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Abstract
Background The recent global pandemic due to severe acute respiratory syndrome coronavirus-2 resulted in a high 
rate of multi-organ failure and mortality in a large patient population across the world. As such, a possible correlation 
between acute kidney injury (AKI) and increased mortality rate in these patients has been suggested in literature.

Methods This is a two-year retrospective study of critically ill adult patients infected with COVID-19 that were 
admitted to the intensive care unit (ICU) on ventilatory support. Two groups of patients were identified in this study, 
those who were directly admitted to the ICU or those who were initially admitted to the Medical Floor and were later 
transferred to the ICU due to either worsening respiratory status or change in their hemodynamic conditions. Within 
each group, three subgroups were created based on the status of AKI, namely, those who did not develop AKI, those 
who developed AKI, and those who with previous history of dialysis dependent AKI.

Results The AKI subgroup had the highest mortality rate in the ICU and Floor patients. Of note, those patients who 
were directly admitted to the Floor and were later transferred to the ICU for worsening conditions also experienced a 
higher mortality rate if they had developed AKI during their course of hospital stay.

Conclusions This study identified a statistically significant higher mortality in patients who developed AKI than those 
who did not develop AKI among critically ill patients.

Trial registration Clinicaltrials.gov registration number NCT05964088. Date of registration: July 24 2023.
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Introduction
The severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2), more commonly known as COVID-19 
led to a global pandemic in 2020 and 2021. The high rate 
of mortality and morbidity of the disease led to a global 
panic and strict quarantine guidelines. The veracity of 
this virus was in large part secondary to the immunologic 
and inflammatory response of the host, which resulted in 
a significant number of critically ill patients [1]. SARS-
CoV-2 is an inflammatory respiratory illness via the 
mechanism of the virus entering type 2 alveolar epithelial 
cells via the host ACE-2 receptor [2, 3]. Ultimately, com-
plications of the disease process such as acute respiratory 
distress syndrome, sepsis, disseminated intravascular 
coagulation, pulmonary embolism, and in particular kid-
ney dysfunction contributed to multiorgan failure and 
death in many of these individuals [4–6].

A possible correlation between acute kidney injury 
(AKI) and increased mortality rate among the COVID-19 
population has been suggested in scientific literature [7, 
8]. Acute kidney injury is defined as an increase of serum 
creatinine (SCr) more than 0.3 milligrams per deciliter 
(mg/dL) within 48 h, increase in SCr 1.5 times the base-
line, or urine volume reduction of less than 0.5 milliliter 
per kilogram per hour for six hours [9]. The utility of 
inflammatory markers and co-morbidities in predicting 
the probability of developing AKI in hospitalized patients 
infected with COVID-19 have been a topic of recent 
investigations [10]. Recent studies reported that the pro-
portion of AKI in hospitalized COVID-19 patients can 
range between 19% and 43% [1]. Additional studies have 
also examined how risk factors such as hypertension, dia-
betes mellitus (T2DM), and obesity are directly linked to 
an increased risk of AKI [11–13].

This study examined the incidence of mortality and 
morbidity associated with AKI in critically ill adult 
patients infected with COVID-19. These critically ill 
patients were either directly admitted to the intensive 
care unit (ICU) from the emergency department (ED) 
or were initially managed on the Medical Floor and later 
transferred to the ICU for worsening respiratory status. 
Furthermore, the investigating team evaluated the cor-
relation of inflammatory markers and common risk fac-
tors such as obesity, T2DM, hypertension, and ethnicity 
to the development of AKI in the target population. We 
hypothesized that patients with newly developed AKI 
will have a higher mortality rate than those who did not 
develop AKI during the hospital stay.

Methods
This is a two-year retrospective study of critically ill adult 
patients infected with COVID-19 that were admitted to 
the ICU on ventilatory support. Patients included in this 
study were admitted to Arrowhead Regional Medical 

Center (ARMC) from March 1, 2020 to February 12, 
2022. ARMC is a 456-bed university-affiliated teach-
ing public hospital that serves as a safety net hospital for 
the uninsured and underserved population in San Ber-
nardino County, California. San Bernadino County is 
the largest geographic county in the continental United 
States with a diverse population of 2.2  million people 
in 2023. According to the 2023 Census data, the racial 
demographics of SBC include 56.2% Hispanic or Latino, 
24.7% White, and 9.3% African American [14]. The 
county has a large proportion of low socioeconomic sta-
tus individuals, with 13.5% of the population living below 
the poverty line [14].

Patients were included in the study if they tested posi-
tive for SARS-CoV-2 on a real time polymerase chain 
reaction test (RT-PCR) upon admission to the hospital, 
respiratory status either on mechanical or non-invasive 
mechanical ventilation for direct ICU admission. Respira-
tory status for the patients initially on the Medical Floor 
included either high flow nasal cannula or nasal cannula 
and later required non-invasive mechanical ventilation 
and mechanical ventilation. Patients with any evidence 
of chronic kidney disease or end stage renal disease on 
dialysis were excluded. This study was approved by the 
institutional review board at ARMC with the approval 
number 22 − 18. This study was also registered on clini-
caltrial.gov with the ID NCT05964088. Lastly, the work 
has been reported in line with the STROCSS criteria [15].

Two groups were created for the analysis. The first 
group included patients who were directly admitted to 
the ICU due to their critical respiratory status from the 
ED (referred to as the ICU group). The second group 
included patients who were initially admitted to the 
Medical Floor with respiratory status on high flow nasal 
cannula or other supplemental oxygens and transferred 
to the ICU due to either worsening respiratory status 
or change in their hemodynamic conditions (referred 
to as the Floor group). Both Floor and ICU groups were 
treated with steroids according to the RECOVERY trial 
once the trial was published in 2021 [16]. Prior to the 
RECOVERY trial, the use of convalescent plasma, Rem-
desivir, and other monoclonal antibodies were physician 
dependent. Both groups had close monitoring of oxygen-
ation with pulse oximeter and periodic arterial blood gas 
assessments.

Three subgroups were created for the ICU and Floor 
patients separately. The ICU group was further divided 
into three subgroups: patients who developed AKI while 
admitted to the ICU (referred to as the ICU-AKI sub-
group), patients who did not develop AKI during the 
admission and were admitted to the ICU for other Covid 
19 complications (referred to as the ICU-No-AKI sub-
group), and patients with previous history of dialysis 
dependent AKI who were admitted to the ICU resulting 
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from other Covid 19 complications (referred to as the 
ICU-Dialysis subgroup). Similarly, the Floor patients 
were also divided into three subgroups in a similar fash-
ion: patients who developed AKI while admitted to the 
Medical Floor (referred to as the Floor-AKI subgroup), 
patients who did not develop AKI during the course 
of their hospital stay admitted to the Medical Floor 
(referred to as the Floor-No-AKI subgroup), and patients 
with known history of dialysis dependent AKI who were 
admitted into the Medical Floor resulting from other 
Covid 19 complications (referred to as the Floor-Dial-
ysis subgroup). The primary outcome of this study was 
mortality. The presence of comorbidities was recorded 
and used as a secondary endpoint. These comorbidities 
included obesity, T2DM, hypertension, and body mass 
index (BMI). All patients included in this study devel-
oped new onset AKI either directly on admission to the 
hospital or during the hospitalization, however for this 
study the AKI onset time (days) was not differentiated. 
The AKI was either identified on admission or through-
out the hospitalization.

All statistical analyses were conducted using the SAS 
software for Windows version 9.4 (Cary, North Carolina, 
USA). Descriptive statistics were presented as means and 
standard deviations for continuous variables if normally 
distributed, or median and corresponding first and third 
quartile for continuous variables if not normally dis-
tributed, or frequencies and proportions for categorical 
variables. Independent t-test were conducted to assess 
the difference between floor and ICU patients for each 
of the three AKI subgroups separately. Analysis of Vari-
ance tests were conducted to assess the difference of 
continuous variables among the subgroups. Chi-square 
tests were conducted to assess the association between 
categorical variables and the subgroups. All statistical 
analyses were two-sided. P-value < 0.05 was statistically 
significant.

Results
A total of 90 ICU and 173 Floor patients were included 
in the final analysis. The highest mortality is noted in the 
AKI subgroups in both the Floor and ICU cohorts. Fig-
ure 1 presented the detailed patient flow.

Fig. 1 Patient flow chart. AKI=acute kidney injury; ICU=intensive care unit
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The first analysis was conducted to assess the differ-
ence among the three AKI subgroups for the ICU group. 
Table 1 presents the analysis results. There was a statisti-
cal significance among the three subgroups on blood urea 
nitrogen (BUN, p = 0.0251) and creatinine (p = 0.0086). 
Though not statistically significant, the ICU-AKI sub-
group had the highest mortality rate (97.6%), followed by 
the ICU-Dialysis subgroup (89.5%).

The second analysis was conducted to assess the dif-
ference among the three AKI subgroups for the Floor 
group. Table 2 presents the analysis results. There was a 
statistical significance difference among the three AKI 
subgroups on mortality (p = 0.0008), age (p = 0.0286), 
BUN (p = 0.0036), creatinine (p = 0.0004) and ICU length 
of stay (LOS) (p = 0.0084). The Floor-AKI and Floor-Dial-
ysis subgroups have almost equal likelihood of mortality 
(98.5% and 97.5% for Floor-AKI and Floor-Dialysis sub-
groups, respectively). In this analysis, the Floor-Dialysis 
subgroup had the highest value in BUN and creatinine.

Discussion
This study examined the mortality and morbidity of 
critically ill patients infected with COVID-19. Our data 
revealed a statistically significant association between 
mortality and the presence of AKI. For the Floor patients, 
the mortality was nearly 25% higher in AKI and Dialysis 
subgroups, when compared to the No-AKI subgroup. 
For the ICU patients, though not statistically significant 
(p = 0.0889), the mortality among ICU patients was on 
average 11–19% higher in AKI and Dialysis subgroup 
than the No-AKI subgroup. The current findings were 
consistent with prior publications indicating a possible 
robust immunological response with effects beyond the 
respiratory tract in critically ill COVID-19 patients [11, 
17–19]. The mechanism of immunologically mediated 
multiorgan dysfunction appears to be a causative factor 
in the high incidence of AKI, along with higher mortal-
ity rate among COVID-19 patients [20]. Medeiros et al. 
reported that COVID-19 patients with AKI development 
have significantly higher serum concentration of growth 
factors, chemokines, proinflammatory and anti-inflam-
matory cytokines [21].

This study also noted an association between T2DM 
and all three subgroups amongst ICU patients. In 
the ICU patients, the prevalence of T2DM was lower 
amongst those with no AKI . Furthermore, the difference 
in prevalence of T2DM between AKI and No-AKI sub-
group was nearly 20%. This results is more noteworthy 
than the reported 8% difference by Gupta and colleagues 
[22]. Moreover, the current study noted increased mor-
tality rates in comparison to other published report [1, 
23]. These differences may be attributed to the unique 
patient population in this hospital with more than 75% of 
patients being Hispanic. Given the lower socioeconomic 

Table 1 Comparison of characteristics among the three AKI 
subgroups for ICU patients

ICU-No-AKI 
(n = 30)

ICU-AKI 
(n = 41)

ICU-Dialysis 
(n = 19)

P-
value

Ethnicity 0.4763
Caucasian 6 (20%) 9 (22%) 1 (5.3%)
African 
American

1 (3.3%) 3 (7.3%) 1 (5.3%)

Hispanic 23 (76.7%) 27 (65.9%) 17 (89.5%)
Other 0 (0%) 2 (4.9%) 0 (0%)
Hypertension 18 (60%) 22 (53.7%) 12 (63.2%) 0.7515
Obesity 18 (60%) 29 (70.7%) 11 (57.9%) 0.5164
T2DM 17 (56.7%) 31 (75.6%) 14 (73.7%) 0.2061
BMI 33.56 ± 10.48 35.35 ± 10.44 33.77 ± 8.56 0.7260
Age 59.37 ± 19.79 60.51 ± 14.77 59.37 ± 13.24 0.9467
A1c 7.65 ± 2.25 8.12 ± 2.44 8.23 ± 2.57 0.6922
Potassium 4.21 ± 0.73 4.43 ± 0.79 4.19 ± 0.81 0.3632
BUN 20.73 ± 10.61 29.71 ± 18.84 37.05 ± 32.8 0.0251
Creatinine 0.89 ± 0.24 1.53 ± 1.18 1.98 ± 2.02 0.0086
Glucose 227 (136, 296) 192 (151, 292) 163 (138, 413) 0.2848
Hospital LOS 
(days)

10.5 (2, 18) 12 (7, 18) 14 (6, 36) 0.3601

ICU LOS (days) 5 (2, 15) 11 (6, 18) 14 (6, 36) 0.1077
Mortality 25 (83.3%) 40 (97.6%) 17 (89.5%) 0.0889
AKI = acute kidney injury; ICU = intensive care unit; T2DM = Type 2 diabetes 
mellitus; BMI = body mass index; BUN = blood urea nitrogen; LOS = length of stay

Table 2 Comparison of characteristics among the three AKI 
subgroups for floor patients

Floor-No-
AKI (n = 27)

Floor-AKI 
(n = 66)

Floor-Dialy-
sis (n = 80)

P-
value

Ethnicity 0.6307
Caucasian 3 (11.1%) 9 (13.6%) 5 (6.3%)
African 
American

1 (3.7%) 4 (6.1%) 5 (6.3%)

Hispanic 22 (81.5%) 51 (77.3%) 63 (78.8%)
Other 1 (3.7%) 2 (3%) 7 (8.8%)
Hypertension 15 (55.6%) 31 (47%) 53 (66.3%) 0.0652
Obesity 11 (40.7%) 34 (51.5%) 49 (61.3%) 0.1523
T2DM 14 (51.9%) 37 (56.1%) 45 (56.3%) 0.9175
BMI 29.86 ± 8.88 32.93 ± 9.71 32.84 ± 7.95 0.2630
Age 65.37 ± 13.54 57.62 ± 12.05 60.25 ± 12.77 0.0286
A1c 7.4 ± 1.92 7.79 ± 2.09 7.88 ± 2.04 0.6449
Potassium 4.03 ± 0.66 4.2 ± 0.68 4.24 ± 0.68 0.3930
BUN 21.7 ± 10.42 21.7 ± 15.55 32.4 ± 25.96 0.0036
Creatinine 0.89 ± 0.26 1 ± 0.56 1.85 ± 2.03 0.0004
Glucose 134 (124, 237) 167 (120, 239) 153.5 (126.5, 

271)
0.8245

Hospital LOS 
(days)

13 (7, 24) 15 (10, 19) 18 (14, 24) 0.1717

ICU LOS (days) 9 (3, 20) 9 (5, 14) 13 (9, 19) 0.0084
Mortality 21 (77.8%) 65 (98.5%) 78 (97.5%) 0.0008
AKI = acute kidney injury; ICU = intensive care unit; T2DM = Type 2 diabetes 
mellitus; BMI = body mass index; BUN = blood urea nitrogen; LOS = length of stay
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status based on the US Census, there is concern for lower 
levels of literacy, vaccination rate, comorbidities, and 
other disparities that could have limited the patient pop-
ulation in completing preventative care measures. [24]

The current study also examined the prevalence of 
hypertension in the target population. There was no sta-
tistical significance in the prevalence of hypertension 
among the three AKI subgroup comparisons for ICU 
and Floor patients separately. This finding may seem 
paradoxical, as hypertension has been known as a risk 
factor for developing kidney disease [25]. Dylewska and 
colleagues reported that the role of hypertension in the 
development of AKI remains unclear as AKI is described 
as multifactorial, and largely dependent upon the etiol-
ogy [26]. Given the results in this study, hypertension 
and AKI association does not appear to be correlated but 
this result could be also limited by the number of patients 
in each group. Future studies are warranted to explore 
the association between hypertension and AKI among 
Covid-19 patients.

The generalizability of this study was subjected by sev-
eral limitations. First, as a retrospective study, the study 
depends on information retrieval from electronic health 
records system in one hospital. However, the research 
team made their utmost efforts to retrieve complete data 
from records. Secondly, the size of the patient cohorts 
may have been underestimated if AKI was not docu-
mented in progress notes during the hospitalization. 
Lastly, during the time period of this study, treatments 
for SARS-CoV-2 were developed and released as well as 
vaccines. Increasing vaccination rates in the second half 
of the study may have had an effect on the results.

Conclusion
This study noted higher mortality in the AKI and the 
Dialysis-dependent patients in comparison to the no-AKI 
subgroup. These results may be used to help improve the 
quality of care in patients developing AKI with SARS-
CoV-2 infection.
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