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Abstract

BACKGROUND

In cases of coronavirus disease 2019 (COVID-19), favipiravir is commonly
included to the therapy regimen. Drug interactions between favipiravir and other
COVID-19 therapy drugs are frequently researched. However, no research on
possible drug interactions between Favipiravir and radiocontrast agents, which
have become almost crucial in diagnostic processes while not being part of the
treatment, has been found.

AIM
To determine potential medication interactions between Favipiravir and radio-
contrast agents.

METHODS

The study comprised patients who were taking Favipiravir for COVID-19 therapy
and underwent a contrast-enhanced computed tomography (CT) or magnetic
resonance imaging (MRI) test while taking the medicine. The computerized
patient files of the cases included in the study, as well as the pharmacovigilance
forms in the designated hospital, were evaluated for this purpose.

RESULTS
The study included the evaluation of data from 1046 patients. The study sample's
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mean age was 47.23 £ 9.48 years. The mean age of cases with drug interactions was statistically significant greater
than that of cases with no drug interactions (P = 0.003). When evaluated with logistic regression analysis, a 1-year
raises in age increases the risk of developing drug interactions by 1.63 times (P = 0.023). There was no statistically
significant difference in the occurrence of medication interactions between the sexes (P = 0.090). Possible
medication interactions were discovered in 42 cases (4%).

CONCLUSION

The findings of this study revealed that the most notable findings as a result of the combined use of contrast agents
and favipiravir were increased creatinine and transaminase values, as well as an increase in the frequency of
nausea and vomiting. The majority of drug interactions discovered were modest enough that they were not
reflected in the clinic. Drug interactions become more common as people get older.

Key Words: Favipiravir; Iohexol; Gadoxetic acid; Meglumine gadoterate; Drug interactions

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In cases of coronavirus disease 2019, favipiravir is commonly included to the therapy regimen. The aim of this
study is to identify potential medication interactions between Favipiravir and radiocontrast agents. Possible medication
interactions were discovered in 42 cases (4%). The mean age of cases with drug interactions was statistically substantially
greater than that of cases with no drug interactions. There was no statistically significant difference in the occurrence of
medication interactions between genders. The majority of drug interactions discovered were modest enough that they were
not reflected in the clinic.
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favipiravir and radiocontrast agents. World J Radiol 2024; 16(5): 128-135
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INTRODUCTION

With the coronavirus disease 2019 (COVID-19) pandemic, the use of Favipiravir has increased rapidly. Parallel to this, the
need for and use of imaging methods is increasing exponentially. As a natural consequence of this situation, Favipiravir
and computed tomography (CT) or magnetic resonance imaging (MRI) contrast agents are frequently used together[1].

Radiological imaging methods are widely used in the diagnosis of COVID-19, monitoring of treatment, and determ-
ination of complications and comorbidities. It is known that COVID-19 disease causes microvascular damage and
hypercoagulation. CT examinations, especially angiography performed with contrast agent injection or CT examinations
in the triple exclusion protocol, have a very important place in the investigation of thromboembolic and other comor-
bidities and complications[2-4]. In addition, it has been shown that CT and MRI examinations using contrast material are
frequently used in the detection of abdominal-related complications[5].

The basic building blocks of contrast agents used in CT and MRI examinations are Iodine and Gadolinium,
respectively. Both iodinated and gadolinium contrast agents are usually eliminated by the kidneys. An exception to this
situation is that Gadoxetate disodium (Primovist-Bayer) is eliminated equally by the renal (approximately 50%) and
hepatobiliary (approximately 50%) routes. CT and MRI contrast agents generally cause drug interactions via the renal
elimination pathway. As an exception, hepatic elimination may be included in this mechanism for Gadoxetate disodium
[6].

Favipiravir, an agent frequently used in the treatment of COVID-19, is metabolized in the liver and its inactive
metabolite T705M1 is excreted by the kidneys[7].

When the literature is searched in detail, there is no study investigating the drug interactions between radiocontrast
agents, which have become almost indispensable in diagnostic processes, and Favipiravir, which is frequently added to
the treatment regimen. In this study, possible drug interactions between radiocontrast agents and Favipiravir and the
effects of age and gender on interactions were investigated.

MATERIALS AND METHODS

It is a retrospective study designed in an observational-analytical character. Our institutional review board gave its
approval to this retrospective study (Decision number: E-1845362.11.ED.28451). Electronic patient files and pharmacovi-
gilance forms of the cases included in the study were examined. The data collected covers the period between January
2020 and June 2022.
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Data collected

(1) Molecular name of the contrast agent used in CT and MRI examination; (2) Favipiravir and contrast agent doses, drug
interactions; (3) If there is a drug interaction, the possible mechanism and the results of the interaction; (4) The total
number of drugs/pharmacological agents used by the patients included in the study; and (5) The age and gender of the
cases were recorded as data.

Study sample
Inclusion criteria: Patients using Favipiravir for the treatment of COVID-19 and who had contrast-enhanced CT or MRI
while using this drug were included.

Exclusion criteria: (1) Electronic patient files that do not contain sufficient and/or necessary information recorded as
study data (132 patients); (2) Patients using favipiravir or another drug or agent that may interact with contrast agents
(174 patients); (3) Cases in which both CT and MRI contrast material were applied within 48 h (23 patients); and (4) As a
natural additional exclusion criterion, cases with a creatinine value higher than 1.78 mg/dL were excluded (79 patients).

Within the scope of the study, 1454 patients were examined, and 408 patients were excluded in accordance with the
stated exclusion criteria. The study sample consisted of 1046 patients. The flow chart of the cases examined within the
scope of the study is presented in Figure 1.

Evaluation for the presence of drug interactions

In cases where favipiravir and CT or MRI contrast agents are used together, a change in the effect level of any of the
agents mentioned or the occurrence of an adverse reaction due to the mentioned agents is defined as the presence of drug
interaction[8]. The presence of drug interaction was determined by looking at the electronic patient file data of the cases
included in the study or, if available, the pharmacovigilance forms of the cases.

Evaluation of the effect of the presence of drug interaction on contrast agent function

In order to investigate the effect of the presence of drug interaction on the contrast agent function, CT and MRI images of
the subjects included in the study were evaluated for the presence/absence of abnormality in organ enhancement by two
radiologists who were not aware of the drug interaction development data. What is meant by the definition of
abnormality in organ enhancement is the situation in which intra-abdominal solid organ images do not comply with the
visual criteria accepted as standard by radiologists; although it is a relatively subjective evaluation in this respect, it is the
only method that can be used since there is no standard numerical value determined for intra-abdominal solid organ
enhancement. The presence/absence of abnormality was determined by consensus by radiologists.

Statistical analysis

Statistical analyzes were carried out using the IBM SPSS v.24.0 program. Normal distribution fit of the data was evaluated
with the Kolmogorov-Smirnov test. Numerical data with normal distribution are shown as mean * SD (mean age).
Categorical variables are expressed as frequency and percentage. Differences between categorical variables were
evaluated with the Chi-Square test. The differences between the mean ages of the cases with and without drug interaction
were evaluated with the independent groups ¢ test (student ¢ test). Logistic regression analysis was used to examine the
effect of age and gender on the development of drug interactions.

RESULTS

The study sample consists of 1046 patients. 651 (62.2%) patients were female and 395 (37.7%) patients were male. The
mean age of the study sample was 47.23 + 9.48 years (min.-max. 13-87 years). In total, possible drug interactions were
detected in 42 cases (4%). Of these drug interactions, 29 (29/1046, 2.7%) were observed with CT contrast agent (Iohexol),
and 13 (13/1046, 1.2%) were observed with MRI contrast agents. The mean age of the cases with drug interactions was
58.28 + 7.44 years. The mean age of the cases with drug interactions with CT contrast agents was 56.60 + 6.43 years. The
mean age of the cases with drug interaction with MRI contrast agents was 62.05 + 3.18 years. The mean age of the subjects
with drug interactions detected was statistically significantly higher than those without any drug interaction (58.28 + 7.44
vs 46.77 £ 8.16; P = 0.003) (Table 1).

There was no statistically significant difference in the incidence of drug interactions between male and female genders
(P =10.090) (Table 2).

Drug doses and drug interactions
Favipiravir was used for 5 d of treatment at a maintenance dose of 1200 mg/day, after a loading dose of 3200 mg in all
included subjects. CT contrast material was applied to 765 (73%) cases and MRI contrast material was applied to 281
(26.8%) cases. The CT contrast agent administered was Iohexol (OPAXOL 350 mg I/mL IA/IV solution for injection). The
application dose is 1 mL/kg. The distribution of drug interactions thought to develop with Iohexol is as follows: Increase
in creatinine values in 18 patients (62%) (1 acute renal failure), nausea-vomiting in 8 patients (27.5%), increase in transa-
minase values in 3 patients (10.3%).

Meglumine Gadoterate (Clariscan, 0.5 mmol/mL injectable solution 20 mL, vial) and Gadoxetic Acid Disodium
(Primovist, pre-filled syringe 1 x 10 mL containing 0.25 mmol/mL injectable solution) were used as MRI contrast agents.
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Table 1 Change of mean age values according to drug interaction status, mean * SD

Patients with drug interactions Patients without drug interactions Whole population X2 Pvalue

Age(yr)  58.28+7.44 46.77 £8.16 47.23+9.48 0.003°

4P < 0.05.

Table 2 Change of gender according to drug interaction status, n (%)

Gender  Patients with drug interactions Patients without drug interaction Whole population X2 Pvalue
Female 26 (3.9) 625 (96.1) 651 0.090
Male 16 (4) 379 (96) 395

Patients using favipiravir and undergoing contrast-enhanced CT/MRI
1454 patients

Excluded patients
1. Those using favipiravir or any other drug or agent that may interact with
contrast agents - 174 patients
2. Those who received both CT and MRI contrast agent within 48 h - 23
patients
3. Those with a creatinine value higher than 1.78 mg/dL - 79 patients
4. Insufficient data in the electronic patient file - 132 patients

Y

Cases included in the study - 1046 patients

No drug interaction - 1004 patients

Has drug interaction - 42 patients

CT contrast agent - iohexol - 29 patients

Increased creatinine - 18 patients MRI Contrast Agent - 13 patients
Nausea/vomiting - 8 patients Nausea/vomiting - 8 patients
Transaminase increase - 3 patients Transaminase increase - 5 patients

Figure 1 Flow chart of the case inclusion process. CT: Computed tomography; MRI: Magnetic resonance imaging.

The number of patients using MRI contrast agents is presented in detail in Table 3.

Of the 13 drug interactions that developed as a result of MRI contrast agents, 10 (10/13, 76.9%) were detected as a
result of use with Gadoxetic Acid Disodium and 3 (3/13, 23%) with Meglumine Gadoterate. The distribution of drug
interactions thought to develop with MRI contrast material is as follows: Increased transaminase values in 8 patients
(61.5%), nausea-vomiting in 5 patients (38.4%).

Variation of the presence of drug interactions according to the types of radiocontrast agents

The rate of drug interactions resulting from the combined use of CT contrast agents and Favipiravir is statistically
significantly lower than those that develop as a result of the use of MRI contrast agents (CT, 29/765, 3.7%-MRI, 13/281,
4.6%; P =0.001) (Table 4).

Evaluation of drug interaction between MRI contrast agents

The rate of drug interactions that occur with the use of Gadoxetic Acid Disodium is statistically significantly higher than
those that occur as a result of the use of Meglumine Gadoterate (P = 0.001) (Table 5).
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Table 3 Use of magnetic resonance imaging contrast agents, n (%)

MRI contrast agent Number of patients
Meglumine gadoterate 158 (56.2)
Gadoxetic acid disodium 123 (43.8)
Total 281 (100)

MRI: Magnetic resonance imaging.

Table 4 Drug interaction status by radiocontrast agent types, n (%)

Radiocontrast agent type Patients with drug interactions Patients without drug interaction Whole population  x2 P value

cT 29 (3.7) 736 (96.3) 765 0.001°
MRI 13 (4.6) 268 (95.4) 281
ap < 0.05.

MRI: Magnetic resonance imaging; CT: Computed tomography.

Table 5 The incidence of drug interactions according to magnetic resonance imaging contrast agents, n (%)

MRI radiocontrast agent type  Patients with drug interactions  Patients without drug interaction ~ Whole population  x? P value

Gadoxetic acid disodium 10 (8.1) 113 (91.9) 123 0.001*
Meglumine gadoterate 3(1.8) 155 (98.2) 158
P <0.05.

MRI: Magnetic resonance imaging.

Effect of the presence of drug interactions on contrast agent function
In the image contrast quality examinations carried out by radiologists, no abnormality was observed in the images after
contrast agent injection in any of the cases in which possible drug interaction was detected.

The effect of examined variables on the development of drug interactions

When favipiravir and radiocontrast agents were used together, when the effect of age and gender on drug interaction was
evaluated by logistic regression analysis, it was found that gender had no effect on the development of drug interaction (
P =0.090). A 1-year increase in age increases the risk of developing drug interaction 1.63 times (Nagelkerke R? = 0.508, OR
=1.63, P = 0.023).

DISCUSSION

The main purpose of our research is to detect drug interactions between Favipiravir, which is widely used during the
COVID-19 pandemic, and CT and MRI contrast agents, which are effectively used in diagnostic and treatment examin-
ations in COVID-19 cases.

According to the data of this study, there is a significant and positive relationship between age and drug interaction
rates between Favipiravir and contrast agents. The risk of drug interactions increases with age. Current studies show that
the risk of drug interactions and the severity of developing drug interactions increase with age[9,10]. In this respect, our
data is compatible with the literature. Increasing polypharmacy rates and decreasing metabolization-elimination capacity
with age are shown as the main reasons for the increased risk and severity of drug interactions with age.

It is emphasized in the literature that women face more adverse drug reactions than men[9,11]. According to our data,
there is no difference between men and women in terms of drug interactions between Favipiravir and CT or MRI contrast
agents. In this respect, a different result was obtained from the literature. We think that the possible reasons for the
mentioned difference are only the investigation of drug interactions between limited pharmacological agents and the
relatively limited number of the research population.

In our study, the rate of drug interaction between Iohexol, a CT contrast agent, and Favipiravir was found to be 2.7%.
Adverse reaction rates with CT contrast agents vary between 1%-23% in the literature[12]. It is seen that our data is very
close to the lower limit. The most common adverse reaction detected is an increase in creatinine values. Nausea-vomiting,
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another adverse reaction, is a frequently described complaint for both CT contrast agents and Favipiravir[7,12]. As a
result of the combined use of two pharmacological agents, it can be thought that the aforementioned adverse reaction
develops more frequently or more severely due to the common elimination pathways. No elevation in transaminase
values as an adverse reaction was reported in previous studies after the use of CT contrast agents; however, this is a
known and common adverse reaction for Favipiravir[7,12]. We think that the transaminase elevation detected in the
results of our study is an aggravated adverse reaction caused by Favipiravir, and in this respect, our data are compatible
with the literature. According to the data of our study transaminase elevations resulting from the combined use of CT
contrast agents and Favipiravir do not have a clinical effect and were detected during routine biochemistry follow-ups.
Only one of the cases of elevated creatinine occurred with acute renal failure, and the other cases were detected during
routine biochemistry follow-ups. This can be interpreted as drug interactions that occur as transaminase and creatinine
elevations are generally mild and do not reach the severity that will be reflected in the clinic. Another situation that we
found within the scope of our study is that drug interactions do not reduce the effect of CT contrast agents on imaging.
This is data that supports our conclusions that the drug interactions that occur are subclinical-mild.

All of the drug interactions that we have detected with MRI contrast agents are in the form of adverse reactions and the
incidence is determined as 1.2%. According to literature data, the rate of adverse reaction development as a result of the
use of MRI contrast material varies between 0.5%-2.5%[13]. It is seen that our rates are at the medium frequency level
according to the literature. Within the scope of the study, drug interactions for two different types of MRI contrast agents
were investigated. The first of these agents is Meglumine Gadoterate, since it is a contrast agent that is eliminated from
the kidneys without being metabolized, drug interactions that develop as a result of joint use with Favipiravir are thought
to occur as a result of the cooperation in the elimination phase from the kidneys, just like with CT contrast agents. The
second MRI contrast agent is Gadoxetic Acid Disodium. Unlike Meglumine Gadoterate, this contrast agent enters the
hepatocytes and is eliminated from there by being secreted into the bile. This contrast agent is excreted both by the
kidneys and the elimination rates are equal to each other by the kidneys and the biliary tract. Due to the stated pharma-
cokinetic properties, Gadoxetic Acid Disodium is similar to Favipiravir in both the renal elimination phase and hepatic
metabolism phase. Considering these mechanisms, it can be predicted that concomitant use with Gadoxetic Acid
Disodium will be more risky in terms of drug interactions. Our study data support this prediction. The rate of drug
interactions that occur with the use of Gadoxetic Acid Disodium is statistically significantly higher than those that occur
as a result of the use of Meglumine Gadoterate.

Another remarkable study result is that the rate of drug interactions that develop as a result of the combined use of CT
contrast agents and Favipiravir is statistically significantly lower than those that develop as a result of the use of MRI
contrast agents. This can be explained by the mechanism proposed for MRI contrast agents; The increase in drug
interaction rates of Gadoxetic Acid Disodium makes MRI contrast agents more risky in the whole population.

Drug interactions with MRI contrast agents include elevated transaminase values, nausea and vomiting. Favipiravir
causes both adverse reactions. Nausea-vomiting is a well-known adverse reaction to MRI contrast agents, while elevated
transaminases have not been identified[7,13]. When the literature data and study results are evaluated together, it can be
thought that the combined use of Favipiravir and MRI contrast agents increases the transaminase-increasing property of
Favipiravir. Again, we think that the risk of nausea and vomiting of both agents increases as a result of concomitant use.
Transaminase elevations occurring within the scope of the study did not have a clinical effect and were detected during
routine biochemistry follow-ups. In this case, it can be interpreted that drug interactions that occur in the form of transa-
minase elevation are generally mild and do not reach the severity that will be reflected in the clinic. Another fact that
emerged according to the results of the study is that drug interactions do not reduce the effect-diagnostic power of MRI
contrast agents in imaging. This finding is in line with our inferences that the drug interactions described are subclinical-
mild.

A very low rate of adverse effects in the combined use of favipiravir and radiological contrast agents, and the fact that
the adverse effects observed are predominantly at subclinical levels, are findings that encourage the safe use of the
mentioned substances.

Although the COVID-19 pandemic is over, Favipiravir is an antiviral drug used against RNA virus infections that is
used in different viral infections and has promising results for its use in the future[14,15].

The study has some limitations worth highlighting. Increasing the population size will provide more accurate data.
The study was carried out in a single center. Our study was designed as a preliminary study, mainly aimed at detecting
prevalence data; Therefore, it does not include a control group. Further studies with a well-matched control group may
reveal the presence of drug interactions more objectively. Only Iohexol was evaluated as a CT contrast agent. It is
accepted that Iohexol, an ionic contrast agent, and other ionic contrast agents exhibit similar behavior[12,13]. However,
the collection of information on different contrast agents may lead to changes in data. For the same reason, data on non-
ionic contrast agents could not be presented. Meglumine Gadoterate and Gadoxetic Acid Disodium were studied as MRI
contrast agents. It is emphasized in the literature that contrast agents other than Gadoxetic Acid Disodium exhibit similar
behaviors and adverse effect profiles[12,13]; however, increasing the number of contrast agents examined may increase
data reliability. The study omitted cases involving medicines that are known to interact with favipiravir or contrast
agents. However, it still included participants involving the use of numerous drugs. The utilization of only Favipiravir
and contrast media in the treatment of a patient group may have an impact on the outcomes.

CONCLUSION

In conclusion, the results obtained from this study showed that the most prominent findings that emerged as a result of
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the combined use of contrast agents and favipiravir were an increase in creatinine and transaminase values and an
increase in the frequency of nausea and vomiting. It was observed that the majority of the drug interactions detected were
mild so that they were not reflected in the clinic. While the frequency of drug interactions increased significantly with
age, no significant change was recorded by gender. It has been revealed that the most risky contrast agent for use with
favipiravir is Gadoxetic Acid Disodium.
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