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INTRODUCTION
Acute kidney injury (AKI) constitutes a serious clinical 
condition that affects both kidney structure and function. It 
may concern 30-40% of patients treated in the intensive care 
units (ICU) worldwide [1, 2]. There are a plethora of AKI risk 
factors [3, 4]. AKI may significantly affect prognosis [5, 6].

According to AKIN (Acute Kidney Injury Network) [7] or 
KDIGO (Kidney Disease: Improving Global Outcomes) [3] 
guidelines, AKI is classified into stages which are in direct 
correlation with progression of renal insufficiency [3]. The 
optimal timing of implementation of renal replacement ther-
apy (RRT) for AKI in ICU subjects is still not well defined and 
the decision must be made based on clinical and biochemical 
parameters of volume overload, azotaemia, hyperkalaemia, 
and acidosis [1, 2, 8]. These factors are considered “classic” 
indications for RRT [9]. Although AKIN 3 stage or AKIN 2 
stage with a documented renal damage (by biomarkers) are 
believed to be the best thresholds for RRT to start [10, 11], there 
is some evidence that even earlier treatment may improve the 
outcome in critically ill [12-14]. However, in contrast to the 
studies promoting the earlier start of RRT, examples of recent 
trials point towards a favorable strategy of delayed initiation or 
cannot give an unequivocal answer [15, 16].

Several attempts have been made to establish a simple but 
accurate method of facilitating decision making. IRRIV (In-
ternational Renal Research Institute of Vicenza) score has been 
designed to enable early identification of vulnerable patients 
who may require RRT [17]. Although the first results seemed 
promising, its clinical utility has not been yet validated externally. 

THE AIM
We aimed (1) to assess the usefulness of the IRRIV score 
in the prediction of RRT implementation in patients with 
elevated sCr concentration, (2) to verify its utility in pa-
tients presenting “classic” indications for RRT, and (3) to 
verify whether the score helps predict the outcome in the 
ICU setting.

MATERIAL AND METHODS

STUDY POPULATION
In this retrospective study, a number of 955 consecutive patients 
hospitalized between 01.2015 and 07.2018 in a mixed ICU was 
screened. Then, 865 individuals were excluded due to sCr level 
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<3.5 mg/dl and/or no other existing indications for RRT. From 
the group of remaining 90 subjects, five more patients were 
excluded from further evaluation (length of ICU stay shorter 
than 24h, n=2; transfer to another hospital/unit, n=2; lack of 
data, n=1). Patients’ flowchart is depicted in Figure 1. 

Patients with sCr≥3.5 mg/dl on the first 24 hours 
post-ICU-admission (as an accepted indication for RRT 
implementation [18]) constituted the study group “1” (G1, 
n=54). Subjects who underwent RRT based on occurring 
indications, regardless of the recorded sCr level staying 
within reference values, were considered the study group “2” 
(G2, n=31). The rationale for RRT start in G2 was as follows: 
acidosis (n=28), anuria (n=18), fluid overload (n=11), sepsis 
(n=8), and toxic acute renal failure (n=5). Groups G1 and G2 
were not interchangeable, meaning no patients from G2 had 

sCr>3.5 mg/dl during the entire length of ICU stay. 17 patients 
in G1 and 0 patients in G2 had chronic kidney disease (CKD) 
diagnosed before the ICU admission. However, none of the 
patients required RRT prior to the ICU admission analyzed 
in our study. All subjects had continuous RRT (CRRT), either 
continuous veno-venous hemodialysis (CVVHD, n=27), 
continuous veno-venous hemodiafiltration (CVVHDF, n=20) 
or continuous veno-venous hemofiltration (CVVHF, n=1). 

DATA EXTRACTION AND ANALYSIS
Medical and demographic data were retrieved from medical 
records, with special attention given to the acknowledged 
AKI risk factors, according to KDIGO guidelines [3], and the 
acknowledged indications for RRT [9], i.e. excessive fluid over-

Table I. Study group characteristics and procedure-related variables.
Variable Category/Unit G1 (n=54) G2 (n=31) Combined G1+G2 (n=85)

Sex
Males 31 (57%) 13 (42%) 44 (52%)

Females 23 (43%) 18 (58%) 41 (48%)

Age (years) 61 (48-72) 65 (52-71) 64 (50-72)

APACHE II (points) 21 (16-29) 21.5 (15-28) 21 (15-29)

Serum creatinine on day 1 of ICU 
admission (mg/dl) 3.5 (2.08-4.42) 1.63 (1.17-1.95) 2.42 (1.47-3.70)

eGFR on day 1 of ICU admission (ml/min/1,73m2) 18 (12.7-32.3) 44.7 (29.6-56.6) 23.8 (16.2-48.1)

Length of ICU stay (days) 6.5 (3-18) 8 (3-19) 7 (3-19)

Length of RRT (days) 3 (2-4) 5 (2-6.3) 4 (2-6)

Chronic Kidney Disease (CKD) stage

Median  (IQR) 4 (4-5) 0 4 (4-5)

G1 0 0 0

G2 0 0 0

G3a 2 (3.7%) 0 2 (2.4%)

G3b 1 (1.9%) 0 1 (1.2%)

G4 6 (11.1%) 0 6 (7.1%)

G5 8 (14.8%) 0 8 (9.4%)

Values are medians, interquartile ranges (Q1–Q3) for quantitative variables, and frequencies and percentages for qualitative variables

Table II. Causes of acute kidney injury in both groups (according to KDIGO [3]).

Risk factors/ Exposures G1
N=54

G2
N=31

Risk factors/ 
Susceptibilities

G1
N=54

G2
N=31

Sepsis 7 (13%) 8 (25.8%) Dehydration/
volume depletion 12 (22.2%) 7 (22.6%)

Critical illness 54 (100%) 31 (100%) Advanced age 
(> 65yrs) 23 (42.6%) 14 (45.2%)

Circulatory shock 9 (16.7%) 4 (12.9%) Female gender 23 (42.6%) 18 (58.1%)

Trauma 5 (9.3%) 0 Chronic kidney disease 17 (31.5%) 0

Major non-cardiac
 surgery 16 (29.6%) 8 (25.8%) Chronic disease 

(heart, lung, liver) 24 (44.4%) 20 (64.5%)

Nephrotoxic drugs 1 (1.9%) 1 (3.2%) Diabetes mellitus 12 (22.2%) 8 (25.8%)

Radiocontrast agents 4 (7.4%) 6 (19.4%) Cancer 16 (29.6%) 8 (25.8%)

Poisonous plants
 and animals 0 0 Anaemia (F: <12 g/dl;

M: <13 g/dl)  29 (53.7%) 19 (61.3%)

Values are frequencies and percentages for qualitative variables
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load (>10%), acidosis (pH<7.15), low urine output (< 0.5 ml/
kg/h for at least 6 hours), sepsis, and acute renal failure (AKIN 
class 3). IRRIV score for each patient was calculated based on 

the worst recorded value during the first 24 hours after patient’s 
admission to the ICU with some complementary data taken 
from the patient’s further ICU stay (e.g. sCr value from the 
day of ICU discharge The score consists of 8 parameters with 
a threshold value assigned for each of them, i.e. mean arterial 
pressure, body temperature, serum HCO3

- concentration, 
urinary output, Sequential Organ Failure Assessment (SOFA) 
renal score, need of mechanical ventilation, change of serum 
creatinine (sCr) during hospital stay, and fluid accumulation 
[17]. During the evaluation, a sum of a maximum 11 points 
could be given to the patients based on their clinical status 
and laboratory results. Each parameter has a one ascribed 
value of 1, 1.5 or 2 points exactly. The threshold of >3.5 points 
(including at least one of the renal dysfunction markers) has 
been accepted as an indication for RRT. [18]

ICU mortality and ICU length of stay (LoS) were consid-
ered the outcome.  ICU LoS was defined as the time from 
the ICU admission to either the patient’s discharge from 
the hospital, transfer to another ward or death. 

ETHICAL ISSUES
Under section 21 and 22 of the Act of 5 December 1996 on 
the Medical Profession [19], due to non-interventional and 

Fig. 1. Flowchart of the study population.

Fig. 2. Prediction of RRT need using the 
IRRIV score in G1 patients.

Table III. Parameters of the IRRIV score in both groups (according to 
Zaragoza et al. [15]).

Parameter G1
N=54

G2
N=31

Mean arterial pressure  
(lowest) ≤ 65mmHg 26 (48.1%) 19 (61.3%)

Body temperature  
(highest) ≥ 38.2°C 5 (9.3%) 3 (9.7%)

HCO3
- concentration  

(lowest) ≤ 23 mmol/l 39 (72.2%) 23 (74.2%)

Urinary output (lowest) ≤ 40 ml/h 30 (55.6%) 23 (74.2%)

SOFA renal (highest) ≥ 2 42 (77.8%) 8 (25.8%)

No mechanical ventilation 9 (16.7%) 3 (9.7%)

Change of sCr ≥ 0.3 mg/dl 49 (90.7%) 18 (58.1%)

Fluid accumulation ≥ 10% 15 (27.8%) 11 (35.5%)

Values are frequencies and percentages for qualitative variables. SOFA- 
Sequential Organ Failure Assessment score, sCr- serum creatinine.
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retrospective design of the study, no approval of the Ethics 
Committee was required. However, all patients data were 
obtained in accordance with the national law regulations 
of personal data management, after the written consent 
was given by the patients on hospital admission, excluding 
unconscious patients who required emergency procedures.

STATISTICAL ANALYSIS
Statistical analysis was performed using MedCalc v.18 soft-
ware (MedCalc Software, Ostend, Belgium). Quantitative 
variables were depicted using medians and interquartile 
ranges (IQR, i.e., 25pc–75pc). The D’Agostino-Pearson test 
was used to verify their distribution. Qualitative variables were 
described with frequencies and percentages. Between-group 
differences for continuous variables were assessed using the 
Kruskal-Wallis test, while for categorical variables the Chi-
squared test was applied. ROC curves were drawn and areas 
under the ROC curves (AUC) were calculated to determine 
the predictive value of the IRRIV score and the outcome. 
Correlations were assessed using Spearman’s rank coefficient. 
A p-value <0.05 was considered significant.

RESULTS
G1 consisted of 54 patients (31 men, 57% / median age of 
61 years, IQR 48-72). G2 included 31 patients (13 men, 
42% / median age of 65 years, IQR 52-71 Median baseline 
APACHE II score was 21 (IQR 16-29) in G1 and 21.5 (IQR 
15-28) in G2, respectively (P=0.89). 

Detailed characteristics of the study groups are depicted 
in Table I.  Distribution of classic AKI risk factors in both 
groups is depicted in Table II. Median IRRIV score was 5.5 
points (IQR 4.5-6.5) in G1 and 3.5 points (IQR 3-5.5) in 
G2 (P=0.02). Distribution of all constituents of the score 
in both groups is shown in Table III.

In G1, 17 patients (32%) had CRRT during ICU stay. 
Median RRT time was 3 days (IQR 2-4.5) in G1 and 5 days 
(IQR 2-6) in G2. Median ICU LoS was 6.5 days (IQR 3-18) 
in G1 and 8 days (IQR 3-19) in G2, respectively (P=0.54). 
Mortality was higher in G2 (n=20, 64.5%) compared to 
G1 (n=20, 37%) (P=0.015).

IRRIV score poorly predicted the need for RRT imple-
mentation in G1 (AUC=0.652, 95%CI 0.510-0.776, P=0.048) 
(Fig. 2). No correlation was found between IRRIV score 
and ICU LoS (G1: R= -0.13, P=0.36; G2: R= -0.27, P=0.15) 

Fig. 3. Scatter diagram for the association 
between the IRRIV score and ICU length 
of stay in G1 patients.

Fig. 4. Scatter diagram for the association 
between the IRRIV score and ICU length 
of stay in G2 patients.
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(Fig. 3-4). IRRIV score failed to predict mortality in both 
groups (G1: AUC=0.610, 95%CI 0.468-0.740, P=0.16; G2: 
AUC=0.530, 95%CI 0.343-0.710, P=0.79) (Fig. 5-6).

When combined G1 and G2 were analyzed, IRRIV 
could not predict the need for RRT implementation 
(AUC=0.544, 95%CI 0.433-0.653, P=0.490) (Figure 7). 
No correlation was found between IRRIV score and ICU 
LoS (R= -0.16, P=0.14) (Figure 8). IRRIV score failed 
to predict mortality (AUC=0.535, 95%CI 0.424-0.644, 
P=0.58) (Figure 9).

DISCUSSION
In this short study, we sought to verify the clinical utility 
of the IRRIV score in the local academic ICU. The score 
predicted neither a need for RRT implementation nor the 
short-term outcome.

Our project was inspired by the original study of Zarago-
za et al. who analysed the frequency of RRT, ICU mortality 
and length of ICU stay [17]. Interestingly, our results are 
not in line with those from a Vicenza group. In their paper, 
the score helped predict a need for RRT (AUC=0.81), mor-
tality (P<0.001; AUC not calculated), and LoS (P<0.001). 
There are, however, some discrepancies between the studies 
in terms of the number of subjects, mode of participants’ 

Fig. 5. Prediction of mortality using the IRRIV score in G1 patients.

Fig. 7. Prediction of RRT need using the IRRIV score in combined G1 and G2 patients.

Fig. 6. Prediction of mortality using the IRRIV score in G2 patients.

Fig. 8. Scatter diagram for the association between the IRRIV score and 
ICU length of stay in combined G1 and G2 patients.

Fig. 9. Prediction of mortality using the IRRIV score in combined G1 and G2 patients.
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selection, and distribution of baseline AKI risk factors 
(sCr, SOFA renal score) which make direct comparisons 
impossible. The original study population comes from the 
NEFROINT (NEFROlogia e Cura INTensiva) Investigation 
group database which is a prospectively collected database 
of 10 Italian ICUs and it was focused on the epidemiology 
and risk factors of AKI in the ICU [20,17]. Our patients 
came from a single-centre, mixed ICU, therefore our study 
group included patients in a critical state, with disorders 
of various backgrounds e.g. medical, post-operative, neu-
rological, etc. one ought to remember that we didn’t aim 
to monitor the exact number of parameters as recorded by 
the Vicenza team, but we directly based on a final model 
constructed by them. Our investigation generally focused 
less on the time and events prior to the ICU hospitalization, 
e.g. pre-hospitalization sCr levels and previous exposure 
to toxics, which usually are difficult to assess. Moreover, 
Zaragoza and colleagues implemented a control group 
of patients with a relatively low serum creatinine level 
(mean value of 0.9 mg/dl). The rationale to investigate 
the G1 group in our study was to check if the score was 
truly decisive in starting RRT in “borderline” patients with 
elevated creatinine concentration. As a result, we chose 
the critically ill patients whose sCr was high enough to 
suggest the need for renal support. Then we evaluated the 
subsequent IRRIV score parameters to confirm the need 
for therapy and checked if it was indeed delivered.    

Unfortunately, there is a paucity of international data 
enabling further comparisons regarding the utility of the 
IRRIV score. Particularly, there is a lack of evidence on 
validation of the score in different ICU populations (i.e. 
surgical, septic, cardiac) or in different clinical scenarios 
(i.e. non-ICU). Our paper is not an exact copy of the 
original study, rather a reimagination aimed at congruent 
goals. From this point of view, we believe our study to be 
novel in this field.  

Despite the fact that RRT has become an integral part 
of modern critical care, identifying the optimal timing 
and optimal indications for RRT remain difficult in ICU 
practice. Unfortunately, the findings of recently published 
meta-analyses are inconclusive. Including 9 RCTs, Lai et 
al. [21] revealed that compared with “later” RRT, “earlier” 
initiation of treatment did not show beneficial impacts 
on patient outcomes. However, a lower rate of death was 
observed among surgical patients and in those who under-
went CRRT.  No beneficial effect of “earlier” start of RRT 
was found by Yang and colleagues in their comprehensive 
meta-analysis of RCTs [22]. Besen et al. [23] revealed 
that early initiation of RRT was associated with lower 
mortality in prospective and retrospective observational 
studies, however, after excluding low-quality papers, the 
relationship remained insignificant. Also, a meta-analysis 
with trial sequential analysis of RCTs documented no 
benefit of the early use of RRT [24]. There is a serious 
methodological problem of definition of “early” and “late” 
RRT implementation, which differs significantly between 
studies. We may, therefore, assume that conclusions on 
the relationship between RRT timing and the outcome are 

biased, and the additional value of the IRRIV score is of 
low importance in this context. 

STUDY LIMITATIONS
One should bear in mind potential limitations of our study, 
including relatively small study group with high sCr, lack of a 
control group with patients only “at risk” of RRT (AKIN stage 
1 and 2), lack of calculated AUC values for each independent 
IRRIV score parameters due to limited number of subjects, 
no precise information regarding the entire population of 955 
ICU patients with regard to AKI risk factors, limited number 
of variables included in statistical analysis (i.e. cause of admis-
sion), resulting in unclear determination as to what extent 
they affected the outcome in logistic regression. It also needs 
to be underlined that a relatively low percentage of subjects 
received RRT. Nonetheless, out of 955 examined cases, only 
the chosen 85 presented any indications for renal support. 

CONCLUSIONS
We may conclude that the retrospective analysis of our 
regional data did not confirm the expected usefulness of 
the IRRIV score in predicting the need for RRT nor in the 
prognostication of the patients admitted to the ICU due 
to renal failure. 
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