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Abstract

Purpose To develop and externally validate a multivariate prediction model for the prediction of acute kidney injury (AKI)
in COVID-19, based on baseline renal perfusion from contrast-enhanced CT together with clinical and laboratory parameters.
Methods In this retrospective IRB-approved study, we identified COVID-19 patients who had a standard-of-care contrast-
enhanced abdominal CT scan within 5 days of their COVID-19 diagnosis at our institution (training set; n =45, mean age
65 years, M/F 23/22) and at a second institution (validation set; n =41, mean age 61 years, M/F 22/19). The CT renal perfu-
sion parameter, cortex-to-aorta enhancement index (CAEI), was measured in both sets. A multivariate logistic regression
model for predicting AKI was constructed from the training set with stepwise feature selection with CAEI together with
demographical and baseline laboratory/clinical data used as input variables. Model performance in the training and valida-
tion set was evaluated with ROC analysis.

Results AKI developed in 16 patients (35.6%) of the training set and in 6 patients (14.6%) of the validation set. Baseline
CAEI was significantly lower in the patients that ultimately developed AKI (P=0.003). Logistic regression identified a
model combining baseline CAEI, blood urea nitrogen, and gender as most significant predictor of AKI. This model showed
excellent diagnostic performance for prediction of AKI in the training set (AUC=0.89, P <0.001) and good performance
in the validation set (AUC 0.78, P =0.030).

Conclusion Our results show diminished renal perfusion preceding AKI and a promising role of CAEI, combined with
laboratory and demographic markers, for prediction of AKI in COVID-19.
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Introduction

There is increasing evidence that acute kidney injury (AKI)
develops commonly in patients with COVID-19 [1], with
reported frequencies as high as 37% [2]. COVID-19 patients
developing AKI, in conjunction with respiratory symptoms,
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have a poor prognosis, with a reported 35% mortality [2].
The etiology of AKI in COVID-19 patients is not understood
[3, 4]. Possible causes of COVID-19-related AKI include
dehydration, hypoperfusion from myocardial dysfunction,
immune response dysregulation (cytokine storm), or direct
kidney endothelial damage by the SARS-CoV-2 virus [3].

Quantitative kidney imaging performed at baseline at the
time of admission may provide information on kidney func-
tional and structural characteristics that precede the devel-
opment of AKI, thereby aiding in further elucidation of the
mechanisms of AKI in COVID-19 as well as in potential
prediction of AKI. Ultrasound Doppler-based renal flow and
velocity measurements have previously shown promise in
terms of prediction of AKI in critically ill, non-COVID-19
patients [5, 6]. Recently, dynamic contrast-enhanced MRI
was identified as an early predictor of AKI in a mouse model
after administration of toxins [7].
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Despite the fact that AKI is a serious complication in
COVID-19, reports on the imaging characteristics of the
kidney in COVID-19 patients are limited [8, 9]. The goal of
our study was to assess the association of baseline kidney
contrast-enhanced CT, clinical and laboratory characteris-
tics with the development of AKI in COVID-19 infected
patients and to train and externally validate a multivariate
logistic regression model combining these characteristics
for predicting AKI.

Methods
Study design

This retrospective study was approved by the Institutional
Review Boards of both institutions. Using the institutional
COVID data repository of Weill Cornell Medicine [10], we
identified a training cohort of patients who matched the fol-
lowing inclusion criteria: subjects (1) that received a stand-
ard-of-care contrast-enhanced abdominal CT between March
9, 2020 and May 13, 2020; (2) had a positive COVID-19
reverse transcription polymerase chain reaction (RT-PCR)
test from a nasopharyngeal sample taken within 5 days from
the CT; and (3) were admitted to our hospital no longer than
5 days before or after the CT and (4) had laboratory and vital
data recorded within 2 days from the CT. Exclusion criteria
were as follows: (1) subjects with end-stage renal disease;
(2) history of chronic kidney disease; (3) prior renal trans-
plant; (4) fewer than 2 serum creatinine laboratory results
during their COVID-19 infection; and (5) sepsis at baseline
due to high prevalence of sepsis-induced AKI [11]. Demo-
graphics (age, sex, race) and kidney-related baseline clini-
cal (systolic and diastolic blood pressure) and laboratory
(blood urea nitrogen (BUN), potassium and creatinine) data
were retrieved from the repository. Body mass index (BMI)
and data on comorbidities (previous diagnosis of diabetes,
hypertension, heart failure, and coronary artery disease)
were also extracted. Intravenous fluid hydration therapy at
the time of the CT was also recorded. Estimated glomerular
filtration rate (eGFR) measurements were calculated using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [12]. The indications for the abdominal
CT scan, including symptoms of nausea, vomiting, and diar-
rhea which could lead to dehydration, were retrieved from
the reports and electronic medical record.

The external validation set consisted of a cohort of
COVID-19 patients matching the same eligibility criteria
at Columbia University Medical Center. The inclusion dates
of contrast-enhanced CT exams were between April 1, 2020
and April 30, 2020 for the validation set. For the validation
set, only variables that were identified as significant predic-
tors in the multivariate model built in the training set were
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recorded, as well as dynamic creatinine values in order to
establish the diagnosis of AKI.

AKI in both the training and validation set was defined
according to the Kidney Disease: Improving Global Out-
comes (KDIGO) criteria [13]. According to those criteria,
AKI is diagnosed when an increase in serum creatinine by
0.3 mg/dl is observed within 48 h or when serum creatinine
increases at least 1.5 times from its baseline value within
7 days.

CT acquisition

A routine single-phase contrast-enhanced CT of the abdo-
men and pelvis was performed in all subjects. Iohexol
(Omnipaque 300, GE Healthcare) was injected at a dose of
1.5 ml/kg (maximum 150 ml) at an injection rate of 3 ml/s,
followed by a 50 ml saline flush at the same injection rate.
The CT scan was performed on systems from the same ven-
dor (GE Healthcare; scanner type Optima CT660, Revolu-
tion EVO or Discovery CT750). CT images were acquired
at 70 s after injection. Tube voltage was 100-140 kVp and
images were reconstructed to a slice thickness of 2.5-5 mm.
None of the patients had baseline eGFR < 30 ml/min/1.73 m?
at the time of the CT exam, as this is a relative contraindica-
tion for injection of iodinated contrast material [14].

CT analysis

Oval-shaped single-slice regions of interest (ROIs) were
placed in the renal cortex of both kidneys at the mid-pole
and in the aorta above the renal bifurcation using the PACS
system. The sizes of the ROI in the cortex and aorta were
approximately 0.3 cm? and 0.9 cm?, respectively. The perfu-
sion parameter cortex-to-aorta enhancement index (CAEI)
was calculated by dividing the mean Hounsfield units (HU)
in the cortex by mean HU in the aorta, as described previ-
ously [15]. A mean CAEI for each patient was calculated by
averaging the cortex-to-aorta enhancement index values for
each kidney.

Statistical analysis

Univariate analysis (either Mann—Whitney U tests or chi-
squared tests based on type of variable) was performed to
evaluate differences in CAEI, laboratory, and clinical param-
eters between patients who developed AKI and those that
did not develop AKI in the training cohort. The correlation
between continuous variables was assessed using the Spear-
man analysis. Multivariate logistic regression analysis with
stepwise feature selection was performed to develop a pre-
diction model for AKI in the training set. Separate models
were built using all variables (demographical, vital, labora-
tory, and CT data) and using all variables except the CT
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data as input, in order to evaluate the potential additional
value of CT for the prediction of AKI. Model performance
was evaluated using ROC analysis and compared using like-
lihood ratio tests. The performance of the optimal model,
defined as the model reaching highest area-under-the-curve
(AUC) for AKI prediction in the training set, was evaluated
in the validation set using ROC analysis. Statistical analyses
were performed in MATLAB (version R2019b, MathWorks,
Natick, MA, USA) and SPSS (version 20, IBM, Armonk,
NY, USA). A two-sided p-value of 0.05 was considered
significant.

Results

Patient characteristics of training cohort
and validation cohort

Forty-five patients (M/F 22/13, average age 65 years) were
identified for the training cohort. In 23 (51%) of the patients,
the CT was indicated due to one or more GI symptoms
[abdominal pain, n=15 (33.3%), nausea, n=2 (4.4%), vom-
iting, n=28 (17.8%), diarrhea, n=2 (4.4%)]. Baseline eGFR
ranged from 30 to 127 ml/min/1.73 m?. Of the 45 included
patients, 16 (35.6%) developed AKI over the course of their
illness. For these 16 patients developing AKI, mean serum
creatinine rose from 1.15 to 1.92 mg/dl and mean eGFR
dropped from 59.6 to 34.6 ml/min/1.73 m?. Average time
between initial PCR COVID-19 diagnosis and peak serum
creatinine in the AKI patients was 9 days (range 1-41 days).

The external validation cohort consisted of 41 patients
(M/F 22/19, average age 61 years). In 28 of these patients
(68.3%), indication for the CT scan included GI symptoms
[abdominal pain, n=25 (61.0%); nausea, n=6 (14.6%),
vomiting, n=6 (14.6%), diarrhea, n=4 (9.8%)]. Baseline
eGFR in the validation set ranged between 30 and 163 ml/
min/1.73 m?. Six of the patients (14.6%) developed AKI.
In these six patients, mean serum creatinine increased from
1.05 to 2.58 mg/dl and mean eGFR decreased from 74.4 to
40.4 ml/min/1.73 m?. In this validation cohort, the average
time between COVID-19 diagnosis and peak serum creati-
nine in AKI patients was 4 days (range 2—9 days).

Fig. 1 Flowchart of patient
inclusion

Training set

Flowcharts of patient inclusion in the training and valida-
tion cohorts are shown in Fig. 1.

Differences in baseline characteristics in patients
that developed AKI

Table 1 shows characteristics of the training cohort by AKI
status. Baseline CT perfusion as measured by perfusion
parameter CAEI was significantly lower in the patients that
ultimately developed AKI (P=0.003; Fig. 2).

In terms of baseline kidney function laboratory meas-
urements, serum creatinine and BUN were significantly
higher in patients that developed AKI (P =0.022 and
P=0.003, respectively), while eGFR was significantly lower
(P=0.003). Baseline potassium was not significantly dif-
ferent between the groups (P =0.749). Both baseline sys-
tolic and diastolic blood pressure were significantly lower
in patients that developed AKI (P=0.012 and P=0.004,
respectively).

With respect to demographics, age was significantly
higher in the AKI group (P=0.027), while gender and
race were not significantly different between the AKI vs.
no AKI groups (P=0.175 and P=0.995, respectively).
BMI was also not significantly different between the groups
(P=0.742).

The presence of GI symptoms (nausea, vomiting, and
diarrhea) at time of the CT scan was also not significantly
different between the groups (P=0.175).

The majority of the patients (n =28, 62.2%) had one or
more comorbidities. Hypertension was the most prevalent
comorbidity (57.8% of all patients). However, the presence
of previous history of hypertension was not significantly
different between the patients that developed AKI vs. the
patients who did not (P =0.634). Previous diagnosis of
diabetes or coronary artery disease also did not affect the
development of AKI in our cohort (P=0.795 and P=0.427,
respectively). Five of the patients had previous diagnosis
of heart failure, and all these patients ultimately developed
AKI, leading to a highly significant difference in prevalence
of heart failure between the groups (P=0.001).

Twenty-one patients (46.7%) received intravenous fluids
at the time of the CT scan. The intravenous hydration status

Validation set

COVID-19 patients with abdominal CT and positive
COVID-19 test within 5 days (n=55)

COVID-19 patients with abdominal CT and positive
COVID-19 test within 5 days (n=49)

History of renal disease (n=7) L
No dynamic creatinine data available (n=3)

History of renal disease (n=2)
No dynamic creatinine data available (n=3)
Sepsis (n=3)

v
Final cohort (n=45)

A\ 4

Final cohort (n=41)
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Table 1 Demographical, clinical, and CT characteristics of the entire training cohort (n=45), patients in the training cohort who did not develop
AKI (n=29) and patients in the training cohort who developed AKI (n=16)

All (n=45) No AKI (n=29) AKI (n=16) P*
Age (years) 65 (24-97) 61 (24-97) 72 (44-97) 0.027
Gender 0.175
Male 23 (51%) 17 (58.6%) 6 (37.5%)
Female 22 (49%) 12 (41.4%) 10 (62.5%)
Race
Black 6 (13.3%) 4 (13.8%) 2 (12.5%) 0.995
White 7 (15.6%) 4 (13.8%) 3 (18.8%)
Asian 6 (13.3%) 4 (13.8%) 2 (12.5%)
Multiracial 14 (31.1%) 9 (31.0%) 5(31.3%)
Unknown 12 (26.7%) 8 (27.6%) 4(25.0%)
BMI (kg/m?) 25.6 (16.1-42.5) 25.5(16.1-42.5) 25.6 (16.6-40.4) 0.742
GI symptoms 23 (51.1%) 17 (58.6%) 6 (37.5%) 0.175
Comorbidities
Diabetes 13 (28.9%) 8 (27.6%) 5(31.3%) 0.795
Hypertension 26 (57.8%) 16 (55.2%) 10 (62.5%) 0.634
Heart failure 5(11.1%) 0 (0%) 5(31.3%) 0.001
Coronary artery disease 6 (13.3%) 3 (10.3%) 3 (18.8%) 0.427
None of the above 17 (37.8%) 12 (41.3%) 5(31.3%) 0.502
Kidney function
Baseline Serum creatinine (mg/dl) 0.98 (0.30-1.96) 0.89 (0.30-1.79) 1.15 (0.44-1.96) 0.022
Peak post CT creatinine (mg/dl) 1.31 (0.64-3.93) 0.97 (0.64-1.79) 1.92 (1.07-3.93) <0.001
Baseline BUN (mg/dl) 21.6 (5.0-112.0) 16.7 (5.0-39.0) 304 (11.0-112.0) 0.003
Baseline BUN/creatinine 22.7 (8.3-57.2) 19.9 (8.3-50.0) 27.6 (10-57.1) 0.112
Baseline potassium (mEq/1) 4.1 (3.0-5.7) 4.1 (3.0-5.7) 4.1 (3.0-5.2) 0.749
Baseline eGFR (ml/min/1.73 m?) 76.6 (30.1-127.0) 86.0 (42.0-127.0) 59.6 (30.1-102.6) 0.003
Lowest post CT eGFR (ml/min/1.73 m?) 64.2 (10.0-122.6) 80.5 (37.0-122.6) 34.6 (10.0-61.9) <0.001
Vital signs
Baseline systolic blood pressure (mmHg) 132 (97-196) 136 (111-187) 123 (97-196) 0.012
Baseline diastolic blood pressure (mmHg) 81 (55-131) 84 (66-105) 75 (55-131) 0.004
IV fluid hydration at time of CT 21 (47%) 13 (45%) 8 (50%) 0.739
CT perfusion
CAEI (%) 101 (64-141) 107 (76-141) 89 (64-140) 0.003

Note Data are presented as number (percentage) for categorical variables and as mean (range) for continuous variables

#The p-values result from comparison between the no AKI vs. AKI cohort using chi-squared tests for categorical variables and Mann-Whitney

U tests for continuous variables

AKI acute kidney injury, BMI body mass index, BUN blood urea nitrogen, CAEI cortex-to-aorta enhancement index, eGFR estimated glomerular

filtration rate, GI gastrointestinal

at time of the CT did however not significantly affect the
development of AKI (P=0.739).

Figure 3 shows the correlation matrix between continu-
ous demographical, clinical and CT parameters. Most of
the correlations were weak to moderate (absolute r < 0.6),
indicating complementary value of the assessed variables,
except for a strong negative correlation between eGFR
and creatinine (r=-0.837, P <0.001) and a strong positive
correlation between diastolic and systolic blood pressure
(r=0.634, P <0.001).

@ Springer

Prediction of AKIl in training cohort

A logistic regression model combining the CT parameter
CAEI, baseline BUN, and gender was found to be the most
predictive for AKI (p-value of model <0.001).
logit(prediction) = - 1.53 + 0.063 x CAEI + 0.13

X BUN + 2.3 X gender,

in which gender is a binary variable (1 for females and 0
for males). Standardized odds ratios of the model variables
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Fig.2 Baseline contrast-enhanced CT image of (left) a 54-year old
male COVID-19 patient who did not develop AKI and (right) an
89-year old male COVID-19 patient who developed AKI. ROIs in
the renal cortex are shown in blue. ROIs in the aorta were drawn at
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Fig.3 Matrix of Spearman correlation coefficients between demo-
graphical, clinical, and CT parameters in the training cohort

Table 2 Standardized odds ratios of the variables in the prediction
model for AKI

Variable Standardized odds 95% CI P
ratio

CAEI 0.258 (0.08-0.84) 0.024

BUN 8.051 (1.3-48.9) 0.023

Gender 3.191 (1.16-8.79) 0.025

BUN blood urea nitrogen, CAEI cortex-to-aorta enhancement index,
CI confidence interval

are given in Table 2. An AUC of 0.89 (95% CI 0.78-1;
P <0.001) was observed for prediction of AKI in the training

the level of the renal bifurcation, and are thus not displayed in these
images. The relative enhancement in the cortex of the kidneys of the
patient that developed AKI was lower than in the patient that did not
develop AKI (CAEI 0.75 vs. 1.01), indicative of reduced blood flow

cohort using this model, with sensitivity and specificity of
87.5% and 82.8%, respectively.

CAEI alone showed an AUC of 0.77 (95% C10.61-0.92)
for prediction of AKI, with sensitivity and specificity of
72.4% and 75.0%, respectively.

Modeling excluding CAEI as an input parameter yielded
a significant model using a combination of BUN and gender:

logit(prediction) = - 4.6 + 0.14 X BUN + 1.9 X gender.

For this model, an AUC of 0.83 (95% CI 0.69-.97) was
found, with sensitivity of 79.3% and specificity of 75%.

Likelihood ratio tests indicated that the model combin-
ing CAEI BUN, and gender significantly outperformed the
model combining BUN and gender (P=0.008) and the use
of CAEI only (P <0.001), and was thus selected as optimal
model for prediction of AKI.

External validation of AKI prediction model

The trained model for AKI prediction showed good diag-
nostic performance for prediction of AKI in the validation
cohort with an AUC of 0.78 (95% CI 0.64-0.92; P=0.030)
and sensitivity and specificity of 83.3% and 77.1%,
respectively.

Discussion

The ratio of renal cortical signal intensity to aorta signal
intensity on contrast-enhanced CT is an indicator of renal
perfusion known as the cortex-to-aorta enhancement index
(CAEI). We found that CAEI at the time of COVID-19 diag-
nosis was significantly reduced in patients who ultimately
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developed AKI. We also observed that a prediction model
combining the CAEI feature with BUN and patient gender
achieved a high AUC of 0.89 for predicting AKI in the train-
ing cohort. The model also showed good performance in an
external validation cohort with AUC =0.78. Our study thus
demonstrates the potential role of imaging perfusion meas-
urements for risk assessment of AKI in patients admitted
with COVID-19 and suggests that reduced renal perfusion
in COVID-19 precedes full-fledged AKI. While a large-
scale study has identified risk factors of AKI in COVID-19
[16], our study adds imaging for prediction of this serious
complication.

CAEI is a quantitative parameter reflecting microcircu-
lation in the cortex [15]. Therefore, the reduction in CAEI
is most likely related to a reduction in cortical blood flow,
which may be due to systemic reasons including reduced
cardiac output. This hypothesis is further supported by the
lower baseline systolic and diastolic blood pressures in
patients that developed AKI. We also found that patients
with heart failure had significantly increased risk of devel-
opment of AKI, although AKI also developed in patients
without previous diagnosis of heart failure or other comor-
bidities. The risk factors identified in our study differed from
a previous study that identified CKD, elevated serum potas-
sium, and male gender as risk factors for AKI in COVID-19
[16]. The discrepancy in results is most likely related to the
fact that we excluded patients with CKD from our study, in
order to evaluate possible risk factors of COVID-19-related
AKI in a cohort of patients without any history of kidney-
related issues. Patients with CKD often have hyperkalemia
[17], which may explain the identification of serum potas-
sium as risk factor in the previous study. We did not see any
significant effects of gender on the prevalence of AKI, which
may be related to the small sample size in our study. Further
studies in larger cohorts of patients are needed to evalu-
ate the influence of gender in the development of AKI in
COVID-19, while controlling for other gender-related covar-
iates such as the prevalence of several comorbidities, includ-
ing heart failure, hypertension, coronary artery disease and
diabetes, which have all shown to be gender-dependent [18].

The reduced renal blood flow and blood pressure
observed in our AKI cohort may also be caused by dehy-
dration as reflected by the prognostic value of BUN [19].
The prolonged fever and gastrointestinal symptoms that
many COVID-19 infected patients experience could lead to
significant dehydration, leading to pre-renal AKI [20]. As
many of the patients received the abdominal CT because
of abdominal pain, dehydration may have played an impor-
tant role in the development of AKI in our patient cohort.
Nevertheless, the presence of GI symptoms at the time of
the CT scan was not significantly different in patients that
ultimately developed AKI in our study. In addition, while
almost half of the patients received intravenous fluids at
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the time of the CT scan, the hydration therapy status at
time of CT did not predict AKI in our cohort. Further
studies are thus needed to evaluate the potential role of
dehydration on AKI in COVID-19.

The logistic regression modeling identified the com-
bination of CAEI along with gender and BUN as optimal
predictor for AKI. CAEI and BUN reflect measures of kid-
ney perfusion and function, respectively. The addition of
gender to the model could be due to a previous observation
that the CAEI parameter is associated with gender [15]
and adding gender to the model may correct for this effect.
Interestingly, eGFR was not selected as optimal predic-
tor in the multivariate modeling, suggesting that CAEI is
more predictive than eGFR for AKI. While CAEI reflects
flow, eGFR is a composite measurement of renal blood
flow and filtration fraction [19]. In early phases of stress
to the kidney, the kidneys may compensate to the reduced
blood flow by increasing the filtration fraction [19]. A
renal blood flow parameter, such as CAEI, may thus be an
earlier predictor of renal stress compared to eGFR. This
corresponds to previous observations in a mouse model
exposed to toxins, in which DCE-MRI enhancement
parameters were found to change earlier as a result from
the kidney injury compared to laboratory kidney function
measurements [7].

The good performance in the external validation cohort
indicates generalizability of this AKI prediction model.
An interesting observation was a lower incidence of AKI
development in the validation cohort vs. the training cohort
(14.6% vs. 35.6%). The frequency of AKI in the training
set was similar to a large-scale analysis of AKI, in which
a frequency of 36.6% was reported [2]. A meta-analysis of
AKI in COVID-19 has shown that the reported incidence of
AKI in COVID-19 varies widely [21]. Further studies are
needed to evaluate whether the differences in reported AKI
frequencies are attributable to purely statistical or inclusion
criteria variation, or due to other factors such as differences
in patient populations served by different hospitals or differ-
ences in patient management routines.

The prediction of AKI using baseline characteristics may
have substantial clinical utility. Although further research
is needed on the management of AKI in COVID-19, guide-
lines for monitoring of development AKI in critically ill
patients include regular monitoring of serum creatinine and
urine output [22]. In addition, hemodynamic monitoring
can be applied, as hypotension and reduced cardiac output
reduce renal perfusion and may result in AKI. More frequent
monitoring could possibly be employed for those patients at
risk of AKI based on their baseline characteristics. In addi-
tion, the fluid status of those patients needs be adequately
monitored, and fluid replacement should be applied where
necessary.
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Contrast-enhanced abdominal CT, with its cost and
radiation exposure, may not be the method of choice for
screening COVID-19 patients for risk of AKI. Further-
more, injection of CT-iodinated contrast in patients with
compromised renal function is controversial, although
recent analyses in large cohorts of patients have shown
negligible risk of AKI after contrast-enhanced CT [23,
24]. Nevertheless, the CAEI measurements may be
employed in patients that already have a clinical indica-
tion for contrast-enhanced abdominal CT. Non-contrast
imaging methods for renal blood flow measurements could
potentially also be utilized. In particular, the MRI arterial
spin labeling (ASL) method is promising for quantitative
measurements of renal perfusion without contrast injec-
tion [25].

Our study had several limitations. First, the sample
size of both the training and validation sets was small,
since contrast-enhanced abdominal CT is not routinely
performed in COVID-19 patients. Second, due to the
retrospective design, the CT acquisition was performed
on different systems. However, the CAEI measurements
reflecting the ratio between cortex and aorta attenuation
values may partially mitigate effects of differences in
acquisition parameters on absolute HU in CT. Lastly, also
due to the retrospective design, analysis was based on a
standard-of-care clinical single-phase CT scan. The CAEI
parameter is strongly dependent on the phase of the acqui-
sition, because of different contrast dynamics in the cortex
and aorta. In our study, the imaging was performed at a
fixed time post injection, allowing for consistent analysis
across our cohort. Nevertheless, for translatability of the
technique, dynamic contrast-enhanced CT or MR analysis
allowing for quantitative renal blood flow estimation may
provide more robust measurements of renal perfusion [26].

In conclusion, our study demonstrates that simple CAEI
measurements from contrast-enhanced CT at baseline are
significantly lower in COVID-19 patients that ultimately
develop AKI indicating that reduced renal perfusion pre-
cedes the diagnosis of AKI. In addition, a model of CAEI,
in conjunction with BUN and gender, showed good diag-
nostic performance for prediction of AKI in COVID-19,
both in the training and in the validation set. Our results
thus indicate a promising role of quantitative imaging of
renal perfusion, combined with laboratory and demo-
graphic markers, for prediction of AKI in COVID-19
patients.
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