AKI

Variable QOdds ratio (OR) 95% CI P-value
Age over 60 years 1619 2595-1010 0.045
Smoking 2576 4.135-1.605 0.001<
Addiction 1.654 2607 —1.049 0.030
IHD 320 5.108 — 2.005 0.001<
HTN 2329 3529 -1533 0.001<
DM 1.818 2919-1.132 0013
Neurologic diseases 0455 0.767-0270 0.003
ACEITs or ARBs consumption 6.506 SES8IES01998 0.001<
Mean arterial pressure (mm/hg) 0991 1.003 -0979 0.144
Heart rate 1012 1.030 - 0.994 0.194
Serum hemoglobin, 0914 1.010-0.828 0.77
Serum Albumin 090 0.155-0.052 0282
Serum BUN 1512 1.762 — 1368 0.001<
Serum HCO3 0.808 0.860 — 0.759 0.001<
Serum AST 1.006 1.010-1.001 0014
Serum Na 0962 0997 - 0928 0.033
Serum K 1.340 1.783 - 1.007 0.045
Creatinine at admission 59216 192393 - 18.174 0.001<
Creatinine 48 hours after admission 1091000 8317000 — 14320 0.001<
Creatinine one month after discharge or before death 933951 4413 - 197670 0.001<
Bacteremia 230 3707 —-1427 0.001
Soft tissue infection as the etiology of sepsis 2052 3378 —1246 0.005
Antibiotics therapy initiation at 24 hours of admission 0.60 0.121-030 0.001<
Antibiotics therapy initiation at 24-48 hours of admission 0350 0576 —-0213 0.001<
Hydration therapy initiation at first 24 hours 0.64 0.124-033 0.001<
Hydration therapy initiation at first 24-48 hours 0355 0579-0211 0.001<
Vasopressor 3.11 5243 - 1846 0.001<
1232 1311-1.160 0.001<

Hospital stay

Discussion

In our study more than 40% of patients eventually
developed AKI based on the RIFLE criteria. The overall
mortality rate in this study was 11.6%. Risk factors of
developing AKI during sepsis in our study were older age,
smoking and drug use, ischemic heart disease,
hypertension and diabetes, and the use of ACE and ARB
inhibitors. Besides, low levels of albumin, bicarbonate
and serum sodium and high levels of BUN, AST,
potassium and serum creatinine were associated with an
increased risk of AKI. Other risk factors for AKI were
bacteremia, soft tissue infection as the source of sepsis,
delayed initiation (more than 48 hours) of antibiotic and
fluid therapy, and administration of vasopressors. Also, in

Vo

patients who ultimately needed dialysis, the mortality rate
was up to 22 times higher than those with AKI who did
not require dialysis.

Acute renal impairment is more common in patients
with sepsis and septic shock. The present study showed
that among 380 patients with sepsis or septic shock, 156
(41.1%) developed AKI according to the RIFLE criteria.
A cohort study of 390 patients with septic shock in the
intensive care unit reported that approximately two thirds
of patients experienced AKI (25). In a multicenter
retrospective study of 4,532 patients with septic shock,
64.4% developed AKI as well (26). These rates are a bit
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higher than our study which might be due to case
selections, ethnicity differences or smaller sample size in
our trial.

Septic AKI pathophysiology is not yet fully
elucidated (27, 28). AKI in sepsis is attributed to
hemodynamic and inflammatory, immune or apoptotic
mechanisms, most of which can be corrected by adequate
resuscitation and antibiotic administration (29, 30). This
was highlighted in our study as well.

In a study by Begshaw ef al., prolonged hypotension
and delayed initiation of antimicrobial therapy were
associated with an increased risk of developing AKI (26).
In our study, early initiation of fluid therapy and antibiotic
therapy, especially in the first 24 to 48 hours after
hospitalization, was associated with a significant
reduction in the risk of AKI, which indicates the
importance of hydration and antibiotics treatment.
However, in our study, the mean arterial pressure was not
significantly associated with the risk of developing AKI.

The higher prevalence of AKI in patients with
sepsis, but without hypotensive shock, cannot be
explained by reduced renal blood flow alone. In an
experimental animal study, Langenberg et al. found that
AKI in septic shock is mainly affected by impaired renal
vascular function to systemic hypotension or decreased
renal blood flow (31). In their study, fluid resuscitation
did not prevent GFR deterioration. It can be assumed that
uncontrolled  infection leads to more severe
immunological responses, resulting in impaired renal
function.

In other studies, in contrast to our study, higher body
mass index has been associated with renal failure (32) and
shown to be an independent risk factor for AKI in ICU
patients (33) or specific subgroups such as liver transplant
patients (34). This needs further evaluations in larger
sample size trials to clearly elucidate the role of body
mass index in developing AKI.

In our study, the history of ACEIs and ARB use was
identified as an independent risk factor for predicting
AKI. In case of shock and decreased renal perfusion,
these drugs further reduce the pressure inside the
glomerulus (35, 36), which justifies the association of
developing AKI and these medicines.

In agreement with the findings of Begshaw ef al., in
our study there was a significant association between the
progression of AKI disease and pre-existing chronic
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