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Abstract

Background: Kidney disease and renal failure are associated with hospital deaths in patients with COVID — 19. We
aimed to test if contrast enhancement affects short-term renal function in hospitalized COVID — 19 patients.

Methods: Plasma creatinine (P-creatinine) was measured on the day of computed tomography (CT) and 24 h, 48 h,
and 4-10 days after CT. Contrast-enhanced (n = 142) and unenhanced (n = 24) groups were subdivided, based on
estimated glomerular filtration rates (eGFR), > 60 and < 60 ml/min/1.73 m?. Contrast-induced acute renal failure (Cl-
AKI) was defined as 227 umol/L increase or a > 50% rise in P-creatinine from CT or initiation of renal replacement
therapy during follow-up. Patients with renal replacement therapy were studied separately. We evaluated factors
associated with a > 50% rise in P-creatinine at 48 h and at 4-10 days after contrast-enhanced CT.

Results: Median P-creatinine at 24-48 h and days 4-10 post-CT in patients with eGFR> 60 and eGFR=30-60 in
contrast-enhanced and unenhanced groups did not differ from basal values. CI-AKI was observed at 48 h and at 4-
10 days post contrast administration in 24 and 36% (n =5/14) of patients with eGFR=230-60. Corresponding figures
in the eGFR> 60 contrast-enhanced CT group were 5 and 5% respectively, (p < 0.037 and p < 0.001, Pearson x° test).
In the former group, four of the five patients died within 30 days. Odds ratio analysis showed that an eGFR=230-60
and 30-day mortality were associated with CK-AKI both at 48 h and 4-10 days after contrast-enhanced CT.
Conclusion: Patients with COVID — 19 and eGFR230-60 had a high frequency of CK-AKI at 48 h and at 4-10 days
after contrast administration, which was associated with increased 30-day mortality. For patients with eGFR=30-60,
we recommend strict indications are practiced for contrast-enhanced CT. Contrast-enhanced CT had a modest
effect in patients with eGFR> 60.
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Introduction

Iodine-based contrast agents for intravascular use may
have a negative effect on kidney function, particularly in
previously compromised kidneys [1]. Contrast-induced
acute kidney injury (CI-AKI) has been defined as an in-
crease in plasma (P)-creatinine measured 2—-3 days after
computed tomography (CT) [2]. CI-AKI is defined as an
increase in P-creatinine =27 pmol/L or >50% rise in P-
creatinine above the value on the day of CT [2]. A previ-
ous definition used a P-creatinine increase of 44 pmol/L
or above as diagnostic [3]. A recent guideline recom-
mends a lower limit [2]. Patient related factors are
known to affect the risk; most importantly kidney func-
tion, which is usually expressed as, estimated glomerular
filtration rate (eGFR). A value <60 ml/min/1.73m? has
been used to define a somewhat higher risk. eGFR <30
ml/min/1.73 m” indicates severe renal failure and is con-
sidered a risk factor for CI-AKI [1, 2]. The incidence of
CI-AKI was shown to range from 0 to 24%, with the
highest risk in diabetic nephropathy [4]. Other back-
ground factors of importance are kidney surgery, pro-
teinuria and hypertension [2]. It is also well known that
severity of present disease increases the risk substantially
[5].

Kidney disease and renal failure were associated with
hospital death in COVID-19 [4]. Thromboembolic dis-
eases, including pulmonary embolism (PE), are seen with
a high frequency in COVID-19 [6, 7]. The primary
method for confirming pulmonary embolism is CT angi-
ography [8]. Suspected PE was the dominating indication
for CT angiography in our study. These observations
raised the question of whether patients with COVID-19
might be more susceptible to the harmful effects of io-
dinated contrast material [9]. This possibility could in-
fluence risk assessments whether a CT angiogram is
performed in COVID-19. We hypothesized that, in pa-
tients with COVID-19 stratified according to eGEFR, the
administration of contrast agent in patients with a mod-
erate renal impairment (eGFR<60 ml/min/1.73 m?)
would increase P-creatinine and reduce eGFR to a
greater extent than an unenhanced CT.

Methods

This retrospective study was approved by the Swedish
Ethical Review authority, (Dnr 2020-01882), and in-
formed consent was waived. From March 19 to May 31,
2020, we included all patients with a PCR test positive
for SARS-CoV-2 that were referred to thoracic or ab-
dominal CT at our hospital.

Measurements

We collected P- creatinine measured on the day of be-
fore CT and 24 h, 48 h, and 4-10days after CT, when
available. The collection of P-creatinine values at days
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4-10, a little longer interval than normal [2] was per-
formed as a way to study if P-creatinine reacted differ-
ently in this patient group after contrast injection but
also as a double-follow-up. P-creatinine (anticoagulated
with Li-heparin) was analyzed with an enzymatic photo-
metric method (Cobas®, Roche Diagnostics, GmbH,
Mannheim, Germany). The reference values were <
100 pmol/L for men and < 90 pmol/L for women. Pre-
COVID -19 levels of P-creatinine were retrieved from
patient records up to 2 vyears before the current
hospitalization. These values were collected in order to
compare renal function before COVID-19 as this might
affect outcome.

eGFR was calculated according to the chronic kidney
disease epidemiology collaboration (CKD-EPI) formula
[2]. An eGFR 290 ml/min/1.73 m? was taken as normal,
eGFR values 30-60 indicated moderate reduced renal
function and values below 30 indicated severe renal fail-
ure [2]. CI-AKI was defined as an increase in P-
creatinine >27 umol/L or >50% rise in P-creatinine
above the value on the day of CT [2].

CT was performed with a 256-slice multi-detector
Revolution CT (GE Healthcare, Wauwatosa, Wisconsin,
USA). Of the 142 patients receiving contrast administra-
tion at CT in our study, 115 subjects were investigated
with CT angiography of the chest for suspected PE. Ac-
cording to standardized protocol the legitimate total
contrast injection was 50 ml, which was slightly higher
(70 ml) in adipose patients (>80kg). Nevertheless the
standard contrast dose received at CT was 60 ml. The
contrast agent (Omnipaque 350 mg/ml, Iohexol, GE
Healthcare, Wauwatosa, Wisconsin, USA) was injected
at a flow rate of 5 ml/s. Remaining patients (n = 27) per-
formed CT angiography and CT of the abdomen in ven-
ous phase with personalized and higher contrast doses.

We collected data on patient age, sex, weight, height,
body mass index (BMI), anti-thrombotic treatment, co-
morbidities, C-reactive protein (CRP; reference value <
5.0 mg/l) measured at the time of the CT scan, contrast
dose, intensive care unit (ICU) stay and 30-day mortal-
ity. CRP was determined with an immuno-turbidimetric
analysis (Cobas®, Roche Diagnostics, GmbH, Mannheim,
Germany).

Study groups
The patient selection process is shown in Fig. 1. During
the study period, 166 patients met the inclusion criteria.
Among these, seven patients were included twice, be-
cause they underwent CT scans with and without
contrast-enhancement. No patient underwent a repeated
contrast-enhanced or unenhanced CT scan.

Patients were divided into subgroups depending on
renal function. The subgroups were defined as an eGFR
> 60 ml/min/1.73 m?> (eGFR>60) or an eGFR <60 ml/
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Fig. 1 Flowchart shows the patient selection process. CT: computed tomography; eGFR: estimated glomerular filtration rate

min/1.73 m* (eGFR<60). Patients on renal replacement
therapy at CT (n = 20) were analyzed separately.

Statistics

Anthropometric and laboratory data are presented as
median and interquartile range (IQR, Table 1). Student
t-test, analysis of variance (ANOVA), post-hoc Fischer’s
test, and Pearson’s chi-squared (y°)— test were used for
comparisons of categorical variables. Logistic regression
analyses were used to calculate the odds ratio (OR) and
95% confidence interval (CI) (Table 2). Odds ratios for
a>50% rise in P-creatinine at 48h and at 4-10days
after contrast-enhanced CT for variables of interest are
presented in Table 2. Median values of certain parame-
ters (P-creatinine at CT, dose agent/ weight and age) for
the whole cohort were labeled as cut—off values for odds
ratio calculation. A P-value < 0.05 was considered signifi-
cant. All statistical analyses were performed with Statis-
tical Stat Soft, version 10.

Results
Patients with eGFR > 60 ml/min/1.73 m? without existing
renal replacement therapy examined with contrast-
enhancement
Median P-creatinine at of the first CT scan was
61 pmol/L (IQR 48-76) in the contrast-enhanced CT
group (110 patients), while in the unenhanced CT group
(8 patients) it was 65 (45—-80) umol/L (p = ns, Table 1a).
At 48 h median (IQR) P-creatinine was 62 umol/L (50—
73) in the contrast-enhanced group vs 69 umol/L (54—
74) in the unenhanced group (ns, analysis of variances,
(ANOVA), Fischer’s post hoc test, Table 1a). Corre-
sponding figures at 4—10 days were 62 umol/L (48-75)
vs 64 umol/L (53-79) (p = ns, Table 1a). However, in the
contrast-enhanced CT group at 48 h, five of 97 patients
studied and at 4-10days, four of 78 patients studied
showed an increase in P-creatinine above definition for
CI-AKI (Table 1a, Fig. 2a).

At 48 h, the P-creatinine in three out of four of these
patients was already above definition for CI-AKI. Two of
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Table 1 Demographics, laboratory data, and outcome in patients with COVID-19, grouped by eGFR > 60 or < 60 ml/min x 1.73 m?
with or without contrast-enhanced CT

(a) Patients without RRT at CT

Demographics
Men/women nr subjects)
Age (years)

Weight (kg)
BMI (kg/m?)
Thromboembolic treatment

24 h before CT exam (%)(n = no/
yes), n=144

Co-morbidities

Renal disease
n=144

Hypertension
n=141

Heart failure
n=144

Type 2 diabetes
n=143

Laboratory data
P-creatinine at CT, n =146

P-creatinine 24 h after CT exam,
n=127

P-creatinine 48 h after CT exam,
n=128

P-creatinine 4-10 days after CT
exam, n= 110

P-creatinine rise > 26.5 umol/L
or >50% 48 h after CT exam
n=128

P-creatinine rise > 50% at days
4-10 after CT exam and/or RRT
initiated, n =110

CRP at CT scan (mg/L), n=126

Total contrast dose (ml), n= 111
Contrast dose (ml/kg), n=98
Outcome data

ICU support at CT exam n = 144
30-day mortality n = 146

(b) Patients without RRT at CT and
eGFR=30-60 CE

Demographics
Age
Weight

1. eGFR230-60 contrast-
enhaned CT
(n=17)

14/3

65 (61-76)
75 (72-87)
25 (23-30)

76 (n=4/n=13)

25 (4/12)

60 (9/6)

13 (2/14)

24 (4/12)

130 (121-153)

130 (118-186)

130 (111-192)

129 (77-197) (n = 14)

24 (n=3/n=14)
36 (n=5/n=9)
186 (71-292)

60 (50-100) (n= 15)
0.80 (0.69-1.22)

56 (n=9/n=17)

53(n=9/n=18)

1. P-creatinine rise >50% at 4—
10 days after CT exam and/or
RRT initiated (n = 5)

68 (65-76)
72 (64-75)

2. eGFR> 60
contrast-enhaned CT
(n=110)

77/33

58 (49-64)
80 (72-93)
28 (24-31)

76 (n=26/ n=284)

0 (0/109)

36 (38/68)

5 (5/104)

20 (22/86)

61 (48-76)

61 (49-74)

62 (50-73)

62 (48-75) (n=78)

5(n=5/n=92)

5(n=4/n=75)

71 (26-163)

60 (60-70) (n = 96)
0.76 (0.65-0.94)

23 (n=25/n=84)

11 (n=12/n=98)

2. P-creatinine rise <

50% at 4-10 days after

CT exam (n=9)

64 (54-70)
76 (79-86)

3. eGFR<60
unenhanced
cT

n=11

7/4

59 (51-68)
74 (61-87)
25 (21-29)

89 (n=1/
n=28)

55 (6/5)

64 (7/4)

18 (2/9)

18 (2/9)

163 (132-
201)

136 (105-
151)

123 (112-
159)

85 (70-124)
(n=9)

20 (n=2/
n=28)

0(h=9)

186 (74-257)

n.a.

n.a.

18 (n=2/
n=9)

18 (n=2/
n=9)

p-value*

0.55
0.21

4. eGFR> 60
unenhanced

a)
(n=28)

6/2

64 (50-70)
79 (64-90)
25 (21-27)

88 (n=1/
n=7)

13 (1/7)

13 (1/7)

13.(1/7)

25 (2/6)

65 (45-80)

63 (43-89)

69 (54-74)

64 (53-79)
(n=9)

96 (42-197)

n.a.

n.a.

0(h=0/n=
8)

13(h=1/
n=7)

*

p-value

0.65
0.029
0.53
0.19

0.75

<0.001

0.037

0.24

0.96

Tvs 3<0.001/2vs 3

p <0.001/2 vs 4 0.85/3
vs 4 p <0001

1vs3097/2vs 4097

1vs 3046/ 2vs 4ns
0.95
1vs 30.09/2vs 4059

0.037 t

<0001

0.005, 1vs 2 p<0.01, 1
vs 4 p <005

0.96
0.58

<001t

<0001
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Table 1 Demographics, laboratory data, and outcome in patients with COVID-19, grouped by eGFR > 60 or < 60 ml/min x 1.73 m?
with or without contrast-enhanced CT (Continued)

Laboratory data

Pre-Covid P-creatinine 97 (82-106) 97 (77-114) 0.95
P-creatinine at CT 129 (124-130) 143 (118-155) 049
P-creatinine at 24 h 143 (126-196) 123 (116-139) 0.31
P-creatinine at 48 h 163 (138-196) 108 (103-126) 0.13
P-creatinine at 4-10 days 207 (197-237) 88 (68-118) <0.001
CRP in mg/L 295 (274-331) 136 (59-221) 0.06
Outcome data
30-day mortality 80 (4/1) 33 (3/6) 0.09
(c) Patients with existing RRT at 1. Contrast-enhaned CT and 3. Unenhanced CT p-value*
contrast-enhanced CT vs. the entire  RRT (n= 24, including 19
unenhanced CT group (n=15) without and 5 with
RRT)
Demographics
Men/women (nr of subjects) 13/2 18/6 037
Age (years) 59 (55-64) 62 (48-67) 0.65
Weight (kg) 85 (70-100) 76 (68-90) 0.16
BMI (kg/mz) 28 (24-32) 25 (23-27) 0.08
Thromboembolic treatment 87 (n=2/n=13) 86 (n=3/n=19) 0.98
24 h before CT exam (%)(n = no/
yes), n=37
Co-morbidities
Renal disease 7 (1/14) 30 (7/17) 0.08
Hypertension 36 (5/9) 43 (10/13) 0.64
Heart failure 0 (0/15) 13 (3/20) 0.14
Type 2 diabetes 13 (2/13) 26 (6/17) 035
Laboratory data
P-creatinine, n= 39 161 (130-232) 129 (80-187) 0.68
P-creatinine 24 h after CT exam, 151 (132-219) 108 (86-151) 047
n=34
P-creatinine 48 h after CT exam, 127 (105-175) 117(74-159) 0.69
n=33
P-creatinine 4-10 days after CT 188 (67-358) (n=14) 82 (62-131) (n=21) 012
exam, n= 33
P-creatinine rise 26.5 umol/L or> 29 (n=4/n=10) 11 (n=2/17) 018 1
50% 48 h after CT exam, n=33
P-creatinine rise > 50% at days 36 (n=5/n=9) 5 (n=1/20) 0017
4-10 after CT (%), n = 33
CRP at CT scan (mg/L) 101 (54-190) 127 (74-204) 0.70
Total contrast dose (ml), n= 14 110 (60-129) na.
Contrast dose (ml/kg), n= 11 1.10 (0.69-1.43) na.
Outcome data
ICU support at CT exam, n = 39 100 (h=15/n=0) 25(n=6/n=18) <0007 t
30-day mortality, n = 39 40 (n=6/n=9) 21 (n=5/n=19) 020t

Values are presented as the median (interquartile range). Comorbidities, and outcome data are expressed as %, (affected subjects / total subjects in each group).
Statistics are based on: *analysis of variance (ANOVA) with post-hoc Fisher’s test, or t-test, or *Pearson X 2 test.

BMI body mass index, CRP C-reactive protein, CT computed tomography, eGFR estimated glomerular filtration rate (ml/min/1.73 m?), ICU intensive care unit, n
number of subjects, n.a. not applicable, non-CE CT without CE, P-creatinine plasma creatinine in umol/L, RRT renal replacement therapy
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Table 2 Linear regression analysis of variables associated with a > 50% rise in P-creatinine at 48 h or 4-10 days after contrast-

enhanced CT

Variable® Nr subjects at 48h / Above or P-creatinine rise p- P-creatinine rise 26.5 pmol/L or > p-
Nr subjects at 4-10  below 26.5 pmol/L or > 50% at value 50% and/or RRT initiation at 4-10 value
days after CT median 48 h after CT, OR (95% Cl) days after CT, OR (95% Cl)

value

Male sex 114/93 12 (0.2-6) 086 3.0 (0.3-26) 025

Age (years) 114/102 >59 2.2 (0.5-94) 027 4.7 (09-24) 0.042

Thromboembolic 114/93 0.59 (0.1-2.6) 049 095 (0.2-5) 0.96

treatment

Renal disease 112/91 4.2 (0.4-46) 029 6.8 (0.5-90) 0.19

Type 2 diabetes 111/90 33 (0.8-14) 0.11 0.8 (0.1-7) 0.80

P-creatinine (umol/L) ~ 114/93 >67 1.7 (04-6.7) 046 24 (06-11) 0.22

at CT

CRP at CT scan (mg/L) 113/92 >93 3.8 (0.7-19) 008 638 (0.8-60) 0.039

Dose/weight (ml/kg) ~ 89/70 >0.78 068 (0.14-3.3) 063 09(02-39 0.86

eGFR=30-60 and 114/93 5.7 (1.3-24) 0.018 104 (2.3-47) 0.002

contrast-enhanced CT

ICU care 113/92 2.0 (0.5-8) 034 57 (1.2-27) 0.023

30-day mortality 114/93 12 (2.7-54) < 16 (3-79) <

0.001 0.001
Renal replacement 128/106 47 (1.2-18) 0037 52 (14-19) 0.017

therapy at CT?

@ Patients performing contrast-enhanced CT, excluding subjects on renal replacement therapy.

® Including patients on renal replacement therapy.

CI confidence interval, CRP C-reactive protein, CT computed tomography, eGFR estimated glomerular filtration rate (ml/min x 1.73 m?), h hours, ICU intensive care
unit, OR odds ratio, Nr Number, P-creatinine plasma creatinine, RRT renal replacement therapy

these patients had renal replacement therapy on day 7.
In three of the four patients with a >50% increase in P-
creatinine after 4-10days, the median (IQR) pre-
COVID-19 P-creatinine level was 83 umol/L (65-104).

Six patients died before the 4—10-day follow-up. Of
these patients, one had a 200% rise in P-creatinine at 48
h, not seen in the other five patients.

Patients with eGFR >30-60 ml/min/1.73 m* without
existing renal replacement therapy examined with
contrast-enhancement

In the contrast-enhanced CT group the median (IQR) P-
creatinine was 130 pmol/L (121-153) (n =17 patients;
Table 1a). This value remained unchanged at 24—48h,
and at 4-10days after contrast agent exposure for the
whole group (Table 1a). However, at 48 h, the incidence
of a P-creatinine rise above definition for CI-AKI was
observed in 24% vs 5% in the contrast-enhanced CT
eGFR> 60 group (p = 0.037, Pearsons x° test, Table 1a).
Five out of 14 patients that remained at follow-up days
4-10 showed a>50% P-creatinine increase, including
the initiation of renal replacement therapy in two cases
(Fig. 2a, Table 1a). This incidence was higher than the
figures observed in the contrast-enhanced CT eGFR> 60
group (36% vs 5%, p <0.001, Table 1a) and also com-
pared with the eGFR< 60 group not receiving contrast
agent (36% vs 0%, p =0.043, Pearsons x° -test). These

five patients had initial P-creatinine values of 121, 124,
129, 130, and 182 pmol/L (Fig. 2a), and median (IQR)
pre-COVID P-creatinine of 97 umol/L (82-106). Three
of these patients had a pre-COVID eGFR < 60 ml/min/
1.73m?% These five patients did not seem to differ in
pre-COVID P-creatinine compared with other patients
in the contrast-enhanced CT >30-60 group (Table 1b).
Four of these five patients died within 30 days of the
contrast-enhanced CT (Fig. 2b) and in total, 30-day
mortality was 53% in the whole group. Two of these pa-
tients died before follow up at 4—10 days. Of the two pa-
tients that died before follow-up, one showed a rise in P-
creatinine above definition for CI-AKI at 24 h.

A higher pre-COVID-19 prevalence of renal disease
and hypertension was seen in the eGFR>30-60 contrast-
enhanced CT group compared with the eGFR>60
contrast-enhanced CT group (Table 1a). None of
contrast-enhanced CT patients with eGFR <60 had an
eGFR< 30 ml/min/1.73 m”.

Patients with eGFR <60 ml/min/1.73 m? without existing
renal replacement therapy examined without contrast-
enhancement

In the unenhanced CT group, among the 11 patients
with eGFR<60, the initial median (IQR) P-creatinine
level was 163 umol/L (132-201), which was significantly
higher than the levels observed in the other groups
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(Table 1a). In this group, the median P-creatinine level
fell progressively during follow-up (Table 1a). At 4-10
days after CT, none of nine patients showed a 50% in-
crease in P-creatinine. 30-day mortality was 18% com-
pared with 53% in the eGFR >30-60 contrast-enhanced
CT group (p=0.07, Pearsons y° - test). Two of unen-
hanced CT patients with eGFR <60 had an eGFR< 30
ml/min x 1.73 m>.

In the unenhanced CT group, no patient received
renal replacement therapy after CT during the study
period.

Patients with existing renal replacement therapy
examined with contrast enhancement
This group (n=15) received higher doses of contrast
agent than patients not taking renal replacement therapy
(median doses (IQR): 110 ml (60—129) vs. 60 ml (60—70);
» <0.001). The median (IQR) P-creatinine levels in this
group declined from 161 umol/L (130-232) at baseline
to 127 umol/L (105-175) at 48h; then it rose to
188 pmol/L (67-358) at 4—10days after contrast agent
exposure (not significantly different from baseline; Table
1c).

After 4-10days, we observed a>50% increase in P-
creatinine in five out of remaining 14 patients in the

renal replacement therapy with contrast-enhanced CT
group and only one out of 21 patients in the non-renal
replacement therapy unenhanced CT group (36% vs. 5%,
p=0.017, Pearsons y’-test, Table 1b). Among the 24 pa-
tients that received an unenhanced CT during the study
period, five were taking renal replacement therapy at the
time of the CT (5 patients included in Table 1c).

Odds ratio analysis

Odds ratio analyses indicated that a>50% rise in P-
creatinine 48 h after contrast agent administration asso-
ciated with eGFR>30-60 and contrast-enhanced CT
(p =0.018), with 30-day mortality (p < 0.001) and with
renal replacement therapy at CT (p = 0.037) but not with
age, male gender or contrast agent dose/weight (Table
2). At 4-10days, a>50% rise in P-creatinine was aside
from eGFR<30-60 and contrast-enhanced CT, 30-day
mortality and renal replacement therapy at CT also asso-
ciated with advancing age (p =0.042), ICU stay (p =
0.023) and increased CRP at CT (p = 0.039) but not with
male gender (Table 2).

Discussion
We hypothesized that the administration of iodine-based
contrast agent to patients with COVID - 19 would affect



Kistner et al. BMC Nephrology (2021) 22:297

P-creatinine and renal function. In the present study, in
all subgroups of renal function, small changes were seen
in median values 24—48 h after contrast agent exposure.
However, our findings indicated that contrast agent ad-
ministration had a negative effect on renal function at
48 h in 24% of patients and at 4—10days in 36% of pa-
tients with moderate renal failure and eGFR 30-60 ml/
min/1.73m?. Corresponding figures observed in patients
with eGFR > 60 and contrast-enhancement were signifi-
cantly lower, 5%. Not surprisingly mortality was higher
in contrast-enhanced patients with eGFR of 30-60 com-
pared with those with eGFR above 60 (53% vs 11%).
More patients with eGFR between 30 and 60 given con-
trast agent developed CI-AKI compared to those not re-
ceiving contrast agent (24-36% vs 0%). Patients in the
unenhanced CT group with eGFR<60 had a median
CRP of 186 mg/L at CT scan (compared to the median
in the entire group 93 mg/L) and significantly higher
median P-creatinine at CT scan compared with the
eGFR>30-60 contrast-enhanced CT group (163 vs
130 pmol/L, p < 0.001). Despite this, 30-day mortality
showed a tendency to be lower in the unenhanced CT
group. These findings indicate that CI-AKI seems to
have identified a vulnerable group of COVID-19
patients.

The findings related to renal replacement therapy are
difficult to interpret without detailed knowledge of the
renal replacement therapy intensity or diuresis. Not sur-
prisingly, renal failure after contrast-enhanced CT was
associated with an ICU stay day 4-10 (p =0.023) and
with 30-day mortality (p < 0.001).

The peak P-creatinine is typically observed 2 to 5 days
after a contrast medium injection [10]. The risk factors
associated with acute kidney injury after an iodinated
contrast injection includes advanced age, hypovolemia
and dehydration, type 2 diabetes, and previously im-
paired kidney function [11]. Chronic kidney disease was
proposed to be the strongest risk factor associated with
developing a contrast-associated acute kidney injury
[12]. However, Barrios-Lopez et al. reported, before the
COVID -19 era, that the incidence of CI-AKI was only
1% in patients with chronic renal disease and eGFR 30—
60 ml/min x 1.73 m” [10].

Moreover, critically ill patients are at increased risk of
CI-AKI. In 2011, Hoste et al. reported that one out of
six patients in the ICU developed CI-AKI [5]. However,
in a recent large meta-analysis with a control group,
acute kidney injury was not associated with the adminis-
tration of iodinated contrast material [13].

Deep vein thrombosis was found in 40% of autopsies
in 80 cases with COVID-19 in Germany [14]. COVID -
19 was associated with an increased risk of thrombosis
in both the micro- and macrovasculature [15]. Acute
kidney injury is a complication associated with severe
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COVID-19 infections [16]. At authopsies COVID-19 pa-
tients had widespread thrombosis and microthrombis in
the lungs [17]. One may speculate that COVID-19 pa-
tients exhibit similar microvascular damage in the kid-
ney. Furthermore, renal tubule cells may be targeted in
COVID - 19, because these cells express receptors for
SARS-CoV-2 [18]. In experimental studies, contrast
agents reduced renal blood flow and induced oxygen
free radicals, a scenario that leads to apoptosis of renal
tubular cells [19] and reduced GFR.

Our patients with eGFR 30-60 at the time of contrast-
enhanced CT had higher CRP levels and a higher inci-
dence of chronic renal disease compared to patients with
eGFR> 60 at the time of contrast-enhanced CT. Severely
ill patients with COVID - 19 that have moderate renal
dysfunction might be more prone to the effects of iodin-
ated contrast agents, due to the combination of the pre-
vious kidney disease and the SARS CoV-2 effect on
tubular cells. Severe renal failure is a contra-indication
for contrast agent injections; this is the main reason for
the high P-creatinine level found in the unenhanced CT
group.

Four out of 127 patients in the contrast-enhanced CT
group started renal replacement therapy during the
study period. Among the patients that were taking renal
replacement therapy at the time of the CT scan, normal
contrast doses did not cause obvious negative effects,
compared to other patients with eGFR<60 ml/min/1.73
m?. However renal replacement therapy and contrast-
enhanced CT was associated with CI-AKI at days 4-10
and caution before contrast agent administration for this
group of patients seems appropriate.

Our study had some limitations. Firstly, we evaluated
relatively small numbers of patients in most of our study
groups. Secondly, we lacked follow-up P-creatinine
values at 4—10 days in 28% of patients in the eGFR> 60
contrast-enhanced CT group. The reasons for this loss
included death before follow-up (1 = 6), missing follow-
up P-creatinine levels, and hospital discharge.

To minimize the risks for CI-AKI we recommend that
strict indications are practiced for contrast-enhanced CT
in patients with an eGFR>30—60 ml/min/1.73 m> We
propose that iodinated contrast agent, as far as it is pos-
sible, should not be administrated to COVID-19 patients
with eGFR below 60 protected by full-dose thrombo-
embolic treatment. Accessing pulmonary trunk diameter
is an alternative method to diagnose pulmonary
thromboembolism through unenhanced CT [20] thereby
potentially avoiding the use of contrast agents. Echo car-
diac ultrasound is another option to gain information on
cardiac dimensions and right ventricular enlargement.
One might also speculate that parenchymal abnormal-
ities in the patients [21] are of interest as more wide-
spread infiltrates could correlate with increased risk for



Kistner et al. BMC Nephrology (2021) 22:297

LE. If considered necessary contrast-enhanced CT
should be performed with a low kV setting and the low-
est possible dose of a low- or iso-osmolality contrast
agent [22]. In addition, an infusion of isotonic saline,
started hours before exposure to contrast agents, has
been proposed for protection against CI-AKI [23].

Conclusion

In conclusion, we demonstrated that hospitalized
COVID-19 patients with moderate renal impairment
and an eGFR of 30-60 ml/min/1.73 m?, showed an in-
creased risk of worsened renal impairment after an
iodine-based contrast injection. We observed a>50%
rise in P-creatinine or renal replacement therapy initi-
ation at 4—10 days after contrast-enhanced CT in 36% of
patients with eGFR between 30 and 60, compared to 5%
of patients with eGFR above 60. Significant differences
in CI-AKI incidence between the groups were found,
however, as this is a retrospective study larger studies
are needed to confirm our observations. This report
could aid in risk assessments before ordering a contrast-
enhanced CT in patients with COVID-19.
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