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Abstract

Background and objective: This study aimed to identify risk factors for progression of AKI in critically ill adult
patients in the medical ICU in Alexandria main University Hospitals and to assess urinary netrin-1 as a marker for
progression of AKI.

Design, setting, participants and measurements: The study included 80 AKI patients who were followed
during their ICU stay for primary outcome (progression to severe AKI; KDIGO stage 2 or 3) and secondary outcomes
(need for RRT, ICU mortality, length of ICU stay and SCr at the time of discharge from the ICU). All participants were
subjected to history taking, full clinical examination and laboratory (routine and specific) investigations. Urine
samples were collected for all patients at the time of ICU admission and urinary netrin-1 was measured.

Result: Almost one third (33.75%) of the study patients were identified as progressors. Progression was
significantly more common among patients with history of CKD (p<0.001), hypotensive patients (p=0.002), septic
patients (p=0.041), those who needed RRT (p<0.001) and those who died (p=0.003). Progressors had lower MBP
and serum albumin level (p=0.007, 0.008, respectively). They had higher APACHE Il score and longer ICU stay
(p=0.037, 0.020, respectively). They also had higher basal blood urea, basal SCr and SCr levels at the time of
presentation and discharge (p<0.001 for all). The results were similar between progressors and non-progressors,
those who received RRT and those who did not and survivors and non-survivors as regards urinary netrin-1 levels.
Results of the multivariate analysis revealed that CVD, hypotension and higher basal blood urea level were
independent risk factors for AKI progression.

Conclusion: The results of this study suggest that history of CKD, hypotension and sepsis are associated with
progression of AKI in critically ill patients and that urinary netrin-1 has no significant value as a predictor of AKI

progression, need for RRT or ICU mortality.

Keywords: AKI novel biomarkers; ICU mortality; Hypotension;
Acute kidney injury; Critically ill patient

Abbreviations: CKD: Chronic Kidney Disease; MBP: Mean Blood
Pressure; HR: Heart Rate; RR: Respiratory Rate; UOP: Urine Output;
SCr: Serum Creatinine; ICU: Intensive Care Unit; APACHE: Acute
Physiology and Chronic Health Evaluation; SOFA: Sequential Organ
Failure Assessment; RRT: Renal Replacement Therapy; SIRS: Systemic
Inflammatory Response Syndrome; AKI: Acute Kidney Injury; HTN:
Hypertension; B: Regression coefficient; OR: Odds Ratio; CI:
Confidence Interval

Introduction

AKI is a clinical syndrome characterized by a rapid decrease in renal
excretory function, with the accumulation of urea, creatinine and other
nitrogenous waste product [1]. While being generally uncommon in
the community-dwelling population, AKI is more common in
hospitalized individuals with a reported incidence ranging from 2-20%
increasing up to 20-60% in critically ill patients in whom it is
associated with adverse outcomes including increased length of ICU

and hospital stay, development of CKD and increased short and long
term mortality risk [2].

Multiple risk factors for the development of AKI have been
described in critically ill patients. However, the risk for AKI represents
the interaction between susceptibility (i.e. features intrinsic to the
patient) and exposure (i.e. the causative factor or factors) [3]. Causes of
AKI are frequently categorized as pre-renal, intrinsic renal and post-
renal, reflecting the overlapping pathologic mechanisms underlying
AKI [4].

In the critically ill, sepsis is the major cause of AKI, accounting for
nearly 50% of cases [5]. Many causes of AKI in ICU patients likely
represent multifactorial etiologies [4]. AKI is potentially preventable
with the fundamental principle of prevention being treatment of the
cause or trigger and no specific drug-based intervention has been
shown to be protective. Clinically, many patients are asymptomatic and
present only with an increase in serum creatinine (SCr) or blood urea
or both detected by laboratory tests that are routinely obtained among
hospitalized patients [6].

SCr is a poor marker of AKI because patients are not in a steady
state and changes in SCr lag behind decrements in renal function [7].
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Accordingly, identification of biomarkers with the ability to detect
early renal injury before histological or functional changes develop
would be desirable [8].

Recently, several candidate biomarkers of AKI have been identified
including netrin-1 which has been shown to be excreted in urine as
early as 1 hr after injury and reach a dramatic 30-40 fold increase by 3
hrs and a peak by 6 hrs after the insult [9].

Materials and Methods

Study design and participants

We conducted a prospective cohort study in two medical ICUs in
Alexandria Teaching Hospitals. The study included 80 adult AKI
patients (= 18 years) classified by the KDIGO criteria of AKI who were
critically ill, admitted to the medical ICU after June 1%, 2016. We
excluded patients <18 years of age, those with a history of chronic
kidney disease (CKD) stage 5, renal transplant recipients, patients with
any surgical interference and those with missing data. We followed
participants from the ICU admission date until the earliest of
discharge, death or transfer to another unit.

Data collection

We collected information on the dates of admission and discharge
from the ICU, demographics, history of co-morbid conditions
(underlying CKD, diabetes mellitus (DM), hypertension (HTN),
cardiovascular disease (CVD), stroke, obesity, liver disease, and
malignancy) and underlying risk factors including sepsis, hypotension
and use of nephrotoxic agents (as contrast material or nephrotoxic
antibiotics). After ICU admission, patients were diagnosed as AKI or
not based on KDIGO classification [10]. AKI was defined as an
increase in SCr by > 0.3 mg/dl within 48 hrs, or increase in SCr to > 1.5
times baseline; which is known or presumed to have occurred within
the prior 7 days, or urine volume <0.5 ml/kg/h for 6 hrs. Baseline SCr
was defined as the minimum among the outpatient values measured
within 6 months before hospital admission or the inpatient value
before ICU admission. For a patient with no SCr measurement within
6 months before ICU admission, the baseline was defined as the
minimum among the last values before hospital discharge.

Sepsis was diagnosed based on Sepsis Definition Conference
Criteria [11]. Severity of illness was assessed by APACHE II and SOFA
scores, which were calculated based on the worst variables recorded
during the first 24 hrs after ICU admission to evaluate patient status
[12,13]. All patients were followed during their ICU stay for primary
outcome which was progression to severe AKI (KDIGO stage 2 or 3)
and secondary outcomes which included the need for RRT, ICU
mortality, length of ICU stay and SCr at the time of discharge from the
ICU. Laboratory data included repeated measures of SCr, urea,
electrolytes, liver enzymes, albumin, bilirubin, coagulation profile,
complete blood count and arterial blood gases. Urinary netrin-1 was
assessed for all patients at the time of admission by ELISA [14]. Urine
samples were collected for all patients at the time of ICU admission
and urinary netrin-1 was measured.

Statistical analysis

Data were collected and coded using the Statistical Package for
Social Sciences; SPSS version 24 (SPSS Inc, Chicago, IL). Qualitative
variables were expressed as number and percentage. Association

between categorical variables was tested using Chi-square (x?) test.
Quantitative variables were expressed as minimum and maximum as
well as mean and standard deviation (SD), also exact tests such as
student t-test and analytical test of variance (ANOVA test) were
applied. Non-normally distributed quantitative data were analyzed
using non-parametric tests as Mann Whitney test and Kruskal Wallis
test. Spearman coeflicient was used to analyze the correlation between
the different parameters. Logistic regression analysis for risk factors of
progression of AKI was performed using forced entry method. Model
fit was assessed using Hosmer-Lemeshow test. Statistical significance
was considered at p < 0.05.

Result

Patient characteristics

Table 1 summarizes the baseline characteristics of the study cohort.
The mean age of the study participants (n=80) was 56.54 + 13.67 years,
46.25% were males, 30% had pre-existing CKD, 41.25% were diabetics,
45% were hypertensive, 40% had cardiovascular disease and 42.5% had
liver disease. Underlying risk factors included hypotension (46.25%),
sepsis (71.25%) and use of nephrotoxic agents (12.5%).

Disease severity was assessed by APACHE II score (mean: 18.81 +
7.26) and SOFA score (mean: 8.84 + 3.51).

Baseline characteristics Studied cases (n=80)
Demographics

Age (Years), Mean + SD 56.54 + 13.67
Gender (Male), No. (%) 37(46.25)
Residence (Urban), No. (%) 60(75)
Co-morbidities, No. (%)

Pre-existing CKD 24(30)
Diabetes mellitus 33(41.25)
Hypertension 45(56.25)
Cardiovascular disease 32(40)
Obesity 31(38.75)
Liver disease 34(42.5)
Malignancy 9(11.25)

Risk factors, No. (%)

Hypotension 37(46.25)
Sepsis” 57(71.25)
Nephrotoxic agents 10(12.5)
Physical signs, Mean * SD

MBP (mmHg) 74.88 +23.18
Temperature (°C) 37.1+£0.28
HR (Beats/min) 88.68 + 21.6
RR (Breaths/min) 22.05+7.36
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UOP (ml/h) 91.44 + 86.67
Laboratory data, Mean * SD

Basal blood urea (mg/dl) 73.19 £23.39
Basal SCr (mg/dl) 1.55+0.86
SCr on ICU admission (mg/dl) 3.05+1.78
SCr at discharge (mg/dl) 217 +1.32

Urinary netrin-1 (pg/ml)

650.474 £ 167.774

Disease severity, Mean * SD

patients who were known to have preexisting CKD (p<0.001),
hypotensive patients (p=0.002), patients who needed RRT (p<0.001)
and patients who died (p=0.003). Also, the distribution was
significantly different between the two groups as regards the AKI stage
at the time of presentation (p=0.038) and the stage of sepsis with
progression being more common among those with septic shock
(p=0.041) (Table 2).

Progressors had significantly lower mean BP (p=0.007), lower
serum albumin level (p=0.008), higher serum PO, level (p=0.006),
higher basal blood urea level (p<0.001), higher basal SCr level
(p<0.001), higher level of SCr at the time of presentation (p<0.001),
higher level of SCr at the time of discharge (p<0.001), higher APACHE
IT score (p=0.037) and longer ICU stay (p=0.020) (Table SI).

Glasgow coma scale 12.29 + 2.46
APACHE Il score 18.81+7.26 (':l‘;"sg’)mgressms Progressors (n=27) | P
Variables
SOFA score 8.84 + 3.51 No " No "
Patient outcomes, No. (%) CKD
Progression (progressors) 27(33.75) No CKD 47 88.7 9 333
RRT (received RRT 32(40 <0.001
(receive ) (40) known to be CKD | 6 1.3 18 66.7
ICU mortality (non-survivors) 44(55) Hypotension
*Sepsis refers to any stage including Systemic Inflammatory Response .
Syndrome (SIRS), sepsis, severe sepsis and septic shock. Not hypotensive 35 66 8 296 0.002
Hypotensive 18 34 19 70.4
Table 1: Baseline characteristics of the study cohort. A
Stage of Sepsis
Figure 1 shows distribution of the studied cases according to the | g sepsis 19 35.85 4 14.81
different outcomes of each AKI stage.
SIRS 6 11.32 0 0
Sepsis 5 9.43 7 25.93 0.041
Stage 1 (n=57) ] [ Stage 2 (n=12) | [ Stage 3 (n=11)
Severe sepsis 7 13.21 5 18.52
Prog y P ion/Recovery Progression/Recovery
o R Bfipies sl L Septic shock 16 30.19 11 40.74
+Stage2 — 3 (5.3%) +Stage2 — 1(8.3%) «Stage2 — 2 (18.2%)
*Stage 3 — 20 (35% *Stage3 — 4 (33.3%, *Stage 3 — 4 (36.3%)
Stage 3 0 (35%) Stage 3 (33.3%) Stage 3 (36.3%) AKI Stage at
= _ _ Presentation
Need for RRT Need for RRT Need for RRT
*No — 38 (66.7%) | +No — 8 (66.7%) +No — 2 (18.2%)
{ *Yes — 19 (33.3%) *Yes— 4 (33.3%) ‘ -{'Yes—- 9 (81.8%) ’ Stage 1 35 66 22 81.5
Mech. ventilation Mech. ventilation Mech. ventilation Stage 2 7 13.2 5 185 0.038
*No — 33 (57.9%) |- No — 4 (33.3%) ’ —{-I\’n — 7 (63.6%) ‘
~Yes — 24 (42.1%) ~Yes— § (66.7%) *Yes— 4 (36.4%)
Stage 3 1 20.8 0 0
Mortality/Survival Mortality/Survival Mortality/Survival
—{-smived — 27 (47.4%) -[-Suni\‘ed —2(16.7%) } -{-Surm'ed — 7 (63.6%) } Need for RRT
*Died — 30 (52.6%) +Died — 10 (83.3%) +Died — 4 (36.4%)
No 44 83 4 14.8
Figure 1: Distribution of the studied cases according to the different <0.001
outcomes of each AKI stage. Yes 9 7 23 85.2
ICU Mortality
Progression refers to worsening of AKI by at least one KDIGO stage | Survivors 30 56.6 6 222
or initiation of Renal Replacement Therapy. No AKI refers to renal : 0.003
recovery which is considered when the last available creatinine fell | Non-survivors 23 434 21 78

within 0.3 mg/dl or 50% of the baseline value, without requirements
for Renal Replacement Therapy.
Disease progression

Almost one third (33.75%) of the study patients were identified as
progressors. Progression was significantly more common among

Table 2: Comparison between progressors and non-progressors.

Need for RRT

40% of the study patients received RRT. There was a significantly
higher need for RRT among patients who were known to have
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preexisting CKD, hypertensive patients, those with liver disease and
disease progression (p<0.001, p=0.021, p=0.042, p<0.001, respectively).
Also, the distribution was significantly different between the two
groups as regards the AKI stage at presentation (p=0.010) (Table 3).

Patients who received RRT had significantly lower heart rate and
hemoglobin level (p=0.018, 0.012, respectively). They had higher
APACHE 1I and SOFA scores (p<0.001, p=0.008, respectively). They
also had higher serum PO4, basal blood urea, basal SCr and SCr levels
at the time of presentation and discharge (p<0.001 for all) (Table S2).

Variables No RRT (n=48) RRT (n=32) P
No. % No. %
CKD
No CKD 42 87.5 14 43.75
<0.001
known to be CKD 6 12.5 18 56.25
HTN
Not hypertensive 26 54.2 9 28.1
0.021
Hypertensive 22 45.8 23 71.9
Liver Disease
Absent 32 66.7 14 43.75
0.042
Present 16 33.3 18 56.25
AKI Stage at
Presentation
Stage 1 38 79.2 19 59.4
Stage 3 2 4.1 9 28.1
Progression
Non-progressors 44 91.7 9 28.1
<0.001
Progressors 4 8.3 23 71.9

Table 3: Comparison between RRT and no RRT.

ICU mortality

More than half (55%) of the study patients died. Mortality was
significantly more common among patients known to have CKD, those
with liver disease and disease progression (p<0.001, p=0.016, 0.003,
respectively). Also, the distribution was significantly different between
the two groups as regards the stage of sepsis with mortality being more
common in patients with septic shock (p=0.010) (Table 4).

Non-survivors had significantly lower platelet count and serum
albumin level (p=0.008, 0.004, respectively). They had higher serum
AST and total bilirubin levels (p=0.008, 0.006, respectively), higher PT,
PTT and INR (p<0.001, p=0.006, p<0.001, respectively) and higher
APACHE 1II and SOFA scores (p=0.002, p<0.001, respectively). They
also had higher blood lactate, basal blood urea, basal SCr and SCr
levels at the time of presentation and discharge (p<0.001 for all) (Table
S3).

Length of ICU stay

It was longer among hypertensive patients and progressors
(p=0.046, 0.020, respectively) (Table S4). There were statistically
significant negative correlations with serum AST, ALT and Ca levels
(p=0.033, 0.001, 0.002, respectively) (Table S5).

SCr at the time of discharge

The level was higher among patients with liver disease (p=0.008),
patients who were known to have preexisting CKD, progressors, those
who received RRT and non-survivors (p<0.001 for all). Also, the level
was significantly different as regards the different stages of sepsis being
higher among patients with septic shock (p=0.007) (Table S4).

Variables Survivors (n=36) Non-survivors P
(n=44)
No. % No. %
CKD
No CKD 35 97.2 21 47.7
<0.001
known to be CKD 1 2.8 23 52.3
Liver Disease
Absent 26 722 20 45.5
0.016
Present 10 27.8 24 54.5
Stage of Sepsis
No sepsis 13 36.1 10 22.7
SIRS 6 16.7 0 0
Sepsis 6 16.7 6 13.6 0.010
Severe sepsis 4 111 8 18.2
Septic shock 7 19.4 20 45.5
Progression
Non-progressors 30 83.3 23 52.3
0.003
Progressors 6 16.7 21 47.7

Table 4: Comparison between survivors and non-survivors.

There were statistically significant positive correlations between SCr
at discharge and age (p=0.021), blood lactate level (p=0.001), PT
(p=0.006), PTT (p=0.006), INR (p=0.005) and serum PO, level
(p=0.029). Also, it was positively correlated with basal blood urea,
basal SCr and SCr level at the time of presentation and APACHE II
and SOFA scores (p<0.001 for all).

On the other hand, there were statistically significant negative
correlations with hemoglobin level, platelet count, serum albumin and
Na levels (p=0.003, 0.016, 0.001, 0.021, respectively) (Table S5).

Urinary netrin-1

Regarding urinary netrin-1, there was no statistically significant
difference between progressors and non-progressors, those who
received RRT and those who did not and survivors and non-survivors.
Except for a significant positive correlation with serum total bilirubin
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level (p=0.006), no statistically significant correlations or differences
were found with the other parameters.

ROC curves were constructed to assess the usefulness of urinary
netrin-1 in the prediction of disease progression, the need for RRT and
ICU mortality revealing that it had no significant value as a predictor
of any of them (Figures 2-4).

AvC
(95% CT)

0.508
(0.393 - 0.621)

Sensitivity

I | I L |
0 20 20 50 80 100
100-Specificity

Figure 2: ROC curve for urinary Netrin-1 to predict disease
progression.

AUC »
(95% CI) /
80 0533 yd
(0.418 - 0.645) | %618 /

Sensitivity

I ) L
0 20 0 50 0 700
100-Specificity

Figure 3: ROC curve for urinary Netrin-1 to predict the need for
RRT.

AuC
(95% CI)

0.535
(0.420 - 0.647)
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100-Specificity

Figure 4: ROC curve for urinary Netrin-1 to predict ICU mortality.

Multivariate analysis

We conducted multivariable logistic regression analysis to assess the
risk factors for progression of AKI The variables considered for
inclusion in the model were based on clinical judgment [15-18]. They
included demographic data (age and gender), chronic co-morbidities
(CKD, DM, HTN, CVD and chronic liver disease), acute events
(hypotension and sepsis or septic shock) and laboratory markers (basal
levels of blood urea and SCr and level of SCr on admission). We found
that CVD, hypotension and higher basal blood urea level were
independent risk factors for AKI progression, while we failed to prove

the significance of other variables in our model (Table 5). Ideally, a
larger multicenter sample is needed to produce a more robust model.

Independent Variables B ‘ P ‘ OR ‘ 95% CI
Demographics

Age (in years) -0.072 0.073 0.931 0.861
Sex (female vs. male) -0.902 0.307 0.406 0.072
Co-morbid Conditions

f]::)ronic Kidney Disease (yes vs. 0.803 0.563 0.448 0.029
Diabetes Mellitus (yes vs. no) -0.342 0.733 0.711 0.1
Hypertension (yes vs. no) -1.382 0.133 0.251 0.041
r(1);1)rdiovascular Disease (yes vs. 2299 0.044* 0968 1.061
Chronic Liver Disease (yes vs. no) | -0.72 0.465 0.487 0.071
Underlying Risk Factors

Hypotension (yes vs. no) 1.935 0.036* 6.923 1.132
Sepsis/Septic Shock (yes vs. no) 0.466 0.696 1.594 0.154
Laboratory Tests

Basal Blood Urea Level 0.079 0.039* 1.083 1.004
Basal SCr Concentration 1.404 0.168 4.072 0.553
SCr Concentration at Presentation | -0.032 0.926 0.968 0.493
Model Chi-square (P) 5.834 ( 0.666)

Constant (P) -6.227 (0.111)

*: Statistically significant at p < 0.05

Table 5: Multivariable logistic regression analysis for progression of
AKI in critically ill patients.

Discussion

AKI is a frequent complication in patients admitted to the ICU and
is associated with increased morbidity and mortality, increased length
of hospital stay, cost, readmission, ventilator days and need for post-
hospitalization care [19]. International guidelines recommend risk
assessment for AKI for the purpose of managing modifiable factors
and preventing kidney injury progression and severity [20]. We chose
to assess the risk of moderate to severe AKI rather than all AKI
because this severity (corresponding to KDIGO stage 2 and 3) has
been shown to be associated with a significantly increased incidence of
clinically important outcomes such as need for renal replacement
therapy, in hospital death and persistent renal dysfunction [21,22].

In this prospective cohort study, progression of AKI occurred in
almost one third (33.75%) of patients admitted to the medical ICU.
Hypotension and sepsis were independently associated with
progression of AKI. The use of nephrotoxic agents was excluded from
all comparisons due to the very small size of the sample (only 10
patients (12.5%) received nephrotoxic agents compared to 70 patients
(87.5%) who didn’t). Our results confirmed the findings of many other
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studies that revealed significant associations with the same factors
[23-27].

The association between different co-morbidities and progression of
AKI varies widely across studies. While we found that progression was
significantly associated with history of CKD, Raimundo et al. [27]
revealed that progression is significantly associated with CVD. Kashani
et al. [24] found a significant association with DM and HTN. Sileanu et
al. [23] revealed that DM, CVD, CKD, HTN and increased BMI are all
associated with the progression of AKI. These variations may reflect
differences in baseline patient characteristics, criteria used to define
AKI and AKI progression, study design and the type of ICUs.

We assessed the severity of illness on admission to the ICU using
APACHE II and SOFA scores. We found that progressors had
significantly higher APACHE 1II score, while no significant difference
was found as regards the SOFA score. Raimundo et al. [27] postulated
the same results.

Regarding patient outcomes, Koyner et al. [26] found that
progression is significantly associated with RRT, ICU mortality and
longer ICU stay. These findings are consistent with our results. In
addition, we found that progressors had a significantly higher level of
SCr at the time of discharge.

In our study, the results were similar between progressors and non-
progressors as regards age and sex. These results were in line with those
revealed by Raimundo et al. [27], Poukkanen et al. [25] and Koyner et
al. [26]. In contrast, Sileanu et al. [23] and Kashani et al. [24] found
that increased age is associated with the progression of AKI. This could
be attributed to the large size of the sample in the later studies and to
the finding that both included patients with no AKI in the control

group.

Compared to those who didn’t receive RRT, we found that patients
treated with RRT were more likely to have CKD, stage 3 AKI, had
higher SCr and higher APACHE II score.

Regarding ICU mortality, we agreed with Raimundo et al. [27] and
Peres et al. [28] that non-survivors had higher arterial lactate levels,
higher blood urea and admission creatinine levels and higher
APACHE 1II and SOFA scores. Patients with CKD, liver disease,
progressors (to AKI stage 2 or 3) and those with sepsis or septic shock
had an increased risk for death; the same findings demonstrated by
Chertow et al. [29] and many other studies [28,30,31].

To the best of our knowledge, our study is the first to validate the
usefulness of urinary netrin-1 as a predictor of AKI progression, the
need for RRT and ICU mortality in adults with the usual confounding
variables and comorbid conditions that normally accumulate with
increasing age. We constructed ROC curves to assess this validity. Our
results have shown that urinary netrin-1 level had no value in
predicting any of the previously mentioned outcomes. This leads us to
question its role and to recommend that more studies are needed to
establish the role of netrin-1 in various forms and stages of AKI.
Studies should also examine whether the role of netrin-1 can be
improved by combining it with other biomarkers.

Our study has important limitations. First, we did not capture many
processes of care variables (e.g., contrast use) or types of AKI (septic
vs. non-septic AKI) that might have contributed to variation in risk
and outcomes of AKI. Second, we did not estimate UO prior to ICU
admission which could have underestimated the risk and outcomes of
AKI. Third, we did not examine the interaction between UO and
serum creatinine as patients with low UO (due to oliguria and fluid

overload) might have had spuriously lower serum creatinine values
biasing the severity of AKI. Fourth, this study attempted to identify the
risk factors associated with disease progression. However, because we
assume that the etiology is often multifactorial and that multiple risk
factors could be present, the relative importance of each risk factor
could not be identified. Finally, the reduced size of our patient
population is another limitation.

Conclusions

AKI progression was more common among patients with history
of CKD, hypotensive patients, septic patients, those who needed RRT
and those who died. Cardiovascular disease, hypotension and higher
basal blood urea level were independent risk factors for AKI
progression. Urinary netrin-1 had no significant value as a predictor of
disease progression, the need for RRT or ICU mortality.
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