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This study describes the incidence, associated clinical
characteristics and outcomes of acute kidney injury in a
pediatric cohort with COVID-19 and Multisystem
Inflammatory Syndrome in Children (MIS-C). We performed
a retrospective study of patients 18 years of age and under
admitted to four New York hospitals in the Northwell
Health System interned during the height of the COVID-19
pandemic, between March 9 and August 13, 2020. Acute
kidney injury was defined and staged according to Kidney
Disease: Improving Global Outcomes criteria. The cohort
included 152 patients; 97 acute-COVID-19 and 55 with MIS-
C associated with COVID-19. Acute kidney injury occurred
in 8 with acute-COVID-19 and in 10 with MIS-C. Acute
kidney injury, in unadjusted models, was associated with a
lower serum albumin level (odds ratio 0.17; 95% confidence
interval 0.07, 0.39) and higher white blood cell counts
(odds ratio 1.11; 95% confidence interval 1.04, 1.2). Patients
with MIS-C and acute kidney injury had significantly greater
rates of systolic dysfunction, compared to those without
(80% vs 49%). In unadjusted models, patients with acute
kidney injury had 8.4 days longer hospitalizations
compared to patients without acute kidney injury (95%
confidence interval, 4.4-6.7). Acute kidney injury in acute-
COVID-19 and MIS-C may be related to inflammation and/
or dehydration. Further research in larger pediatric cohorts
is needed to better characterize risk factors for acute
kidney injury in acute-COVID-19 and with MIS-C
consequent to COVID-19.
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B y October 2020, the United States had >7.5 million
cases of coronavirus disease 2019 (COVID-19).1–4

Initially considered a respiratory illness, COVID-19
has proven to be a complex multisystem illness frequently
associated with kidney injury.5–8

Acute kidney injury (AKI) is a common complication in
adults with COVID-19. Initial studies from China and Italy
reported AKI rates as high as 29%.6,9–15 A recent study from
our health system reported a significantly higher incidence of
AKI in adult patients (36.6%) and found AKI to be associated
with morbidity and mortality.5,16 These incidences and
mortality risks were corroborated in subsequent US studies.7,8

Although there are several studies describing COVID-19–
related AKI in adults, there are limited data describing AKI in
pediatric patients with acute COVID-19. A retrospective
observational study of 238 pediatric patients admitted to
Wuhan Children’s Hospital with COVID-19 reported a 1.2%
incidence of AKI.17 Recent studies from the United Kingdom
and Saudi Arabia reported an incidence rate of pediatric AKI
between 21% and 29%.18,19 A preliminary report from a
multicenter study evaluating AKI in 106 critically ill children
with acute COVID-19, including 32 US sites, reported a point
prevalence rate of 44% (N ¼ 47).20

Children, initially thought to be spared from serious effects
of COVID-19, are in fact vulnerable to sequelae. In May of
2020, the Centers for Disease Control and Prevention released
a public health advisory along with a case definition for
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multisystem inflammatory syndrome in children (MIS-C)
associated with recent COVID-19 infection.21 These children
presented with features similar to typical Kawasaki disease or
toxic shock syndrome.22 Recent reports of children with MIS-
C have highlighted the incidence of AKI in this subset.22,23 In
a systematic review of 662 patients with MIS-C, 108 (16.3%)
developed AKI; however, the definition of AKI differed be-
tween centers.23

Although there is early data that AKI develops in pediatric
patients with acute COVID-19 and MIS-C, the rates, associ-
ated clinical characteristic, and short-term outcomes are not
well characterized. Therefore, we aimed to describe the
incidence of AKI in these populations, assess associated de-
mographic and clinical factors in those who had AKI, and
determine the association of AKI with length of time on
mechanical ventilation, length of stay, and mortality.

METHODS
Study design
A retrospective chart review of children admitted to the Northwell
Health system with acute COVID-19 and MIS-C was conducted.
Participating hospitals were within the New York metropolitan
area and included Cohen Children’s Medical Center, an academic
tertiary children’s hospital, as well as 3 tertiary hospitals: South
Shore Hospital, Staten Island University Hospital, and Lenox Hill
Hospital. Data from March 9, 2020, through August 13, 2020, were
collected retrospectively using the inpatient electronic health re-
cord Sunrise Clinical Manager (Allscripts, Chicago, Illinois). This
study was approved by the Institutional Review Board of Northwell
Health.

Our study included children aged #18 years who were admitted
for treatment of acute COVID-19 or MIS-C. Patients were consid-
ered to have acute COVID-19 if, within 24 hours of admission, they
tested positive for severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) by polymerase chain reaction testing (Northwell
Health Labs). The Centers for Disease Control and Prevention case
definition of MIS-C was utilized: children who presented with fevers,
significant evidence of inflammation, evidence of $2 organ
dysfunction, and tested positive for current or recent SARS-CoV-2
infection or had serologic confirmation of exposure to COVID-19
within 4 weeks of symptom onset.20 Patients who were pregnant,
kidney transplant recipients, patients with end-stage kidney disease
(estimated glomerular filtration rate <15 ml/min per 1.73 m2 or
dialysis), or those transferred from outside of the health system were
excluded.

Incidence of AKI
The primary outcome of this study was the incidence rate of AKI.
The diagnosis and staging of AKI were conducted in accordance with
the Kidney Disease: Improving Global Outcomes (KDIGO) guide-
lines.24 Only serum creatinine was used to define and stage AKI as
the documentation of urine output in the electronic health record
was not reliably documented. None of the patients had baseline
serum creatinine available (defined as creatinine within 3 months of
admission); therefore, as previously descried in the literature, base-
line creatinine was estimated by back-calculating from the original
Schwartz formula assuming a normal glomerular filtration rate for
children (estimated glomerular filtration rate set as 120 ml/min per
1.73 m2).25 If height was not documented, the average height
Kidney International (2021) 100, 138–145
(Centers for Disease Control and Prevention 50th percentile) was
imputed for sex and age (N ¼ 8).26

Associations with AKI
Secondary outcomes included demographic and clinical factors
associated with development of AKI. The following measures were
evaluated: patient demographics, presenting symptoms, and co-
morbid conditions. Laboratory measurements included serum
electrolytes, creatinine, blood urea nitrogen, albumin, d-dimer,
inflammatory markers, and hematologic markers. Details
regarding hospital stay, such as the usage of vasoactive medica-
tions, i.v. Ig, corticosteroids, extracorporeal membrane oxygena-
tion (ECMO), and exposure to nephrotoxic medications, were also
collected. In patients with MIS-C, 2-dimensional echocardio-
graphic data were included. Nadir left ventricular systolic ejection
fractions were utilized to define lowest left ventricular ejection
fraction during hospitalization. Systolic dysfunction was defined as
left ventricular ejection fraction <55%. Coronary artery dilation
was defined as >2 mm.

Clinical course and outcomes
The impact of AKI (all stages combined and severe, stages 2 and 3)
on clinical course and outcomes was also evaluated. Outcomes
included mortality, kidney replacement therapy, length of mechan-
ical ventilation, length of hospital stay, and pediatric intensive care
unit (PICU) stay.

Statistical analysis
Baseline demographic and clinical characteristics were described
according to admission type, acute COVID-19 and MIS-C, respec-
tively. Continuous data were described utilizing medians and inter-
quartile ranges (IQRs), and categorical data were presented as
frequencies and proportions. Mann-Whitney U test, c2 test, Kruskal-
Wallis test, and Fisher exact test were utilized to compare baseline
characteristics of acute COVID-19 and MIS-C patients with and
without AKI.

Logistic regression analysis was performed to identify factors
associated with AKI (both MIS-C and acute COVID-19 combined).
Because of the low AKI frequency, we were not powered to adjust for
confounders in our models. Multiple imputation was used for
missing values in regression analysis. Subsequently, simple linear
regression analysis was performed to assess the relationship between
AKI and continuous outcomes, including PICU and hospital length
of stay and length of time on mechanical ventilation. Two-tailed P <
0.05 was set as the level of significance, and SPSS version 26 was used
for analysis.

RESULTS
Of the 166 children admitted for acute COVID-19 or MIS-C,
152 met inclusion criteria. Over 63% (N ¼ 97) patients were
admitted for acute COVID-19, whereas 55 patients (36.2%)
were diagnosed with MIS-C (Figure 1). AKI developed in 18
(11.8%) of all patients. Demographic data, presenting
symptoms, and baseline laboratory values of those with and
without AKI in both groups were compared (Tables 1 and 2).

Acute COVID-19
The median age of children with acute COVID-19 was 8.2
(IQR, 1.5–13.8) years, and more than half were male. Eight
patients (8.2%) developed AKI; 4 presented with AKI on
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Figure 1 | Flowchart of study population. Acute kidney injury (AKI) was staged by Kidney Disease: Improving Global Outcomes (KDIGO)
criteria. CCMC, Cohen Children’s Medical Center; COVID-19, coronavirus disease 2019; LH, Lenox Hill Hospital; MIS-C, multisystem inflammatory
syndrome in children; SI, Staten Island University Hospital; SS, Southside Hospital.
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admission (Table 1,25 and Figure 2); 6 (6.2%) had stage 1, and
2 had stage 3 (Supplementary Table S1). There were no sig-
nificant differences in age, sex, race, and body mass index z-
score among children with and without AKI. Although there
was no significant difference in presenting symptoms, 50% of
patients with AKI presented with gastrointestinal symptoms.
Patients with AKI presented with a significantly lower serum
calcium and albumin (P ¼ 0.047 and P ¼ 0.001, respectively).
Baseline white blood cell (WBC) count was significantly
higher in those with AKI compared with those without AKI
(P ¼ 0.02) (Table 1).

Multisystem inflammatory syndrome in children
The median age of children hospitalized with MIS-C was 7.5
(IQR, 1.5–13.8) years, and >60% were male. AKI developed
in 10 (18.2%) patients. Eight (80%) of these patients pre-
sented with AKI on admission; 4 (7.3%) had stage 1, 2 (3.6%)
had stage 2, and 4 (7.3%) had stage 3 (Figure 2 and
Supplementary Table S1). There were no significant differ-
ences in age, sex, race, or ethnicity between the 2 groups.
Those with AKI had a greater median body mass index z-
score compared with those who did not develop AKI (P ¼
0.045). All patients in the MIS-C group were hospitalized in a
children’s hospital. Although there was no significant differ-
ence of presenting symptoms, all MIS-C patients with AKI
presented with gastrointestinal symptoms. Patients with AKI
had a lower serum bicarbonate and albumin at presentation
(P ¼ 0.02 and P ¼ 0.004, respectively). Baseline C-reactive
protein was also significantly elevated among MIS-C patients
who developed AKI (P < 0.0001). Although not statistically
significant, patients with AKI presented with a higher WBC
count (Table 2,25).

Echocardiography was available and analyzed for 89% of
MIS-C patients (N ¼ 49). Median left ventricular ejection
140
fraction was lower for those with AKI (49%; IQR, 40%–54%)
compared with those without AKI (56%; IQR, 49%–62%)
(P ¼ 0.02). Systolic dysfunction occurred in 80% (N ¼ 8) of
AKI patients compared with 49% (N ¼ 17) without AKI.
Coronary artery dilation (>2 mm) did not differ significantly
between the groups (Supplementary Table S2).

Baseline demographic and clinical characteristics associated
with AKI
There was no significant difference in age, ethnicity, or
presenting symptoms in those with and without AKI
(Supplementary Table S3). Those who identified as Black
had 2.86 times higher unadjusted odds of AKI compared
with those who were not Black (P ¼ 0.042; 95% confi-
dence interval [CI], 1.04–7.93). Of the 60 children who
were critically ill and admitted to the PICU, 28% (N ¼ 17)
had AKI (Supplementary Table S3).

AKI was associated with higher WBC counts (odds
ratio, 1.11; 95% CI, 1.04–1.2) and lower serum albumin
levels (odds ratio, 0.17; 95% CI, 0.07–0.39) at admission
(Supplementary Table S4). These findings maintained
significance in a secondary analysis comparing critically
ill patients with AKI with critically ill patients without
AKI. There was a modest, but significant, odds of having
a higher C-reactive protein at presentation (odds ratio,
1.01; 95% CI, 1.004–1.01). However, these findings may
be related to severity of illness as most of the patients
with AKI admitted to the intensive care unit had signif-
icantly higher C-reactive protein, and these findings were
not maintained on secondary analysis comparing critically
ill patients with and without AKI (Supplementary
Table S2). Among patients who developed AKI after
admission (N ¼ 5), exposure to nephrotoxic medications
(including angiotensin-converting enzyme inhibitor/
Kidney International (2021) 100, 138–145



Table 1 | Admission characteristics and laboratory values by AKI diagnosis in children with acute COVID-19

Variables Overall (N [ 97) AKI (N [ 8) No AKI (N [ 89) P value AKI vs. no AKI

Age, yr 8.2 (1.5 to 13.8) 6 (0.17 to 13.7) 7.6 (1.6 to 14.1) 0.5
Male, n (%) 50 (51.5) 5 (63.5) 45 (50.6) 0.39
Race, n (%) 0.49

White 14 (14.4) 0 (0) 14 (15.7)
Black 23 (23.7) 3 (37.5) 20 (22.5)
Asian 10 (10.3) 2 (25) 8 (9)
Other 45 (46.4) 3 (37.5) 42 (47.2)
Unknown 4 (4.1) 0 (0) 4 (4.5)

Ethnicity, n (%) 0.95
Hispanic/Latino 24 (24.7) 2 (25) 22 (24.7)
Not Hispanic/Latino 66 (68) 6 (75) 66 (67.4)
Other/unknown 6 (6.2) 0 (0) 6 (6.7)

BMI z-score 0.46 (–0.46 to 1.96) 0 (–0.13 to 0.63) 0.27 (0 to 1.8) 0.26
Obese, n (%) 13 (19.1) 0 (0) 13 (20.3) 0.42
Hospital type, n (%) 0.75

Children’s hospital 85 (87.6) 8 (100) 77 (86.5)
Non–children’s hospital 12 (12.4) 0 (0) 12 (13.5)

Presenting symptoms, n (%)
Gastrointestinal 47 (48.5) 4 (50) 43 (48.3) 0.61
Fever 68 (70.1) 3 (37.5) 65 (73) 0.049
Cough 21 (21.6) 1 (12.5) 20 (22.5) 0.45
Rash 16 (16.5) 1 (12.5) 15 (16.9) 0.61
Myalgias/joint aches 10 (10.3) 0 (0) 10 (11.2) 0.59

Comorbid condition, n (%)
Hypertension 1 (1) 0 (0) 1 (1.1) 0.92
Diabetes mellitus 1 (1) 0 (0) 1 (1.1) 0.92
Asthma 7 (7.2) 0 (0) 7 (7.9) 0.54
Cancer 4 (4.1) 1 (12.5) 3 (3.4) 0.3
Congenital heart disease 7 (7.2) 2 (25) 5 (5.6) 0.1
Immunosuppressed 4 (4.1) 0 (0) 4 (4.5) 0.71

Baseline SCr, mg/dla 0.61 (0.52 to 0.74) 0.47 (0.25 to 0.83) 0.55 (0.39 to 0.72) 0.58
Admission SCr, mg/dl 0.55 (0.31 to 0.85) 0.69 (0.31 to 0.95) 0.36 (0.24 to 0.52) 0.06
Admission eGFR, ml/min per 1.73 m2 145.5 (99.8 to 186,7) 85.3 (59.4 to 99) 150 (110.3 to 187.1) 0.001
Sodium, mEq/L 134 (131 to 136) 136.5 (130 to 137) 137 (135 to 138) 0.06
Potassium, mEq/L 3.9 (3.7 to 4.4) 4.3 (3.9 to 5.4) 4.1 (3.75 to 4.95) 0.62
Bicarbonate, mEq/L 20 (18 to 22) 19.5 (12.5 to 24) 21 (19 to 23) 0.71
Magnesium, mEq/L (N ¼ 65) 2 (1.8 to 2.2) 2.3 (2 to 2.5) 2.1 (1.8 to 2.3) 0.06
Calcium, mg/dl 9.2 (8.6 to 9.5) 8.4 (7.2 to 10.3) 9.5 (9.1 to 9.95) 0.047
Albumin, mg/dl 3.6 (3 to 3.9) 3.3 (2.5 to 3.95) 4.1 (3.85 to 4.5) 0.001
While blood cell count, mm3 10.3 (7.5 to 14.3) 19.6 (8.4 to 38.9) 7.8 (5.4 to 13.4) 0.02
Hemoglobin, g/dl 11.3 (10.5 to 12.1) 9.1 (6.5 to 14.4) 11.6 (10.25 to 12.7) 0.18
Platelets, mm3 184 (124 to 276) 237 (81 to 449) 264 (187 to 346.5) 0.66
LDH, U/L (N ¼ 51) 350 (271 to 523) 374 (291 to 1800) 349 (238 to 513) 0.49
Fibrinogen, mg/dl (N ¼ 53) 509 (394 to 616) 480 (397 to 604) 511 (390 to 623) 0.69
CRP, mg/ml (N ¼ 61) 29 (8.5 to 88) 41.3 (8.9 to 190.3) 28.4 (7.7 to 88) 0.67
D-dimer, mg/ml (N ¼ 49) 575 (372 to 1106) 2320 (366 to 3789) 569 (375 to 992) 0.35
Nephrotoxic medication exposure, n (%)

ACE-I/ARB 1 (1) 1 (1) 0 (0) >0.99
NSAID 31 (32) 2 (25) 29 (33) >0.99
Vancomycin 11 (11) 3 (38) 8 (9) 0.046
Gentamicin 4 (4) 0 (0) 4 (5) >0.99

ACE-I, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker; BMI, body mass index; COVID-19, coronavirus disease 2019; CRP, C-
reactive protein; eGFR, estimated glomerular filtration rate; LDH, lactate dehydrogenase; NSAID, nonsteroidal anti-inflammatory drug; SCr, serum creatinine.
aBaseline SCr was estimated from assumed eGFR 120 ml/min per 1.73 m2 using original Schwartz formula.25

Data are given as median (interquartile range), unless otherwise indicated.
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angiotensin receptor blockers, nonsteroidal anti-
inflammatory drugs, vancomycin, and aminoglycosides)
was also associated with the development of AKI (P ¼
0.018; odds ratio, 5.5; 95% CI, 1.33–22.6).

Clinical course and outcomes
Patients with AKI had higher rates of vasopressor treatment
and ionotropic support (Table 325). Continuous kidney
Kidney International (2021) 100, 138–145
replacement therapy, utilizing continuous venovenous
hemodiafiltration, was needed in 2 children with acute
COVID-19, whereas 2 others required ECMO support. There
were 2 deaths in the acute COVID-19 cohort, one from bowel
perforation and the other from acute hypoxic/hypercapneic
respiratory failure. For further details regarding hospital
outcomes by KDIGO stage of AKI, see Supplementary
Table S2.
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Table 2 | Admission characteristics and laboratory values by AKI diagnosis in children with MIS-C

Variables Overall (N [ 55) AKI (N [ 10) No AKI (N [ 45) P value AKI vs. no AKI

Age, yr 7.5 (1.5 to 13.8) 8.7 (5.4 to 14) 8.1 (4.2 to 12) 0.42
Male, n (%) 35 (63.6) 6 (60) 29 (64.4) 0.79
Race, n (%) 0.27

White 7 (12.7) 1 (10) 6 (13.3)
Black 14 (25.5) 5 (50) 9 (20)
Asian 6 (10.9) 1 (10) 5 (11.1)
Other 25 (45.5) 2 (20) 23 (51.1)
Unknown 3 (5.5) 1 (10) 3 (4.4)

Ethnicity, n (%) 0.07
Hispanic/Latino 15 (27.3) 0 (0) 15 (33.3)
Not Hispanic/Latino 38 (69.1) 10 (26.3) 28 (62.2)
Other/unknown 2 (4.4) 0 (0) 2 (3.6)

BMI z-score 0.12 (0 to 1.72) 2 (0.32 to 2.2) 1.1 (–0.99 to 1.7) 0.045
Obese, n (%) 13 (25) 5 (50) 8 (19) 0.057
Hospital type, n (%) —

Children’s hospital 55 (100) 10 (100) 45 (100)
Non–children’s hospital 0 (0) 0 (0) 0 (0)

Presenting symptoms, n (%)
Gastrointestinal 49 (89.1) 10 (100) 39 (70.9) 0.28
Fever 52 (94.5) 10 (100) 42 (93.3) 0.54
Cough 7 (12.7) 1 (10) 6 (13.3) 0.63
Rash 27 (49.1) 6 (60) 21 (46.7) 0.34
Myalgias/joint aches 8 (14.5) 3 (30) 5 (11.1) 0.3

Comorbid condition, n (%)
Hypertension 0 (0) 0 (0) 0 (0) —

Diabetes mellitus 0 (0) 0 (0) 0 (0) —

Asthma 6 (10.9) 2 (20) 4 (8.9) 0.3
Cancer 0 (0) 0 (0) 0 (0) —

Congenital heart disease 2 (3.6) 1 (10) 1 (2.2) 0.33
Immunosuppressed 1 (1.8) 0 (0) 1 (2.2)

Baseline SCr, mg/dla 0.54 (0.37 to 0.72) 0.64 (0.57 to 0.8) 0.61 (0.48 to 0.73) <0.0001
Admission SCr, mg/dl 0.38 (0.24 to 0.57) 1.58 (0.89 to 2.52) 0.49 (0.3 to 0.65) <0.0001
Admission eGFR, ml/min per 1.73 m2 144.1 (99.7 to 186) 54.2 (27.3 to 98.9) 150.8 (126.6 to 190.6) <0.001
Sodium, mEq/L 137 (135 to 138) 132 (130 to 135) 134 (132 to 136) 0.28
Potassium, mEq/L 4.1 (3.8 to 4.95) 3.9 (3.4 to 4.4) 3.9 (3.7 to 4.45) 0.44
Bicarbonate, mEq/L 21 (19 to 23) 18 (14.8 to 20) 21 (18 to 23) 0.02
Magnesium, mEq/L 2.1 (1.8 to 2.3) 2.1 (1.9 to 2.2) 2 (1.8 to 2.2) 0.7
Calcium, mg/dl 9.5 (8.9 to 10) 8.9 (8.5 to 9.3) 9.2 (8.5 to 9.75) 0.18
Albumin, mg/dl 4.1 (3.7 to 4.5) 3.1 (2.6 to 3.3) 3.7 (3.3 to 4) 0.004
White blood cell count, mm3 8.7 (5.5 to 13.8) 12.5 (9.9 to 15.7) 10.1 (7.3 to 13.2) 0.11
Hemoglobin, g/dl 11.6 (10 to 12.7) 11.4 (10.3 to 12.2) 11.3 (10.5 to 12.1) 0.18
Platelets, mm3 264 (183 to 346) 143 (99 to 225) 193 (131 to 286) 0.66
LDH, U/L (N ¼ 46) 297 (234 to 376) 305 (232 to 375) 296 (235 to 392) 0.88
Fibrinogen, mg/dl (N ¼ 49) 719 (633 to 876) 800 (627 to 1014) 714 (632 to 829) 0.26
CRP, mg/ml (N ¼ 54) 151 (95 to 240) 312 (206 to 397) 129 (84 to 191) <0.0001
D-dimer, mg/ml (N ¼ 48) 1355 (651 to 2328) 1999 (1405 to 2384) 1048 (500 to 2337) 0.08
Nephrotoxic medication exposure, n (%)

ACE-I/ARB 0 0 0 N/A
NSAID 37 (67) 6 (60) 31 (69) 0.71
Vancomycin 7 (13) 4 (40) 3 (7) 0.016
Gentamicin 0 0 0 N/A

ACE-I, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker; BMI, body mass index; CRP, C-reactive protein; eGFR, estimated
glomerular filtration rate; LDH, lactate dehydrogenase; MIS-C, multisystem inflammatory syndrome in children; N/A, not applicable; NSAID, nonsteroidal anti-inflammatory
drug; SCr, serum creatinine.
aBaseline SCr was estimated from assumed eGFR 120 ml/min per 1.73 m2 using original Schwartz formula.25

Data are given as median (interquartile range), unless otherwise indicated.
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A total of 11 (7.2%) patients required mechanical venti-
lation. Of the mechanically ventilated patients, 6 (55%) were
diagnosed with acute COVID-19, whereas 5 (45%) had MIS-
C. There was a greater proportion of mechanical ventilation
in children with AKI in both COVID-19 and MIS-C groups
compared with those without AKI (P < 0.001 and P ¼ 0.001,
respectively).
142
AKI resolved before discharge in all but 2 patients with
acute COVID-19 and 1 patient with MIS-C. There were no
significant differences in serum creatinine or estimated
glomerular filtration rate on discharge between those with
and without AKI.

In unadjusted regression analysis, patients with all stages of
AKI had a 5-day significantly increased length of PICU stay
Kidney International (2021) 100, 138–145



Figure 2 | Acute kidney injury (AKI) by day of hospitalization.
COVID, acute coronavirus disease 2019; MIS-C, multisystem
inflammatory syndrome in children.

A Basalely et al.: COVID-19–related pediatric acute kidney injury c l i n i ca l i nves t iga t ion
(95% CI, 0.86–9; P ¼ 0.025). In addition, patients with AKI
had a significantly greater length of hospital stay of 8.4 days
compared with patients without AKI (95% CI, 4.4–6.7; P <
0.0001). We did not observe a significant association with
mortality or length of mechanical ventilation (Table 4).

DISCUSSION
In this study, AKI developed in 11.8% of the cohort: 8.2% in
acute COVID-19 and 18.2% of cases of MIS-C. Most patients
developed AKI on admission, and AKI resolved in almost all
cases before discharge. Lower serum albumin and higher
WBC count were associated with AKI in children with acute
COVID-19 and MIS-C. MIS-C patients with AKI had more
Table 3 | Hospital course and outcomes by AKI diagnosis in pati

Variables

Acute COVID-19

No AKI (N [ 88) AKI (N [

Treatment, n (%)
I.v. Ig 10 (11) 2 (25)
Anakinra 4 (5) 2 (25)
Hydroxychloroquine 14 (16) 3 (38)
Remdesivir 5 (6) 1 (12)
Methylprednisolone or prednisone 14 (16) 2 (25)

PICU, n (%) 18 (20) 8 (100)
Length of PICU stay, d 3.1 (2.1 to 8.7) 11.9 (3.5 to 17
Inotropes, n (%) 1 (1) 3 (38)
Vasopressors, n (%) 3 (3) 5 (32)
ECMO, n (%) 1 (1) 1 (12)
Mechanical ventilation, n (%) 4 (4.5) 2 (33.3)
Length of mechanical ventilation, d 10 (6 to 14) 4 (4 to 13)
CKRT, n (%) 0 (0) 2 (25)
Length of hospital stay, d 2.8 (1.6 to 6.2) 22.2 (13.5 to 2
Serum creatinine, mg/dl

Median 0.34 (0.23 to 0.5) 0.69 (0.27 to 0
Peak 0.39 (0.26 to 0.57) 1.1 (0.435 to
Discharge 0.33 (0.23 to 0.5) 0.26 (0.23 to 0

Discharge eGFR, ml/min per 1.73 m2a 159 (114 to 198) 149 (90 to 19
Mortality, n (%) 1 (1) 1 (12)

AKI, acute kidney injury; CKRT, chronic kidney replacement therapy; COVID-19, coronav
glomerular filtration rate; MIS-C, multisystem inflammatory syndrome in children; PICU,
aDischarge eGFR was based on original Schwartz equation.25

Data are given as median (interquartile range), unless otherwise indicated.
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systolic dysfunction on echocardiogram compared with those
without AKI. AKI, in unadjusted models, was significantly
associated with longer PICU and hospital length of stay.

AKI is reported to occur in under half of the adults with
COVID-19.5,7,8 In comparison, 8.2% of acute COVID-19
pediatric patients in our study developed AKI. Recent
studies in pediatric cohorts estimate COVID-19–associated
AKI to be between 1.3% and 44%. 17–20 The disparate nature
of these rates is likely due to heterogeneity of the populations
studied (e.g., hospitalized vs. critically ill) and definitions of
AKI. Nonetheless, incidence of AKI in children with acute
COVID-19 was consistently demonstrated to be less than
adults. Adult patients with COVID-19–related AKI have a
higher prevalence of comorbid conditions, such as diabetes,
chronic kidney disease, and congestive heart failure.8 In
comparison, our study population was relatively healthy, with
a low prevalence of comorbid conditions and thus more renal
reserve.

AKI rates in children with MIS-C are more prevalent
compared with children with acute COVID-19. Case series
have estimated AKI occurrence in 15% to 73% of cases.18,23,27

The incidence rate of AKI in MIS-C patients in this study was
>18%. The most common presenting symptoms of our MIS-
C cohort were fever, gastrointestinal symptoms, and skin rash,
which are consistent with current literature.27–30 Recent
studies have noted a greater prevalence of MIS-C within Af-
rican American/Afro-Caribbean populations; however, there
were no significant differences in race and AKI in our MIS-C
cohort.23 This may be due to sample size limitations as there
ents with COVID-19 and MIS-C

MIS-C

8) P value No AKI (N [ 45) AKI (N [ 10) P value

0.26 40 (89) 9 (90) >0.99
0.077 3 (7) 3 (30) 0.07
0.15 1 (2) 1 (10) 0.33
0.42 0 (0) 1 (10) 0.18
0.62 26 (58) 9 (90) 0.29

<0.0001 25 (55.6) 9 (90) 0.070
.7) 0.16 3.4 (2.6 to 4.9) 8.7 (4.5 to 10.1) 0.025

0.002 7 (16) 6 (60) 0.007
<0.001 18 (40) 9 (90) 0.005
0.08 0 (0) 0 (0) —

<0.001 1 (2) 4 (40) 0.001
0.15 2 (2 to 2) 3.5 (2.5 to 4.5) 0.28

<0.001 0 (0) 0 (0) —

9.1) 0.003 4.6 (3.5 to 5.8) 8.2 (4.5 to 12.5) 0.04

.86) 0.27 0.37 (0.28 to 0.51) 0.7 (0.65 to 0.76) <0.001
1.89) 0.005 0.49 (0.31 to 0.7) 1.7 (1.47 to 2.92) <0.001
.59) 0.83 0.36 (0.26 to 0.47) 0.475 (0.37 to 0.56) 0.15
5) 0.53 189 (162 to 211) 181 (139 to 197) 0.27

0.16 0 (0) 0 (0) —

irus disease 2019; ECMO, extracorporeal membranous oxygenation; eGFR, estimated
pediatric intensive care unit.
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Table 4 | Association of AKI with hospital outcomes

Outcome by AKI stage Hazard ratio (95% CI) P value

Mortality
AKI stage 1 þ 2 þ 3 0.57 (0.03 to 11.8) 0.72
AKI stage 2 þ 3 — —

Outcome by AKI stage b (95% CI) P value

Length of hospital stay, d
AKI stage 1 þ 2 þ 3 8.4 (4.4 to 6.7) <0.0001
AKI stage 2 þ 3 5.2 (0.07 to 10.2) 0.047

Length of PICU stay, d
AKI stage 1 þ 2 þ 3 5 (0.86 to 9.1) 0.02
AKI stage 2 þ 3 2.3 (–3.7 to 8.3) 0.45

Length of mechanical ventilation, d
AKI stage 1 þ 2 þ 3 –3.9 (–9.4 to 12.7) 0.15
AKI stage 2 þ 3 –1.08 (–7.4 to 5.3) 0.71

AKI, acute kidney injury; CI, confidence interval; PICU, pediatric intensive care unit.
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was over double the odds of AKI (MIS-C and acute COVID-
19 combined) in patients who identified as Black. This is
consistent with disproportionate rates of morbidity and
mortality associated with COVID-19 reported in African
American children and adults.23 Current reports have high-
lighted the severity of MIS-C with increased rates of PICU
admissions and need for inotropic support and
ECMO.22,23,27–30 Most MIS-C patients in our cohort were
admitted to the PICU and required treatment with inotropes
and vasopressors. Although MIS-C patients are reported to
have comparable mortality rates to adults with severe
COVID-19, there were no deaths in our MIS-C cohort.23

COVID-19–related AKI may be associated with severe
disease and acute lung injury. Hirsch et al. found that
mechanical ventilation and vasopressors were risk factors
for AKI development in adults.5 In this study, all AKI
patients were almost always critically ill and had high
rates of mechanical ventilation and need for vasoactive
support. However, as most patients developed AKI on
admission, the temporality of AKI and mechanical
ventilation cannot be appreciated. Two patients with
acute COVID-19 required continuous kidney replacement
therapy, whereas 2 others needed ECMO support.
Although there have been reports of increased need of
ECMO and continuous kidney replacement therapy in
patients with MIS-C, none of the MIS-C patients studied
required these treatments. Last, AKI, in unadjusted
models, was associated with longer PICU and hospital
stays. This association, although to be interpreted with
caution, is consistent with previously reported findings of
AKI in critically ill pediatric patients.31,32

Obesity is associated with severe COVID-19 disease and
AKI in adults.33,34 This finding was not observed within our
pediatric acute COVID-19 cohort; however, those with MIS-
C and AKI had higher body mass index z-scores. Reports
demonstrate that >50% of patients with MIS-C are noted to
be obese. This may be due to the increased baseline inflam-
matory milieu observed in obesity and/or increased number
of comorbidities.23
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Most patients developed AKI on the first day of hospital-
ization. This phenomenon is reported in multiple adult
studies where most adult patients developed AKI on admis-
sion or on day 1 of hospitalization.5,8 Gastrointestinal com-
plaints were the most common presenting symptoms among
children with AKI, which may suggest a prerenal etiology due
to losses and dehydration. The significant association of lower
median left ventricular ejection fraction, systolic dysfunction,
and AKI in MIS-C patients may indicate that low cardiac
output also contributed to AKI. More important, not all pa-
tients with left ventricular dysfunction and/or shock,
requiring vasoactives, developed AKI, suggesting multifacto-
rial mechanisms of injury.

Other possible etiologies of AKI in acute COVID-19
include inflammation and exposure to nephrotoxins. Adult
COVID-19–related AKI was associated with increased in-
flammatory markers.7,8 The same association was appreciated
in this pediatric cohort. Higher WBC count, higher C-reactive
protein, and lower serum albumin were associated with AKI
in acute COVID-19 and MIS-C. Lower serum albumin and
consequently lower serum calcium may have been due to
increased capillary permeability secondary to systemic
inflammation. Iatrogenic causes, such as nephrotoxic medi-
cations, as described at length in the literature, may have
induced AKI as well.35 In our study, of the 5 patients who
developed AKI after admission, nephrotoxic medication
exposure (angiotensin-converting enzyme inhibitors/angio-
tensin receptor blockers, nonsteroidal anti-inflammatory
drugs, vancomycin, and aminoglycosides) was significantly
associated with AKI.

There are several limitations to our study. Our study had a
small sample size, and most AKI developed at admission,
making it difficult to draw causal associations and adjust for
confounders. As with any retrospective study, there was po-
tential for ascertainment bias. However, most COVID-19 and
MIS-C patients had a basic metabolic panel on presentation
and during their hospital stay to assess for AKI. Utilization of
serum creatinine without urine output and back-calculation
of baseline creatinine values may have also underestimated
the incidence of AKI.

Despite these limitations, our study has notable strengths.
Our study population consisted of patients in the greater New
York City area at the epicenter of the COVID-19 outbreak
that represents a diverse racial, ethnic, and socioeconomic
pediatric population. In addition, KDIGO AKI definitions
were used to uniformly compare our rates with adults and
data from other centers.

Conclusions
In conclusion, AKI occurred in 11.8% of children with acute
COVID-19 and MIS-C. Children with COVID-19–related AKI
had increased WBC counts and lower serum albumin levels on
admission, which may reflect the inflammatory cascade’s
complex role in development and perpetuation of AKI. In
addition, decreased intravascular volume and distributive/
cardiogenic shock may have contributed to AKI development
Kidney International (2021) 100, 138–145
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in the cohort. Pediatric COVID-19–related AKI, similar to
reports in larger AKI studies, was associated with poor out-
comes, such as increased PICU and hospital length of stay.
Further research in larger cohorts is needed to characterize AKI
risk factors in children with acute COVID-19 and MIS-C.
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