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ABSTRACT

BACKGROUND: This study aims to evaluate the CI-AKI following emergency percutaneous coronary

intervention in patients with COVID-19 infection.

METHODS: Forty-two COVID-19 patients who underwent emergency PCI due to the diagnosis of acute
coronary syndrome were included in the study. Mean age was 63+14.76 and males accounted for 81 %
(34/42). Contrast-induced acute kidney injury (CI-AKI) was defined as absolute increase in serum creatinine
level by 0.3 mg/dL above baseline within 48 hours of contrast exposure. Patients were divided into two
groups according to CI-AKI development following coronary angiography.

RESULTS: CI-AKI developed in 33.3 % (14/42) of the patients. Pre-procedure e-GFR (p=0.028), serum
albumin levels (p=0.021), and ejection fraction (p=0.039) were lower in the CI-AKI group. Whereas the
platelet/lymphocyte ratio was significantly lower in the non-CI-AKI group (p=0.010).

CONCLUSIONS: Our study results demonstrated that patients suffering from COVID-19 had a high risk of
CI-AKI development following coronary angiography (Tab. 1, Ref. 36). Text in PDF www.elis.sk
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Introduction

Coronavirus disease 2019 (COVID-19) emerged in December
2019 in Wuhan, a city in the Hubei Province of China, and became
a pandemic only in a couple of months. To date, there are 102.1
million confirmed cases and over 2.2 million deaths worldwide
(1). The responsible virus is a member of betacoronavirus family
and initially it was called “novel coronavirus 2019” (2019-nCoV)
while designating severe acute respiratory syndrome — coronavirus
2 (SARS-CoV-2) by the Coronavirus Study Group of the Interna-
tional Committee on Taxonomy of Viruses (2). Although the RNA
sequence is similar to bat coronavirus types, it is unclear whether
the transmission is directly from bats or through some other mecha-
nism (3). The disease progression occurs in 3 phases, including
early infection phase (viral replication and mild symptoms), pul-
monary phase (adaptive immunity and predominance of respiratory
symptoms), and hyperinflammation phase (4). During the hyperin-
flammation phase, an excessive proinflammatory cytokine release
causes a destructive state described as a cytokine storm previously
observedin SARS-CoV and MERS-CoV infections. In the patients
suffering from a cytokine storm, life-threatening complications such
asmultiple organ failure (MOF), acute respiratory distress syndrome
(ARDS), septic shock, hemorrhage/coagulopathy, acute heart/liver/
kidney injury, and secondary bacterial infections can develop (4).
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Contrast-induced acute kidney injury (CI-AKI) is an iatro-
genic form of kidney injury that develops following contrast me-
dia administration. CI-AKI can be defined as an increase in serum
creatinine by>0.3 mg/dL (>26.5 micromole/L) within 48 hours
in the absence of other causes of AKI (5). It is the third common
cause of hospital-acquired AKI (6). The clinical course is usually
benign, serum creatinine levels peak between 2 and 5 days and
typically return to normal in 14 days following the contrast medium
administration (7). However, in some cases, CI-AKI remains per-
manent and in some of them it results in dialysis treatment. Also,
CI-AKI has been associated with prolonged hospital stay, mor-
bidity and mortality (8). There are no specific treatment options
for CI-AKI. Avoidance of other factors causing potential kidney
injury, hemodynamic stabilization and electrolyte management,
dose adjustment of medications according to glomerular filtration
rate are available strategies to prevent severe kidney injury (9).

AKI has been reported as a common and severe complica-
tion of COVID-19 infection with a rate of 20 % of hospitalized
patients and 50 % of patients in ICU (10). Mortality rate in these
patients is as high as 57 %. Although the underlying mechanisms
of AKI development remain unclear, the kidney involvement is
thought to be a manifestation of acute tubular necrosis (ATN)
resulting from multiple organ failure, sepsis, and shock asso-
ciated with COVID-19 infection (11). It has also been reported
that SARS-CoV-2 renal tropism may be another factor involved in
the development of AKI (12). However, the relationship between
the contrast medium administration and AKI development in
COVID-19 patients has not been evaluated yet. In this study, we
aimed to share our experience of contrast-induced nephropathy
in COVID-19 patients who underwent emergency percutaneous
coronary intervention.
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Tab. 1. Clinicopathological features of COVID-19 patients who underwent angiography.

Total CI-AKI (+) CI-AKI (-) p
Gender (male) 34 (81%) 23 (67.6%) 11 (32.4%) 0.781
Age (years) 63+14.76 67+10 60+16 0.199
Diabetes mellitus (%) 19 (45.2%) 11 (57.9%) 8 (42.1%) 0.273
Ejection fraction (%) 50+11.96 45 (30-65) 55 (30-65) 0.039°
Time (days)® 1(1-12) 1(1-12) 2 (1-12) 0.419
Pre-procedure Cr (mg/dl) 0.89 (0.56-4.09) 1.29 (0.56-4.29) 0.86 (0.63-2.22) 0.133
Pre-procedure e-GFR (ml/min/1.73m?) 87 (14-124) 61.50+£34.79 83+23.44 0.028¢
Contrast media (cc) 95 (25-336) 136 (55-236) 95 (25-336) 0.153
CRP (mg/L) 17.8 (1.61-353) 45.2 (1.61-179) 16 (3.1-353) 0,257
Albumin (g/L) 35.6+4.88 3.3£0.5 3.7+0.4 0.021°
Hemoglobin (g/dl) 12.542.31 11.7+1.8 12.942.4 0,098
Troponin 0.62 (0.22-10) 1.12 (0.03-10) 0.373 (0.02-10) 0.177
NLR 5.35(1.56-25.6) 6.32 (1.81-25.62) 3.65 (1.56-16.57) 0.088
PLR 191 (72.41-1179) 341.92 (114.29-1179) 159.29 (72.41-578.57) 0.010°

* Time between diagnosis of COVID-19 infection and coronary angiography, ® Mann-Whitney U test, © Student’s t-test, p<0.05. CI-AKI — contrast induced acute kidney
injury; Cr — creatinine; e-GFR — estimated glomerular filtration rate; CRP — C-reactive protein; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio

Material and methods

The study was approved by the hospital’s local ethics com-
mittee and followed the principles of the Declaration of Helsinki.

Patients

Atotal of 52 consecutive COVID-19 patients who underwent
emergency PCI with the diagnosis of acute coronary syndrome
between April 2020 and January 2021 were retrospectively en-
rolled in the study. Patients diagnosed with COVID-19 in our
hospital or receiving active treatment at the time of admission
were included in the study. Patients who were allergic to contrast
media, hemodialysis patients, patients with other causes of AKI,
patients with the history of being exposed to contrast media within
10 days, patients with the history of solid organ transplantation,
recent surgery or history of trauma within 2 weeks, patients with
a diagnosis of malignancy, and patients with chronic inflammatory
disease were excluded from the study. Overall, 10 patients were
excluded from the study. Seven patients were excluded because
of having at least one of the exclusion criteria, and 3 patients were
excluded because of missing data. Finally, the study population
consisted of 42 patients. Two groups were assigned according to
CI-AKI development after coronary angiography. The CI-AKI
group included 14 (33.3 %) patients while the non-CI-AKI group
included 28 (66.7 %) patients.

All enrolled cases received hydration (0.9 % normal saline at
0.5-1.0 mL/kg/h) for up to 12 h after coronary angiography, de-
pending on the patient’s volume status. N-acetylcysteine (>1200
mg/day) was administered starting at admission until the day after
coronary angiography. Nonionic, iso-osmolar contrast medium
(iohexol) was used during the procedure. CI-AKI was defined as
an absolute increase in serum creatinine level by 0.3 mg/dL above
baseline within 48 hours of contrast exposure in the absence of
an alternative diagnosis. The estimated glomerular filtration rate
(eGFR) was calculated using the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) equation.
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Data collection

The data on demographic, clinical and laboratory findings
were collected from the hospital’s medical database retrospec-
tively. Blood samples for the whole blood count and biochemical
parameters were obtained from the patients at the time of presen-
tation. Also, serum creatinine levels were measured daily within
three consecutive days after the angiography.

Statistical analysis

The Jamovi statistics programme (1.1.9.0 version) was used to
compare demographic and clinical variables. For baseline charac-
teristics, the Shapiro-Wilk test was used to determine the norma-
lity of distribution. Quantitative variables with normal distribu-
tion were specified as mean (standard deviation), variables with
nonnormal distribution were shown as median (minimum-maxi-
mum). Categorical variables were shown as number and percent-
age values. For continuous variables with normal distribution, the
Students’ t-test was used to compare groups, whereas the Mann-
Whitney U test was used when the distribution was not normal.
For categorical variables, the X?test was used. Differences were
considered significant at the 2-sided p<0.05 level.

Results

In the present study, 42 patients were enrolled to explore con-
trast nephropathy in COVID-19 patients. Mean age was 63+14.76
and males accounted for 81 % (34/42). Diabetes mellitus was de-
tected in 45.2 % (19/42) of patients. COVID-19 was diagnosed in
83.3 % (35/42) of patients with PCR test and the others (14 %) with
radiologic findings. Three patients (7.1 %) died after the CI-AKI
diagnosis, and 3 (7.1 %) patients required renal replacement treat-
ment. Baseline demographic and clinical characteristics of the pa-
tients categorized according to CIN development are given in Table
1. CI-AKI developed in 33.3 % (14/42) of the patients. While pre-
procedure e-GFR, serum albumin levels and ejection fraction were
lower in the CI-AKI group, the platelet/lymphocyte ratio (PLR)
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was significantly lower in the group without CI-AKI. Gender, age,
diabetes mellitus, ejection fraction, time between the diagnosis of
COVID-19 and coronary angiography, pre-procedure creatinine,
contrast media volume, c-reactive protein, serum albumin level,
hemoglobin, pre-procedure troponin level, and neutrophil/lympho-
cyte ratio (NLR) were similar when compared between two groups.

Discussion

This study included 42 consecutive patients with acute coro-
nary syndrome and concomitant COVID-19 infection. CI-AKI
development during the hospitalization was investigated. CI-AKI
occurred in 33.3 % of patients. We also found that lower serum
albumin levels, lower ejection fraction, lower e-GFR, and higher
PLR were associated with CI-AKI development in these patients.

When SARS-CoV-2 enters the human body, it initially binds
to the endothelial cell (EC) ACE-2 receptors and releases its RNA
content into the EC (13). Intracellular virus replication then occurs,
consequently causing the cell to burst. Viruses released into the
environment spread from the nasal passage to the lung’s alveolar
region by infecting other endothelial cells (14). During homeo-
stasis, EC plays a pivotal role by maintaining vascular integrity,
preventing inflammation and inhibiting coagulation (15). Thus, EC
with SARS-COV-2 can cause localized inflammation, endothelial
activation, tissue damage, and irregular cytokine release (13).

Consequently, tissue edema, endotheliitis, activation of coagu-
lation pathways with the potential development of disseminated
intravascular coagulation (DIC) and deregulated inflammatory cell
infiltration may develop (15). The main clinical presentation of
COVID-19 is a spectrum ranging from asymptomatic patients to
pneumonia and respiratory failure. The severe form of the disease
may show a multisystemic course involving the brain, gastroin-
testinal system, heart, liver and kidney (11).

The pathogenesis of kidney involvement in COVID-19 is
believed to be multifactorial. An autopsy study of 42 patients
who died of COVID-19 complications showed that acute tubular
injury (ATI) was the main pathological finding associated with
the history of AKI (16). Hypercytokinemia-related septic shock,
acute respiratory distress syndrome (ARDS)-associated hypoxia,
secondary right heart failure, and iatrogenic exposure to neph-
rotoxins were the main factors in the development of ATI (16).
Another potential mechanism of AKI includes direct infection of
the kidney with SARS-CoV-2 through an angiotensin-converting
enzyme 2 (ACE2) -dependent pathway driving mitochondrial
dysfunction, acute tubular necrosis, formation of protein reabsorp-
tion vacuoles, collapsing glomerulopathy, and protein leakage in
Bowman’s capsules (17, 18). However, post-mortem studies are
inconsistent to show the presence of viral particles and imply-
ing direct infection of the kidney with COVID-19 (10). Finally,
soluble urokinase plasminogen activator receptor (suPAR) levels,
an immune mediator of the kidney, have shown to be associated
with AKI in COVID-19 patients (19). SuPAR is synthesized as a
product of membrane-bound uPAR cleavage process in the case
of inflammatory stimuli (19). SuPAR has a role in the develop-
ment of different renal pathologies such as chronic kidney diseases

(CKD), focal segmental glomerulosclerosis (FSGS) and diabetic
nephropathy (DN) (20). In addition, an increase in suPAR levels
is associated with AKI development through a mechanism of
modulating mitochondrial respiration and inducing reactive oxy-
gen species generation in proximal tubular cells and makes them
susceptible to additional damage (21-23).

CI-AKl is a well-known complication of contrast media admini-
stration. The main pathological finding is acute tubular necrosis
(ATN) (24-26). ATN is contributed to renal vasoconstriction result-
ing in medullary hypoxia, possibly mediated by effects of viscosity
and by alterations in nitric oxide, endothelin, and/or adenosine,
cytotoxic effects of the contrast agents on tubular cells (27-31).
Also, emerging data indicate an association between inflammation
and acute tubular injury following both ischemic and nephrotoxic
injury. It was reported that specific genotype polymorphisms of
cytokine in TNF-a and IL-10 were associated with CI-AKI risk
and long-term renal outcome after PCI (32). In addition, recent
studies demonstrated a relationship between CI-AKI development
and inflammatory markers such as CRP, procalcitonin and hemato-
logical indexes derived from peripheral inflammatory blood cells
(33, 34). Based on these data, the risk of contrast nephropathy in
COVID 19 patients who are susceptible to renal tubular damage
is anticipated to increase. However, there is no data about CI-AKI
in COVID-19 patients in the literature.

CI-AKI incidence was reported between 4.4 % and 22.1 %
in a meta-analysis of 29 studies (35). In our study, the rate of
CI-AKI was found to be as high as 33.3 %. It can be attributed
to the tubular susceptibility to cytokine damage, organ crosstalk
and also systemic effects. In the course of COVID-19 infection,
right ventricular failure secondary to pneumonia may cause kid-
ney congestion and subsequent AKI. Similarly, left ventricular
dysfunction can result in decreased cardiac output, low effective
arterial volume, and renal hypoperfusion (36). Therefore, basal
cardiac function may be one of the determinative factors in AKI
development in COVID-19 patients. In our study, the basal ejec-
tion fraction of CI-AKI developed patients was significantly lower
than in non-CI-AKI patients.

Limitations

Our study has several limitations. Firstly, due to the nature of
the retrospective study design, we had to exclude ten patients be-
cause of missing data. Secondly, the number of patients enrolled to
our study was not high enough. Thus, these results may not apply
to a more general population of unscreened individuals. Finally,
inflammation-associated markers other than CRP, NLR, and PLR
were not analyzed.

Conclusion

Results of our study indicated a high possibility of CI-AKI
development after the administration of contrast media in CO-
VID-19 patients. It is important to take preventive strategies for
CI-AKI and a closer follow up is necessary in high-risk patients
after contrast media administration.
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