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Persistent severe AKI is bad—where to go 
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Two decades of careful iterative development by 
dedicated intensivists, nephrologists and statisticians, 
defining then refining acute kidney injury (AKI), and 
finally evaluating these definitions against clinical data 
confirm what we feared: namely that AKI is bad. It is not 
only bad but often leads to chronic kidney disease (CKD). 
The more severe the AKI, the poorer the survival. Not 
only the degree of function loss, visualised until recently 
as the extent of plasma creatinine concentration increase 
but also the duration of AKI is a marker of severity.

Duration of AKI was first clearly identified as 
important after cardiac surgery, where longer duration 
AKI was associated with worse long-term survival 
regardless of whether recovery occurred [1]. Experts 
of the 16th Acute Disease Quality Initiative meeting 
clarified the terminology with AKI duration defined as 
‘transient’ and ‘persistent’ using recovery within 48 h as 
the time frame and further defined persistence beyond 
7 days as acute kidney disease (AKD) [2]. Subsequently, 
the criteria of AKD were harmonized by KDIGO (Kidney 
Disease: Improving Global Outcomes) as acute kidney 
dysfunction lasting from onset up to 90  days [3]. Renal 
recovery itself remains controversial with uncertainty 
regarding the extent of preservation of kidney functional 
reserve. Clearly, the terminology must continue to evolve 
with improvements in understanding.

The retrospective cohort study in critically ill adults 
of Gomez and colleagues identified AKI during stay in 

the Intensive Care Unit (ICU) in 96,591 subjects (out of 
190,550 encounters), 65,119 of whom had AKI KDIGO 
stage 2 or 3, and of these 8059 (12.4%), or 4.2% of first 
encounters of the total (190,550) critically ill cohort, 
progressed to ‘persistent severe AKI’, defined as AKI 
KDIGO stage 3 lasting for ≥ 72  h [4]. As anticipated, 
patients with persistent severe AKI were at higher risk of 
in-hospital mortality [HR = 2.21, 95% confidence interval 
(CI) 2.06, 2.38] and 90-day mortality (HR = 1.49, 95% 
CI 1.42, 1.56), and had a lower probability of recovery 
compared to those with AKI KDIGO stage 2 or 3 and 
resolution prior to 72  h. Risk factors for persistent 
severe AKI as compared with non-persistent severe AKI 
included severity of first AKI occurrence, community-
acquired AKI, high positive fluid balance, multiple organ 
dysfunction, sepsis and shock.

The results can be summarized as: the more severe 
the AKI, the worse the prognosis, the longer it lasts, the 
worse the prognosis for both renal and patient recovery. 
These conclusions support two extensive earlier analyses 
[5, 6]. Ozrazgat- Baslanti et al. evaluated AKI trajectories 
in 156,699 hospitalized patients, including one-year 
follow-up after discharge and demonstrated that patients 
with transient AKI—a rapidly reversed rise in creatinine 
within 48  h—had much better outcomes than those 
with persistent AKI, defined as AKI lasting longer than 
48  h [5]. The study also demonstrated that subjects 
who recovered from persistent AKI had an improved 
survival. Similarly, a study of 169,582 patients with AKI 
in Denmark showed after 20-year follow-up, that the 
longer AKI lasted, the greater the risk of CKD: with 
20-year risks of CKD of 26.3%, 29.5%, and 28.7% for rapid 
reversal AKI, persistent AKI, and AKD, respectively [6].

While the two earlier studies focused on longer-term 
follow-up, the work of Gomez and colleagues explored 
in-hospital and 90-day mortality and utilised information 
from AKI experienced during the whole of the ICU 
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stay to classify patients at ICU admission. This leads to 
so-called immortal time bias where patients have to 
survive long enough to be categorized correctly [7, 8]. 
Given that classification into persistent AKI class is only 
possible after AKI has occurred and persisted for more 
than 72  h, the clock of the observation period should 
start afterwards.

To overcome immortal time bias, the authors 
performed several sensitivity analyses. They used a 
landmark approach, in which only subjects who survived 
until landmark time were analyzed, and they also set 
the time origin to 72  h after the first occurrence of 
stage 2–3 AKI. Although hazard ratio estimates varied 
in different sensitivity analyses (hazard ratios from 1.14 
to 1.55), the results consistently showed a higher risk of 
mortality in patients with persistent severe AKI. A model 
acknowledging the time-dependency of AKI status 
and considering the time of persistence could improve 
understanding of persistent AKI and its association with 
outcome further [9].

Nevertheless, we need to move beyond confirming 
what we already know. What does defining persistent 
severe AKI tell us? Does it guide management or identify 
treatment targets? The repeated failure of intervention 
trials that target severe AKI has been endlessly explored. 
Clearly, most should not be repeated, such as utilising 
interventions for established AKI based on successful 
treatments given at the time of initiation of experimental 

AKI. And clearly, if creatinine is used to define AKI, then 
all AKI is well established!

Firstly, we know that supportive care is all that 
is available for syndrome management, whether 
that syndrome is AKI, acute coronary syndrome or 
acute respiratory distress syndrome or anything else. 
Consequently, our first priority should be to define 
the cause and mechanism of AKI—identification of 
subphenotypes and endotypes is needed over and above 
defining the syndrome [10, 11]. Biomarkers (including 
imaging and early kidney biopsy) may help with this and 
allow differentiation of AKI types and matching specific 
interventions to individual diseases [12] (Fig. 1).

Secondly, we suggest that directing the focus onto 
early, milder not late, severe AKI may have more 
success in prevention and treatment strategies. While 
controversial, eAlerts combined with a care bundle 
have reduced the length of hospital stay in stage 1 AKI 
in at least one study [13] but the data are not consistent. 
Apart from eAlerts, we now have better and more timely 
markers of kidney function change, including cystatin 
C and proenkephalin, and commercial biomarkers of 
kidney damage are available that can confirm renal injury 
in a timely fashion, including NGAL, cell cycle arrest 
markers, L-FABP, KIM-1 and C–C motif chemokine 
ligand 14 (CCL14) [14]. The RUBY study identified 
CCL14 as the best predictor of persistent severe AKI, 
providing opportunities for early identification and 
potential intervention [15]. Furthermore, premarketing 
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approval has just been granted to MediBeacon by the 
Food and Drug Administration (FDA) for transdermal 
measurement of glomerular filtration rate (GFR) [16], 
offering the promise of real-time GFR measurement in 
critically ill patients, including recognition of progressive 
deterioration of renal function. Early biopsy should also 
be considered to improve the understanding of changes 
in human kidneys in early rather than late AKI [12] 
(Fig. 1).

We must support AKI management in stage 3, 
persistent AKI and we acknowledge the difficulties in 
providing this supportive as opposed to disease-specific 
care. However, we also know that the horse has bolted in 
stage 3, persistent AKI as illustrated again in this study 
by Gomez et al. Isn’t it time we stopped the horse leaving 
the stable? Having new technologies at hand to identify 
high-risk patients mandates a search for strategies to 
achieve better patient-centered outcomes.

Author details
1 Department of Nephrology, School of Clinical Medicine, Faculty of Medicine 
& Health, Prince of Wales Hospital, UNSW Sydney, Sydney, Australia. 2 Bicocca 
Bioinformatics Biostatistics and Bioimaging B4 Center, School of Medicine 
and Surgery, University of Milano-Bicocca, Monza, Italy. 3 Fondazione IRCCS 
San Gerardo dei Tintori, Monza, MB, Italy. 4 Department of Intensive Care, 
King’s College London, Guy’s & St Thomas’ Hospital, London, UK. 

Data availability
Data availability statement is not applicable.

Declarations

conflict of interest
The authors have no conflict of interest related to this manuscript.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Received: 10 March 2025   Accepted: 4 April 2025

References
 1. Brown JR, Kramer RS, Coca SG, Parikh CR (2010) Duration of acute kidney 

injury impacts long-term survival after cardiac surgery. Ann Thorac Surg 
90(4):1142–1148

 2. Chawla LS, Bellomo R, Bihorac A, Goldstein SL, Siew ED, Bagshaw SM, 
Bittleman D, Cruz D, Endre Z, Fitzgerald RL et al (2017) Acute kidney 
disease and renal recovery: consensus report of the Acute Disease 
Quality Initiative (ADQI) 16 Workgroup. Nat Rev Nephrol 13(4):241–257

 3. Lameire NH, Levin A, Kellum JA, Cheung M, Jadoul M, Winkelmayer 
WC, Stevens PE (2021) Harmonizing acute and chronic kidney disease 
definition and classification: report of a Kidney Disease: Improving Global 
Outcomes (KDIGO) Consensus Conference. Kidney Int 100(3):516–526

 4. Gómez H, Chen X, Minturn JS, Saraiva IE, Hamahata N, Zaidi A, Sakhuja 
A, Chang CH, Clermont G, Zarbock A et al (2025) Persistent severe 
acute kidney injury is a major modifiable determinant of outcome 
during critical illness. Intensive Care Med. https:// doi. org/ 10. 1007/ 
s00134- 025- 07821-4

 5. Ozrazgat-Baslanti T, Loftus TJ, Ren Y, Adiyeke E, Miao S, 
Hashemighouchani H, Islam R, Mohandas R, Gopal S, Shenkman EA 
et al (2021) Association of persistent acute kidney injury and renal 
recovery with mortality in hospitalised patients. BMJ Health Care Inform 
28(1):e100458

 6. Jensen SK, Heide-Jørgensen U, Gammelager H, Birn H, Christiansen 
CF (2024) Acute kidney injury duration and 20-year risks of CKD and 
cardiovascular disease. Kidney Int Rep 9(4):817–829

 7. Lévesque LE, Hanley JA, Kezouh A, Suissa S (2010) Problem of immortal 
time bias in cohort studies: example using statins for preventing 
progression of diabetes. BMJ 340:b5087

 8. Linde-Zwirble W (2009) When is simple too simple? Immortal time bias in 
critical care. Crit Care Med 37(11):2990–2991

 9. Tassistro E, Bernasconi DP, Rebora P, Valsecchi MG, Antolini L (2020) 
Modeling the hazard of transition into the absorbing state in the illness-
death model. Biom J 62(3):836–851

 10. Rodrigues CE, Endre ZH (2023) Definitions, phenotypes, and 
subphenotypes in acute kidney injury-Moving towards precision 
medicine. Nephrology (Carlton) 28(2):83–96

 11. Stanski NL, Rodrigues CE, Strader M, Murray PT, Endre ZH, Bagshaw SM 
(2023) Precision management of acute kidney injury in the intensive care 
unit: current state of the art. Intensive Care Med 49(9):1049–1061

 12. Endre ZH (2025) Kidney biopsy in acute kidney injury: increase insight or 
preserve the status quo? Kidney Int 107(3):397–400

 13. Kotwal S, Herath S, Erlich J, Boardman S, Qian J, Lawton P, Campbell C, 
Whatnall A, Teo S, Horvath AR et al (2023) Electronic alerts and a care 
bundle for acute kidney injury-an Australian cohort study. Nephrol Dial 
Transplant 38(3):610–617

 14. Ostermann M, Legrand M, Meersch M, Srisawat N, Zarbock A, Kellum JA 
(2024) Biomarkers in acute kidney injury. Ann Intensive Care 14(1):145

 15. Hoste E, Bihorac A, Al-Khafaji A, Ortega LM, Ostermann M, Haase 
M, Zacharowski K, Wunderink R, Heung M, Lissauer M et al (2020) 
Identification and validation of biomarkers of persistent acute kidney 
injury: the RUBY study. Intensive Care Med 46(5):943–953

 16. https:// www. acces sdata. fda. gov/ scrip ts/ cdrh/ cfdocs/ cfpma/ pma. cfm? 
ID= P2300 19

https://doi.org/10.1007/s00134-025-07821-4
https://doi.org/10.1007/s00134-025-07821-4
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?ID=P230019
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?ID=P230019

	Persistent severe AKI is bad—where to go now?
	References


