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GRAPHICAL ABSTRACT

ABSTRACT 

Background. Acute kidney injury (AKI) is a common and important complication of COVID-

19. Further characterisation is required to reduce both short and long-term adverse 

outcomes.

Methods. We examined registry data including adults with confirmed SARS-CoV-2 infection 

admitted to five London Hospitals from 1st January to 14th May 2020. Prior end-stage 

kidney disease was excluded. Early AKI was defined by Kidney Disease Improving Global 

Outcomes (KDIGO) creatinine criteria within 7 days of admission. Independent associations 

of AKI and survival were examined in multivariable analysis. Results are given as odds ratios 

(OR), or hazard ratios (HR) with 95% confidence intervals.

Results. Amongst 1855 admissions, 453 patients (24.5%) developed early AKI: 220 (44.0%) 

stage 1, 90 (19.8%) stage 2, 165 (36.3%) stage 3 (74 receiving renal replacement therapy). 

The strongest risk factor for AKI was high CRP (OR 3.35 [2.53-4.47], p<0.001). Death within 
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30 days occurred in 242 (53.2%) with AKI compared to 255 (18.2%) without. In multivariable 

analysis, increasing severity of AKI was incrementally associated with higher mortality: stage 

3 (HR 3.93 [3.04-5.08], p<0.001). In 333 patients with AKI surviving to day 7, 134 (40.2%) 

recovered, 47 (14.1%) recovered then relapsed, and 152 (45.6%) had persistent AKI at day 7; 

an additional 105 (8.2%) patients developed AKI after day 7. Persistent AKI was strongly 

associated with adjusted mortality at 90-days (OR 7.57 [4.50-12.89], p<0.001).

Conclusions. AKI affected one in four hospital in-patients with COVID-19 and significantly 

increased mortality. Timing and recovery of COVID-19 AKI is a key determinant of outcome.

Keywords: acute kidney injury, COVID-19, survival analysis
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INTRODUCTION

Development of acute kidney injury (AKI) appears common in COVID-19, however 

geographical differences in incidence and severity have been described (1-6). In a meta-

analysis of 20 cohorts worldwide, overall prevalence during admission was 17% ranging 

from 0.5% to 80.3% (7). This variation likely reflects differences in sample sizes and cohort 

characteristics including in monitoring and detection of AKI (8). Few studies have reported 

timing and severity of AKI, or temporal relationships to interventions including renal 

replacement therapy (RRT) (9). Short follow-up periods have also limited analysis of longer-

term survival and kidney recovery. Importantly, more severe AKI has been strongly and 

consistently associated with short term risk of death (10, 11), making AKI a potentially 

pivotal complication in the deteriorating COVID-19 patient. Better understanding of risk 

factors involved may enable early recognition and use of preventative and therapeutic 

measures to limit AKI development or progression reducing overall morbidity and mortality.

The mechanisms involved in kidney damage in COVID-19 are likely to be multifactorial. 

These potentially include direct viral effects on the kidney (12, 13), systemic immune 

dysregulation, and hypercoagulability (11, 14) as well as traditional risk-factors for primary 

tubular injury including hypovolaemia, sepsis related haemodynamic instability, and 

consequences of intensive care unit (ICU) therapies (8, 15-17). Patient risk factors for 

COVID-19 AKI are common to those of AKI in other settings, including older age and 

comorbid diseases (1, 18). Importantly while racial and socioeconomic background have 

been identified as potential risk factors for SARS-CoV-2 infection and adverse outcomes in 

COVID-19 disease, the influence of these factors on the incidence of COVID-19 associated 

AKI is unclear despite pre-existing evidence for racial and socioeconomic disparities leading 
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to higher AKI incidence and poorer outcomes outside of COVID-19 (19). Accordingly, we 

aimed to define the incidence and severity of AKI during hospital admission, examine 

trajectories of AKI progression and kidney recovery following hospital discharge, and 

identify risk factors for AKI and adverse outcomes including the influence of ethnicity and 

measures of socio-economic status.
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MATERIALS AND METHODS

Study cohort

We included all patients aged 16 years or over admitted to one of five acute hospitals within 

Barts Health NHS Trust between 1st January and 13th May 2020 with SARS-CoV-2 infection 

confirmed on PCR (20). The first emergency admission encompassing the first positive SARS-

CoV-2 test or within two weeks of positive outpatient testing was defined as the index 

admission. For this analysis, patients with no available creatinine data and patients with 

prior history of end stage kidney disease (ESKD) were excluded. Follow-up data were 

available up to 1st December 2020.

Definitions of key variables

AKI was defined and severity staged using the Kidney disease Improving Global Outcomes 

(KDIGO) creatinine criteria, namely an acute ≥0.3mg/dl rise in serum creatinine within a 48h 

window or a ≥1.5 fold increase in creatinine above pre-morbid baseline value (21). Baseline 

creatinine was set using the median result from all available blood tests in the 7 to 365 days 

before admission. If no prior results were available, baseline creatinine was imputed based 

on an eGFR of 75ml/min/1.72m2 or admission creatinine, whichever was lower. Early AKI 

was defined as AKI criteria being met within the first 7 days of hospital admission. In 

patients who survived to day 7, early AKI was further subdivided based on trajectory during 

admission: Recovered (absence of AKI criteria by day 7 and no further AKI); Relapsed 

(absence of AKI criteria by day 7, but subsequent re-occurrence of AKI later in admission); 

and Persistent (persistence of AKI criteria at day 7 or requirement for RRT). Late AKI was 

defined as AKI occurring only after day 7. Ethnicity was defined using the NHS ethnic 

category codes. Relative measures of socioeconomic deprivation were assessed using the 
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English Indices of Deprivation 2020 by matching patient postcode to national index of 

multiple deprivation (IMD) divided into quintiles within our study population (22). Baseline 

comorbid diseases and Hospital Frailty Risk Score (HFRS) were identified by mapping to ICD-

10 coding (23, 24). Pre-existing chronic kidney disease (CKD) defined as baseline eGFR below 

60ml/min/1·72m2 was calculated using the last creatinine value available from results 

earlier than 7 days before hospitalisation using the CKDEpi formula (25). ESKD was defined 

by ICD-10 coding (26). Rockwood Clinical Frailty Scoring (RFS) was assessed by the admitting 

medical team and recorded in the electronic medical records (27). The median CRP value for 

the cohort was used to a cut-off for high and low groups. Full definitions of AKI categories 

and baseline variables are detailed in the online supplement.

Outcome measures

The primary outcome was survival to 30-days from time of index COVID-19 hospital 

admission. We assessed the composite outcome of death, new dialysis, and worsened renal 

function constituting the major adverse kidney event (MAKE) outcome at 90 days (MAKE90) 

as a secondary outcome (28). In 90-day survivors worsened renal function was defined as 

eGFR <70% of baseline using the last serum creatinine value before 90 days. Other 

secondary endpoints were 90-day survival, ICU admission, ICU length of stay, duration of 

organ support on ICU, need for mechanical ventilation, ICU and hospital length of stay, and 

discharge destination if discharged alive from hospital.

Statistical analyses

A prospective statistical analysis plan was developed (29). Baseline characteristics are 

presented as mean and standard deviation, median and interquartile range, or number and 
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percentage, as appropriate. We compared proportions using Pearson’s Chi-square test or 

Fisher’s exact test and continuous variables using 2-sample t-test or Wilcoxon rank-sum or 

signed rank (for paired data) tests, as appropriate. Multivariable logistic regression was 

carried out to assess risk factors for development of early AKI. Cox proportional hazards 

models were used to assess survival comparing AKI to no AKI adjusted for age and sex. A 

further multivariable Cox model was developed to assess the effect of pre-defined risk 

factors described associated with adverse outcomes in COVID19: ethnicity, IMD quintile, 

smoking status, body mass index (BMI), diabetes, hypertension (HTN), and CKD. We 

assessed the effects of an interaction between ethnicity and early AKI on 30-day survival. 

Logistic regression modelling for the association between early AKI and ICU admission, as 

well as treatment using mechanical ventilation and RRT were carried out. Survival at 90-days 

comparing trajectory of AKI was assessed using logistic regression as relapsed- and late-AKI 

are not baseline hazards. Effect measures are presented as hazard ratios (HR) or odds ratios 

(OR) with 95% confidence intervals (CI). All analyses were performed using R version 4.0.2 (R 

Core Team 2020).

Sensitivity analyses

Subgroup analyses were carried out including only patients with known baseline creatinine.
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RESULTS

STROBE reporting guidelines were followed (Table S1). A total of 1996 patients were 

included in our cohort, 28 without creatinine results available during their admission and 

113 with pre-existing ESKD were excluded from analyses (Figure S1). A total of 455 out of 

1855 patients (24.5%) developed AKI during the first 7 days of admission. Of these, 200 

(44.0%) had stage 1, 90 (19.8%) had stage 2, and 165 (36.3%) had stage 3 AKI.

Early AKI

Baseline patient characteristics are presented in Table 1. Patients with early AKI were older 

(median age 71 vs. 62 years), greater proportions were male, more deprived, and had 

comorbid disease. Baseline creatine values were available for 1179/1855 patients, the 

remainder were imputed. Excluding imputed values, baseline kidney function was worse in 

the early AKI group (median eGFR 65.4 [42.3-82.9] vs. 74.3 [56.9-91.6] ml/min/1·72m2, 

p<0.001). A significantly greater proportion of patients with Black ethnicity developed early 

AKI which tended to be more severe [Table 1]. Patients with early AKI had higher CRP during 

admission (median 249.0 [137.0-347.3] vs. 123.0 [62.0-213.8] mg/L, p<0.001). In a 

multivariable analysis [Figure 1], the risk of early AKI was significantly higher in older 

patients (OR 1.13 [1.02-1.25], p=0.02) and those with peak CRP above 145 (OR 3.35 [2.53-

4.47] mg/L, p<0.001). The comorbidities most strongly associated with early AKI were 

diabetes (OR 1.50 [1.12-2.02], p=0.007) and congestive heart failure (OR 1.47 [1.01-2.13], 

p=0.04).
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Survival

A total of 497 (26.8%) patients died within 30 days of admission, 242 (53.2%) who 

developed early AKI compared to 255 (18.2%) who did not [Table S2]. Patients with early 

AKI had a significantly higher age- and sex-adjusted risk of death than those who did not 

[Figures S3]. Risk increased with increasing severity of AKI: stage 1 (HR 1.88 [1.47-2.40], 

p<0.001), stage 2 (HR 2.79 [2.06-3.77], p<0.001), stage 3 (HR 4.25 [3.37-5.35], p<0.001) 

[Figures S3]. After inclusion of pre-specified confounders: ethnicity, IMD, smoking history, 

BMI ≥30kg/m2, diabetes, HTN, and CKD in a multivariable survival analysis, the association 

between early AKI and death persisted: stage 1 (HR 1.92 [1.48-2.49], p<0.001), stage 2 (HR 

2.75 [1.97-3.85], p<0.001), stage 3 (HR 3.93 [3.04-5.08], p<0.001) [Figures 2 and 3].

Trajectories of early AKI and late AKI

Of 333 patients who developed early AKI and still alive at day 7 after admission: 134 (40.2%) 

recovered, 47 (14.1%) relapsed, and 152 (45.6%) had persistent AKI at day 7. A total of 105 

(8.2%) patients who did not have early AKI and still alive at day 7 developed late AKI after 

this timepoint. Baseline characteristics are presented in Table S3. Patients with persistent or 

relapsed trajectories were younger (median age 65 years persistent, 72 relapsed, 74 

recovered). Compared to other ethnic groups, a greater proportion of Asian patients with 

early AKI had persistent or relapsed AKI than recovered (Figure S6). Patients with persistent 

or relapsed AKI had higher CRP values (median 330.0 mg/L persistent, 199.0 relapsed, 179.0 

recovered). Baseline risk factors for early AKI were also more frequent in patients with late 

compared to no AKI. In multivariable logistic regression, survival to 90 days was worst for 

persistent AKI (OR 7.57 [4.50-12.89], p<0.001) (Figure S7).
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Secondary outcomes

There was no clear evidence for any interaction between ethnicity and early AKI on 30-day 

survival (p=0.60). Patients with early AKI had higher serum creatinine values throughout 

admission with an increasing trend with increasing severity of AKI [Figures S2A, S2B, S2E, 

S2F]. Compared to baseline, creatinine values on discharge were significantly higher in 

patients with stage 3 AKI (median 2.0 vs. 1.1, p<0.001) whereas for patients without AKI 

they were significantly lower (median 0.8 vs. 0.9, p<0.001) [Figures S2A, S2C]. Where 

available (n=721) post-discharge creatinine closest to day 90 remained significantly lower 

than baseline (0.9 vs 1.0), whereas values in patients who experienced early AKI did not 

significantly differ from baseline [Figures S2B, S2D]. Patients with increasing severity of early 

AKI had lower age- and sex-adjusted survival and worse MAKE90 outcomes [Figures S4 and 

S5]. MAKE90 outcomes were principally driven by mortality and need for RRT in stage 3 AKI 

[Table 1]. Of 30 patients who required RRT and survived hospital admission, 5 remained 

dialysis-dependent at discharge.  Admission to ICU occurred in 338/1853 (18.2%) and need 

for ICU admission, and mechanical ventilation on ICU were all significantly associated with 

incidence and severity of early AKI [Figures S8, S9]. 166/338 (49.1%) of patients admitted to 

ICU had early AKI with a further 36/338 (10.6%) developing late AKI after day 7. In the ICU, 

92.2% of patients with early AKI received invasive mechanical ventilation compared to 

66.3% without [Table 1]. Patients with early AKI had longer hospital and ICU lengths of stay 

and lower proportions discharged to their usual place of residence [Table 1]. 

Sensitivity analyses

Analyses were repeated in 1179 patients with measured baseline creatinine values [Table 

S4, Figures S10-S12]. Overall associations of AKI were similar. However, baseline CKD 
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became a significant association of development of early AKI (OR 1.64 [1.13-2.38], p=0.009). 

Associations with survival were similar although in these analyses, the risk of death 

associated with AKI stage 2 was comparatively greater.
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DISCUSSION

In our cohort of first wave hospitalised patients, one in four COVID-19 patients developed 

early AKI and a further 8% developed late AKI. Over a third of early AKI cases were of stage 3 

severity using KDIGO grading. Importantly, adverse outcomes were strongly associated with 

increased severity and persistence of AKI. The majority of early AKI was persistent meaning 

45.6% of early AKI patients surviving to day 7 fulfilled criteria for acute kidney disease (AKD) 

by the continued presence of a serum creatinine ≥1.5 fold baseline or need for RRT (21). 

Importantly, persistent AKI was most strongly associated with ongoing risk of death. In 

addition, after day 7, relapsed AKI after initial recovery and late AKI were both associated 

with worse outcomes compared to recovered early AKI.

Rates of early COVID associated AKI in this study are similar to previous studies in Europe 

and the US (8, 15, 30). As in many previous studies early AKI was associated with poorer 

short-term survival (7, 30-32), however severity and duration of AKI are clearly interlinked 

with aspects of the underlying COVID-19 disease process. This supports a comparative study 

of COVID-19 and non-COVID-19 hospitalised patients which demonstrated a higher 

incidence of AKI and a disproportionate burden of severe AKI in COVID-19 patients (33).

Baseline risk factors for early AKI such as older age, male sex, and diabetes in this study 

support those of previous studies for both COVID-19 and non-COVID-19 AKI (1, 11, 15, 34). 

However, we found that different demographic and comorbidity profiles were associated 

with higher risk of COVID-19 AKI. In particular male sex and diabetes were associated with 

greater adjusted-risk, suggesting that AKI could be a complication partially mediating risk of 

death in these subgroups previously identified as of higher risk of death in COVID-19 
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disease. We also demonstrate that patients of Black ethnicity were at higher risk of 

developing AKI and more severe AKI shown in other cohorts, this may be linked to a higher 

prevalence of CKD in black populations as this association disappeared in favour of CKD 

when only patients with known baseline creatinine were considered (9). Similarly, more 

persistent or relapsing AKI trajectories were also seen in Asian patients who developed early 

AKI, reflecting a less benign course of AKI in this group. Furthermore, the prevalence of 

diabetes and CKD were significantly greater at younger ages in Asian and Black patients 

respectively, potentially increasing risk of AKI in these populations. These observations 

suggests that patients of Black and Asian backgrounds could in part be at greater risk of 

death in COVID-19 disease due to greater prevalence of measured and unmeasured risk 

factors for development and progression of AKI.

 Our finding that high CRP values were associated with development, greater severity, and 

worse trajectories of AKI supports hypotheses underlying hyperinflammatory and cytokine 

release syndrome mediated damage to kidneys in COVID-19 (9, 14). Some of this 

dysregulated immune response may be mediated through lung-kidney cross-talk and 

associations with other markers of systemic disease such as ferritin, d-dimer, and measures 

of severity of pulmonary disease could help elucidate pathophysiological mechanisms 

involved (35). Of particular importance would be if these processes were modifiable 

through management strategies such as lung protective ventilation (15).

As the impact of COVID-19 continues with surges of cases, limited hospital resources 

including dialysis availability need to be taken into consideration. Identifying and classifying 

AKI by timing and trajectory may help in tailoring patient-monitoring, initiation of AKI-
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prevention and treatment strategies and timely consideration of patients who will benefit 

from RRT (30, 31).

Little is known currently about long-term outcomes and kidney recovery after COVID-19 AKI, 

with only a small number of studies reporting post-hospital outcome (36). Reported 

recovery of kidney function and dependence on RRT following hospital admission has been 

variable, with recovery at 41% to 65% and RRT dependence at 8% to 33% (37-39). While the 

majority of patients in our study who received RRT and survived recovered independent 

kidney function, and the number of patients with worsened kidney function at follow-up 

was small, assessment of kidney function in COVID-19 survivors is likely to be complex. In 

individual patients there was considerable variability in serum creatinine at follow-up, with 

some, both with and without early AKI, developing new significantly elevated creatinine 

compared to baseline. Conversely many other patients, in all AKI categories, had creatinine 

levels substantially lower than baseline both at hospital discharge and afterwards. This 

suggests that both worsened renal function and substantial loss of muscle mass (and 

creatinine generation) may be occurring in COVID-19 survivors potentially confounding 

assessment of kidney function by serum creatinine in COVID-19 survivors. Longer-term 

follow-up is required to better understand recovery mechanisms for COVID-19 AKI which 

may differ from other forms of AKI (30). This may require methods for assessing renal 

function less confounded by the effects of prolonged major illness, such as cystatin-c (40).

Strengths and limitations

This study comprises a comprehensive analysis of the epidemiology and timing of COVID-19 

associated AKI in a large and ethnically diverse urban population. The detailed dataset 
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allowed inclusion of multiple demographic and baseline risk factors into multivariable 

analyses. However, more data on differences in clinical management, medication use 

including pre-existing renin-angiotensin system (RAS) blockade, ventilation, and 

haemodynamic parameters could help to identify specific AKI causes. The follow-up period 

was longer compared to the majority of previous reports, however, important long-term 

outcomes such as development and progression of CKD and ESKD over the following years 

are not yet available. Definitions of AKI were based only on biochemistry results and there 

was no data on urine output or other markers of kidney health including proteinuria. 

Furthermore, imputation of baseline creatinine values was required for 675 (36.4%) patients 

lacking pre-admission results, however this was a much smaller proportion compared to 

many other AKI studies and we carried out a sensitivity analysis excluding those with 

unknown baseline. Finally, while AKI is associated with adverse outcomes and we 

hypothesise that it could be an important pathway in mediating risk of death and severity of 

illness in COVID-19 disease, the direction of causality in these associations cannot be proven 

in an observational study.

CONCLUSIONS

Characterisation of COVID-19 AKI by timing and trajectory could help risk stratification and 

target monitoring, prevention and treatment strategies. This study highlights continued 

need for vigilance and monitoring of AKI throughout all stages of COVID disease, especially 

in subgroups with higher risk of death in COVID-19 disease. Finally, longer-term follow-up 

and better understanding of kidney recovery after COVID-19 is warranted as outcomes are 

currently unclear.
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Tables

Table 1. Baseline characteristic table by stages of early AKI compared to no early AKI

http://mc.manuscriptcentral.com/ckj

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/advance-article/doi/10.1093/ckj/sfab071/6192815 by guest on 27 M

arch 2021



22

Table 1. Cohort baseline characteristics grouped by early AKI status, n (%) unless otherwise stated. Total n=1,855 unless otherwise stated. P 
values based on Chi-square (for categorical) or Kruskal-Wallis test (for continuous) comparing early AKI all or by stage to no early AKI. SD: 
standard deviation, IQR: interquartile range, IMD: index of multiple deprivation, CKD: chronic kidney disease, HTN: hypertension, COPD: 
chronic obstructive pulmonary disease, CRP: C-reactive protein, ICU: intensive care unit, RRT: renal replacement therapy.

All No early AKI Early AKI Early AKI by stage
All p value Stage 1 Stage 2 Stage 3 p value

n 1855 1400 455 200 90 165
Age (years) Median (IQR) 65 (51-79) 62 (48-77) 71 (60-82) <0.001 74 (62-84) 74 (60-85) 66 (58-77) <0.001

Male (%) 1122 (60.5) 820 (58.6) 302 (66.4) 0.004 131 (65.5) 56 (62.2) 115 (69.7) 0.02
Ethnic group 0.001 <0.001

Asian or Asian British 491 (26.5) 395 (28.2) 96 (21.1) 43 (21.5) 13 (14.4) 40 (24.2)
Black or Black British 299 (16.1) 203 (14.5) 96 (21.1) 34 (17.0) 15 (16.7) 47 (28.5)

Mixed and Other 147 (7.9) 118 (8.4) 29 (6.4) 15 (7.5) 5 (5.6) 9 (5.5)
Unknown 253 (13.6) 189 (13.5) 64 (14.1) 26 (13.0) 14 (15.6) 24 (14.5)

White 665 (35.8) 495 (35.4) 170 (37.4) 82 (41.0) 43 (47.8) 45 (27.3)
IMD quintile [n=1840] 0.20 0.70

1 (most deprived) 368 (20.0) 271 (19.5) 97 (21.6) 37 (18.6) 20 (22.7) 40 (24.5)
2 366 (19.9) 265 (19.1) 101 (22.4) 44 (22.1) 19 (21.6) 38 (23.3)
3 368 (20.0) 292 (21.0) 76 (16.9) 38 (19.1) 15 (17.0) 23 (14.1)
4 366 (19.9) 282 (20.3) 84 (18.7) 39 (19.6) 16 (18.2) 29 (17.8)

5 (least deprived) 372 (20.2) 280 (20.1) 92 (20.4) 41 (20.6) 18 (20.5) 33 (20.2)
Smoking [n=1572] 153 (9.7) 122 (10.3) 31 (7.9) 0.19 16 (9.3) 7 (9.1) 8 (5.6) 0.34

Comorbidities [n=1572]
Moderate to severe CKD 248 (15.8) 132 (11.2) 116 (29.6) <0.001 46 (26.7) 23 (29.9) 47 (32.9) <0.001

Obesity 366 (23.3) 273 (23.1) 93 (23.7) 0.87 37 (21.5) 26 (33.8) 30 (21.0) 0.14
Ischaemic heart disease 288 (18.3) 202 (17.1) 86 (21.9) 0.04 36 (20.9) 15 (19.5) 35 (24.5) 0.13

Myocardial infarction 150 (9.5) 103 (8.7) 47 (12.0) 0.07 19 (11.0) 11 (14.3) 17 (11.9) 0.23
Congestive heart failure 209 (13.3) 133 (11.3) 76 (19.4) <0.001 32 (18.6) 14 (18.2) 30 (21.0) 0.001

Diabetes 585 (37.2) 394 (33.4) 191 (48.7) <0.001 79 (45.9) 40 (51.9) 72 (50.3) <0.001
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HTN 1120 (71.2) 810 (68.6) 310 (79.1) <0.001 135 (78.5) 67 (87.0) 108 (75.5) <0.001
Peripheral vascular disease 110 (7.0) 74 (6.3) 36 (9.2) 0.07 18 (10.5) 8 (10.4) 10 (7.0) 0.14
Cerebral vascular disease 271 (17.2) 179 (15.2) 92 (23.5) <0.001 44 (25.6) 20 (26.0) 28 (19.6) 0.001

COPD 365 (23.2) 281 (23.8) 84 (21.4) 0.37 42 (24.4) 15 (19.5) 27 (18.9) 0.48
Liver disease 131 (7.1) 99 (7.1) 32 (7.0) 1 15 (7.5) 10 (11.1) 7 (4.2) 0.23

Dementia 163 (10.4) 111 (9.4) 52 (13.3) 0.04 27 (15.7) 13 (16.9) 12 (8.4) 0.01
Cancer 136 (8.7) 100 (8.5) 36 (9.2) 0.74 22 (12.8) 9 (11.7) 5 (3.5) 0.02

Charlson comorbidity index [n=1572] <0.001 <0.001
0 469 (29.8) 389 (33.0) 80 (20.4) 38 (22.1) 8 (10.4) 34 (23.8)

1-2 603 (38.4) 470 (39.8) 133 (33.9) 57 (33.1) 25 (32.5) 51 (35.7)
3-4 276 (17.6) 179 (15.2) 97 (24.7) 36 (20.9) 29 (37.7) 32 (22.4)
5 224 (14.2) 142 (12.0) 82 (20.9) 41 (23.8) 15 (19.5) 26 (18.2)

Rockwood frailty score [n=782] 0.04 0.10
1-2 (very fit, well) 92 (11.8) 73 (12.9) 19 (8.8) 11 (10.3) 0 (0.0) 8 (11.8)

3-4 (managing well, vulnerable) 283 (36.2) 207 (36.6) 76 (35.0) 37 (34.6) 13 (31.0) 26 (38.2)
5-6 (mildly to severely frail) 338 (43.2) 244 (43.2) 94 (43.3) 45 (42.1) 24 (57.1) 25 (36.8)

8-9 (very severely frail, terminally ill) 69 (8.8) 41 (7.3) 28 (12.9) 14 (13.1) 5 (11.9) 9 (13.2)
Hospital frailty risk score [n=1572] <0.001 <0.001

<5 (low risk) 724 (46.1) 623 (52.8) 101 (25.8) 47 (27.3) 13 (16.9) 41 (28.7)
5-15 (intermediate risk) 435 (27.7) 284 (24.1) 151 (38.5) 57 (33.1) 31 (40.3) 63 (44.1)

15 (high risk) 413 (26.3) 273 (23.1) 140 (35.7) 68 (39.5) 33 (42.9) 39 (27.3)
eGFR ml/min/1·72m2

Baseline Median (IQR) [n=1179] 72.0 (53.8-89.9) 74.3 (56.9-91.6) 65.4 (42.3-82.9) <0.001 64.6 (42.6-83.0) 68.3 (55.4-83.6) 61.4 (36.5-82.5) <0.001
<60ml/min/1·72m2 [n=1179] 394 (33.4) 258 (29.5) 136 (44.9) <0.001 63 (44.4) 20 (37.0) 53 (49.5) <0.001

Last Median (IQR) 78.5 (51.4-100.0) 87.1 (65.7-103.7) 39.3 (20.7-67.5) <0.001 54.3 (36.7-76.7) 36.9 (26.7-63.6) 19.5 (11.0-40.6) <0.001
<60ml/min/1·72m2 578 (31.2) 267 (19.1) 311 (68.4) <0.001 109 (54.5) 65 (72.2) 137 (83.0) <0.001
During admission

Peak CRP mg/L Median (IQR) [n=1646] 145.0 (72.0-254.0) 123.0 (62.0-213.8) 249.0 (137.0-347.3) <0.001 215.0 (102.0-326.0) 189.0 (106.0-279.0) 328.0 (243.0-439.0) <0.001
Peak CRP mg/L >145 [n=1646] 822 (49.9) 536 (42.7) 286 (73.0) <0.001 115 (65.3) 49 (62.0) 122 (89.1) <0.001

http://mc.manuscriptcentral.com/ckj

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/advance-article/doi/10.1093/ckj/sfab071/6192815 by guest on 27 M

arch 2021



24

Intensive care unit (ICU)
ICU admission 338 (18.2) 172 (12.3) 166 (36.5) <0.001 48 (24.0) 21 (23.3) 97 (58.8) <0.001

Invasive mechanical ventilation 267 (79.0) 114 (66.3) 153 (92.2) <0.001 41 (85.4) 19 (90.5) 93 (95.9) <0.001
RRT 83 (24.6) 9 (5.2) 74 (44.6) <0.001 0 (0.0) 0 (0.0) 74 (76.3) <0.001

ICU length of stay Median (IQR) 8.5 (4.0-15.0) 7.9 (4.0-13.0) 10.0 (4.5-16.4) 0.03 9.5 (4.8-16.0) 6.0 (3.0-15.0) 10.0 (5.9-18.0) 0.09
Total number of organ systems <0.001 <0.001

0 3 (0.9) 2 (1.2) 1 (0.6) 0 (0.0) 0 (0.0) 1 (1.0)
1 13 (3.8) 7 (4.1) 6 (3.6) 5 (10.4) 1 (4.8) 0 (0.0)
2 239 (70.7) 152 (88.4) 87 (52.4) 42 (87.5) 20 (95.2) 25 (25.8)
3 83 (24.6) 11 (6.4) 72 (43.4) 1 (2.1) 0 (0.0) 71 (73.2)

Hospital length of stay Median (IQR) 7.0 (4.0-13.0) 6.0 (3.0-11.0) 10.0 (5.0-17.0) <0.001 10.0 (5.0-17.0) 8.0 (4.0-14.0) 10.5 (6.0-19.0) <0.001
Outcomes

Died 574 (30.9) 309 (22.1) 265 (58.2) <0.001 99 (49.5) 56 (62.2) 110 (66.7) <0.001
Days to death Median (IQR) 9.0 (4.0-18.0) 10.0 (4.0-20.0) 8.0 (4.0-15.0) 0.05 9.0 (4.0-15.0) 6.5 (4.0-16.3) 8.5 (5.0-14.0) 0.20

Died within 30 days 497 (26.8) 255 (18.2) 242 (53.2) <0.001 87 (43.5) 51 (56.7) 104 (63.0) <0.001
Died within 90 days 549 (29.6) 291 (20.8) 258 (56.7) <0.001 95 (47.5) 53 (58.9) 110 (66.7) <0.001

MAKE90 610 (32.9) 305 (21.8) 305 (67.0) <0.001 104 (52.0) 55 (61.1) 146 (88.5) <0.001
Survivors who required RRT 30 (4.9) 0 (0.0) 30 (9.8) <0.001 0 (0.0) 0 (0.0) 30 (20.5) <0.001
Final eGFR <70% of baseline 37 (6.1) 14 (4.6) 23 (7.5) 0.18 9 (8.7) 2 (3.6) 12 (8.2) 0.25

Discharge destination [n=1343] <0.001 <0.001
Care home or equivalent 56 (4.2) 42 (3.7) 14 (6.9) 6 (5.6) 7 (16.7) 1 (1.9)
Health-related institution 83 (6.2) 60 (5.3) 23 (11.3) 12 (11.2) 5 (11.9) 6 (11.1)
Usual place of residence 1175 (87.5) 1016 (89.1) 159 (78.3) 86 (80.4) 26 (61.9) 47 (87.0)

Hospice or equivalent 4 (0.3) 2 (0.2) 2 (1.0) 1 (0.9) 1 (2.4) 0 (0.0)
Temporary place of residence 25 (1.9) 20 (1.8) 5 (2.5) 2 (1.9) 3 (7.1) 0 (0.0)
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Legends to figures

Figure 1. Forest plots comparing baseline risk factors for development of early AKI. IMD: 

index of multiple deprivation (1 most deprived as reference), obesity defined as BMI 30 

kg/m2, White ethnicity as reference, CKD: chronic kidney disease defined as baseline eGFR 

<60ml/min/1·72m2, CHF: congestive heart failure, CEVD: cerebral vascular disease, HTN: 

hypertension, CRP: C-reactive protein. Age modelled per 10-year increment. Effect sizes 

shown as odds ratio (OR) with 95% confidence intervals (CI). This model includes 1397 

patients who had complete data on all covariates with 334 AKI events.

Figure 2. Forest plots comparing 30-day survival by stage of early AKI compared to no early 

AKI, results from multivariable analysis. IMD: index of multiple deprivation (1 most deprived 

as reference), obesity defined as BMI 30 kg/m2, White ethnicity as reference, CKD: chronic 

kidney disease defined as baseline eGFR <60ml/min/1·72m2, HTN: hypertension. Age 

modelled per 10-year increment. Age modelled per 10-year increment. Effect sizes shown as 

hazard ratios (HR) with 95% confidence intervals (CI). This model includes 1561 patients 

who had complete data on all covariates with 442 deaths by day 30.

Figure 3. Kaplan-Meier plot showing survival to 90 days by stage of early AKI.
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Conclusion: AKI affected 1 in 4 hospital in-patients with COVID-19 and
significantly increased mortality. Timing and recovery of COVID-19 AKI is a key
determinant of outcome.

Acute kidney injury in COVID-19:
multicentre prospective analysis of registry data

Methods Results

5 hospitals in
London, UK

1st January -
14th May 2021

Cohort study
Hospitalized
patients with
COVID-19

n= 1855 455 AKI (24.5%)
Stage 1: 220 (44%)
Stage 2: 90 (19.8%)
Stage 3: 165 (36.3%)

CRP strongest risk factor for AKI OR 3.35

Death
(within 30 days)

242/451
(52.3%)

255/1400
(18.2%)

333 AKI
survivors

134 (40.2%)
recovered

47 (14.1%)
recover/relapse

152 (45.6%)
persistent AKI

Persistent AKI associated with mortality OR 7.57
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