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ABSTRACT 

Background. Acute kidney injury ( AKI) during hospitalization is associated with increased complications and mortality. 
Despite efforts to standardize AKI management, its recognition in clinical practice is limited. 
Methods. To assess and characterize different patterns of AKI diagnosis, we collected clinical data, serum creatinine 
( sCr) levels, comorbidities and outcomes from adult patients using the Hospital Discharge Form ( HDF) . AKI diagnosis was 
based on administrative data and according to Kidney Disease: Improving Global Outcomes ( KDIGO) criteria by 
evaluating sCr variations during hospitalization. Additionally, patients were categorized based on the timing of AKI 
onset. 
Results. Among 56 820 patients, 42 900 ( 75.5%) had no AKI, 1893 ( 3.3%) had AKI diagnosed by sCr changes and coded in 

the HDF ( full-AKI) , 2529 ( 4.4%) had AKI reported on the HDF but not meeting sCr-based criteria ( HDF-AKI) and 9498 
( 16.7%) had undetected AKI diagnosed by sCr changes but not coded in the HDF ( KDIGO-AKI) . Overall, AKI incidence was 
24.5%, with a 68% undetection rate. Patients with KDIGO-AKI were younger and had a higher proportion of females, 
lower comorbidity burden, milder AKI stages, more frequent admissions to surgical wards and lower mortality compared 
with full-AKI patients. All AKI groups had worse outcomes than those without AKI, and AKI, even if undetected, was 
independently associated with mortality risk. Patients with AKI at admission had different profiles and better outcomes 
than those developing AKI later. 
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Conclusions. AKI recognition in hospitalized patients is highly heterogeneous, with a significant prevalence of 
undetection. This variability may be affected by patients’ characteristics, AKI-related factors, diagnostic approaches and 
in-hospital patient management. AKI remains a major risk factor, emphasizing the importance of ensuring proper 
diagnosis for all patients. 

Keywords: administrative data, AKI, diagnosis, mortality, serum creatinine 

KEY LEARNING POINTS 

What was known: 

• Acute kidney injury ( AKI) is a prevalent condition in hospitalized patients and is associated with elevated mortality and 
unfavourable outcomes.

• A timely and accurate diagnosis of AKI can significantly impact the clinical management and outcomes of hospitalized 
patients.

• Despite concerted efforts to standardize AKI diagnosis and raise awareness, clinical practice frequently fails to properly 
identify AKI.

This study adds: 

• Recognition of AKI during hospitalization varies greatly, as there may be significant discrepancies between administrative 
and clinical data.

• Undetected AKI emerges as the predominant presentation pattern of hospital AKI.
• Although patients with undetected AKI may appear to have low-risk profiles, they experience higher mortality rates and 

more adverse clinical outcomes compared with those without AKI.

Potential impact: 

• Methodologies relying on administrative data or solely on serum creatinine evaluation are unreliable for describing and 
characterizing the epidemiology of hospital-acquired AKI.

• Timely and accurate AKI diagnosis should be prioritized for all hospitalized patients, regardless of baseline patient charac- 
teristics, comorbidities and required intensity of care.

• The implementation of educational programs, along with exploration of new biomarkers and technologies, should be inves- 
tigated to improve AKI diagnosis and outcomes.
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NTRODUCTION 

cute kidney injury ( AKI) is a common complication among 
ospitalized patients with significant clinical consequences 
1 ]. Short-term effects include increased in-hospital mor- 
ality, length of hospitalization and costs [2 ]. Moreover,
t is widely recognized that an AKI episode is an inde- 
endent risk factor for subsequent acute injury and also 
ontributes to the development of chronic kidney disease 
 CKD) [3 ]. 

Hence the implementation of strategies aimed at preventing,
romptly identifying and treating AKI has become of paramount 
mportance. The primary step toward enhancing AKI-related 
utcomes involves the establishment of clear indications for AKI 
iagnosis and risk assessment [4 ]. 
In this context, the introduction of Kidney Disease: Improv- 

ng Global Outcomes ( KDIGO) criteria in 2012 has represented 
he most notable endeavour to standardize AKI diagnosis and 
anagement [5 , 6 ]. Nonetheless, even if there is a widespread 
pplication of these criteria in epidemiological and clinical stud- 
es, in real-life scenarios the actual incidence of AKI continues 
o be substantially underestimated. 

A comprehensive meta-analysis by Susantitaphong et al.
7 ], including 312 studies published after 2004, reported a 
lobal in-hospital AKI incidence of 10.7%, which increased 
o 23.2% when analysing 154 studies using the KDIGO clas- 
ification criteria. Strikingly, when the AKI diagnosis relied 
olely on administrative code data, the incidence dropped to 
p
.9%, highlighting a profound underestimation of this condi- 
ion. Moreover, a multicentre survey conducted in China re- 
ealed that when defining AKI by both standard and extended 
DIGO criteria its prevalence was ≈3%, but only 25.8% of AKI 
ases were formally identified and documented within hos- 
ital records [8 ]. Notably, factors contributing to the under- 
ecognition of AKI included patients originating from poor 
egions, milder AKI stages and the absence of nephrologist 
onsultations. 

Beyond the epidemiological aspects of AKI recognition, there 
s an ongoing debate regarding its clinical implications. In 2013,
efore the adoption of KDIGO criteria, Wilson et al . [9 ] observed
hat patients with recorded AKI exhibited improved survival 
ompared with those without formally documented AKI. The 
uthors attributed this improved outcome to the fact that pa- 
ients with a confirmed AKI diagnosis received more frequent 
ephrology consultations ( 31% versus 6%; P < .001) and thus 
ore specific treatments. More recently, Wu et al . [10 ], in a retro-
pective observational study using propensity matching, com- 
ared 241 patients with unrecognized AKI with 241 patients 
ith promptly recognized AKI. Surprisingly, in this instance,
he underrecognition of AKI did not impact all-cause mortal- 
ty. Nonetheless, despite the presence of epidemiological reports 
nd studies in controlled settings, data on the extent and clinical 
orrelates of AKI recognition in actual clinical scenarios remain 
carce. To address this issue, we conducted a large cohort study 
o characterize the AKI recognition patterns among hospitalized 
atients. 
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Figure 1: Selection strategy for the definition of AKI recognition patterns among patients hospitalized during the study period ( 2016–2019) . 
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ATERIALS AND METHODS 

 retrospective observational study was conducted at our 
niversity hospital. We enrolled adult patients during their 
rst hospital admission from 1 January 2016 to 31 December 
019. 

Patients with chronic kidney disease ( CKD) stages 4–5 or 
hose undergoing maintenance renal replacement therapy, iden- 
ified through the International Classification of Disease, 9th Re- 
ision, Clinical Modification ( ICD-9-CM) diagnosis codes on the 
ospital Discharge Form ( HDF) , were excluded from the research 
lgorithm. The study protocol was approved by our institu- 
ional review board ( registration number CER Liguria: 515/2020) 
nd the requirement for informed consent was waived. The 
tudy adhered to the principles outlined in the Helsinki 
eclaration. 

ata collection 

e retrieved all data from the hospital’s electronic database,
ncluding clinical information, comorbidities, serum creatinine 
 sCr) levels, duration of hospitalization, mortality and type of 
ischarge. Patients with a minimum of two sCr determinations 
ere included in the study. Comorbidities were identified us- 

ng all ICD-9-CM codes listed on the HDF [11 ]. sCr levels were
ecorded upon admission, discharge and at the lowest and high-
st ( peak) points during hospitalization. 

efinitions 

e identified patients developing AKI using two different ap- 
roaches. The first method relied on administrative data re- 
orted on the HDF ( codes 584.5–584.9) and the second method 
as a biochemical diagnosis based on changes in sCr levels col-
ected during hospitalization. For the latter, we applied an ‘ex-
ended’ KDIGO criteria [12 ]. We used the lowest sCr level as the
aseline value and we analysed the ratio between the maximum
nd minimum values. AKI was defined by a ratio ≥1.5. Subse-
uently, AKI was classified into stages 1, 2 and 3 according to the
DIGO framework, corresponding to 1.5–1.9 times, 2–2.9 times
nd ≥3 times the baseline creatinine. Urine output was not con-
idered due to limited available data. Based on the two AKI def-
nition approaches, we defined ‘detected’ AKI as when the AKI
iagnosis code was found on the HDF and ‘undetected’ as when
 formal diagnosis of AKI was lacking. Merging these two def-
nitions, our cohort was categorized into four groups: patients
ith both an administrative and sCr-based AKI diagnosis ( full-
KI) , patients with only detected administrative AKI not meeting
DIGO criteria ( HDF-AKI) , patients meeting the KDIGO criteria 
ut with undetected AKI ( KDIGO-AKI) and patients without AKI 
 no-AKI) ( Fig. 1 ) . 

Moreover, among all the patients meeting the KDIGO cri-
eria for AKI diagnosis, we further distinguished between pa-
ients presenting peak sCr within 48 h from hospital admission
 adm-AKI) and those presenting peak sCr later [in-hospital AKI
 IH-AKI) ] [13 ]. 

The estimated glomerular filtration rate ( eGFR) was calcu- 
ated using the Chronic Kidney Disease Epidemiology Collabo-
ation creatinine-based equation [14 ]. 

Finally, considering the hospital wards of the patients,
e incorporated the different departments into the following
ategories: ‘medical ward’, which includes internal medicine 
nd specialty medicine wards; ‘surgery’, encompassing all 
urgery departments; ‘intensive care unit’ ( ICU) , covering gen- 
ral ICU, cardiac surgical and neurosurgical ICUs; and ‘emer-
ency medicine’, comprising the wards directly associated with
he Emergency Department. 
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Figure 2: AKI pattern distribution among patients hospitalized during the study period ( 2016–2019) . 
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utcomes 

he primary objective of this study was to determine the in-
idence of different AKI recognition patterns during hospital- 
zation. Subsequently we assessed factors associated with AKI 
ndetection and compared the clinical outcomes, including 
ortality, length of hospital stay ( LOS) and type of discharge, in 
ifferent AKI recognition groups. 

tatistical analysis 

ormally distributed variables are presented as mean ± stan- 
ard deviation ( SD) and were compared using independent or 
aired t -tests as appropriate . Group comparisons were con-
ucted through analysis of variance. Proportions were compared 
sing the χ2 test or Fisher’s exact test when applicable. The inci-
ence rate of AKI was calculated and odds ratios ( ORs) with 95%
onfidence intervals ( CIs) were computed using logistic regres- 
ion coefficients. Time-to-event analyses were conducted em- 
loying the following methods: Kaplan–Meier method for sur- 
ival curve estimation and logrank test for comparisons and 
nivariate and multivariate Cox regression models, with risk re- 
orted as hazard ratios ( HRs) along with 95% CIs. All clinically 
lausible clinical variables were included as covariates. The time 
ariable was defined as the interval between the baseline date
nd the date of endpoint occurrence until day 30 of hospitaliza-
ion. Logistic regression was used to analyse risks and expressed
s ORs and their 95% CIs. Post hoc analyses among groups were
ade by Bonferroni test. 
Statistical calculations were performed using Stata version 

4.2 ( StataCorp, College Station, TX, USA) . The null hypothesis 
as rejected for P -values < .05. 
ESULTS 

atient characteristics 

e included a total of 56 820 patients ( 52.2% females) with
n average age of 70.1 ± 18.7 years. According to the ICD-9-
M codes, 8.6% of these patients had diabetes, 9.3% had heart
ailure ( HF) , 12.9% had cancer and 8% had previous CKD. My-
cardial ischaemia was reported in 2.5% of patients, while sep-
is was seen in 3.9% of the total population. Upon admission,
he mean sCr level was 1.12 ± 0.98 mg/dl and the eGFR was
4.7 ± 29.2 ml/min/1.73 m2 . The majority of patients were ad-
itted to medical wards, with 2% requiring admission to the ICU

 see Table 1 ) . 

atterns of AKI detection during hospitalization 

ollowing the methodology previously described, we classified 
ur patient population into four distinct groups: 42 900 patients
 75.5%) without AKI ( no-AKI) , 1893 patients ( 3.3%) with detected 
KI diagnosis formally documented and meeting KDIGO crite-
ia for AKI ( full-AKI) , 2529 patients ( 4.4%) with detected AKI but
ot meeting sCr-based criteria for AKI ( HDF-AKI) and 9498 pa-
ients ( 16.7%) diagnosed with AKI as determined by sCr changes
ut remaining undetected, i.e. without a formal documentation
 KDIGO-AKI) . ( Fig. 2 ) . 

Taking both administrative and biochemical criteria into 
ccount, the overall incidence of AKI was 24.5% ( n = 13 920
atients) , with a higher incidence observed in the ICU ( 59%) . 
Compared with no-AKI patients, all patients with AKI were

lder and had a higher prevalence of comorbidities, myocar-
ial ischaemia and sepsis ( Table 1 ) . Overall, upon analysing the
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Table 2: Logistic models for AKI undetection in hospitalized patients developing AKI ( diagnosed according to sCr changes following KDIGO 

criteria) . 

Univariate Multivariate 

Risk factors OR 95% CI P -value OR 95% CI P -value 

Gender ( male) 0.78 0.71–0.86 < .0001 0.73 0.66–0.81 < .0001 
Age 0.98 0.98–0.99 < .0001 0.98 0.98–0.99 < .0001 
Comorbidities 
Heart failure 0.82 0.71–0.95 < .0001 0.90 0.78–1.02 .117 
Diabetes 0.48 0.41–0.55 < .0001 0.47 0.40–0.55 < .0001 

Admission AKI 0.67 0.60–0.74 < .0001 0.68 0.61–0.76 < .0001 
AKI stage 0.60 0.56–0.64 < .0001 0.54 0.50–0.57 < .0001 
LOS ( days) 1.01 1.01–1.015 < .0001 1.01 1.01–1.012 < .0001 
Surgical ward 3.8 3.2–4.5 < .0001 3.5 297–4.2 < .0001 

Table 3: Clinical outcomes of the entire population of hospitalized patients ( 2016–2019) according to AKI recognition. 

Characteristics All patients No-AKI Full- AKI HDF-AKI KDIGO-AKI 

P -value, 
full-AKI versus 

HDF-AKI 

P -value, 
full-AKI 
versus 

KDIGO-AKI 

Patients, n 56 820 42 900 1893 2529 9498 
In-hospital outcomes 
Mortality rate, n ( %) 4720 ( 8.3) 1636 ( 3.8) 578 ( 30.5) 504 ( 19.9) 2 002 ( 21.1) < .0001 < .0001 
LOS ( days) , mean ± SD 12.1 ± 12.5 9.5 ± 8.6 20 ± 2 8.3 ± 8.2 23.4 ± 18.5 < .0001 < .0001 

Discharge status < .0001 < .0001 
At home, n ( %) 40 847 ( 71.9) 33 417 ( 77.9) 951 ( 72.3) 1612 ( 79.6) 4867 ( 51.2) 
Protected, n ( %) 11 253 ( 21.6) 7946 ( 19) 364 ( 27.7) 413 ( 20.4) 2629 ( 35) 

sCr ( mg/dl) at discharge, mean ± SD 1.08 ± 0.77 0.97 ± 0.54 1.9 ± 1.41 1.7 ± 1.46 1.22 ± 0.94 < .0001 < .0001 
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arious patterns of AKI recognition, we observed that only a mi- 
ority of AKI episodes ( 31.8%) were officially documented, re- 
ulting in an undetection rate of 68.2%. 

Furthermore, AKI undetection was observed across all hospi- 
al departments, albeit with varying incidence rates among dif- 
erent wards. Interestingly, patients admitted to the Emergency 
epartment exhibited a lower rate of AKI undetection compared 
ith other wards. 
A comprehensive analysis of the different AKI patient groups 

evealed distinct characteristics. 
Patients in the HDF-AKI cohort, compared with the full-AKI 

roup, had similar general characteristics but presented with 
ower sCr levels at admission, with smaller sCr changes during 
ospitalization. Interestingly, a higher percentage of these pa- 
ients were admitted to the Emergency Department ( 46.1% ver- 
us 25.2%; P < .001) . 

Analysing KDIGO-AKI patients, in whom AKI diagnosis was 
ormally undetected, we found that these patients were signif- 
cantly younger, had a higher proportion of females and ex- 
ibited a lower prevalence of comorbidities such as diabetes,
KD and HF. Moreover, their sCr levels at admission were sig- 
ificantly lower and they were more often admitted to surgery 
ards. 
Lastly, compared with full-AKI patients, those with KDIGO- 

KI developed AKI later during the hospitalization and displayed 
 higher incidence of stage 1 AKI, with a lower incidence of 
tages 2–3. 
actors associated with AKI undetection 

o assess the clinical factors associated with the risk of AKI un-
etection, we focused our analysis solely on patients meeting 
DIGO criteria for AKI ( i.e. the full-AKI and KDIGO-AKI groups) . 
In the multivariate model, we noted that male sex, older age,

iabetes, AKI at hospital admission and higher AKI stages were 
ssociated with a decreased risk of undetection. Conversely, a 
onger LOS and particularly admission to a surgical ward were 
ssociated with an increased risk of AKI undetection ( Table 2 ) . 

utcomes according to the AKI detection pattern 

mong the AKI groups, full-AKI patients showed the highest 
ortality rate, but both the HDF-AKI and KDIGO-AKI groups had 
 significantly higher mortality compared with the no-AKI pa- 
ients ( Table 3 ) . Additionally, patients with undetected KDIGO- 
KI presented a longer LOS and a greater proportion of them 

equired a protected discharge, indicating a need for continued 
are or support post-hospitalization. 

Mortality risk factors were assessed for the entire study pop- 
lation using both univariate and multivariate Cox analyses.
nivariate analysis revealed that factors such as age, male sex,
cute events like myocardial ischaemia and sepsis, neoplasia,
dmission sCr levels, ICU admission and the occurrence of 
KI were all significantly associated with the mortality rate.
n the multivariate analysis, even after adjusting for clinical 
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Table 4: Univariate and multivariate Cox regression analyses of in-hospital mortality in hospitalized patients. 

Univariate Multivariate model 1 Multivariate model 2 

Characteristics HR 95% CI P -value HR 95% CI P -value HR 95% CI P -value 

Gender ( male) 1.08 1.02–1.14 0.11 1.13 1.06–1.20 < .0001 1.17 1.09–1.25 < .0001 
Age 1.04 1.04–1.04 < .0001 1.04 1.04–1.05 < .0001 1.04 1.04–1.05 < .0001 
Acute illness 

Acute myocardial ischaemia 2.05 1.80–2.34 < .0001 1.43 1.25–1.64 < .0001 1.34 1.14–1.56 < .0001 
Sepsis 2.62 2.43–2.82 < .0001 2.29 2.11–2.47 < .0001 2.14 1.95–2.35 < .0001 

Neoplasia 1.33 1.23–1.42 < .0001 1.75 1.62–1.88 < .0001 1.94 1.79–2.10 < .0001 
Admission sCr 1.19 1.17–1.20 < .0001 1.14 1.12–1.16 < .0001 1.15 1.12–1.18 < .0001 
ICU stay 1.88 1.74–2.04 < .0001 2.43 2.23–2.69 < .0001 2.8 2.55–3.06 < .0001 
Overall AKI a 2.65 2.49–2.82 < .0001 1.69 1.58–1.81 < .0001 
Undetected AKI b 1.91 1.77–2.05 < .0001 1.27 1.17–1.36 < .0001 

a Overall AKI included AKI diagnosed according to administrative documentation and/or biochemical criteria. 
b Undetected AKI refers to AKI diagnosed on sCr but not formally reported. 

Figure 3: 30-day Kaplan–Meier survival estimation based on AKI recognition 
patterns. 
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nd demographic factors, both global AKI ( i.e. AKI diagnosed 
ccording to administrative documentation and/or biochem- 
cal criteria) and undetected AKI remained significantly and 
ndependently associated with mortality, even when assessed 
eparately ( Table 4 ) ( models 1 and 2) . 

Furthermore, 30-day Kaplan–Meier analysis of intrahospital 
urvival showed distinct mortality time profiles among the vari- 
us AKI recognition groups. While early mortality was higher in
he HDF-AKI group, mortality increased later in the full-AKI pa-
ients. Notably, even patients in the KDIGO-AKI group had sig-
ificantly higher mortality compared with those without AKI 
 logrank < 0.001; Fig. 3 ) . 

dmission AKI 

o further characterize AKI presentation and outcomes in our 
opulation, we focused on patients diagnosed with AKI based 
n sCr changes ( n = 11 391) , distinguishing them between those
ith peak sCr within 48 h from hospital admission ( adm-AKI) 
nd those with peak sCr later ( IH-AKI) ( Table 5 ) . 

The adm-AKI group comprised 5438 patients ( 47%) who, com- 
ared with IH-AKI patients, were significantly younger, had a 
igher proportion of females and had a lower burden of comor-
idities. Additionally, adm-AKI patients exhibited a lower inci- 
ence of stage 3 AKI and were more frequently admitted to the
mergency Department, with fewer ICU admissions. Concerning 
utcomes, adm-AKI patients had lower mortality, shorter LOSs
nd lower sCr levels at discharge ( Table 6 ) . 

However, Kaplan–Meier analysis revealed temporal varia- 
ions in mortality rates between the two groups. Specifically, al-
hough overall mortality was significantly higher in the IH-AKI
atients, early mortality rates were nearly equivalent between
he two groups ( Fig. 4 ) . 

ISCUSSION 

he primary purpose of this study was to investigate and char-
cterize the different patterns of AKI recognition in a large popu-
ation of hospitalized patients. Thus we evaluated two different
pproaches to AKI diagnosis, one based on administrative data
nd the other based on sCr values. 

Comparison of these two strategies allowed us to highlight
he great heterogeneity of AKI recognition in real-world scenar-
os. First, we observed that AKI undetection, i.e. the occurrence
f AKI episodes not formally documented, remains a substantial
roblem. Indeed, even though our cohort exhibited a total AKI
ncidence similar to that reported in global AKI epidemiological
tudies ( 24.5%) [15 ], we found that AKI was undetected in a sig-
ificant two-thirds of cases. This observation aligns with previ-
us reports conducted in other countries and settings and raises
everal important considerations [8 , 16 , 17 ]. Due to the consid-
rable clinical, social and economic implications of AKI, exten-
ive research and collaborative initiatives have been dedicated
o exploring AKI epidemiology and standardizing its definition
nd diagnosis criteria [18 , 19 ]. 

These efforts have undoubtedly improved our understand- 
ng of AKI pathophysiology and promoted knowledge and data
haring [20 ]. 

Nevertheless, real-world data, such as those presented here,
ndicate that these efforts are still falling short in ensuring accu-
ate and proper AKI detection, which is a crucial step in enhanc-
ng AKI prevention and management [21 ]. Notably, a high rate of
KI undetection was observed in all hospital wards, including
he ICU, where patients are at high risk for AKI development [22 ].

Furthermore, the substantial disparity between administra- 
ive data and AKI diagnoses based on sCr evaluations suggests
hat information obtained from administrative sources should 
e interpreted cautiously and may not be adequate for reli-
bly studying in-hospital AKI epidemiology [23 ]. Previous re-
earch has indicated that factors such as a history of CKD, the
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Table 5: Main clinical characteristics of patients with AKI diagnosis based on KDIGO criteria according to the timing of AKI onset. 

Characteristics Adm-AKI [ n = 5438 ( 47%) ] IH-AKI [ n = 5953 ( 53%) ] P -value 

Female, n ( %) 3041 ( 55.9) 3190 ( 52.9) 001 
Age ( years) , mean ± SD 76.7 ± 14.4 77.3 ± 13.2 041 
CKD, n ( %) 641 ( 11.8) 710( 11.9) 835 
Diabetes mellitus, n ( %) 503 ( 9.2) 557 ( 9.4) 8 
Heart failure, n ( %) 705 ( 13) 1083 ( 18.1) < 001 
Neoplasia, n ( %) 798 ( 14.7) 1042 ( 17.5) < 001 
Acute myocardial ischaemia, n ( %) 143 ( 2.6) 250 ( 4.2) < 001 
Sepsis, n ( %) 543 ( 0.9) 749 ( 12.6) < 001 
Admission sCr ( mg/dl) , mean ± SD 1.89 ± 1.5 1.25 ± 0.91 < 001 
Peak sCr ( day) , day from admission, median ( IQR) 1 ( 1–1) 10 ( 5–18) < 001 
AKI stage, n ( %) 
1 
2 
3 

2980 ( 54.8) 
1611 ( 29.6) 
847 ( 15.6) 

3099 ( 52.1) 
1652 ( 27.7) 
1202 ( 20.2) 

< 001 

Ward 
patients, n ( %) 

< 001 

Medical 3399 ( 62.5) 4045 ( 67.9) 

Surgical 1138 ( 20.9) 1206 ( 20.2) 
Emergency Department 662 ( 12.2) 280 ( 4.7) 
ICU 238 ( 4.4) 421 ( 7) 

Table 6: Clinical outcomes of patients with AKI diagnosis based on KDIGO criteria according to the timing of AKI onset. 

Characteristics Adm-AKI IH-AKI P -value 

Patients, n 5438 5953 
In-hospital outcomes 
Mortality rate, n ( %) 751 ( 13.8) 1829 ( 30.7) < 001 
LOS ( days) , mean ± SD 18.7 ± 15 26.6 ± 20.56 < 001 

Discharge status < 001 
At home, n ( %) 3221 ( 59.2) 2597 ( 43.6) 
-Protected, n ( %) 1466 ( 30) 1527 ( 25.6) 

sCr ( mg/dl) at discharge, 
mean ± SD 

1.08 ± 0.69 1.5 ± 1.2 < 001 
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everity of AKI and regional economic conditions can impact 
he recognition of AKI [8 , 15 ]. Within our cohort, patients with 
ndetected AKI exhibited distinct traits: they were younger, had 
 lower prevalence of CKD history, experienced milder forms of 
KI ( with a higher incidence of stage 1 AKI) and were predom- 
nantly admitted to surgical wards compared with those with 
 formal diagnosis. Notably, the undetection of AKI was more 
revalent among female patients. 
Multivariate analysis identified a lower burden of comorbidi- 

ies, female sex, younger age, AKI occurrence late during the hos- 
italization, mild AKI severity, longer LOS and admission to a 
urgical department as independent risk factors for the unde- 
ection of AKI. A plausible explanation for this observation may 
e the limited attention given in the hospital setting to monitor- 
ng kidney function in these specific patient profiles, potentially 
eading to an incorrect perception of them as being at low risk 
or developing AKI. 

Consistent with this hypothesis, a study by Aitken et al . [24 ],
ocusing on the quality of care provided to AKI patients in a co- 
ort of > 1500 hospitalized patients, found that clinician inexpe- 
ience and inadequate clinical review and investigations were 
he main causes of delayed AKI diagnosis or non-recognition. 

Furthermore, it is important to highlight the high prevalence 
f AKI undetection in surgical departments. This finding is con- 
istent with previous studies that have demonstrated consid- 
rable variability in the incidence of post-surgical AKI, which 
emains largely underdiagnosed [25 –27 ]. Additionally, it should 
e noted that the comparison between administrative and bio- 
hemical AKI diagnoses revealed discrepancies even among pa- 
ients formally diagnosed with AKI in hospital documentation.
pecifically, we observed that the majority of these patients did 
ot meet the sCr-based KDIGO criteria for an AKI diagnosis. 
The reasons behind this discrepancy remain unclear. In 

he absence of precise data, we can only speculate that, aside 
rom coding errors, AKI in these patients may have devel- 
ped prior to hospital admission, potentially indicating cases of 
ommunity-acquired AKI ( CA-AKI) . Alternatively, the diagnosis 
f AKI in these cases might have been based on urine output 
ssessment rather than changes in creatinine levels, a possibil- 
ty particularly relevant in elderly or malnourished individuals,
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Figure 4: 30-day Kaplan–Meier survival estimation based on timing of AKI 
onset. Only patients with biochemical diagnosis of AKI based on sCr changes 
( n = 11 391) were included in this analysis. 
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here creatinine values may remain low due to reduced muscle
ass [28 ]. 
These considerations are crucial as they underscore the po- 

ential limitations of AKI diagnosis based solely on in-hospital 
reatinine evaluation. 

Looking at clinical outcomes, we found that all patients with
KI had worse outcomes compared with patients without AKI.
oreover, multivariate analysis demonstrated that AKI is an 

ndependent predictor of mortality. However, disparities were 
oted among the different AKI recognition groups. 
Patients in the full-AKI group demonstrated the highest in- 

ospital mortality rate, while those in the administrative group 
ad higher mortality during the initial days of hospitalization.
nterestingly, patients in the KDIGO-AKI group, despite experi- 
ncing milder forms of AKI, also exhibited higher mortality com-
ared with patients without AKI. Additionally, discharge condi- 
ions were worse for these patients, and they exhibited poorer
idney function at discharge, suggesting a potentially height- 
ned risk of AKI recurrence or progression to CKD. 

Beyond diagnosis, another element that may impact clini- 
al presentations and outcomes is the timing of AKI onset. To
xplore this peculiar aspect, aiming to minimize possible con- 
ounding factors, we focused solely on patients with a biochem-
cal sCr-based AKI diagnosis. 

Consistent with previous findings, we found significant dif- 
erences between patients who presented with AKI at admission 
nd those who met AKI criteria later [29 ]. Patients with AKI at
dmission were younger, had fewer comorbidities and experi- 
nced milder AKI stages, resulting in better outcomes compared 
ith those with in-hospital AKI onset. In addition, it is likely that
art of this cohort developed AKI before hospitalization, falling 
ithin the definition of CA-AKI. 
The substantial differences between these patient groups 

nderscore the importance of considering the timing of AKI on-
et as a crucial variable in AKI management, highlighting the
tility of pre-hospitalization data availability. 
A common finding, further sustained by our data, is that ap-

ropriate and early AKI diagnosis remains insufficient [30 ]. To
ddress this issue, numerous research efforts have been con- 
ucted to evaluate the effectiveness of various biomarkers and 
igital tools [31 , 32 ]. 
These tools encompass various technologies and applica- 
ions, including computing platforms, connectivity, software,
ardware and sensors [33 ]. The final goal of these techniques
s to generate e-alert systems as part of a clinical decision sup-
ort system ( CDSS) . E-alert systems are increasingly being im-
lemented across hospital settings with various aims, includ-
ng the prevention of nephrotoxicity and early detection of new
pisodes of sepsis in the ICU [34 –36 ]. 

Previous experiences with e-alert systems in AKI manage-
ent have yielded mixed results. One critical challenge is the
eterogeneity of the systems implemented. Although e-alerts 
re generally triggered by detecting changes in serum creatinine,
he threshold for alarms and the contribution of other elements,
uch as urine output or clinical and demographic data, are still
o be defined [37 ]. 

Moreover, even when early detection is possible, implement-
ng automatic alerts does not necessarily lead to improved clin-
cal outcomes [38 ]. This may be because many e-alert-based
DSSs were designed for AKI recognition rather than for fa-
ilitating active clinical interventions [39 ]. Thus a simple AKI
iagnosis might not be sufficient to improve outcomes with-
ut a well-defined and suitable response plan. Moreover, the
idespread adoption of new technologies presents some limi-
ations, including high costs, privacy concerns and equity, es-
ecially in terms of accessibility in low-income countries [40 ].
o while novel biomarkers and technologies hold promise, their
alidation and adoption in the general population are still pend-
ng [41 ]. 

Our study has several limitations. First, its retrospective, ob-
ervational, single-centre design may restrict the generalizabil- 
ty of findings due to potential variations in AKI incidence, mor-
ality rates and procedures across different hospitals, regions
nd countries [42 ]. 

Furthermore, although our results are consistent with those
eported in large epidemiological studies, the pragmatic method
sed for calculating AKI, while reflective of real-world clinical
ractices, introduces a potential source of variability. Specifi-
ally, the choice of baseline sCr, and notably the absence of data
n urine output, may significantly impact the accuracy of AKI
ncidence assessments and recognition [43 ]. 

In particular, the lack of evaluation of urine output represents
 significant limitation not only of our study, but also for much
f the current literature on AKI epidemiology [8 , 44 ]. 
Additionally, we have no data on specific causes for hospi-

alization, such as AKI aetiology, which could influence disease
resentation and outcomes. 
Lastly, comorbidities were identified using administrative 

odes entered in the hospital database, introducing the possi-
ility of information bias. 

In conclusion, our study confirming AKI as an independent
isk condition highlights the significant heterogeneity of AKI
ecognition within the hospital setting. This variability is in-
uenced by various clinical factors, including patient charac-
eristics, AKI-related factors ( such as severity and timing of
nset) and in-hospital patient management. However, it may 
lso result from the potential limitations of current diagnosis
pproaches in fully elucidating in-hospital AKI epidemiology. 

Furthermore, we found that even a large subset of patients
pparently at low risk and developing milder forms of AKI, who
re at increased risk of AKI undetection, experience adverse out-
omes. So while our data may not establish a direct correlation
etween recognition patterns and outcomes, we advocate for
imely and accurate recognition of AKI as a priority for all hos-
italized patients. 
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A more comprehensive methodology may require integrating 
arious sources of information, including administrative data,
iochemical alterations, biomarkers and accurate urine output 
easurements, collected both within and outside the hospital 
etting [45 ]. This approach could be addressed to the general 
ospitalized population or focused on subjects at higher risk of 
KI undetection, such as surgical patients [46 ]. 
In this context, while innovative biomarkers and technolo- 

ies are advancing toward practical application, raising aware- 
ess about AKI among all healthcare professionals, investing in 
ducation and promoting clinical and scientific collaborations 
emain crucial interventions [47 ]. Whether and how early and 
ppropriate AKI diagnosis can translate into effective actions 
o improve patient outcomes remains to be verified in prospec- 
ively designed trials. 
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