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Acute kidney injury (AKI) is a major com-
plication in hospitalized patients and is  
associated with substantial short-term and 
long-term morbidity and mortality, especially 
in critically ill patients. Timely diagnosis of 
AKI remains a challenge, as urine output and 
serum creatinine are suboptimal in detecting 
early stages of kidney injury. The identifi
cation of biomarkers for early diagnosis of 
AKI remains a work in progress and no sin-
gle biomarker has been uniformly adopted 
as an early marker of tubular injury. The 
TRIBE-​AKI consortium evaluated plasma 
concentrations of pro-​and anti-​angiogenic 
markers in 1,444 patients undergoing car-
diac surgery, and demonstrated that high 
post-​operative levels of the anti-​angiogenic 
factor vascular endothelial growth factor 
receptor 1 (VEGFR1) were associated with  
a high risk of AKI and mortality1. By contrast, 
high levels of the pro-​angiogenic factors VEGF 
and placental growth factor were associated 
with lower risk of AKI (31%) and mortality 
(54%). Further studies on the role of angiogen-
esis in the post-​injury phase of AKI are needed 
to delineate whether targeting angiogenesis 
might expedite kidney recovery and/or 
improve mortality. A 2020 Acute Disease 
Quality Initiative (ADQI) consensus statement 
recommended that validated biomarkers, such 
as [TIMP2]*[IGFBP7] and NGAL, be used to 
identify populations (mostly patients under-
going cardiac and major abdominal surgery) 
where interventions to prevent AKI, such  
as optimizing blood pressure and volume 
status, or nephrotoxin avoidance, have been 
shown to improve outcomes2. ADQI also 
recommended that traditional criteria for 
AKI diagnosis (that is, serum creatinine and 
urine output) and prognosis (that is, protein-
uria) continue to be used in clinical practice, 
as insufficient evidence supported the routine 
use of biomarkers to differentiate between 

inflammatory response and mechanical ven-
tilation. In one study from New York, USA, 
89.7% of patients on mechanical ventilation 
developed AKI, compared with 21.7% of 
patients who did not require ventilation4. 
Although the aetiology of AKI in these 
patients is similar to that seen in patients with 
sepsis or other conditions that lead to severe 
systemic inflammatory responses, the intense 
volume of patient admissions overwhelmed 
hospital capacity to provide timely and rou-
tine kidney replacement therapy (KRT). 
Hospitals rapidly adjusted their practices, 
for example by implementing hybrid KRT 
therapies, recruiting non-​dialysis personnel, 
and using non-​traditional continuous KRT 
solutions to ensure delivery of care to every 
patient who required dialysis5.

Preventive strategies such as optimizing 
volume haemodynamics and volume status, 
as well as avoiding nephrotoxins, are the 
mainstay of management of early AKI, but 
KRT remains the only therapeutic option 
for severe AKI (Fig. 1). The STARRT-​AKI 
study marked a major development in our 
understanding of the appropriate timing of 
initiation of KRT in critically ill patients with 
AKI6. In this multi-​national randomized con-
trolled trial of 3,109 patients, 1,462 patients 
were randomly assigned to standard strat-
egy and 1,465 to accelerated strategy. In the 
accelerated strategy group, patients were eli-
gible to start KRT within 12 hours of meeting 
the criteria of stage 2 AKI. In the standard 
strategy group, physicians were discouraged 
from starting KRT unless patients met one 
of the following criteria: serum potassium 
≥6.0 mmol/L, pH ≤7.2, serum bicarbonate 
level ≤12 mmol/L, severe respiratory failure, 
or persistence of AKI >72 hours. The primary 
end point (90-​day all-​cause mortality) did not 
differ between the two groups but the overall 

AKI and acute kidney disease (AKD; defined 
as AKI lasting 7–90 days).

Type 2 diabetes mellitus (T2DM) is a major 
cause of chronic kidney disease (CKD) and 
kidney failure. Small trials have suggested that 
T2DM might also be a risk factor for AKI and 
a large retrospective cohort study conducted 
by the BEAt-​DKD consortium in Scotland 
further supports its potential as an indepen
dent risk factor in the absence of CKD3. In this 
study, 16,700 participants (9,417 with T2DM 
and 7,283 controls without T2DM) were fol-
lowed for a median of 8.2 years. Participants 
without underlying CKD but with T2DM, 
were five times more likely to develop AKI 
compared with those without T2DM (121.5 
versus 24.6 per 1,000 person-​years). Patients 
with underlying CKD were more than twice 
as likely to develop AKI when compared with 
those without CKD. T2DM and other risk fac-
tors for AKI, such as malignancy, liver disease 
or hypertension, must therefore be carefully 
documented when patients are hospitalized 
to enable implementation of appropriate AKI 
prevention strategies.

Critically ill patients with coronavirus dis-
ease 2019 (COVID-19) also have a substan-
tial risk of developing AKI, which seems to be 
characterized by ischaemic tubular injury due 
to hemodynamic changes caused by a systemic 
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adverse events — specifically hypotension 
and hypophosphatemia — were higher in the 
accelerated strategy group. The standard strat-
egy criteria are already used by the majority 
of nephrologists and this study reaffirms  
the current approach to KRT initiation in the 
intensive care unit (ICU). Importantly, two- 
​thirds of the patients in this study were in 
medical ICUs and it might therefore not 
be possible to completely extrapolate these 
findings to surgical patients who might need 
earlier initiation of KRT for volume removal.  
A post-​hoc analysis of this study will inves-
tigate whether patients with oliguria might 
benefit from earlier initiation of KRT.

A considerable proportion of patients 
with AKI only develop stage 1 or 2 AKI and 
recover kidney function without needing 
KRT. The ASSESS-​AKI prospective cohort 
study evaluated the association of post-AKI 
proteinuria with future deterioration of kid-
ney function, defined as 50% decrease in esti-
mated glomerular filtration rate (eGFR) or 
development of kidney failure, in 1,538 hospi-
talized patients who survived to their baseline 

study visit 3 months post-​hospitalization7. 
The study cohort included 759 patients with 
or without CKD who experienced in-​hospital 
AKI (defined by a rise in serum creatinine 
levels of ≥50% or >0.3 mg/dl from baseline) 
and 769 patients who did not have AKI. The 
two groups were matched for their preadmis-
sion CKD status, comorbidities and treatment 
in the ICU. At the baseline visit, serum crea
tinine was 1.3 mg/dl in the AKI group and 
1.07 mg/dl in the control group (P < 0.001), 
and median urinary albumin-​to-​creatinine 
ratio (UACR) was 21 mg/g in the AKI group 
and 11 mg/g in those without AKI. Among 
patients with AKI, 97 (12.6%) had progres-
sion of their kidney disease and a lower 
post-​AKI eGFR was associated with a higher 
risk for progression of kidney disease (HR 
1.5 for each 10 ml/min/1.73 m2 decrease, 95% 
CI 1.36–1.66). However, albuminuria was a 
better predictor of kidney disease progression 
than eGFR in this study; higher UACR was 
associated with a higher risk of kidney disease 
progression (HR 1.53, 95% CI 1.43–1.64). 
This report underscores the importance of  
close follow-​up for patients with AKI, as 
timely intervention in the ambulatory care 
setting, including appropriate blood pressure 
management and medication reconciliation, 
might be key to preventing post-​AKI com-
plications. The caring for outpatients after 
acute kidney injury (COPE-​AKI) consor-
tium, which is funded by the US National 

Institutes of Health, will evaluate novel inter-
ventions versus usual post-​hospitalization 
care for patients with AKI8,9. Crucially, 
careful post-hospitalization care will be 
essential to prevent a surge in CKD due to  
COVID-19-associated AKI10.

In summary, 2020 has demonstrated that 
AKI continues to be a devastating problem in 
hospitalized patients, especially in those who 
are critically ill. Biomarkers for early dia
gnosis remain a work in progress but recog
nizing T2DM or COVID-19 as risk factors 
might facilitate AKI prevention in hospital
ized patients. The STARRT-​AKI study has 
provided guidance regarding the timing of 
initiation of KRT in critically ill patients 
with AKI, as early initiation of KRT does not 
seem to benefit most patients and might be 
associated with harm. Importantly, timely 
post-​hospitalization care has been associated 
with reduced risk of readmission, recurrent 
AKI and progression of CKD, which high-
lights the need to investigate strategies for 
optimal follow up of patients post-​AKI.
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Fig. 1 | Approach to the management of patients with acute kidney injury. Risk factors that 
predispose patients to acute kidney injury (AKI) include sepsis, coronavirus disease 2019 (COVID-19) 
and exposure to nephrotoxins. In addition, underlying co-​morbidities such as type 2 diabetes 
mellitus (T2DM) and hypertension (HTN) can further increase the risk of AKI. For the majority of 
patients, AKI will not be severe and kidney replacement therapy (KRT) will not be required, although 
careful post-​hospitalization care remains essential to prevent recurrent AKI. In patients with severe 
AKI (stage 3), careful consideration must be given to the timing of KRT to optimize kidney recovery 
and reduce the need for long-​term KRT. ACE, angiotensin-​converting enzyme; ARBs, angiotensin II 
receptor blockers; STARRT-​AKI, Standard versus Accelerated Initiation of Renal Replacement 
Therapy in AKI; UACR, urinary albumin-​to-​creatinine ratio.
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