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Acute Kidney Injury (AKI) is a common condition with significant impact on morbidity, mortality,

and healthcare costs. This study explores the epidemiology of AKI, highlighting key factors and
outcomes. In a retrospective study we evaluated patients admitted to hospital from 2016 to 2019,
excluding those with pre-existing chronic kidney disease (CKD) stages 4-5. Data were extracted

from hospital databases, with AKI defined by changes in serum creatinine (sCr) according to KDIGO
criteria. Additionally, AKI was classified as “de novo” or as AKI on CKD in the subgroup of patients
with available pre-hospital eGFR. Outcomes included mortality, hospital stay duration (LOS), AKI
recovery, and persistent AKI. Of 87,087 patients, 17,946 (20.6%) developed AKI. AKI patients were
older, with more comorbidities, and had significantly higher mortality (17.7% vs. 4.3%, p < 0.001). AKI
was associated with in-hospital mortality (HR 1.23, 95% CI 1.16-1.30), longer LOS, and ICU admission.
Mortality increased with AKI severity. Considering the 34,285 patients (39% of the total cohort) with
pre-hospital eGFR, AKl occurred in 17.3% patients without previous CKD and in 31.1% of patients with
previous CKD. These patients presented higher incidence of ICU admission and mortality. Additionally,
17.6% of AKI patients had persistent kidney dysfunction at discharge, often requiring extended
hospitalization and ICU care. The substantial impact of AKI on both short- and potentially long-term
health emphasizes the importance of early detection, personalized management, and structured
follow-up to enhance outcomes and reduce CKD progression risk.
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Acute Kidney Injury (AKI), one of the most frequent and probably underestimated syndromes in hospitalized
patients, is commonly defined as an abrupt decline of renal function evaluated by the increase of serum creatinine
levels and by the concomitant decrease of urinary output categorized according to the KDIGO 2012 criteria’.
Previous studies clearly showed that the most severe forms of AKI (stages 2-3 KDIGO) are associated with
increased risk of mortality, length of hospital stay and healthcare costs mainly due to frequent re-hospitalizations
and development of comorbidities?. Moreover, AKI represents an independent risk factor for the progression
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toward chronic kidney disease (CKD)>*. AKI has recently emerged as a major public health concern with high
human and financial costs. In the US, AKI leads to an increase of the hospitalization costs that ranges $5.4 to $24
billion: the higher costs are related to the need of renal replacement therapies (RRT) leading to a longer hospital
stay®.

Moreover, we have recently found a significant discrepancy in AKI epidemiology depending on the definition
used. Specifically, reliance solely on administrative data, as opposed to diagnosis based on serum creatinine
changes, substantially underestimates AKI incidence in hospitalized patients®.

Given these challenges, there is an urgent need for new studies to accurately assess the actual incidence of
AKI. This would provide hospitals and policymakers with the necessary data to develop integrated healthcare
strategies aimed at reducing AKI-related costs.

This is particularly relevant for elderly patients who are more prone to develop AKI in consideration of the
loss of renal functional reserve due to aging and the presence of different chronic comorbidities such as diabetes,
hypertension and heart failure’. In a European hospitalized cohort, the average age of AKI patients was 76 years®.
Moreover, it has been shown that age-related yearly incidence of AKI increased from 17 per million in adults
under age 50 to 949 per million in those aged 80-89°.

Most of the published studies on AKI referred to critically ill patients admitted to Intensive Care Units (ICU)
in which the main driver of renal dysfunction is sepsis'’. However, recent reports showed that AKI is a frequent
complication also in low- and medium-intensity care settings, representing the first cause of Nephrology
consultancy worldwide!!13,

To date, we still have some unmet needs in the management of AKI in hospitalized patients: first, an earlier
diagnosis of AKI may limit the worsening of the syndrome with the need of RRT, decreasing the length of hospital
stay, thus improving outcomes. Secondly, the identification of AKI patients more prone to the progression toward
CKD at hospital discharge remains challenging both for clinical and organizational causes'®. AKI patients should
enter a program of specialized follow-up aimed to assess renal function and the development of distant organ
complications!>!°.

This study aimed to assess in-hospital incidence of AKI using a standardized epidemiologic model, paving
the way for improved AKI recognition, specialized post-discharge care, and biomarker discovery to better
understand the progression from AKI to CKD.

Materials and methods

Study design and patient enrolment

We performed a retrospective observational study in patients aged >18 years hospitalized at the Policlinico
Universitario “San Martino”, Genova (Italy) and at the Azienda Ospedaliera Universitaria “Maggiore della
Caritd”, Novara (Italy), from January 1, 2016, to December 31, 2019. Patients were included at the time of first
hospital admission. All subjects with chronic kidney disease (CKD) stage 4 and 5 identified by the ICD- 9-CM
(International Classification of Disease, 9 th Revision, Clinical Modification) diagnosis codes reported on the
Hospital Discharge Form (HDF) and/or in regular outpatient clinic pre-dialysis follow-up, were not included in
the research algorithm. Both institutional review boards approved the study protocol (Genova: N. Registro CER
Liguria: 515/2020; Novara: Protocollo 530/CE, Studio n. CE 220/19 NOV-AKI Study) and waived the need for
informed consent. The study was performed in accordance with the Declaration of Helsinki.

Data collection and definitions

All data were obtained from the hospital electronic database. We exported the following demographic, clinical
and laboratory data: age, sex, comorbidities, serum creatinine (sCr), admission ward, length of hospital stay
(LOS), death, and outcome. The most frequent comorbidities were identified by using ICD- 9-CM codes!”. The
values of sCr were collected at different time points: hospital admission, hospital discharge, peak and nadir levels
during hospitalization. Only patients with at least two sCr determinations were admitted to the study.

For the primary objectives of the study, the lowest sCr value recorded during hospitalization was assumed as
the baseline for all included patients!®.

AKI incidence was then determined based on changes in sCr, calculated as the ratio of peak sCr to the lowest
sCr during hospitalization (peak sCr/lowest sCr).

We defined and graded AKI according to the Kidney Disease Improving Global Outcomes (KDIGO) Clinical
Practice Guideline, based only on sCr changes. In accordance with KDIGO, stage 1, 2 or 3 AKI was defined as
sCr increase of 1.5 to 1.9 times, 2 to 2.9 times, and > 3 times (or need of dialysis) in respect to baseline sCr level
respectively!. Urine output was not considered due to the retrospective nature of the study and to the limited
collected data outside the Intensive Care Unit (ICU).

Notably, based on the available data, we were unable to determine which patients required dialysis during
hospitalization. However, it is likely that these patients, considering their low baseline creatinine levels—
potentially influenced by dialysis—were classified within the AKI stage 3 group.

When available in the laboratory database, we also collected sCr and estimated Glomerular Filtration Rate
(eGFR by using CKD-EPI Formula) performed from day 7 to 180 before hospitalization to identify pre-existing
CKD defined as eGFR <60 ml/min/1.73 m2. Then, in the subgroup of patients with available pre-hospital eGFR,
we differentiated and compared patients with “de novo” AKI defined as an AKI episode in absence of pre-
existing CKD, and AKI on CKD defined as AKI that developed in patients with pre-existing CKD.

AKI persistence or recovery were defined by calculating the ratio between sCr at discharge and the lowest sCr
during hospitalization (discharge sCr/lowest sCr): since the inclusion in the KDIGO criteria requires a discharge
sCr/lowest sCr > 1.5, we considered patients with persistent AKI accordingly. Conversely, patients with a ratio
< 1.5 were classified as recovery AKIL
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Outcomes

The following outcomes were considered: a) incident in-hospital AKI; b) overall mortality; c) length of hospital
stay (LOS); d) type of hospital discharge (protected vs. at home); e) persistence or recovery AKI at hospital
discharge.

Statistical analysis

Normally distributed variables are presented as mean + 1SD and compared using an independent or paired t-test
as appropriate. Logarithmically transformed values of skewed variables were used for the statistical analysis.
Comparisons between groups were made by analysis of variance. Comparisons of proportions were made using
the x2-test or Fisher’s exact test when appropriate. The incidence rate of AKI was calculated. Univariate and
multivariate logistic regression analyses were used to describe the relationship between all available clinical
variables of biological relevance and the presence of AKI. Odds ratios and 95% confidence intervals were
calculated by exponentiation of logistic regression coeflicients. Time-to-event analyses were performed using: (i)
the Kaplan-Meier method for survival curves estimation and log-rank test to compare them; (ii) univariate and
multivariate Cox regression models: risk was reported as hazard ratios (HR) along with their 95% confidence
intervals (CI). Covariates included all available clinical variables with biological plausibility. The time variable
was defined as the interval time between the baseline date and the date of endpoint occurrence or the last available
follow-up. Power analysis showed that the number of individuals in the database (n =87,087) represented a
sample largely sufficient to avoid b error also after stratification by AKI. Statistical calculations were performed
by STATA package, version 14.2 (StataCorp, 4905 Lakeway Drive, College Station, Texas 77,845 USA). The null
hypothesis was rejected for values of p < 0.05.

Results

Patients’ characteristics

We collected data from 87,087 hospitalized patients with a mean age of 69.2 +17.7 years, 43,467 (49.9%) males.
As reported in the HDEF, 8455 (9.7%) patients were diabetic, 7767 (8.9%) had heart failure (HF) and 5924 (6.8%)
had pre-existing CKD. Sepsis occurred in 3361 (3.9%) cases. At hospital admission, mean sCr was 1.12 +£0.98
mg/dl, corresponding to an eGFR of 90.1 +16 ml/min. Most of the patients were admitted to low or medium
intensity care settings, whereas 3147 (3.6%) to ICU (Table 1).

Incidence and risk factors for AKI

AKI developed in 17,946 (20.6%) patients. In respect to the No-AKI population, patients with AKI were
significantly older and with a higher prevalence of females. Moreover, in respect to the No-AKI group, AKI
patients presented a higher prevalence of all the recorded comorbidities, including CKD (9 vs 6.1% of the No-
AKI group, p< 0.001), diabetes (11.2 vs 9.3%, p < 0.001), heart failure (14.7 vs 7.4%, p < 0.001) and sepsis (10.7
vs 2.1%, p< 0.001) (Table 1).

As expected, analyzing admission data, we found that patients experiencing AKI showed higher sCr levels
(1.55 £1.53 vs 1+ 1 mg/dl, p< 0.001) and lower eGFR (81.6 £ 16 vs 91 +15 ml/min, p< 0.001) when compared
with the No-AKI group. AKI incidence was significantly higher in patients admitted to ICU (47%) and emergency
wards (25%) compared with general internal medicine and surgery units (10.4% and 16%, respectively).

We then analyzed the clinical determinants of AKI by univariate and multivariate logistic regression analyses
(Table 2). For the latter, two independent models were generated since the variables CKD reported in the HDF

All No-AKI AKI fNo-AKI vs AKI)
N, 87,087 69,141 (79.4) | 17,946 (20.6)
Age, years 69.2 £17.7 66.7 £18.1 74.8 £14.7 <0.001
Sex, male% 43,467 (49.9) | 34,869 (50.4) | 8598 (47.9) <0.001
Comorbidities, %
Diabetes 8455 (9.7) 6446 (9.3) 2009 (11.2) <0.001
Heart failure 7767 (8.9) 5122 (7.4) 2645 (14.7) <0.001
Sepsis 3361 (3.9) | 1448 (2.1) 1913 (10.7) <0.001
CKD 5924 (6.8) 4220 (6.1) 1704 (9) <0.001
sCr at admission (mg/dl) 1.12£0.98 1+1 1.55+1.53 <0.001
eGFR at admission (ml/min) | 90.1 £16 9115 81.6£16 <0.001
AKI incidence (%)*
Hospital Ward
Medicine 37,902 (43.5) | 30,951 (44.7) | 6951 (38.7) 10.4
Surgery 22,569 (25.9) | 18,949 (27.4) | 3620 (20.2) 16
ICU 3147 (3.6) 1666 (2.4) 1481 (8.2) 47
Emergency Medicine 23,467 (26.9) | 17,574 (25.4) | 5893 (32.8) 25.1

Table 1. Main clinical characteristics of hospitalized patients according to AKI development. Abbreviations:
CKD: Chronic Kidney Disease, sCr: Serum Creatinine, ICU: Intensive Care Unit, AKI: Acute Kidney Injury.
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Univariate Multivariate model 1 Multivariate model 2
Risk factors OR |95%CI |p OR |95%CI |p OR | 95% CI P
Sex (female) 1.11 | 1.07-1.14 | <0.0001 | 1.08 | 1.04-1.12 | <0.0001 | 1.23 | 1.18-1.27 <0.0001
Age 1.03 | 1.02-1.03 | <0.0001 | 1.03 | 1.02-1.03 | <0.0001 | 1.02 | 1.02-1.02 <0.0001
Comorbidities
Diabetes 1.23 | 1.16-1.29 | <0.0001 | 1.05 | 0.99-1.11 0.08 1.02 | 0.96-1.08 0.58
HF 2.16 | 2.05-2.27 | <0.0001 | 1.51 | 1.43-1.6 <0.0001 | 1.43 | 1.35-1.51 <0.0001
Sepsis 5.58 | 5.2-5.9 <0.0001 | 3.61 | 3.35-3.9 <0.0001 | 3.2 |296-34 <0.0001
CKD 1.61 | 1.52-1.71 | <0.0001 | 1.38 | 1.28-1.47 | <0.0001 | - - -
Admission sCr | 1.67 | 1.64-1.70 | <0.0001 | - - - 1.55 | 1.53 - 1.58 | <0.0001
Medical Ward | Ref
ICU stay 4.38 | 4.11-4.67 | <0.0001 | 4.65 | 4.33-4.9 <0.0001 |4.73 | 44-5.1 <0.0001
LOS (days) 1.21 | 1.17-1.36 | <0.0001 | 1.05 | 1.05-1.06 | <0.0001 | 1.05 | 1.05-1.06 <0.0001

Table 2. Logistic models for AKI development. Abbreviations: OR odds ratio, CI confidence interval, HF heart
failure, CKD chronic kidney disease, sCr serum creatinine, ICU intensive care unit, LOS length of stay.

All No-AKI AKI fNo-AKI vs AKI)
87,087 69,141 17,946

In-hospital outcomes

Mortality rate, % 6156 (7.07) 2984 (4.3) 3172 (17.7) <0.0001

ICU admission, % 3147 (3.6) 1666 (2.4) 1481 (8.2) < 0.0001

LOS (days) 11.1+13 8.9 £11.12 19.2+16 <0.0001

Discharge status- alive

Discharge at home, % | 63,666 (73.1) | 54,284 (78.5) | 8382 (52.8) < 0.0001
Protected discharge, % | 17,265 (19.8) | 11,873 (17.7) | 5392 (30.05) | < 0.0001

sCr (mg/dl) 1.05+1 1.00+£0.7 127 £1.1 <0.0001
eGFR ml/min 90.89 £16 92.46 £15.7 | 84.86 £15.9 | <0.0001

Table 3. Clinical outcomes according to AKI development. Abbreviations: sCr serum creatinine, ICU
intensive care unit, LOS length of stay.

and admission sCr were found to be correlated during preliminary analysis. The results of logistic regressions
demonstrated that in both univariate and multivariate analyses, demographic characteristics (age, female sex),
length of hospital stay, ICU admission, main comorbidities (except for diabetes), and admission sCr were
significantly associated with the risk of AKI development (Table 2).

Correlation of outcomes with AKI development

The in-hospital mortality rate was significantly higher in the AKI group compared to the No-AKI group (Table
3). Additionally, we observed that a higher number of AKI patients were admitted to ICU compared to low- and
medium-intensity care settings. These patients also experienced a significantly longer LOS compared to No-AKI
patients. At hospital discharge, AKI patients still exhibited elevated sCr levels and required a higher number of
protected follow-up to ensure the continuity of care.

We also investigated mortality risk factors in the study cohort by using both univariate and multivariate Cox
analyses. Univariate analysis revealed that age, male sex, ICU admission, sCr at admission, and the occurrence
of AKI, were all significantly associated with mortality. In the multivariate analysis, the development of AKI
remained a significant and independent predictor of mortality risk (HR 1.23; 95% CI 1.16-1.30) (Table 4). This
finding was further confirmed by Kaplan-Meier survival analysis (Fig. 1).

Correlation of outcomes with AKI KDIGO stages

The following step was to evaluate the impact of AKI severity on patients’ outcomes. We observed that 10,679
patients (59.5%) developed stage 1 AKI, 4611 (25.7%) stage 2, and 2656 (14%) stage 3, respectively (Table 5).
Notably, the mean age was lower in the stage 3 group. As expected, age stratification revealed an increased
incidence of AKI in patients in the older quartiles in accordance with the probable reduction of renal functional
reserve (Fig. 2).

AKI stages were also characterized by a different prevalence of comorbidities: when compared to stage 1 and
stage 2, patients with stage 3 AKI showed a lower prevalence of diabetes and cardiac diseases and a concomitant
higher prevalence of sepsis and pre-existing CKD. Moreover, a higher prevalence of stage 3 AKI was observed in
patients admitted to ICU: conversely, patients hospitalized in low- and medium-intensity care settings showed a
higher prevalence of stage 1 AKI (Table 5).
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Univariate Multivariate model
Risk factors | HR [95%CI |p HR | 95% CI P
Sex (male) 1.06 | 1.01-1.12 0.013 | 1.11 | 1.06-1.17 <0.0001
Age 1.05 | 1.05-1.05 | <0.0001 | 1.06 | 1.05-1.06 <0.0001

Baseline sCr 1.18 | 1.17-1.2 <0.0001 | 1.15 | 1.13-1.17 | <0.0001
Medical Ward | Ref

ICU stay 3.16 | 2.96-3.38 | <0.0001 | 3.86 | 3.61-4.13 | <0.0001
AKI 1.9 |1.8-2 <0.0001 | 1.23 | 1.16-1.30 | <0.0001

Table 4. Univariate and multivariate Cox regression analyses for in-hospital mortality. Abbreviations: sCs:
serum creatinine, ICU: intensive care unit.

Kaplan-Meier survival estimates
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Fig. 1. Kaplan-Meier curves of 90-day survival according to AKI development.

All AKT AKI- 1 AKI- 2 AKI- 3 :)Akl stages)
N, 17,946 10,679 (59.5) | 4611 (25.7) | 2656 (14)
Age (years) 74.8 £14.7 | 748 £15 759 +14 73 +14.4 <0.0001
Sex, male% 8598 (47.9) | 5065 (47.4) 2181 (47.3) | 1352 (50.9) | 0.004
Comorbidities in HDFE, %
Diabetes 2009 (11.2) | 1271 (11.9) | 480 (10.4) |258(9.7) | 0.001
HF 2645 (14.7) | 1582 (14.8) 733 (15.9) | 330(12.4) <0.0001
Sepsis 1913 (10.7) | 787 (7.4) 677 (14.7) | 449 (16.9) <0.0001
CKD 1704 (9) 878 (8.2) 451 (9.8) | 375(14.1) | <0.0001
sCr at admission (mg/dl) 1.55+1.53 | 1.27 £0.96 1.61+£1.29 |2.6+2.5 <0.0001
eGFR at admission (ml/min) | 81.6 £16 84 +15 79.5+15.6 |74.6+18 <0.0001

AKI 3 (%)*

Hospital Ward
Medicine 6951 (38.7) | 4215 (39.4) 1673 (36.3) | 1063 (40) 15.3
Surgery 3620 (20.2) | 2371 (22.2) | 824 (17.8) | 425 (16) 11.7
ICU 1481 (8.2) | 731(6.8) 444 (9.7) 306 (11.5) | 20.6
Emergency Medicine 5893 (32.8) | 3361 (31.5) 1670 (36.2) | 862 (32.4) | 14.6

Table 5. Main clinical characteristics of patients according to AKI severity (KDIGO stages). Abbreviations: HF
heart failure, CKD chronic kidney disease, sCR serum creatinine, ICU intensive care unit, LOS length of stay.

The in-hospital mortality rate was significantly higher in stage 3 AKI group (Table 6): the 90-day Kaplan-
Meier survival analysis confirmed a progressive increase in mortality in the most severe forms of AKI (Fig. 3).
Furthermore, stage 3 AKI patients were more commonly admitted to ICU and had a longer LOS. The stage

3 group presented higher sCr levels at discharge and required more frequently protected assistance for the
continuity of care (Table 6).
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Fig. 2. AKI stage distribution according to age quartiles.

All AKI AKI1 AKI2 AKI3 ?AKI stages)
N, 17,946 10,679 (59.5) | 4611 (25.7) | 2656 (14)
In-hospital outcomes
Mortality rate, % 3172(17.7) | 1245(11.6) | 1078 (23.4) | 849 (32) <0.001
ICU admission, % 1481 (8.2) 731 (6.8) 444 (9.7) 306 (11.5) <0.001
LOS (days) 19.2+16 16.3£13.3 21.6 179 |27.1+228 | <0.001
Discharge status- alive | 14,774 9434 3533 1807
Discharge at home, % | 9382 (52.3) | 6226 (66) 2091 (59) 1065 (59) < 0,001
Protected discharge, % | 5302 (30.05) | 3208 (34) 1442 (40) 742 (41)
sCr (mg/dl) 127 £1.09 1.15+0.92 1.33+1.09 |1.67+1.51 <0.001
eGFR ml/min 84.86 £15.9 | 86.28 £0.15.3 | 83.36 £15.9 | 81.75+17.7 | <0.001

Table 6. Clinical outcomes according to the AKI stages. Abbreviations: sCr serum creatinine, ICU intensive
care unit, LOS length of stay.

Kaplan-Meier survival estimates
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Fig. 3. Kaplan-Meier curve of 90-day survival according to AKI stages.

Outcomes in de-novo AKI vs. AKl on CKD
Pre-hospitalization sCr levels were available in 34,285 patients, constituting 39% of the total cohort.
These patients were analyzed to compare the clinical characteristics and outcomes of de novo AKI and AKI
superimposed on pre-existing CKD.
Specifically, among this subgroup, 24,588 patients (71.8%) had no previous CKD, while 9697 patients (28.2%)
presented with CKD before hospital admission, with a mean eGFR of 40.2 +14.1 ml/min.
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AKI on CKD | De-novo AKI | p

N, 2795 4263

Age (years) 79.0+11.3 70.7 £14.7 <0.0001
Gender M% 1436 (52.3) | 2024 (47.5) | <0.0001
Comorbidities, %

Diabetes 430 (15.4) 434 (10.2) <0.0001
HF 611 (21.9) 478 (11.2) <0.0001
Sepsis 335 (12.0) 489 (11.5) 0.510
CKD 691 (24.7) 119 (2.8) <0.0001
sCr at admission (mg/dl) 245+19 1.12£0.88 <0.0001
eGFR at admission (ml/min) | 34.3 +28.8 74.8 £17.0 < 0.0001
AKI stage < 0.0001
1 1562 (55.9) | 2660 (62.4)

2 798 (28.6) 1010 (23.7)

3 435 (15.6) 593 (13.9)

Table 7. Main clinical characteristics of AKI patients according to the presence of pre-existing CKD.
Abbreviations: HF heart failure, CKD chronic kidney disease, sCR serum creatinine, ICU intensive care unit,
LOS length of stay.

AKI on CKD | De-novo AKI | p

N, 2795 4263

In-hospital outcomes

Mortality rate, % 550 (19.7) 758 (17.8) 0.045
ICU admission, % 204 (7.3) 254 (5.9) 0.02
LOS (days) 19.2+15.3 19.7+£17.8 0.232

Discharge status- alive | 2245 (80.3) 3505 (82.2)
Discharge at home, % | 1624 (58.1) 2476 (58.1)
Protected discharge, % | 621 (27.7) 1029 (29.4)

0.165

sCr (mg/dl) 1.9+1.41 0.99 £0.79 <0.001

Table 8. Clinical outcomes of all the population of hospitalized patients (2016-2029) according to the
diagnosis of basal CKD based on previous serum creatinine levels. Abbreviations: sCr serum creatinine, ICU
intensive care unit, LOS length of stay.

De-novo AKI occurred in 17.3% (n. 4263) of patients without prior CKD, and AKI on CKD in 31.1% (n.
2795) of patients with pre-existing CKD.

AKI on CKD patients were older, prevalently males and with a higher prevalence of diabetes and HF (Table
7).

AKI on CKD patients presented higher sCr levels at admission and developed more severe AKI forms during
hospitalization. The in-hospital mortality rate was significantly higher in AKI on CKD patients (Table 8): the 90-
day Kaplan—-Meier survival analysis confirmed these data (Fig. 4). Moreover, AKI on CKD patients were more
frequently admitted to ICU, although the LOS did not differ in comparison to de-novo AKI patients. Last, AKI
on CKD patients showed higher sCr levels at discharge.

Determinants and outcomes of Renal recovery or Persistent AKI

Finally, in the cohort of 14,774 AKI patients who survived hospitalization, we separately evaluated the incidence
and determinants of renal recovery in comparison to the persistence of AKI at discharge. Overall, 12,175 (82.4%)
patients experienced renal recovery, whereas 2599 (17.6%) had persistent AKI, still meeting the diagnostic
criteria for KDIGO AKI according to serum creatinine levels at hospital discharge (Table 9).

There was no significant difference in sex distribution between these two groups. However, patients with
persistent AKI were slightly but significantly younger, had a higher prevalence of HE, and a lower prevalence of
CKD compared to those who recovered.

At admission, patients who recovered from AKI had significantly higher sCr levels compared to those with
persistent AKI. Additionally, AKI severity differed between the groups, with a higher incidence of stages 2-3
AKT in the persistent AKI group (persistent severe AKI).

Multivariate logistic regression analysis indicated that the probability of renal recovery was significantly and
positively associated with older age and a diagnosis of CKD (as reported in administrative records) (Table 10).
Conversely, renal recovery was negatively associated with LOS, a history of HE, and ICU admission. Furthermore,
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Kaplan-Meier survival estimates

log-rank 0.0162
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AKl in patients with normal kidney functon =~ ————- AKl in patients with CKD

Fig. 4. Kaplan—Meier curves of 90-day survival in accordance with the presence of pre-existing CKD. This
analysis was restricted to patients with available pre-hospitalization eGFR (n =34,285).

Recovery Persistent AKI | P
N, 12,175 (82.4) | 2599 (17.6)
Age (years) 742 £15 73.8£14.9 <0.0001
Gender M% 5743 (47.2) 1222 (47) 0.9
Comorbidities, %
Diabetes 1456 (12) 314 (12.1) 0.8
HF 1462 (12) 500 (19.3) <0.0001
Sepsis 965 (8) 189 (7) 0.2
CKD 1242 (10.2) | 230 (8.9) 0.039
sCr at admission (mg/dl) 1.63+1.6 1.16 +0.88 <0.0001
eGFR at admission (ml/min) | 59 +32 75 +31 <0.0001
AKI stage <0.0001
1 8045 (66) 1388 (53.5)
2 2754 (22.6) 777 (29.9)
3 1376 (11.3) 434 (16.6)

Table 9. Main clinical characteristics of AKI patients hospitalized in the studied period (Jan 2016-Dec 2019),
distinguished according to recovery status at the discharge. Abbreviations: CKD chronic kidney disease, HF
hearth failure, sCr serum creatinine, ICU intensive care unit, AKI acute kidney injury.

Univariate Multivariate model
Risk factors | OR | 95% CI P OR | 95%CI P
Age 1.006 | 1.004-1.009 | <0.0001 | 1.007 | 1.004-1.01 | <0.001
Comorbidities
Diabetes 098 |0.87-1.12 0.84 1 0.87-1.14 0.9
HF 0.57 | 0.51-0.64 <0.0001 |0.52 | 0.46-0.59 <0.0001
CKD 1.17 | 1.01-1.35 0.039 |1.38 | 1.28-1.47 <0.0001
AKI stage 0.71 | 0.67-0-76 <0.0001 | 0.74 |0.7-0.78 <0.0001
ICU stay 0.75 | 0.65-0.86 <0.0001 |0.89 |0.77-1.03 0.1
LOS (day) 0.99 |0.98-0.99 <0.0001 | 0.99 |0.99-0.99 < 0.0001

Table 10. Logistic models for the recovery after acute kidney injury in hospitalized patients. Abbreviations:
OR odds ratio, CI confidence interval, HF heart failure, CKD chronic kidney disease, sCr serum creatinine,
ICU intensive care unit, LOS length of stay.
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Recovery Persistent AKI | p

N, 12,175 (82.4) | 2599 (17.6)
ICU admission, % 975 (8) 271(10.4) <0.001
LOS (days) 18.5+15.2 224 +22.1 <0.001

Discharge at home, % | 7786 (64) 1596 (61.5)
Protected discharge, % | 4389 (36) 999 (38.5)
sCr (mg/dl) 1.01 £0.69 1.56 +1.32 <0.001

0.019

Table 11. Clinical outcomes of AKI patients hospitalized in the studied period (Jan 2016-Dec 2019)
distinguished according to recovery status at the discharge. Abbreviations: sCr serum creatinine, ICU intensive
care unit, LOS length of stay.

clinical outcome analysis revealed that patients with persistent AKI were more frequently admitted to the ICU,
had longer hospitalizations, and more often required a protected discharge post-hospitalization care (Table 11).

Discussion

The aim of this study was to evaluate the incidence of AKI in patients admitted to two large University Hospitals
in Italy between January 1, 2016, and December 31, 2019. We analyzed the clinical factors and outcomes
associated with AKI development. The findings confirmed previous studies that showed AKI as an independent
risk factor for increased in-hospital mortality, longer LOS, and progression to CKD. Using KDIGO criteria based
solely on sCr values, we found an AKI incidence of 20.6% among hospitalized patients, which aligns with global
AKI studies in our geographical region (South-West Europe)'>. This supports the reliability of using sCr changes
alone to define AKI. The most common form of AKI was stage 1, accounting for around 60% of cases.

We identified several risk factors for AKI, such as age, sex, and comorbidities. AKI patients were typically
older and had a higher burden of comorbidities compared to non-AKI patients. In accordance with previous
epidemiologic data including the Oby25 project of the International Society of Nephrology (ISN), AKI incidence
was higher in patients admitted to the ICU, although about 20% of AKI cases also occurred in low- and medium-
intensity care settings'?. This highlights the need for further research on AKI in non-critically ill patients, an area
currently underexplored in global AKI research.

The study also confirmed that AKI severity significantly impacts clinical outcomes'®. AKI patients, especially
those with severe forms, had worse conditions at discharge, with higher sCr levels and a greater need for protected
follow-up. These patients may require long-term management, which has economic and social implications,
and increases the risk of developing acute kidney disease (AKD) and progressing to CKD?’. The relationship
between AKI and CKD is complex and bidirectional, with CKD being a well-established risk factor for AKI?!.
We investigated this issue in our cohort, in which, in accordance with this selection strategy that excluded stages
4-5 CKD, only patients with mild forms of CKD were included.

Specifically, to ensure accuracy in estimating pre-hospitalization kidney function, we focused on comparing
the characteristics and outcomes of de-novo AKI and AKI on CKD exclusively within the subgroup of patients
with available pre-hospitalization eGFR.

In this cohort of 34,285 patients, our findings confirmed that individuals with pre-existing mild CKD
exhibited a higher incidence of AKI.

These patients were older, had more comorbidities, and presented with elevated sCr at admission. They also
developed more severe forms of AKI, which worsened clinical outcomes, highlighting the role of even mild CKD
as an additional risk factor for AKI and its complications.

We also evaluated renal recovery in AKI survivors at hospital discharge. While most recovered their baseline
kidney function, a significant portion (17.6%) still exhibited persistent AKI. Patients who recovered were
generally older, had higher CKD prevalence, and had worse kidney function at admission but experienced less
severe AKI during hospitalization. A plausible explanation is that many of these patients may have developed
AKI in the community before hospitalization, which tends to have better outcomes as it is often caused by
reversible factors?>%,

Interestingly, our findings partly contradict those of other studies, such as a recent review by Saraiva et
al., which identified older age, diabetes, and CKD as risk factors for persistent AKI in non-renal transplant
patients?’. However, differences in the definitions of persistent AKI and patient populations likely explain these
discrepancies. Indeed, while prior studies have largely focused on ICU patients®*?°, our data pertains to a general
hospital population, where ICU admissions represent a small minority.

Despite these differences, our results align with existing literature demonstrating that persistent AKI is
associated to severe forms of the disease and worse outcomes, such as longer hospital stays, greater need for
intensive care, and poorer discharge conditions?”%,

However, it should be emphasized that in this study, persistent AKI was defined based on creatinine levels at
discharge, regardless of the length of hospitalization. Thus, we were unable to precisely determine the incidence
of AKD, which current concepts on AKI trajectories recognize as a risk factor for subsequent progression to
CKD?. Indeed, the formal definition of AKD (i.e., the persistence of kidney damage beyond 7 days from the
onset of AKI) requires precise temporal data regarding the timing of AKI onset, which is lacking in our cohort®.

Another important factor to consider is the potential impact of AKI on renal function at discharge,
highlighting the significance of renal functional reserve (RFR), defined as the kidney’s ability to increase GFR
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under physiological or pathological conditions*. Loss of RFR is an early step toward GFR decline and progression
to CKD following an AKI episode?!. This issue is likely to become increasingly important due to population
growth, aging, and the rising incidence of comorbidities such as hypertension, diabetes, and obesity*>.

Moreover, the worsening environmental conditions, such as global warming, pollution, and nephrotoxic
drug use, will probably further worsen this scenario®.

The above-described epidemiological and clinical findings are confirmed at cellular and molecular level and
nowadays AKI should be considered as a sort of accelerator of the aging processes within the kidney, leading to
structural and functional changes, particularly in severe and persistent cases®****. For this reason, these patients
should receive specialized nephrological follow-up to optimize post-AKI care.

This study provided a comprehensive analysis of AKI intrahospital epidemiology, though we acknowledge
certain limitations. The use of sCr-based AKI definitions may not fully capture all AKI cases, such as community-
acquired AKI®.

Moreover, there are evidence suggesting that certain clinical conditions, such as sepsis and prolonged
hospitalization—particularly in critical care settings—can affect serum creatinine production and its reliability
as a marker of kidney function®®%’.

However, in our study, we analyzed a large cohort of patients admitted to various hospital wards, where the
occurrence of muscle loss is likely less pronounced compared to patients in the ICU. Nonetheless, the influence of
muscle mass and nutritional status on serum creatinine is a well-known limitation of this marker. This limitation
highlights the need for research and identification of novel renal biomarkers.

Additionally, we lack information on AKI etiology, which could influence outcomes. The use of administrative
codes to describe comorbidities may introduce biases, and we have no follow-up data, which are essential to
understanding the full impact of in-hospital AKI on future health outcomes.

Despite these limitations, our results are based on real-world data from two Italian university hospitals,
making them valuable for further exploration. We addressed the unmet need in AKI management, particularly
concerning the progression to CKD*. The recent UK ARID study demonstrated that CKD progression
was significantly higher in hospitalized patients with severe AKI, supporting our findings'>. Based on these
considerations, the Italian Society of Nephrology’s Working Group on AKI and Extracorporeal Blood
Purification Therapies recommends raising AKI awareness among clinicians, stakeholders, and policymakers.
This consciousness derives from the analysis of epidemiological data coming from “real-life” evidence of AKI
incidence not only focused on Intensive Care Units. Moreover, the application of the KDIGO criteria during
the whole hospitalization will allow to identify patients with persistent and severe forms of AKI more prone to
progress toward AKD and subsequently CKD*!. Then, in these high-risk patients, establishing specialized post-
AKI outpatient clinics, in collaboration with nephrologists and general practitioners, is crucial in warranting
a proper follow-up. In this setting, given the advanced age of many AKI patients, incorporating telemedicine
and digital health approaches could further enhance post-AKI care*?. Moreover, creating biobanks to preserve
plasma and urine samples for biomarker discovery would be a key step forward in improving AKI management
and outcomes. Without these measures, the impact of AKI on mortality during hospitalization and CKD
progression after discharge will likely worsen.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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