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Abstract: Objectives: Patients with severe or critical COVID-19 are at higher risk for developing acute kidney
injury (AKI). However, whether AKI is diagnosed in all the patients and the correlation between the outcomes
of COVID-19 are not well understood. Patients and methods: This cohort study was conducted from February 4,
2020 to April 16,2020 in Wuhan, China. All consecutive inpatients with laboratory-confirmed COVID-19 were
included in this study. AKI was defined according to the KDIGO 2012 criteria. The outcomes of patients with
and without AKI and whether AKI was or was not recognized were compared. Results: A total of 107 elderly
patients were included in the final analysis. The median age was 70 (64-78) years, and 69 (64.5%) were men.
Overall, 48 of 107 patients (44.9%) developed AKI during hospitalization. Meanwhile, 22 (45.8%) cases with
AKI was not recognized (missed diagnosis) in this cohort. The Kaplan—-Meier curves showed that survival was
better in the non-AKI group than in the AKI group (log-rank, all P < 0.001); in the subgroups of the patients with
AKI, the hospital survival rate decreased when AKI was not recognized. The survival of patients with recognized
AKI was better than that of patients with unrecognized AKI (log-rank, all P < 0.001). According to the
multivariate regression analysis, the independent risk factors for in-hospital mortality were AKI (recognized AKI
vs non-AKI: HR = 2.413; 95% CI = 1.092-5.333; P = 0.030 and unrecognized AKI vs non-AKI: HR = 4.590;
95% CI = 2.070-10.175; P <0.001), C-reactive protein level (HR = 1.004; 95% CI = 1.000-1.008; P = 0.030),
lactate level (HR = 1.236; 95% CI = 1.098-1.391; P < 0.001), and disease classification (critical vs severe: HR
=0.019; 95% CI = 1.347-26.396; P = 5.963). Conclusions: AKI is not an uncommon complication in elderly
patients with COVID-19 who admitted to ICU. Extremely high rates of underdiagnosis and undertreatment of
AKI have resulted in an elevated in-hospital mortality rate. Kidney protection is an important issue that cannot be
ignored, and intensive care kidney specialists should take responsibility for leading the battle against AKI.
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Introduction

Since early December 2019, severe acute respiratory
coronavirus 2 (SARS-CoV-2) and the resulting illness,
coronavirus disease 2019 (COVID-19), has developed
in Wuhan, China; COVID-19 has become a worldwide
pandemic, with 2.1 million cases reported worldwide as of
April 16, 2020. Similar to severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome (MERS),
infection from SARS-CoV-2, COVID-19 has resulted in
many hospitalizations, respiratory failure and other serious
complications, and admissions to the intensive care unit (ICU).
(1-3) With the rapid increase in the number of new cases,
there were a large number of confirmed cases and limited
availability of hospital beds. From the perspective of treating
patients and preventing disease spread, a special hospital,
the Huo Shen Shan Hospital, Wuhan emerged, which was
assigned to exclusively treat COVID-19 patients starting in
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February 4, 2020 (4). As of April 16, 2020, China has had
82692 laboratory-confirmed cases in total, 50333 of which
were identified in Wuhan. Of all the confirmed cases, 3059
patients were treated in Huo Shen Shan Hospital. As we treated
patients with severe or critical COVID-19, we noticed that
these patients developed acute kidney injury (AKI) at rates
higher than those reported in early studies in China.

Early studies originating from China reported the rate of
AKI to range widely from 8.3% to 29% of COVID-19 patients
admitted to the ICU (5-8) while AKI occurred in 0 to 16%
of COVID-19 patients who were not admitted to the ICU (5,
8-14). Multiple observational studies have suggested that the
risk of AKI in patients with COVID-19 is low. The differences
may be due to the populations studied and inconsistent use of
definitions of AKI. In fact, AKI is common among critically ill
patients with COVID-19 according to experience in Europe and
the USA, affecting approximately 26-76% of patients admitted
to the ICU (6, 15, 16) and is considered an indicator of disease

Published online December 8, 2020, http://10.1007/s12603-020-1550-x

492



J Nutr Health Aging
Volume 25, Number 4, 2021

THE JOURNAL OF NUTRITION, HEALTH & AGING

severity and an independent risk factor for an unfavorable
outcome. Furthermore, the overall burden of AKI in COVID-
19 might be underestimated, as admission Scr values might
not reflect the true baseline state prior to admission, and the
preadmission baseline Scr levels might not be readily available.
(13). However, there is another important issue that is easily
ignored: missed diagnosis of AKI by physicians in ICU.

Here, we investigated 3059 consecutive patients admitted to
Huo Shen Shan Hospital, which is a hospital dedicated solely
to the treatment of COVID-19, in Wuhan, China. The aims
were to investigate the incidence and diagnosis of AKI among
COVID-19 patients admitted to the ICU. Particular attention
was focused on the diagnosis of AKI and the characteristics of
the underdiagnosed population to generate a hypothesis of the
relationship between AKI and mortality.

Patients and methods

Study design and patients

We retrospectively analyzed patients diagnosed with
COVID-19 and were hospitalized from February 4, 2020 to
April 16, 2020. All patients who were enrolled in this study
were diagnosed with COVID-19 according to the guidance
provided by the Chinese National Health Commission. This
study was approved by the Research Ethics Commission of
Chinese PLA General Hospital (NoS2020-050-01) and Huo
Shen Shan Hospital (NoHSS019). The requirement for written
informed consent was waived by the ethics committee of
the designated hospital for patients with emerging infectious
diseases. We excluded patients younger than 18 years, who had
stage 4-5 chronic kidney disease, had only 1 serum creatinine
(Scr) or no Scr examination, or had a missing or incomplete
medical history. Patients who had 2 Scr assays with intervals
longer than 7 days were also excluded, because we could not
ensure whether these patients developed AKI.

Data collection

Epidemiological, clinical, laboratory, and radiological
characteristics, treatment and outcome data were obtained
with data collection forms from electronic medical records
and reviewed by a trained team of physicians. The information
recorded included demographic data, medical history, exposure
history, underlying comorbidities, symptoms, signs, laboratory
findings, chest computed tomography (CT) scans, treatment
measures (i.e., antiviral therapy, corticosteroid therapy,
respiratory support, renal replacement therapy), and outcomes.
All medical records of patients with AKI were checked by
trained nephrologists.

Definitions

The Scr criteria in the Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines were used for screening because
retrospectively collected urine data can be inaccurate (17).
AKI was defined as an increase in Scr by 26.5 umol/L within
48 h or a 50% increase in Scr from the baseline value within

7 days. We defined AKI as having been recognized by the
physicians in charge if any medical document was available
of an increased Scr concentration, concerns about renal
insufficiency, or treatment adjustments; otherwise, we defined
the case as unrecognized. The recognition rate of AKI refers to
the percentage of patients with AKI who had the diagnosis of
AKI recognized by the physicians in charge (18). The baseline
Scr level was defined as the most recent measurement in
the previous 3 months (19). When there were no prior Scr
records, we used the lowest Scr value during hospitalization
as the baseline Scr level (20, 21). The peak Scr level was the
highest Scr level reached during the episode. Acute respiratory
distress syndrome (ARDS) was defined according to the Berlin
definition (22). Septic shock was defined according to the
Sepsis-3 criteria (23). The severity of COVID-19 was defined
as serious if at least one of the following items were satisfied
(24): (a) breathing rate =30/min; (b) pulse oximeter oxygen
saturation (SpO2) <93% at rest; and (c) ratio of partial pressure
of arterial oxygen (PaO2) to fraction of inspired oxygen
(Fi02) <300 mmHg (1 mmHg=0.133 kPa). Critical illness was
defined if at least one of the following items were satisfied: (a)
presence of respiratory failure and requirement for mechanical
ventilation; (b) shock; and (c) failure of other organs and
treatment in the ICU.

Statistical analysis

Continuous parametric variables are presented as the means
+ standard deviations (SDs), and continuous nonparametric
variables are presented as medians with interquartile ranges
(25th and 75th percentiles). Categorical variables are presented
as numbers (n) or percentages (%). Between-group comparisons
of continuous variables were performed using Student’s t-test
or the Mann—Whitney U test, and Pearson’s chi-squared or
Fisher’s exact test was used to compare categorical variables.
Three-group comparisons were conducted using one-way
ANOVA or the Kruskal-Wallis H test for continuous variables
and Pearson’s chi-square or Fisher’s exact test for categorical
variables. The associations between AKI and in-hospital death
were examined using Cox proportional hazard regression
analysis. The probability of survival was estimated using
the Kaplan—-Meier method, and curves were compared using
the log-rank test. P-values <0.05 were considered to indicate
statistical significance. Statistical analyses were performed
using SPSS version 21.0 for Windows (SPSS, Inc., Chicago,
IL).

Results

Study population

As of April 16, 2020, 3059 consecutive hospitalized patients
with confirmed COVID-19 were enrolled in the study, and 126
patients with severe or critical disease required admission to
the ICU. Of the 126 patients, we excluded 19 patients, resulting
in 107 elderly patients who were eligible for the final analyses
(Fig. 1). The median age was 70 years, and 64.5% (69/107) of
the patients were males.
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Figure 1
Flow chart of the patient inclusion and exclusion process.
COVID-19 coronavirus disease 2019

[ 3059 cases in medical record system J

75 patients were excluded
75 duplicated records

[ 2984 patients with confirmed COVID-19 J

126 patients requiring admission to the ICU ]

19 patients were excluded
CKD stage 4-5 (n=0)
No available medical information (n=5)
Two Scr examinations beyond 7 days (n=4)
Only one Scr examination (n=3)
No Scr examination (n=1)

107 included patients ]

[ Non-AKI (n=59,55.1) AKI (n=48, 44.9) ]

Non-recognized AKI Recognized AKI
(n=22, 45.8) (n=26, 54.2)

—
—

ICU intensive care unit, AKI acute kidney injury, CKD chronic kidney disease, Scr serum
creatinine

The baseline characteristics of the patients at ICU admission
are provided in Table 1. Among these patients, cough (89,
83.2%) was the most common symptom. Fever, dyspnea,
muscle ache, fatigue, chest pain, and chills were present in 81
patients (75.7%), 77 patients (72.0%), 68 patients (63.6%),
61 patients (57.0%), 16 patients (15.0%), and 16 patients
(15.0%), respectively. Headache (6, 5.6%) and diarrhea (4,
3.7%) were uncommon. The median duration from symptom
onset to hospital admission was 15 (10-24) days, and the
median duration from symptom onset to ICU admission was 21
(14-32) days. Hypertension (73, 68.2%) was the most common
coexisting condition, followed by cardiovascular disease (33,
30.8%), chronic obstructive pulmonary disease (COPD) (23,
21.5%), diabetes (22, 20.6%), cerebrovascular disease (19,
17.8%), and chronic kidney disease (CKD) (5, 4.7%). At the
time of admission, 100 patients (93.5%) showed typical chest
CT findings of multiple mottling and ground-glass opacities
in the lungs, and 106 patients (99.1%) showed bilateral patchy
shadowing. Of the 107 included patients, the degree of severity
of COVID-19 was categorized as severe in 37 patients (34.6%)
and critical in 70 patients (65.4%). Antibiotic therapy was the
most common (101, 94.4%), followed by glucocorticoids (91,
85.0%), intravenous immunoglobulin therapy (61, 57.0%), and
vasopressors (38, 35.5%).
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Table 1

Clinical characteristics of the study cohort

Characteristic Overall (n =107)
Age (years) 70 (64-78)
Male sex 69 (64.5)
Comorbidity
Hypertension 73 (68.2)
Cardiovascular disease 33 (30.8)
Chronic obstructive pulmonary disease 23 (21.5)
Diabetes 22 (20.6)
Cerebrovascular disease 19 (17.8)
Chronic kidney disease 54.7)
Signs and symptoms
Cough 89 (83.2)
Fever 81(75.7)
Dyspnea 77 (72.0)
Muscle ache 68 (63.6)
Fatigue 61 (57.0)
Chest pain 16 (15.0)
Chills 16 (15.0)
Headache 6(5.6)
Diarrhea 4(3.7)
Chest CT findings
Multiple mottling and ground-glass opacities 100 (93.5)
Pneumonia
Unilateral pneumonia 1(0.9)
Bilateral pneumonia 106 (99.1)
Disease classification
Severe 37 (34.6)
Critical 70 (65.4)
Proteinuria 46 (43.0)
Hematuria 47 (43.9)
Complications
Acute respiratory distress syndrome 48 (44.9)
Acute kidney injury 48 (44.9)
Hypoproteinemia 41 (38.3)
Septic shock 38 (35.5)
Disseminated intravascular coagulation 9(84)
Treatment
Antibiotic therapy 101 (94.4)
Glucocorticoids 91 (85.0)
Intravenous immunoglobulin therapy 61 (57.0)
Need for vasopressors 38 (35.5)
Oxygen therapy 99 (92.5)
Noninvasive mechanical ventilation 67 (62.6)
Invasive mechanical ventilation 55(514)
Continuous renal replacement therapy 20 (18.7)
Extracorporeal membrane oxygenation 43.7)
Time from symptom onset to hospital admission (days) 15 (10-24)
Time from symptom onset to ICU admission (days) 21 (14-32)
Length of hospital stay (days) 21 (10-36)
Length of ICU stay (days) 9 (4-15)
Mortality 51(47.7)

Values are n (%) or median (interquartile range); ICU intensive care unit
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Comparisons of the clinical characteristics between patients with coronavirus disease 2019 and AKI and those with non-AKI

Characteristic Non-AKI AKI (48, 44.9) P-value * (No-AKI vs. P-value ®
(59,55.1) all AKI) (Recognized AKI vs.
unrecognized AKI)
Recognized AKI (26, Unrecognized AKI
54.2) (22,45.8)
Age (years) 68 (63-75) 73 (67-81) 75 (67-81) 0.096 0.852
Male sex 37 (62.7) 19 (73.1) 13(59.1) 0.549 0.306
Body mass index (kg/m?) 22.8+19 23.6+2.4 23.9+2.7 0.099 0.752
Comorbidity
Hypertension 37 (62.7) 19 (73.1) 17 (77.3) 0.379 0.738
Cardiovascular disease 12 (20.3) 12 (46.2) 9 (40.9) 0.031 0.715
Chronic obstructive pulmonary disease 12 (20.3) 4(154) 7(31.8) 0.381 0.177
Diabetes 10 (16.9) 6(23.1) 6(27.3) 0.561 0.738
Cerebrovascular disease 6(10.2) 6(23.1) 7(31.8) 0.059 0497
Chronic kidney disease 0 5(19.2) 0 0.001 0.010
Signs and symptoms
Cough 51(86.4) 20 (76.9) 18 (81.8) 0.557 0.676
Fever 46 (78.0) 17 (65.4) 18 (81.8) 0.347 0.202
Dyspnea 47 (79.7) 14 (53.8) 16 (72.7) 0.051 0.178
Muscle ache 38 (64.4) 16 (61.5) 14 (63.6) 0.968 0.881
Fatigue 34 (57.6) 17 (65.4) 10 (45.5) 0377 0.165
Chest pain 11 (18.6) 2(7.7) 3(13.6) 0.387 0.502
Chills 11 (18.6) 4(154) 1(4.5) 0.216 0.204
Headache 4(6.8) 1(3.8) 1(4.5) 0.833 0.904
Diarrhea 1(1.7) 2(7.7) 1(4.5) 0414 0.650
Chest CT findings
Multiple mottling and ground-glass opacities 56 (94.9) 25(96.2) 19 (86.4) 0.370 0.216
Pneumonia 0.549 -
Unilateral pneumonia 1(1.7) 0 0
Bilateral pneumonia 58 (98.3) 26 (100.0) 22 (100.0)
Disease classification <0.001 0.313
Severe 30 (50.8) 5(19.2) 2(9.1)
Critical 29 (49.2) 21 (80.8) 20 (90.9)
MAP on ICU admission (mmHg) 97+15 94421 97+22 0.764 0.647
Laboratory results on ICU admission
Albumin (g/L) 31.9+3.8 31.3+4.8 30.5+4.2 0.420 0.521
Total bilirubin (umol/L) 102 (7.2-13.4) 17.7 (10.7-24.7) 142 (11.0-25.5) <0.001 0.555
Alanine aminotransferase (U/L) 30.5 (16.4-57.7) 26.2 (16.3-67.7) 33.1(20.2-47.3) 0.926 0.983
Aspartate aminotransferase (U/L) 26.9 (16.9-42.0) 30.1 (21.7-62.5) 28.4 (21.6-65.8) 0.339 0.772
BUN (mmol/L) 6.1 (4.5-8.1) 9.2 (6.2-12.5) 9.8 (6.0-13.7) <0.001 0918
Uric acid (umol/L) 189.0 (133.0-229.0) 305.0 (216.0-473.5) 232.0 (178.3-358.5) <0.001 0.080
Potassium (mmol/L) 4.2 (3.8-4.5) 4.1(3949) 43(3.9-4.8) 0.346 0.357
Sodium (mmol/L) 140.0 (137.0-143.0) 141.0 (136.0-145.0) 143.0 (139.0-147.0) 0.057 0.182
Chlorine (mmol/L) 103.0 (100.0-106.0) 104.0 (100.0-107.0) 107.0 (103.0-112.0) 0.031 0.134
Calcium (mmol/L) 20(19-22) 2.0(1.9-2.0) 2.0(1.9-2.1) 0.074 0.992
Phosphate (mmol/L) 0.9 (0.7-1.0) 09(0.8-1.2) 1.0 (0.7-1.1) 0.324 0.942
Magnesium (mmol/L) 0.9 (0.8-1.0) 0.9 (0.8-1.1) 1.0 (09-1.1) 0.118 0.373
Creatine kinase (U/L) 44.5(25.1-85.8) 63.6 (37.1-158.4) 80.6 (30.9-183.5) 0.078 0.725
Lactate dehydrogenase (U/L) 305.2 (225.0-375.3) 467.0 (249.9-731.3) 466.8 (338.8-808.5) <0.001 0.488
Creatine kinase isoenzyme (U/L) 11.9 (8.7-16.1) 17.7 (10.0-30.8) 18.4 (12.7-30.9) 0.002 0.605
Cystatin C (mg/L) 1.0(09-1.2) 15(1.1-2.2) 1.3 (1.1-1.5) <0.001 0.226
CO2 (mmol/L) 25.0 (23.0-28.0) 22.3(19.5-25.1) 22.0(19.0-26.0) 0.004 0.772
D-dimer (mg/L) 1.8(1.3-54) 44 (22-14.6) 54(2.8-7.6) 0.001 0.836
Hemoglobin (g/L) 114+20 118+24 120+17 0451 0.735
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Table 2 (continued)

Comparisons of the clinical characteristics between patients with coronavirus disease 2019 and AKI and those with non-AKI

Characteristic Non-AKI AKI (48,44.9) P-value * (No-AKI vs. P-value ®
(59,55.1) all AKI) (Recognized AKI vs.
unrecognized AKI)
Recognized AKI (26, Unrecognized AKI
54.2) (22,45.8)
Hematocrit 35.0 (31.0-38.0) 35.0 (29.0-41.0) 37.0 (34.0-38.0) 0.263 0.709
Leucocytes (x109/L) 9.0 (6.2-13.2) 10.7 (5.2-19.1) 11.2 (6.6-15.1) 0.480 0.717
Neutrophil percentage (%) 86.0 (75.0-91.0) 91.0 (68.0-95.0) 92.0 (85.0-94.0) 0.083 0.796
Lymphocyte percentage (%) 8.4 (44-15.8) 4.6 (29-15.8) 4.6(29-104) 0.065 0.959
Neutrophil count (x109/L) 6.7 (4.8-11.5) 9.8 (4.0-16.9) 9.8 (5.6-13.7) 0.263 0.725
Lymphocyte count (x109/L) 0.8(0.5-1.2) 0.6 (0.3-1.1) 0.6 (04-1.0) 0.256 0.548
Platelets (x109/L) 224 (165-276) 151 (62-190) 153 (58-232) <0.001 0.909
C-reactive protein (mg/L) 332 (8.7-112.4) 89.1 (19.8-158.4) 92.2 (20.8-142.8) 0.031 0951
Procalcitonin (ng/mL) 0.1 (0.1-04) 0.6 (0.1-1.7) 0.5(0.2-1.0) <0.001 0.590
Blood gas analysis
Lactate (mmol/L) 1.2(0.7-2.3) 2.0(1.2-3.3) 22(1.5-59) 0.001 0.084
pH 7.42+0.10 7.39+0.09 7.38+0.16 0.251 0.794
PaO, (mmHg) 78.9 (56.7-114.0) 71.9 (56.2-84.0) 70.9 (57.0-96.5) 0.761 0.725
PaCO, (mmHg) 38.7(33.4-452) 43.3(33.9-46.9) 38.4 (32.0-47.0) 0.541 0.402
Oxygenation index (mmHg) 205.0 (86.0-280.0) 101.0 (69.8-197.0) 87.0 (61.8-157.5) 0012 0.508
Proteinuria 13 (22.0) 19 (73.1) 14 (63.6) <0.001 0.482
Hematuria 19(32.2) 15 (57.7) 13 (59.1) 0.025 0.922
Kidney function
Baseline Ser (umol/L) 58 (48-66) 70 (65-82) 72 (56-77) <0.001 0.604
Scr on ICU admission (umol/L) 56.8 (48.6-68.8) 93.8 (68.2-129.1) 79.0 (56.4-90.0) <0.001 0.126
Scr at the time of AKI diagnosis (umol/L) 56.8 (48.6-68.8) 139.4 (114.0-171.5) 123.5 (104.4-136.1) <0.001 0.038
Peak Scr (umol/L) 67.6 (57.6-77.1) 233.1 (165.5-343.6) 132.7 (107.5-249.8) <0.001 0.009
Oliguria 0 10 (38.5) 7(31.8) <0.001 0.632
AKI stage <0.001 0.193
1 0 7(26.9) 10 (45.5)
2 0 4(15.4) 5(22.7)
3 0 15(57.7) 7(31.8)

Values are n (%), mean + SD or median (interquartile range); AKI acute kidney injury, MAP mean arterial pressure, | mmHg=0.133 kPa, ICU intensive care unit, Scr serum creatinine,

BUN blood urea nitrogen

A total of 99 patients (92.5%) received oxygen therapy,
67 patients (62.6%) used noninvasive ventilation, 55 patients
(51.4%) were treated with invasive mechanical ventilation,
20 (18.7%) patients underwent continuous renal replacement
therapy, and extracorporeal membrane oxygenation was
performed in 4 (3.7%) patients. Of these 107 included patients,
48 patients (44.9%) had ARDS, 41 patients (38.3%) had
hypoproteinemia, 38 patients (35.5%) had septic shock, and
9 patients (8.4%) had disseminated intravascular coagulation
during hospitalization.

As shown in Table 1, on ICU admission, 43.0% of patients
had proteinuria, and 43.9% had hematuria. The median duration
of hospitalization was 21 days (10-36 days), and the median
length of ICU stay was 9 days (4-15 days). During follow-up,
a total of 51 patients (47.7%) died, including 40 patients with
AKI and 11 patients without AKI; 56 (52.3%) were discharged.

Characteristics of AKI patients

Overall, 48 of 107 patients (44.9%) developed AKI during
hospitalization. The peak stages of 48 AKI cases were stage
1 in 35.4% (17/48) of cases, stage 2 in 18.8% (9/48), and
stage 3 in 45.8% (22/48) (Table 2). We recorded a very high
nonrecognition rate of AKI by the physicians in charge, with
22 (45.8%) of 48 patients with identifiable AKI not being
recognized by the physicians in charge during hospital stay. The
baseline characteristics of patients with and without AKI are
displayed in Table 2.

Compared with patients without AKI or with unrecognized
AKI, patients with recognized AKI were more likely to have
pre-existing comorbidities, including cardiovascular disease
(P =0.031) and CKD (P =0.001). Patients with AKI (including
recognized and not recognized) were more frequently classified
to have critical/severe COVID-19 (P <0.001). The incidences

496



J Nutr Health Aging
Volume 25, Number 4, 2021

THE JOURNAL OF NUTRITION, HEALTH & AGING

Table 3
Complications, treatments and outcomes of patients with coronavirus disease 2019 and AKI or non-AKI

Characteristic Non-AKI (59, 55.1) AKI (48,44.9) P-value * (No-AKI  P-value * (Recognized AKI
vs. all AKI) vs. unrecognized AKI)
Recognized Unrecognized
AKI (26, 54.2) AKI (22,45.8)
Comorbidity
Acute respiratory distress syndrome 19 (32.2) 15 (57.7) 14 (63.6) 0.013 0.675
Hypoproteinemia 22 (37.3) 12 (46.2) 7(31.8) 0.578 0312
Septic shock 9(15.3) 18 (69.2) 11 (50.0) <0.001 0.175
Disseminated intravascular coagulation 3(5.1) 4(154) 209.D) 0311 0.507
Treatment
Antibiotic therapy 55(93.2) 24(92.3) 22 (100.0) 0.237 0.112
Glucocorticoids 51(86.4) 20 (76.9) 20 (90.9) 0.375 0.185
Intravenous immunoglobulin therapy 32(54.2) 17 (654) 12 (54.5) 0.612 0.444
Need for vasopressors 9(15.3) 16 (61.5) 13(59.1) <0.001 0.863
Oxygen therapy 57 (96.6) 25(96.2) 17 (71.3) 0.025 0.043
Noninvasive mechanical ventilation 26 (44.1) 21 (80.8) 20 (90.9) <0.001 0.321
Invasive mechanical ventilation 16 (27.1) 21 (80.8) 18 (81.8) <0.001 0.926
Continuous renal replacement therapy 3(5.1) 12 (46.2) 5(2.7) <0.001 0.091
Extracorporeal membrane oxygenation 1(1.7) 2(7.7) 1(4.5) 0414 0.650
Time from symptom onset to hospital admission (days) 16 (12-26) 13 (8-16) 14 (8-24) 0.010 0.325
Time from symptom onset to ICU admission (days) 21 (14-36) 19 (14-26) 20 (13-31) 0.219 0.748
Length of hospital stay (days) 26 (16-40) 23 (11-37) 10 (6-16) 0.001 0.008
Length of ICU stay (days) 9 (5-15) 11 (5-26) 6(2-9) 0.442 0.022
Mortality 11 (18.6) 20 (76.9) 20 (90.9) <0.001 0.185

Values are n (%) or median (interquartile range); AKI acute kidney injury, ICU intensive care unit

of proteinuria (P < 0.001) and hematuria (P = 0.025) were
significantly higher in patients with AKI than in patients with
non-AKI.

In terms of laboratory findings, significant differences were
observed in the following variables among the 3 groups at
ICU admission: total bilirubin (P <0001), blood urea nitrogen
(BUN) (P < 0.001), uric acid (P < 0.001), chlorine (P = 0.031),
lactate dehydrogenase (P <0.001), creatine kinase isoenzyme
(P=0.001), cystatin C (P<0.001), CO2 (P = 0.004), D-dimer (P
= 0.001), platelets (P<0.001), C-reactive protein (P = 0.031),
procalcitonin (P<0.001), and lactate (P=0.001). Indeed, baseline
Scr (P <0001), Scr (P <0001) at ICU admission, Scr (P <0001)
at the time of AKI diagnosis, and peak Scr (P <0001) levels
during the hospital differed significantly among the 3 groups.

Patients with AKI (including recognized and not recognized)
more frequently suffered from ARDS (P =0.013) and septic
shock (P < 0.001), needed more vasopressors (P < 0.001), and
were more frequently treated with noninvasive mechanical
ventilation (P < 0.001), invasive mechanical ventilation (P
< 0.001), and continuous renal replacement therapy (P <
0.001) than patients with non-AKI. Furthermore, patients with
unrecognized AKI had a shorter duration of hospital stay (P =
0.001) and higher mortality (P<0.001) than patients with non-

AKI or recognized AKI, as also shown in Table 3.

Characteristics of unrecognized AKI patients

Among the 48 AKI patients, the recognition rate and
nonrecognition rate were 54.2% (26/48) and 45.8% (22/48),
respectively. Several baseline differences were noted between
the 2 groups (Table 2). As shown in Table 2, the prevalence
of CKD (P=0.010) and the need for oxygen therapy (P=0.043)
were significantly higher in the recognized AKI group. Patients
with recognized AKI had higher Scr (P=0.038) and peak
Scr (P=0.009) levels than that patients with unrecognized
AKI at the time of AKI diagnosis. Furthermore, the patients
with recognized AKI had a significantly longer duration of
hospital stay (P=0.008) as well as a longer duration of ICU stay
(P=0.022) than that patients with unrecognized AKI (Table 3).

AKI and mortality

The Kaplan—Meier curves showed that survival was better
in the non-AKI group than in the AKI group (log-rank, P <
0.001; Fig. 2). In the subgroups of AKI, the hospital survival
rate decreased when was AKI not recognized. The survival
of patients with recognized AKI was better than that of
patients with unrecognized AKI (log-rank, P = 0.004; Fig. 3).
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Patients with both recognized AKI and unrecognized AKI had
significantly higher death rates than those without AKI (log-
rank P<0.001; Fig. 4).

According to the multivariate regression analysis, the
independent risk factors for in-hospital mortality were AKI
(recognized AKI vs non-AKI: HR = 2.413; 95% CI = 1.092—
5.333; P = 0.030 and unrecognized AKI vs non-AKI: HR =
4.590; 95% CI = 2.070-10.175; P <0.001), C-reactive protein
level (HR = 1.004; 95% CI = 1.000-1.008; P = 0.030), lactate
level (HR = 1.236; 95% CI = 1.098-1.391; P < 0.001), and
disease classification (critical vs severe: HR = 0.019; 95% CI =
1.347-26.396; P = 5.963) (Table 4).

Figure 2
Kaplan—-Meier survival curves of survival for patients with
severe to critical COVID-19 with and without AKI after
hospital admission (log-rank test P < 0.001). AKI acute kidney

injury
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Figure 3
Kaplan—-Meier survival curves of survival for patients with
severe to critical COVID-19 with recognized AKI and
unrecognized AKI after hospital admission (log-rank test P =
0.004). AKT acute kidney injury
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Discussion

This study is, to our knowledge, the first to characterize and
analyze the prognostic impact of missed diagnosis of AKI in
severe or critically ill patients with COVID-19. The present
study adds interesting information by exploring the relationship
between AKI and mortality. First, AKI, as a common
complication (44.9%) in COVID-19 patients admitted to the
ICU, was associated with an expected high risk of in-hospital
mortality. Second, among all AKI patients, only 54% were
recognized by clinicians during their ICU stay, and the rate of
missed diagnosis was as high as 46%. Third, the recognized
AKI group had better in-hospital survival than the unrecognized
AKI group, which indicates that the early recognition of AKI in
patients with COVID-19 are crucial to reducing morbidity and
mortality.

Figure 4
Kaplan—Meier survival curves of survival for patients
with severe to critical COVID-19 with recognized AKI,
unrecognized AKI and non-AKI after hospital admission (log-
rank test P < 0.001). AKI acute kidney injury
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Among patients hospitalized with COVID-19, we found
that 45% developed AKI during their ICU stay. This rate is
much higher than that reported previously in the literature
from China, which varied from 2.9% to 29%. While we
cannot completely explain this difference, the difference can
be partially explained by variations in disease severity or a
different proportion of older patients. There are several other
reasons for this result: 1) one explanation is related to the
48-h and 7-day diagnostic windows defined by the KDIGO
guidelines. First, “Scr increase = 26.5 umol/L” is limited to
within 48 h; therefore, in theory, only those with Scr levels
tested at least 2 times within 48 h can be detected (25). This
can be difficult in clinical practice with emerging infectious
diseases. Our data shown even among patients in the ICU,
10.3% of our patients did not meet the Scr test requirements.
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Such a strategy will result in some AKIs being missed
diagnosis. 2) Second, some studies define the Scr value at
admission as the baseline level, but some patients have high
Scr on admission (10). Such an approach will greatly ignore
patients who had AKI before admission, and if the baseline Scr
value is defined too high, some AKI patients within the 7-day
diagnosis window will be missed. Importantly, the present
method of detecting AKI is mainly based on acute changes
in Scr, and the frequency of Scr tests has a substantial impact
on the detection rate. In a nationwide cross-sectional survey
of hospitalized adult patients in China, Yang et al. reported
that the detection rate of AKI was only 0.99% according to
KDIGO criteria. After adjusting for the frequency of Scr tests,
the incidence of AKI rose to 11.6% (18). Thus, to improve the
diagnosis rate of AKI, more frequent Scr measurements should
be performed in patients with COVID-19.

Table 4
Multivariate proportional hazard model analysis of risk
factors for hospital mortality

Risk factor HR 95% CI1 P-value
Critical vs severe 5.963 1.347-26.396 0019
AKI 0.001
Non-AKI Reference Reference

Recognized AKI 2413 1.092-5.333 0.030
Unrecognized AKI 4.590 2.070-10.175 <0.001
Lactate 1.236 1.098-1.391 <0.001
C-reactive protein 1.004 1.000-1.008 0.030

HR hazard ratio, CI confidence interval, AKI acute kidney injury

Clinical pathology has determined the autopsy findings of 26
patients with an average age of 69 years who died of COVID-
19 in China, revealing acute tubular injury as the primary
renal finding (26). The etiology and exact mechanism of AKI
in patients with COVID-19 is still unclear. However, other
unspecific kidney injury factors relative to ICU must continue
to be considered: 1) the fundamental pathophysiology of
pneumonia in critically ill patients is severe ARDS, which has
been identified as an independent risk factor for AKI (27). 2)
These patients experienced symptom onset at the end of January
or early February 2020. At that time, there was a limited
availability of hospital beds in Wuhan, and many patients
suffered from nausea, anorexia, vomiting, malnutrition, and low
blood volume, which decreased renal blood flow to the kidney
and resulted in AKI. 3) Hospitalized patients, particularly those
in ICUs, are often exposed to multiple concurrent nephrotoxins,
such as antibiotics, proton pump inhibitors, and nonsteroidal
anti-inflammatory drugs, which are also likely to cause drug-
induced AKI (15). 4) Mechanical ventilation is often required
in critically ill patients. However, mechanical ventilation can
worsen kidney function via multiple mechanisms, including
impacting hemodynamics, neurohormonal dysregulation,

systemic inflammation through mechanical ventilation-
associated mediator release, and injurious MV strategies (15,
28).

One of the shocking results from this study is the very
high nonrecognition rate of AKI by the physicians in charge,
which is as high as 46% during hospitalization, even though
such patients were treated in the ICU. Previous studies
reported that only 21-44% of hospitalized patients received
a timely diagnosis of AKI, and the rate of missed diagnosis
was 53-74% (18, 21, 29); even in the ICU, the rate of missed
diagnosis was as high as 73% (30). The data demonstrated
that medical doctors in China still lack awareness of AKI in
general. The slight increase in Scr is often ignored by doctors,
which leads to timely re-examinations also being neglected.
Patients with COVID-19 face risks of ARDS, sepsis, shock,
need for mechanical ventilation, and use nephrotoxic drugs.
Renal protection in these patients is an important issue in
clinical work. The role of intensive care kidney specialists in
the treatment of patients with COVID-19 is also very important.
Moreover, intensive care kidney specialists must collaborate
with critical care physicians to provide cohesive and coherent
care plans.

The third important finding is that compared with patients
without AKI, the identified AKI patients had a poorer
prognosis, while the unrecognized AKI patients had the
worst prognosis. This also suggests the importance of early
diagnosis and early treatment of AKI. In addition, another
reason for the high patient mortality rate may be the longer
waiting time for hospitalization. In this study, the duration from
symptom onset to hospital admission was 15 days and that
from symptom onset to ICU admission was 21 days. None of
the admitted patients were in the early stages of the disease, so
these patients progressed into critical illness. In this situation,
clinicians may pay more attention to the lungs and heart but less
attention to the kidneys. When AKI occurs, the Scr and peak
Scr in identified patients are higher than those in unrecognized
patients. This also suggests that when the patient’s Scr is not
particularly high, clinicians pay less attention to the kidneys.

Overall, severely or critically ill patients have a high risk of
developing AKI, so kidney protection should be an important
part of clinical treatment. Intensive care kidney specialists need
to take responsibility for the fight against AKI. Clinicians need
to understand the pathophysiological features of the kidney,
perform infection control, be aware of drug nephrotoxicity,
hemodynamic management, protective mechanical ventilation,
perform careful monitoring of renal function, be familiar
with the definition of and diagnostic criteria for AKI, and
invite intensive care kidney specialists to intervene in a timely
manner. These requirements are important for improving the
prognosis of COVID-19 patients with AKI (25).

The study had the following limitations. (1) First, this is a
single-center retrospective study, and the number of patients
included is limited; thus, the results may lack generalizability.
(2) Second, because of the strain on medical resources, we
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lacked data on urine output, which is one component of the
KDIGO definition; therefore, the incidence of AKI might
have been underestimated. (3) The factors associated with
AKI prognosis were complex, and the Acute Physiologic and
Chronic Health Evaluation II score and the sequential organ
failure assessment score, which are predictive of the outcomes
of AKI, were not considered. (4) Finally, we lacked data after
the patients were discharged.

Conclusion

AKI is not an uncommon complication among patients with
COVID-19 who admitted to the ICU and is associated with a
higher risk of in-hospital mortality. Extremely high rates of
underdiagnosis and undertreatment of AKI may resulted in a
higher mortality rate. Considering that the missed diagnosis rate
was relatively high, the intensive care kidney specialist should
be actively involved in the diagnosis and treatment of the
patients with COVID-19.
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