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Reduction of estimated glomerular filtration rate after
COVID-19-associated acute kidney injury

Reducao da taxa de filtracao glomerular estimada apos injuria renal

aguda associada a COVID-19

ABSTRACT

Introduction: Acute Kidney Injury (AKI),
a frequent manifestation in COVID-19,
can compromise kidney function in
the long term. We evaluated renal
function after hospital discharge of
patients who developed AKI associated
with COVID-19. Methods: This is an
ambidirectional cohort. eGFR and
microalbuminuria were reassessed after
hospital discharge (T1) in patients
who developed AKI due to COVID-19,
comparing the values with hospitalization
data (T0). P < 0.05 was considered
statistically significant. Results: After an
average of 16.3 = 3.5 months, 20 patients
were reassessed. There was a median
reduction of 11.5 (IQR: -21; -2.1) mL/
min/1.73m? per year in eGFR. Forty-
five percent of patients had CKD at T1,
were older, and had been hospitalized
longer; this correlated negatively with
eGFR at T1. Microalbuminuria was
positively correlated with CRP at TO and
with a drop in eGFR, as well as eGFR at
admission with eGFR at T1. Conclusion:
There was a significant reduction in
eGFR after AKI due to COVID-19, being
associated with age, length of hospital
stay, CRP, and need for hemodialysis.

Keywords: COVID-19; Renal Insufficiency,
Chronic; Acute Kidney Injury; Glomerular
Filtration Rate.

Resumo

Introducao: A Injiria Renal Aguda (IRA),
uma manifestacdo frequente na COVID-19,
pode comprometer a fungio renal em longo
prazo. Avaliamos a fun¢do renal apds a alta
hospitalar de pacientes que desenvolveram
IRA associada a COVID-19. Métodos: Esta
¢ uma coorte ambidirecional. A TFGe e a
microalbuminuria foram reavaliadas apos
a alta hospitalar (T1) em pacientes que
desenvolveram IRA devido a COVID-19,
comparando os valores com dados de
hospitalizagao (T0). P < 0,05 foi considerado
estatisticamente  significativo. Resultados:
Apds uma média de 16,3 = 3,5 meses, 20
pacientes foram reavaliados. Houve uma
redu¢do média de 11,5 (IIQ: -21; -2,1) mL/
min/1,73m2 por ano na TFGe. Quarenta e
cinco por cento dos pacientes apresentaram
DRC no T1, eram mais velhos e haviam
sido hospitalizados por mais tempo; isso se
correlacionou negativamente com a TFGe no
T1. A microalbumintria foi positivamente
correlacionada com a PCR no TO e com
uma queda na TFGe, assim como a TFGe
na admissao com a TFGe no T1. Conclusao:
Houve uma redugio significativa na TFGe
apos IRA devido a COVID-19, sendo
associada a idade, tempo de internacio, PCR
e necessidade de hemodialise.

Descritores: COVID-19;  Insuficiéncia
Renal Cronica; Injaria Renal Aguda; Taxa
de Filtracao Glomerular.

INTRODUCTION

In addition to the respiratory system,
COVID-19 affects other systems, such as
the kidney, leading to Acute Kidney Injury
(AKI). The pathogenesis of COVID-
19-associated AKI involves  direct
virus injury to the kidney and indirect
injury by cytokine storm, hypoxia, and
hypoperfusion'?.

The incidence of AKI due to COVID-19
can range from 4.7% to 55.9%, and
AKT is associated with a higher mortality
compared to patients without AKI*~, About
32% of individuals with AKI associated
with COVID-19 may not fully recover their
kidney function after hospital discharge®.

Progression to CKD after AKI may
be due to failure to recover from AKI,
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development of CKD after recovery from AKI, or
progression of pre-existing CKD’. A longitudinal
cohort found that 35% of patients who develop AKI
associated with COVID-19 had reduced glomerular
filtration rate (GFR) six months after hospital
discharge®.

To date, there are no Brazilian data on the evolution
of renal function in patients with AKI associated with
COVID-19. Therefore, the objective of this study was
to evaluate renal function after hospital discharge
in patients who developed AKI associated with
COVID-19.

MEeTHODS

This was an ambidirectional cohort. The following
data were collected from the medical records of patients
hospitalized at Hospital Santa Casa de Misericordia
de Macei6 (HSCMM) with COVID-19 who had AKI
between March 2020 and May 2021 (T0): age, gender,
length of hospital stay, comorbidities such as systemic
arterial hypertension (SAH) and diabetes mellitus
(DM), use of iACE or ARB, AKI stages according
to AKIN, need for hemodialysis (HD), laboratory
dosages (creatinine, urea, C-reactive protein — CRP,
ferritin, lymphocyte count), pulmonary involvement
of COVID-19 on chest computed tomography (CT)),
need for invasive mechanical ventilation (IMV), and
use of vasoactive amines. In a second moment (T1), the
patients were reassessed and submitted to anamnesis,
measurement of blood pressure (BP), and dosage of
creatinine, microalbuminuria and urine summary.
Creatinine values were used to estimate GFR using
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the CKD-EPI (2021) equation (eGFR). Sarcopenia
was an exclusion criterion. Data were analyzed using
IBM SPSS Statistics software for Macintosh (Version
23.0. Armonk, NY: IBM Corp). Categorical variables
are presented as absolute count and relative frequency
in percentages. To assess the association between
categorical variables, the chi-square or Fisher’s exact
tests were used. Continuous variables were evaluated
for normality using the Shapiro-Wilk test, and Q-Q
plots, histograms, and dispersion measures. Variables
with normal distribution are presented as mean
+ standard deviation and those with non-normal
distribution as median and interquartile range (IQR).
Student’s t-test and Mann-Whitney test were used for
independent comparisons of normal and non-normal
data, respectively. To compare two dependent groups,
the paired t-test was used. Correlation analyses
between continuous variables were performed using
Spearman’s non-parametric correlation with rho
coefficient. P values < 0.05 were considered significant.
The study was approved by the National Research
Ethics Committee (CAAE 51031521.3.0000.5641)
and patients gave their consent to participate in the
study.

ResuLts

In total, 301 patients with COVID-19 were evaluated,
of which 200 (61.7%) died and 2 were transferred,
leaving 99 survivors, of which only 20 were
reassessed (Figure 1). The mean age of patients at
hospital discharge was 61.9 = 11.3 years and 50%
were female; 65% were hypertensive and 25% had

AKI by COVID-19 between
MARCH/2020 E MAY/2021 > Transferred: 2
301 patients

Excluded

l

Deaths during
hospitalization: 200

Review of patient record

99 patients
Excluded
4
L ) .
Contact attempt Kidney transplants: 6
93 pacientes
- Excluded
Deatr]s after hospital
discharge: 6
v Completed
Impossibility of the study: 20
contact: 49
Didn't accept to participate
in the research: 18

Figure 1. Selection of patients and reasons for exclusion from the study. AKl: acute kidney injury.
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SUMMARY OF CLINICAL AND LABORATORY DATA OF PATIENTS INTO ANDT1 AND ACCORDING TO THE NEED FOR
HEMODIALYSIS DURING HOSPITALIZATION

TaBLE 1

Total group No Hemodialysis Hemodialysis
(n = 20) (n=9) (n=11) :

Data at hospital admission (T0)

Age, years 62 =11 60 = 14 64 +8 0.151
Female gender, n (%) 10 (50) 3(33.3) 7 (63.6) 0.37
Hospitalization time, days 45 (25; 50) 42 (18; 46) 47 (35; 52) 0.37
Comorbidities and treatments

Diabetes mellitus, n (%) 5 (25) 2(22.2) 3(273) 1.000
Arterial hypertension, n (%) 13 (65) 6 (66.7) 7 (63.6) 1.000
Use of ACE inhibitors or ARBs, n (%) 8 (40) 3(33.3) 5 (45.5) 0.67
Laboratory data and Kidney function
CRP on admission, mg/dL 16.7 (3.1; 23) 4.1(2.5;20.4) 19.5 (4.3; 23.5) 0.175
Ferritin on admission, pg/L 1057 (632; 1521) 1140 (1029; 1636) 641 (399; 1136) 0.257
Lymphocyte count on admission, /mm?® 1219 + 449 1111 + 568 1307 + 325 0.376
Basal serum Creatinine, mg/dL 0.78 (0.62; 0.9) 0.8(0.72;0.9) 0.7 (0.58; 0.96) 0.456
Basal eGFR, mL/min/1.73m? 959 + 16.7 1014 £ 14.2 913+ 178 0.183
Serum creatinine on admission, mg/dL 0.99 (0.78; 1.1) 1.1 (0.98; 1.5) 0.84 (0.61; 1) 0.031
Blood urea on admission, mg/dL 33 (28; bb) 43 (31; 50) 33 (23; 62) 0.261
eGFR on admission, mL/min/1.73m? 81 +24 73 +28 88+ 18 0.16
AKIN, n (%) 0.006
Stage 1 2 (10) 2(22.2) 0 (0)
Stage 2 3 (15) 3(33.3) 0(0)
Stage 3 15 (75) 4 (44.4) 11 (100)
Parameters during hospital stay
Maximum CRE mg/dL 32.9(2738; 43.9) 30.5(25.7; 33.2) 36.9 (31.3; 476) 0.201
Maximum ferritin, pg/L 1650 (1504; 2982) 1901 (1650; 4029) 1597 (1417, 1650) 0.142
Minimum lymphocyte count, /mm? 450 + 292 420 + 236 474 + 340 0.691
Maximum serum creatinine, mg/dL 3.89(3.17; 6.12) 2.94 (1.73; 3.78) 6.1(3.94;771) <0.001
Maximum blood urea, mg/dL 200 (129; 238) 117 (85; 153) 224 (210; 257) 0.001
Serum creatinine on hospital discharge, mg/dL 1.25 (0.88; 1.83) 1.2 (0.85; 1.4) 1.5 (0.89; 2.35) 0.201
Pulmonary function during hospital stay
Pulmonary involvement on CT, n (%) 0.564
<25% 6 (33.3) 4 (44.4) 2(22.2)
25% - 50% 3(16.7) 2(22.2) 1(11.1)
50% - 75% 6 (33.3) 2(22.2) 4 (44.4)
>75% 3(16.7) 1(11.1) 2(22.2)
Invasive ventilation, n (%) 15 (75) 5 (55.6) 10 (90.9) 0.127
Use of Vasopressor, n (%) 17 (85) 6 (66.7) 11 (100) 0.074

Reassessment period (T1)

Time from discharge to follow-up, months 16 +£3 15+4 17 +£3 0.329
Systolic blood pressure, mmHg 144 £ 17 147 £ 22 142+ 11 0.537
Diastolic blood pressure, mmHg 93+ 16 94 + 22 92 +10 0.794
Serum creatinine, mg/dL 1.19 (0.95; 1.41) 1.06 (0.96; 1.26) 1.2 (0.79; 1.56) 0.71

eGFR, mL/min/1.73 m? 66 + 22 71 +£22 62 + 22 0.386
Albuminuria, mg/g 8.3 (6; 37) 6.8 (6; 13.6) 10 (6; 41.4) 0.497
eGFR reduction, mL/min/1.73 m? -16 (-30; -3) -5 (-10; 7) -19 (-39; -17) 0.004
eGFR reduction, % -18.5 (-33; -2.5) -4 (-14; 8) —28 (-43;-18) 0.006
eGFR reduction rate, mL/min/year -11.6 (<21; -2.1) -3.56 (-10.9; -6) =17 (<24, -9.9) 0.016
eGFR < 60 mL/min/1.73 m? 9 (45) 3(33.3) 6 (54.5) 0.406
Microalbuminuria, n (%) 6 (31.6) 2(22.2) 4 (40) 0.628
Hematuria, n (%) 4 (20) 1(11.1) 3(273) 0.591

ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, Cr: creatinine, eGFR: estimated glomerular filtration rate,
AKIN: Acute Kidney Injury Network, Ur: urea, CRP: C-reactive protein, CT. computed tomography.

490 Braz. J. Nephrol. (]. Bras. Nefrol.) 2023,45(4):488-494



diabetes. The median length of hospital stay was 45
days (IQR: 25; 50 days). Baseline creatinine (Cr) had
a median of 0.78 (IQR: 0.62; 0.9 mg/dL) and mean
baseline eGFR was 95.9 = 16.7 mL/min/1.73m?, with
a median Cr at hospital discharge of 1.25 (IQR: 0.88;
1.83 mg/dL) (Table 1). Only one patient (5%) did not
require ICU admission.

During hospitalization, there were 2 patients (10%)
in stage 1 AKI, 3 (15%) in stage 2, and 15 (75%) in
stage 3 according to AKIN. More than half needed HD
(55%), all in the conventional modality. No patient
was HD-dependent after hospital discharge.

The mean time for clinical and laboratory
reassessment of patients (T1) was 16.3 = 3.5 months,
ranging from 11 to 23 months. The median of Cr at
T1 was 1.19 (IQR: 0.95; 1.41 mg/dL) and the mean of
eGFR 65.9 + 21.7 mL/min/1.73m?, while the median
of albuminuria was 8.36 (IQR: 6.0; 37 mg/g-Cr). On
reassessment, hematuria (28.6%), microalbuminuria
(30%), and CKD with eGFR < 60 mL/min/1.73 m?
(45%) were reported.

In the comparisons by need for HD, there were
no difference regarding age, gender, presence of
comorbidities, and length of hospital stay (Table 1).
However, patients who required HD had higher levels
of Cr and maximum urea on admission, and more
pronounced reduction in eGFR (=19 [IQR: -39;
-17] vs =5 [-10; 7] mL/min/1.73 m?, p = 0.004) and
higher percentage of reduction (-28 [IQR: —43; -18]
vs —4 [-14; 8] %, p = 0.004) between admission and
reassessment periods (Table 1).

Mean T1 eGFR levels were lower compared to
mean baseline eGFR (65.9 = 21.7 vs 95.9 + 16.7 mL/
min/1.73 m? p < 0.001), which is a reduction rate
of =11.5 (IQR: -21; -2.1) ml/min/1.73 m? per year.
Comparing clinical and laboratory characteristics
on TO and T1 between patients with eGFR < 60 and
eGFR > 60 on T1 (Table 2), mean age and length of
hospital stay were higher in the group of patients with
eGFR < 60 (p = 0.023 and p = 0.003, respectively).
Furthermore, patients with eGFR < 60 at T1 had lower
levels of eGFR on admission (p = 0.041). In addition,
the group with eGFR < 60 at T1 showed higher levels
of albuminuria and the presence of microalbuminuria
(albuminuria > 30 mg/g-Cr) more frequently than
the group with eGFR > 60 (p = 0.041). There was
no difference when comparing hematuria variables at
T1, and most hospitalization parameters, including
DM, SAH, use of IMV, use of vasoactive amines,

eGFR after COVID-19-associated AKI

pulmonary involvement of COVID-19 on chest CT,
need for HD, ferritin, and lymphocyte count between
eGFR groups at T1 (Table 2).

Length of stay correlated negatively with eGFR
values at T1 (rho = 0.530, p = 0.024) and positively
with percentage of eGFR reduction between TO and
T1 (rho = 0.470, p = 0.035). Microalbuminuria at T1
was positively correlated with CRP values at TO (rho =
0.739, p < 0.001) and with decrease in eGFR between
TO and T1 (rho = 0.466, p = 0.044). Moreover, eGFR
on admission was positively correlated with eGFR at
T1 (rho = 0.627, p = 0.003) (Figure 2).

Discussion

There are few data on long-term progression to CKD
in hospitalized patients who survived COVID-19-
associated AKI. This is the first Brazilian study on the
subject, and it showed a significant reduction in eGFR
after about 16 months of hospitalization, on average
by 32.2% compared to baseline eGFR. A Chinese
study that evaluated AKI associated with COVID-19
found a 19.8% reduction in eGFR’. In AKI due to
other causes, the reduction in eGFR is around 17%.

In the present study, the length of hospital stay
was negatively correlated with eGFR at T1 and the
average number of days in hospital was higher in
patients who evolved with eGFR < 60 mL/min. In
contrast, a Swedish study with methodology similar
to ours did not find differences in hospitalization time
between those who evolved to CKD and those who
did not!'.

Older age is associated with a greater chance of
failure to recover to baseline renal function after an
AKI episode and consequent progression to CKD'2, In
this study, patients who evolved to CKD were older
than patients who did not.

eGFR on admission was correlated with a better
renal outcome at T1, in line with a study that
compared the renal function of patients with AKI
of various causes with the degree of impairment of
eGFR on admission, determining the decline in eGFR
in the long term'3.

CRP is a risk factor for AKI associated with
COVID-19'%" and is also considered a predictor of
worse clinical outcomes, such as severe AKI and slow
renal recovery'. On the other hand, microalbuminuria
isa well-established biomarker of progression to CKD'®,
In our study, there was a positive correlation between
CRP levels at hospitalization and microalbuminuria

Braz. J. Nephrol. (]J. Bras. Nefrol.) 2023,45(4):488-494
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TABLE 2 COMPARISON OF CHARACTERISTICS BETWEEN PATIENTS WITH eGFR < 60 AnND eGFR > 60 ATT1
eGFR > 60 mL/min/1.73m? eGFR < 60 mL/min/1.73m?
(n=11) (n=9)
Data at hospital admission (T0)
Age, years 57+ 1 68 = 8 0.023
Female gender, n (%) 5 (45.5) 5 (55.6) 1.000
Hospitalization time, days 31 (15; 46) 52 (45; 59) 0.003
Comorbidities and treatments
Diabetes mellitus, n (%) 2 (18.2) 3(33.3) 0.617
Arterial hypertension, n (%) 7 (63.6) 6 (66.7) 1.000
Use of ACE inhibitors or ARBs, n (%) 4 (36.4) 4 (44.4) 1.000
Laboratory data and Kidney function
CRP on admission, mg/dL 4.1(2.1; 20.4) 21.4 (14.6; 23.5) 0.08
Ferritin on admission, pg/L 781 (316; 1195) 1303 (917; 1579) 0.352
Lymphocyte count on admission, /mm? 1169 + 454 1280 + 461 0.597
Basal serum Creatinine, mg/dL 0.75(0.61; 0.9) 0.8 (0.62; 0.89) 1.000
Basal eGFR, mL/min/1.73m? 99.09 + 12.91 91.89 + 20.59 0.352
Serum creatinine on admission, mg/dL 0.98 (0.61; 1.1) 1(0.84; 1.15) 0.23
Blood Urea on admission, mg/dL 33 (28; 49) 33 (29; 62) 0.603
eGFR on admission, mL/min/1.73m? 91 £ 20 69 = 23 0.041
AKIN, n (%) 0,226
Stage 1 2(18.2) 0(0)
Stage 2 2 (18.2) 1(11.1)
Stage 3 7 (63.6) 8 (88.9)
Parameters during hospital stay
Maximum CRPF, mg/dL 30.5 (19.5; 47.6) 36.9 (32.1; 40.1) 0.23
Maximum ferritin, pg/L 1650 (1504; 1934) 1650 (1381; 4224) 0.721
Minimum lymphocyte count, /mm? 505 + 356 382 + 184 0.362
Maximum serum creatinine, mg/dL 3.94 (1.73; 6.1) 3.84 (3.78; 6.14) 0.552
Maximum blood urea, mg/dL 159 (109; 239) 210 (153; 224) 0.656
Serum creatinine on hospital discharge, mg/dL 1.2 (0.7; 1.5) 1.4 (0.89; 2) 0.261
Pulmonary function during hospital stay
Pulmonary involvement on CT, n (%) 0.234
<25% 5 (55.6) 1(11.1)
25% —50% 1(11.1) 2(22.2)
50% - 75% 2(22.2) 4 (44.4)
>75% 1(11.1) 2(22.2)
Invasive ventilation, n (%) 7 (63.6) 8 (88.9) 0.319
Use of Vasopressor, n (%) 9 (81.8) 8(88.9) 1.000
Reassessment period (T1)
Time from discharge to follow-up, months 17 +4 16+ 3 0.643
Systolic blood pressure, mmHg 146 £ 19 142 £ 15 0.653
Diastolic blood pressure, mmHg 92 + 11 93 + 21 0.878
Serum creatinine, mg/dL 1(0.79; 1.25) 1.51 (1.2; 1.56) 0.006
eGFR, mL/min/1.73 m? 81 +17 48 £ 7 <0.001
Albuminuria, mg/g 6(2.2;11.2) 36.7 (76; 44.9) 0.041
eGFR reduction, mL/min/1.73m? 10 (-19; -1) -18 (-39; -14) 0.201
eGFR reduction, % =14 (=19; -1) -31 (-43; -22) 0.067
eGFR reduction rate, mL/min/year -14.4 (-24; -6.4) =30 (-42.9; -277) 0.01
Microalbuminuria, n (%) 1(9.1) 5 (62.5) 0.041
Hematuria, n (%) 1(9.1) 3(33.3) 0.285

ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, Cr: creatinine, eGFR: estimated glomerular filtration rate, AKIN:
Acute Kidney Injury Network, Ur: urea, CRP: C-reactive protein, CT. computed tomography, DVA: vasoactive drug
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Figure 2. Correlations between eGFR at T1 and TO, eGFR reduction,
hospitalization time, CRR and microalbuminuria. A: Positive correlation
between hospitalization time and percent eGFR reduction between
TO and T1. B: Negative correlation between hospitalization time and
eGFR values at T1. C: Positive correlation between microalbuminuria
values at T1 and CRP values at TO. D: Positive correlation between
microalbuminuria values at T1 and reduction in eGFR between TO
and T1. E: Positive correlation between eGFR values at TO and eGFR
values at T1. F: Negative correlation between eGFR values at TO and
reduction in eGFR betweenTO and T1.

levels at T1, reinforcing the inflammatory role in
the progression to CKD. Furthermore, albuminuria
levels also correlated positively with the drop in eGFR
between TO and T1.

There was no difference in the comparison
between the other hospitalization variables in relation
to the renal function assessment variables at T1. A
similar study also found no association between these
variables and progression to CKD, except for the
need for HD and AKIN 311,

A limitation of this study is the small sample size,
which may have influenced the analysis of some
variables and results. In addition, we recognize that
the single measurement of eGFR can introduce bias
during patient follow-up.

Patients with AKI associated with COVID-19
evolved with a significant reduction in eGFR after

eGFR after COVID-19-associated AKI

hospital discharge. Age, length of hospitalization, and
need for HD were associated with a greater reduction
in eGFR. Such results point to the need for routine
nephrological evaluation in these patients.

ACKNOWLEDGMENTS

We thank the Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico — CNPq (National Council
for Scientific and Technological Development).

AUTHORS' CONTRIBUTIONS

GAOB, VLTL and DBD project design and design.
GAOB, VLTL, RPC and DBD data collection, analysis
and interpretation. GAOB, VLTL, RPC, FBV, EFD and
DBD writing and critical revision of the manuscript.
GAOB, VLTL, RPC, FBV, EFD and DBD Approval of
the final version of the manuscript to be published.

CoONFLICT OF INTEREST

The authors declare that they have no conflict of
interest related to the publication of this manuscript.

REFERENCES

1. Naicker S, Yang CW, Hwang SJ, Liu BC, Chen JH, Jha V.
The Novel Coronavirus 2019 epidemic and kidneys. Kidney
Int.  2020;97(5):824-8. doi:  http://dx.doi.org/10.1016/j.
kint.2020.03.001. PubMed PMID: 32204907.

2. Lai CC, Ko WC, Lee PI, Jean SS, Hsueh PR. Extra-respiratory
manifestations of COVID-19. Int ] Antimicrob Agents.
2020;56(2):106024. doi: http://dx.doi.org/10.1016/j.
ijantimicag.2020.106024. PubMed PMID: 32450197.

3. Pei G, Zhang Z, Peng ], Liu L, Zhang C, Yu C, et al. Renal
involvement and early prognosis in patients with COVID-19
pneumonia. J Am Soc Nephrol. 2020;31(6):1157-65. doi:
http://dx.doi.org/10.1681/ASN.2020030276. PubMed PMID:
32345702.

4. Hirsch JS, Ng JH, Ross DW, Sharma P, Shah HH, Barnett
RL, et al. Acute kidney injury in patients hospitalized with
COVID-19. Kidney Int. 2020;98(1):209-18. doi: http://dx.doi.
org/10.1016/j.kint.2020.05.006. PubMed PMID: 32416116.

5. Costa RLD, Séria TC, Salles EF, Gerecht AV, Corvisier MF,
Menezes MAM, et al. Acute kidney injury in patients with
Covid-19 in a Brazilian ICU: incidence, predictors and in-
hospital mortality. ] Bras Nefrol. 2021;43(3):349-58. doi:
http://dx.doi.org/10.1590/2175-8239-jbn-2020-0144. PubMed
PMID: 33570081.

6. Nugent J, Aklilu A, Yamamoto Y, Simonov M, Li F, Biswas A,
et al. Assessment of acute kidney injury and longitudinal kidney
function after hospital discharge among patients with and
without COVID-19. JAMA Netw Open. 2021;4(3):e211095.
doi:  http://dx.doi.org/10.1001/jamanetworkopen.2021.1095.
PubMed PMID: 33688965.

7. Forni LG, Darmon M, Ostermann M, Oudemans-van Straaten
HM, Pettili V, Prowle JR, et al. Renal recovery after acute
kidney injury. Intensive Care Med. 2017;43(6):855-66. doi:
http://dx.doi.org/10.1007/s00134-017-4809-x. PubMed PMID:
28466146.

8. Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, et al. 6-month
consequences of COVID-19 in patients discharged from
hospital: a cohort study. Lancet. 2021;397(10270):220-32.

Braz. J. Nephrol. (]J. Bras. Nefrol.) 2023,45(4):488-494

493


http://dx.doi.org/10.1016/j.kint.2020.03.001
http://dx.doi.org/10.1016/j.kint.2020.03.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32204907&dopt=Abstract
https://doi.org/10.1016/j.ijantimicag.2020.106024
https://doi.org/10.1016/j.ijantimicag.2020.106024
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32450197&dopt=Abstract
https://doi.org/10.1681/ASN.2020030276
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32345702&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32345702&dopt=Abstract
https://doi.org/10.1016/j.kint.2020.05.006
https://doi.org/10.1016/j.kint.2020.05.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32416116&dopt=Abstract
https://doi.org/10.1590/2175-8239-jbn-2020-0144
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33570081&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33570081&dopt=Abstract
https://doi.org/10.1001/jamanetworkopen.2021.1095
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33688965&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33688965&dopt=Abstract
https://doi.org/10.1007/s00134-017-4809-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28466146&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28466146&dopt=Abstract

494

eGFR after COVID-19-associated AKI

10.

11.

12.

doi: http://dx.doi.org/10.1016/S0140-6736(20)32656-8. PubMed
PMID: 33428867.

Gu X, Huang L, Cui D, Wang Y, Wang Y, Xu J, et al.
Association of acute kidney injury with 1-year outcome of
kidney function in hospital survivors with COVID-19: A cohort
study. EBioMedicine. 2022;76:103817. doi: http:/dx.doi.
org/10.1016/j.ebiom.2022.103817. PubMed PMID: 35074630.

Pereira BJ, Barreto S, Gentil T, Assis LS, Soeiro EM, Castro I,
et al. Risk factors for the progression of chronic kidney disease
after acute kidney injury. J Bras Nefrol. 2017;39(3):239-45.
doi: http://dx.doi.org/10.5935/0101-2800.20170041. PubMed
PMID: 28902231.

Hultstrom M, Lipcsey M, Wallin E, Larsson IM, Larsson
A, Frithiof R. Severe acute kidney injury associated with
progression of chronic kidney disease after critical COVID-19.
Crit Care. 2021;25(1):37. doi: http://dx.doi.org/10.1186/
$13054-021-03461-4. PubMed PMID: 33494766.

Schmitt R, Coca S, Kanbay M, Tinetti ME, Cantley LG, Parikh
CR. Recovery of kidney function after acute kidney injury in the
elderly: a systematic review and meta-analysis. Am ] Kidney Dis.

Braz. J. Nephrol. (]. Bras. Nefrol.) 2023,45(4):488-494

13.

14.

15.

16.

2008;52(2):262~71.doi: http://dx.doi.org/10.1053/j.ajkd.2008.
03.005. PubMed PMID: 18511164.

Haines RW, Powell-Tuck J, Leonard H, Crichton S, Ostermann
M. Long-term kidney function of patients discharged from
hospital after an intensive care admission: observational
cohort study. Sci Rep. 2021;11(1):9928. doi: http://dx.doi.
org/10.1038/s41598-021-89454-3. PubMed PMID: 33976354.
Chen J, Wang W, Tang Y, Huang XR, Yu X, Lan HY.
Inflammatory stress in SARS-COV-2 associated Acute Kidney
Injury. Int J Biol Sci. 2021;17(6):1497-506. doi: http://dx.doi.
org/10.7150/ijbs.58791. PubMed PMID: 33907513.

de Almeida DC, Franco MDCP, Dos Santos DRP, Santos MC,
Maltoni IS, Mascotte F et al. Acute kidney injury: incidence,
risk factors, and outcomes in severe COVID-19 patients. PLoS
One. 2021;16(5):¢0251048. doi: http://dx.doi.org/10.1371/
journal.pone.0251048. PubMed PMID: 34033655.

Kashani K, Kellum JA. Novel biomarkers indicating repair
or progression after acute kidney injury. Curr Opin Nephrol
Hypertens. 2015;24(1):21-7. doi: http://dx.doi.org/10.1097/
MNH.0000000000000090. PubMed PMID: 25415614.


https://doi.org/10.1016/S0140-6736(20)32656-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33428867&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33428867&dopt=Abstract
https://doi.org/10.1016/j.ebiom.2022.103817
https://doi.org/10.1016/j.ebiom.2022.103817
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35074630&dopt=Abstract
https://doi.org/10.5935/0101-2800.20170041
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28902231&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28902231&dopt=Abstract
https://doi.org/10.1186/s13054-021-03461-4
https://doi.org/10.1186/s13054-021-03461-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33494766&dopt=Abstract
https://doi.org/10.1053/j.ajkd.2008.03.005
https://doi.org/10.1053/j.ajkd.2008.03.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18511164&dopt=Abstract
https://doi.org/10.1038/s41598-021-89454-3
https://doi.org/10.1038/s41598-021-89454-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33976354&dopt=Abstract
https://doi.org/10.7150/ijbs.58791
https://doi.org/10.7150/ijbs.58791
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33907513&dopt=Abstract
https://doi.org/10.1371/journal.pone.0251048
https://doi.org/10.1371/journal.pone.0251048
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34033655&dopt=Abstract
https://doi.org/10.1097/MNH.0000000000000090
https://doi.org/10.1097/MNH.0000000000000090
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25415614&dopt=Abstract

