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Background: With the increasing development of medical imaging, the use of
iodinated contrast media has become more widespread. Adverse reactions
caused by iodinated contrast media have drawn much attention. Despite this,
there is still a lack of unified standards for the safe infusion process of iodinated
contrast media in clinical practice both domestically and internationally.

Objectives: Establishing a risk management service system to better predict the
risks associated with iodinated contrast media infusion, reduce the incidence of
adverse reactions and minimize patient harm.

Method: A prospective interventional study was carried out from April 2021 to
December 2021 at Nanjing Drum Tower Hospital in China. During this study, a
service system was established to manage the risks associated with the infusion of
jodinated contrast media. Personalized risk identification and assessment were
performed by a pharmacist-led multidisciplinary team before iodinated contrast
media infusion. Early warning, prevention, and adverse reaction management
were performed according to different risk levels during and after infusion.

Results: A multidisciplinary team led by pharmacists was established to evaluate
the risks associated with infusion of iodinated contrast media. A total of
157 patients with risk factors related to the iodinated contrast media were
screened out, which prevented 22 serious adverse events and enhanced the
quality of medical care. All participants expressed high satisfaction with the
service.

Conclusion: Through practical exploration, the pharmacist-led multidisciplinary
team can provide advance warning and effectively limit the risks of adverse
reactions caused by iodinated contrast media to a preventable and controllable
level. This approach serves as a valuable reference for developing strategies and
schemes to reduce the incidence of such reactions. Therefore, we encourage the
implementation of this intervention in other areas of China.
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1 Introduction

With the advancements in medical imaging, it is estimated that
over 100 million procedures are performed worldwide each year
using iodinated contrast media (ICM) (Bohm et al., 2017). Despite
the improvement in the properties of ICM, national monitoring data
and literature indicate that the growing usage has resulted in an
increase in adverse drug reactions (ADR) (Chen et al,, 2014).
Consequently, the safety of ICM has become a matter of
increasing concern.

Contrast-associated acute kidney injury (CA-AKI) is a sudden
drop in kidney function within 48 h of receiving intravascular
Todinated Contrast Media (ICM). It has become the third most
common cause of hospital-acquired acute kidney injury (AKI)
(Nash et al, 2002). The occurrence of CA-AKI in the general
population is low, ranging from 1% to 2% (Everson et al., 2020).
However, patients with risk factors have a significantly higher
incidence, ranging from 5% to 30% (Davenport and Perazella,
2020). Kidney damage can have serious consequences, such as an
increased risk of complications during hospitalization, including the
development of chronic kidney disease (CKD) (1%), requiring renal
replacement therapy (0.06%), or even death (Kooiman et al., 2012).
Hypersensitivity reaction to ICM is another common problem that
causes concern among healthcare workers. The rate of true
anaphylaxis is reported to be between 0.3% and 3% (Chen et al,,
2017; Topaz et al., 2018), whereas severe reactions occur in 0.03%-
1.6% of injections (Newmark et al, 2012). The most common
reaction is an itchy rash all over the body or locally. In severe
cases, patients may develop diffuse facial and laryngeal edema,
bronchospasm, and dyspnea, leading to anaphylactic shock,
which can result in permanent illness or even death if not
managed properly. In addition, the use of ICM can affect the
progression of certain diseases. In patients with hyperthyroidism,
the use of ICM can worsen their condition and even lead to a thyroid
crisis (Chen et al., 2014). ICM injections can also cause significant
hemodynamic changes in patients with valvular heart disease and
pulmonary hypertension (John and Yadav, 2019). Moreover, ICM
can worsen myasthenia symptoms (Somashekar et al., 2013) and
cause a hypertensive crisis in patients with pheochromocytoma
(Nakano et al., 2011).

Current consensus and guidelines provide information on the
types of adverse reactions common to ICM and their associated risk
factors, highlighting the importance of risk assessment (Li et al.,
2018; van der Molen et al, 2018; Davenport et al., 2020; ACR
comittee on drugs and contrast media, 2022). However, through the
preliminary survey, our hospital still faces the following challenges:
1) Some patients have complex medical histories that may increase
their risk of adverse reactions to ICM infusion. 2) Currently, nurses
in our hospital are only responsible for basic inquiries before
administering ICM, and there is a lack of a complete and
standardized risk assessment and intervention system to predict
and address adverse reactions promptly. 3) There is a shortage of
qualified pharmacists to determine whether medications taken by
patients during screening may increase their risk of ADR. 4) A
standardized risk assessment workflow has not been established, and
communication among doctors, nurses and pharmacists, regarding
their respective roles and responsibilities is unclear. 5) In some cases,
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Iodinated contrast media risk self-assessment questionnaire

Dear patients, some drugs and diseases may increase the risk of adverse events
caused by the use of iodinated contrast media. Therefore, you are required to conduct
this self-assessment before making an appointment. The specific form is as follows:

Are you taking any of the following drugs?

Hypoglycemic agent: metformin yesO [ noO
Antihypertensive drugs: (such as valsartan, metoprolol, perindopril yesO | oD
tert-butylamine, etc.)
Non-steroidal anti-inflammatory drugs: (such as aspirin,

yesO [ noOd

inophen, ibuprofen, etc.)

Antibiotics: (such as gentamicin, streptomycin, amikacin, etimicin, etc.) | yesO) | noO
Diuretics: (such as furosemide, tolasemi, etc.) yesd | nod
Chemotherapy drugs: (such as cisplatin, methotrexate, bleomycin, yesO | nol
cyclophosphoamine, etc.)
Hypothyroidism: levothyroxine sodium tablets yesO [ noOd
Hyperthyroidism: methimazole or propylthiouracil yesO | nod
Whether you have renal insufficiency: yes( no O unknown [J
Whether there is thyroid dysfunction : yesO no O unknown O

unknown [J

History of food or drug allergy : yesO no O

I suffer from the following diseases: Diabetic nephropathy [J Heart failure [J
Multiple myeloma [0 Pulmonary hypertension 0 Hypoproteinemia / Hypohemoglobin
O asthma OOHomocysteinuria [J Myasthenia gravis [0 Pheochromocytoma O]

Allergic rhinitis J

If you choose "yes" for one item or do not know your current medication and
renal function or thyroid function, please go to room 75, Area 2, 3rd floor of the
outpatient clinic and the pharmacist will evaluate the risk of your angiography. Thank
you for your cooperation!

Name: Date:

FIGURE 1
lodinated contrast media risk self-assessment questionnaire.

the risk of ADR may be overestimated, leading to delayed diagnosis
and treatment.

The key step to ensure a smooth imaging examination is the
infusion of ICM. To achieve an efficient, reasonable, safe and
standardized infusion process, the medical technicians must
high
plays a

cooperate and maintain a level
Additionally, the

multidisciplinary team responsible for managing adverse drug

of performance.
pharmacist crucial role in a
events in hospitals, promoting the safe use of drugs (Choukroun
et al, 2021; Shrestha et al, 2022). Therefore, in April 2021, a
multidisciplinary collaborative management team for risk
assessment of ICM infusion was established in our hospital,
Stratified

risk  were

consisting of clinicians, and pharmacists.
assessment and personalized management of

nurses

implemented throughout the entire process, from the patients’
appointment to the injection of ICM.

1.1 Aim of the study

The study aimed to develop a risk management service system
that enhances the ability to predict and mitigate the risks associated
with the infusion of ICM, thereby reducing the incidence of adverse
reactions and improving drug safety in patients.
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2 Method
2.1 Study participants

The risk early warning and prevention study was conducted at
Nanjing Drum Tower Hospital from April 2021 to December
2021. A risk self-assessment questionnaire was designed for
patients based on the main risk factors associated with ICM by
referring to relevant literature and guides (Chen et al.,, 2014;
Rosado Ingelmo et al.,, 2016; van der Molen et al., 2018; John
and Yadav, 2019; Davenport et al., 2020; ACR comittee on drugs
and contrast media, 2022) (Figure 1). Inclusion criteria: 1)
patients who underwent routine contrast-enhanced computed
tomography (CECT) from April 2021 to December 2021; 2)
Volunteer to participate in this risk assessment service; 3)
patients were able to maintain good communication with
researchers to complete this study as required; 4) there was no
age limit for patients. Patients who were pregnant or scheduled for
surgery within 1 week were excluded from the study. Patients who
agreed to participate signed an informed consent form and
arranged meetings with pharmacists after completing the self-
assessment questionnaire.

2.2 Building a multidisciplinary team

A comprehensive ICM infusion risk management service was
carried out by a pharmacist-led, multidisciplinary team. Clinical
pharmacists who participated in this study were pharmacy
graduate students with at least 5years of clinical experience and
had successfully completed the Medication Therapy Management
Program offered by the University of Minnesota College of Pharmacy.
All team members received uniform training before providing this
service. Besides, they are responsible for understanding the types and
uses of contrast media, as well as being familiar with their potential
adverse reactions, identifying corresponding risk factors, and knowing
how to prevent and treat adverse reactions correctly. The roles and
responsibilities of the multidisciplinary team members are as follows:
Clinical departments: 1) Diagnosis of patients’ condition and ordered
a CECT scan; 2) Balance the potential risks of contrast media
administration with diagnostic benefits and consider alternative
plans when the risks are large. Radiologists: 1) Preparing contrast
media and high-pressure syringe pipeline; 2) Communicating with
patients and take appropriate posture; 3) Set dose and flow rate; 4)
Watching closely for adverse reactions during the CECT examination.
Pharmacists: 1) Responsible for stratified risk assessment before
infusion of ICM. 2) Related risk explanation and adequate
hydration guidance; 3) Developing strategies for managing adverse
reactions and informing nurses of its use 4) follow-up of patients.
Radiology nurses: 1) Checking the patients’ basic information 2)
Confirming whether there are contraindications for examination
again 3) Evaluating the skin and blood vessels at the puncture site,
placing indwelling needle. 4) Telling patients to stay under
observation, quickly identifying adverse reactions and giving timely
and appropriate treatment according to the patient’s condition after
examination, extracting needle correctly. In addition, a staff member
was set up to book examination time and guide patients to fill in the
risk self-assessment form.
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2.3 Establish risk assessment workflow

ICM infusion risk assessment flowchart was established in our
hospital (Figure 2). After the doctor ordered a CECT scan, the front
desk personnel guided the patients to fill in the risk self-assessment
form before the appointment. When patients have contrast risk
factors, a comprehensive risk assessment should be conducted face-
to-face with a pharmacist. Pharmacist classified patients into high,
medium and low risk from three aspects: anaphylaxis, CA-AKI and
others. Examination were cancelled or delayed if there were absolute
contraindications. If there were relative contraindications, the
balanced the
administration with diagnostic benefits and considered alternative

doctor potential risks of contrast media
plans or canceled the examination. All patients were informed by
pharmacists of the risks and precautions associated with the ICM,
and monitored throughout the examination process by members of
the multidisciplinary team. All the ADRs were recorded within half

an hour and a week after examination.

2.4 Risk stratification assessment criteria

The risk-stratified assessment form was designed by referring to
a large number of guidelines and literatures (Figure 3). Each risk
factor related to the use of ICM was carefully reviewed and sorted
into one of three categories: high risk, medium risk, or low risk. The
table identifies high-risk factors with % and medium-risk factors
with a @. At our hospital, patients with uncontrolled asthma,
untreated or uncontrolled hyperthyroidism, or who have not
discontinued metformin for at least 48 h are considered absolute
contraindications for ICM. For patients who have experienced
allergic-like reactions in the past, doctors will evaluate the risks
and benefits of using a different type of ICM or canceling the
examination altogether. If a patient has at least one high-risk factor,
they are classified as high risk, regardless of whether they also have
moderate-risk factors. If a patient has only one or more moderate-
risk factors and no high-risk factors, they are classified as medium
risk. Patients with neither high-risk nor moderate-risk factors are
considered low risk.

2.5 Management of ADRs by ICM in our
hospital

Based on established guidelines, we developed treatment
standards for managing the common adverse reactions of ICM
(Chen et al., 2014; Li et al, 2018; ACR comittee on drugs and
contrast media, 2022). All patients were closely monitored for at
least 30 min after the examination. Mild allergic reactions such as
itching and hives were carefully observed, and moderate reactions
were typically treated with anti-H1 blockers. Severe allergic
reactions require treatment with epinephrine, while oxygen and
inhaled f2-agonists may be administered to alleviate bronchospasm.
High-risk patients for CA-AKI (contrast-induced acute kidney
injury) received typical oral hydration volume expansion therapy,
and renal function was reevaluated 48 h after the examination
(Sebastia et al., 2021). In the event of hypertensive crises due to
pheochromocytoma, phentolamine was administered. For the
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| No

| Appointment for CECT |—

|
|

Related risk explanation and
adequate hydration guidance

* Before inspection:

Nurse should check the patients’ basic
information, reconfirms whether there is
absolute contraindication, and place

indwelling needle.
* During inspection:
Radiologist should preheats the ICM,

prepare the examination equipment, and
closely observe the patient's reaction
= After inspection:
Nurse should record and manage
ADR that occur within 30 minutes
Pharmacists should conduct telephone
follow-up during the first week

Jiang et al.
Clinical departments ordered a CECT scan
complete the risk self-assessment
questionnaire at the front desk
Yes
Pharmacists stratified the
risk factors for ICM
High risk
Have absolute Have relative
contraindication contraindication
to ICM to ICM
risks > benefits [ oot should balance
] the risks and benefits
Cancel/ delay risks < benefits
the examination
Related risk explanation
and consider risk —
mitigation measurcs
FIGURE 2

lodinated contrast media infusion risk assessment flowchart in our hospital. CECT, contrast-enhanced computed tomography; ICM, iodinated

contrast media; ADR, adverse drug reactions.

treatment of venous air embolism, patients were given 100% oxygen
and positioned on their left side. If ICM extravasates (leaks out of the
vein), the affected limb should be elevated above the level of the
heart.

2.6 Patient satisfaction surveys

Each participant was given a four-question survey to assess
patient satisfaction (refer to Table 1). Each answer was rated on a
scale of 1-5, with 1 being the worst and 5 being the best response.
The total score, which ranged from 4 to 20, was then categorized into
three groups: low satisfaction (4-9), moderate satisfaction (10-14),
and high satisfaction (15-20).

2.7 Statistical analysis

A Microsoft Access database was designed to facilitate data
collection. Completed questionnaires were analyzed by the Statistical
Package for the Social Sciences software version 26 (SPSS, International
Business Machines Corp., Armonk, New York, United States). Ratios
were used for categorical variables, and mean + standard deviation (SD)
for continuous variables of descriptive data.
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3 Results

The study enrolled a total of 157 patients, of whom 61.1% were
female. Details on patients’ demographics and other clinical
characteristics are given in Table 2. According to the risk
stratification criteria, 22 patients (14.0%) were classified as high risk,
125 patients (79.6%) as moderate risk, and 10 patients (6.4%) as low
risk. Among patients at high risk, 16 patients had a prior allergic-like
reaction to ICM, 1 had uncontrolled asthma, 1 was taking metformin,
2 had eGFR of 30-44 mL/min/1.73m* combined with positive urinary
protein or others CA-AKI risk factors, and 2 had untreated or
uncontrolled hyperthyroidism. Out of these 17 patients (10.8%) at
high risk of anaphylaxis, 12 attempted to switch to ICM with different
ingredients, 1 patient chose magnetic resonance imaging instead of
CECT scanning, 3 patients canceled the examination, and the patient
with uncontrolled asthma delayed the examination. Due to the necessity
of diagnosis, patients at high risk of CA-AKI were usually examined
after receiving adequate hydration. Additionally, patients with
untreated or uncontrolled hyperthyroidism were advised to visit an
endocrinologist and delay the examination. It was further discovered
that when patients with no history of ICM use were first exposed to
ICM, potential risk factors were easily underestimated or ignored due to
a lack of self-knowledge. Effective communication of drug risks
significantly improved patients’ knowledge about the risks of ICM.
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Risk assessment form for iodinated contrast media use

Name: Date:

Age: Gender:

Hospital Number: Telephone Number:
Height: ‘Weight:

Serum Creatinine (pmol/l) : e¢GFR (mV/min/1.73m?) :

Types of ICM: [ Iopromide [J Iodixanol

[0 Iohexol [ loversol

Project
risk

Risk factors for
anaphylaxis

Risk factors for CA-AKI

Other risk factors

 Prior allergic-like reaction

* Metformin was discontinued for less than

% Untreated or uncontrolled

to ICM () 48 hours () hyperthyroidism ()
% Uncontrolled asthma () *eGFR <30() ®Myasthenia Gravis ()
* eGFR 30-44 combined with positive | ®Pheochromocytoma ()
@Stable asthma () urinary protein or the following risk factors | ®Cardiac disease ()
@ Urticaria / atopic dermatitis | ()
) ®cGFR 45-59 ()
® Allergic rhinitis () ®Diabetes mellitus ()

@ History of drug allergy ()
@ History of food allergy ()

@Heart failure ()
@ Hypertension requiring medical therapy ()

®Age>70()

@Multiple myeloma ()
®Hyperuricemia ()

®Intra-arterial administration of ICM ()

@ Multiple doses of ICM within a short
period of time (< 24h) ()

@ Concurrent nephrotoxic drugs ()

% : high-risk factors; ®: medium-risk factors.

Drug list

Metformin () ACEI/ARB () NSAIDs () Aminoglycoside antibiotics () Diuretics ()

»  Chemotherapy drugs ( ) Drugs for hypothyroidism ( ) Drugs for hyperthyroidism ( ) Others ()
Drugs name:
4 Absolute contraindication: [ Yes O No
Assessment result | 4  Stratified assessment for anaphylaxis: [ high risk [J medium risk [ low risk
@ Stratified assessment for CA-AKI: O high risk O medium risk O low risk
@ Others risk:
Pharmacist
recommendations

Signature:

FIGURE 3

Risk assessment form for iodinated contrast media use. ICM, iodinated contrast media; eGFR, epidermal growth factor receptor; NSAIDs,
nonsteroidal anti-inflammatory drugs; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; CA-AKI, contrast-associated

acute kidney injury.

TABLE 1 Satisfaction survey.

Questions

1. The service enhanced my adherence to the risks of iodinated contrast media
infusion

2. When I finished the assessment, I clearly understood the risks to be aware of
during the inspection

3. The expertise of the multidisciplinary service team

4. I recommend the service to be continued

Patients who have risk factors are more likely to experience
adverse reactions to contrast media. Our study found that 29 cases
(18.4%) experienced allergic-like or physiological reactions to ICM.
Most of these reactions were mild and included localized hives,
itching, coughing, fever, dizziness, and wheezing. 7 cases (4.5%)
experienced moderate adverse reactions within 48 h of the scan,
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including widespread hives, itching, nausea, palpitations, and mild
wheezing. Patients with significant symptoms were treated with
anti-H; blockers, and all improved within a week. The study found
no significant difference in the levels of serum creatinine or
thyrotropin in patients with kidney or thyroid problems before
and after the scan. None of the patients experienced severe adverse
reactions related to the contrast media within the first week after the
scan. All patients expressed high levels of satisfaction with the
pharmacist-led multidisciplinary risk assessment service for
and the recommendation was to

contrast media infusion,

continue using this service.

4 Discussion
4.1 Statement of key findings

Clinicians and radiologists face confusion when assessing
patients due to the numerous risk factors outlined in various

frontiersin.org
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TABLE 2 Demograghic and general clinical characteristics of the patients (n = 157°).

Demograghic and general clinical characteristics

10.3389/fphar.2023.1161621

Age (years); mean + SD 54 + 16
Gender
Male 61 (38.9)
Female 96 (61.1)
Types of ICM
Iohexol Injection (Omnipaque) 52 (33.1)
Todixanol Injection (Visipaque) 34 (21.7)
Topromide Injection (Ultravist) 71 (45.2)
Patients at anaphylaxis risk
Prior allergic-like reaction to ICM 16 (10.2)
Uncontrolled asthma 1 (0.6)
Stable asthma 7 (4.5)
Urticaria/atopic dermatitis 15 (9.6)
Allergic rhinitis 9 (5.7)
History of drug allergy (ICM was not included) 100 (63.7)
History of food allergy 7 (4.5)
Had two or more anaphylaxis risk factors 17 (10.8)
Patients at CA-AKI risk
Metformin was discontinued for less than 48 h 1 (0.6)
eGFR less than 30 mL/min/1.73m? 0 (0)
eGFR of 30-44 mL/min/1.73m* 3(1.9)°
eGFR of 45-59 mL/min/1.73m? 5(3.2)
eGFR of 60-89 mL/min/1.73m? 10 (6.4)
Diabetes mellitus 4(2.5)
Heart failure 0 (0)
Hypertension requiring medical therapy 16 (10.2)
Multiple myeloma 0 (0)
Hyperuricemia 7 (4.5)
Age =70 27 (17.2)
Intra-arterial administration of ICM 31 (19.7)
Multiple doses of ICM within a short period of time (<24 h) 1 (0.6)
Concurrent nephrotoxic drugs 11 (7.0)
Had two or more CA-AKI risk factors 21 (13.4)
Patients with thyroid dysfunction
Untreated or uncontrolled hyperthyroidism 2 (1.3)
Controlled hyperthyroidism 3(1.9)
Subclinical hyperthyroidism 1 (0.6)
Hypothyroidism 5(3.2)
(Continued on following page)
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TABLE 2 (Continued) Demograghic and general clinical characteristics of the patients (n = 157°).

Demograghic and general clinical characteristics

Others

5(3.2)

SD, standard deviation.
“As multiple risk factors were compounded, the numbers do not equal 157.

"There were 2 patients with eGFR of 30-44 mL/min/1.73 m” combined with positive urinary protein or others CA-AKI risk factors; ICM, iodinated contrast media; eGFR, epidermal growth

factor receptor; CA-AKI, contrast-associated acute kidney injury.

guidelines. Currently, there are no agreed-upon evaluation criteria
to compare the risks and benefits of using ICM in clinical practice.
Due to the unclear risk factors, most Chinese hospitals, particularly
those in county areas, often choose to forgo examinations to avoid
the risk of adverse reactions, which can complicate diagnoses (Li
etal,, 2016). The level of risk associated with ICM usage has become
a significant concern. In our study, we have developed a
comprehensive multidisciplinary risk assessment and risk
management program for patients using ICM. All patients are
required to undergo a risk assessment, which includes three areas
of risk classification (anaphylaxis, contrast-induced acute kidney
injury (CA-AKI), and other risks), three categories of risk (high,
medium, and low), and three options following risk identification
The likelihood of
developing risk increases exponentially with cumulative risk
factors. Risk stratification tools help determine the level of risk

(elimination, reduction, or acceptance).

for individual patients, allowing those at low risk to avoid
unnecessary tests or overly burdensome preventive treatments,
while those at high risk can receive effective preventive measures
with close supervision. Our ultimate goal is to provide patients with
personalized risk prevention and response programs.

Current evidence suggests that food and drug allergies are
common, and have been increasing in prevalence in the last few
decades (Sousa-Pinto et al., 2017; Loh and Tang, 2018). In our study,
we found that 86.6% of patients had a history of allergy, atopy, or
asthma, and many of them had multiple drug and food allergies or
were allergic to two or more substances. The primary reason behind
repeated allergic-like reactions was a prior allergic-like reaction to
ICM (ACR comittee on drugs and contrast media, 2022). Our
findings suggest that high-risk patients who had a previous
allergic reaction without prophylactic medication had a 17.6%
(3 of 12 examinations) chance of experiencing repeated allergies,
which is similar to previous reports (Meth and Maibach, 2006;
Davenport et al.,, 2009; Dofia et al., 2020). Although the severity may
not be that serious, patients with atopic diseases such as asthma or
allergic predisposition are at increased risk of allergic reactions to
ICM. The relative risk of an allergy-type reaction to ICM in people
with a history of systemic allergies to several substances (excluding
ICM) is twice as high as in the general population (Schopp et al.,
2013).

Patients with asthma are nearly five times more likely to develop
bronchospasm (Morcos, 2005). Therefore, it is crucial to consider
any history of allergy-type reactions to ICM, as well as multiple
allergies or asthma when evaluating patients for their risk of allergic
reactions to ICM. While premedication (corticosteroid and
antihistamine) can help prevent a recurrence of hypersensitivity
reactions to contrast media, breakthrough reactions are still possible.
About 10% of people still experience a breakthrough reaction while
taking steroids, especially if the previous reaction was severe

Frontiers in Pharmacology

(Davenport et al,, 2009). Recent research suggests that switching
to a non-allergenic contrast media is more effective in reducing
subsequent reactions than steroid premedication (Schrijvers et al.,
2019; McDonald and Larson, 2021). However, ICM use is
unavoidable in many disease evaluations, so for high-risk
patients, we preferred to change the type of ICM.
Contrast-induced acute kidney injury (CI-AKI) refers to the rapid
deterioration of renal function shortly after the administration of
ICM. CI-AKI is a type of CA-AKI, which is associated with the use of
contrast medias. However, there are few studies that distinguish CI-
AKI from other types of CA-AKI in a suitable control group (ACR
comittee on drugs and contrast media, 2022). Therefore, the more
inclusive term CA-AKI is often used. Instead of serum creatinine-
based screening, it is recommended to use epidermal growth factor
receptor (eGFR) screening to identify individuals who may be at risk
of CA-AK (Nyman et al., 2018; Davenport et al,, 2020; ACR comittee
on drugs and contrast media, 2022). The primary risk factor for CA-
AKI is pre-existing renal impairment, particularly in patients with
eGFR<30 min™" 1.737%, who have a 30% risk of developing CA-AKI,
much higher than the general population (Davenport et al., 2020).
Patients with a personal history of kidney disease (e.g., chronic kidney
disease, solitary kidney, kidney cancer, kidney surgery, remote AKI,
kidney ablation, albuminuria) should undergo renal function
determination before undergoing any examination that involves
the use of contrast medias. Other risk factors for CA-AKI include
the use of nephrotoxic drugs, high doses of ICM within a short period
of time (<24 h), multiple myeloma, hyperuricemia (serum uric acid
level >7 mg/dL in men and >6 mg/dL in women), intra-arterial
administration of ICM, advanced age, and diabetes mellitus
(Schonenberger et al., 2019; Davenport et al., 2020; Everson et al.,
2020; ACR comittee on drugs and contrast media, 2022). When
administering (e.g.
vancomycin  and

concurrent  nephrotoxic ~ drugs anti-

inflammatories,  antibiotics ~ such  as
aminoglycosides, chemotherapeutic agents such as cisplatin and
methotrexate, diuretics, cyclosporine A, and others), doctors
should carefully monitor their patients’ renal function and
hydration levels (ACR comittee on drugs and contrast media,
2022). The risk of CA-AKI increases exponentially with the
presence of multiple risk factors. Risk stratification tools can help
determine the magnitude of risk for CA-AKI, allowing low-risk
individuals to avoid unnecessary prophylactic treatments and
kidney function testing. Perioperative renal protection measures
can benefit patients who are at high risk. However, there are some
limitations to clinical prediction rules, which hinder their application
in daily practice. For instance, the predictive power of these models for
CA-AKI ranges from poor to excellent, and none of the models have
been evaluated in clinical practice. Additionally, some model
characteristics include contrast volume, which is usually not

known until the imaging examination is complete.
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The majority of current risk assessment measures, such as the
traditional Mehran score (Mehran et al., 2004) and ACEF scores
(Ando et al, 2013), were originally designed for cardiac
interventions and have not been validated for predicting the risk
of CA-AKI in patients receiving intravenous contrast (Silver et al.,
2015). Additionally, due to the low awareness of kidney disease
among the representative sample of Chinese adults (Zhang et al.,
2012), the number of participants at risk for CA-AKI was limited,
with only 10.5% of CKD patients aware of their condition.
Furthermore, outpatients are highly mobile and CA-AKI usually
occurs within 48 h, making it difficult to detect in most cases. Unlike
anaphylaxis, which can be easily identified, potential renal toxicity is
often overlooked by patients even clinicians and radiologists.

Thyroid dysfunction (TD) is a rare but possible side effect of
exposure ICM in the general population. Since ICM contains
supraphysiological quantities of iodine, it may cause either
hyperthyroidism (Hyper) or hypothyroidism (Hypo) (Bednarczuk
et al., 2021). According to Kornelius et al. (2015), one in every
250 patients may be affected by ICM-induced Hyper or Hypo,
leading to harmful consequences. These findings are supported by
both single-institution retrospective analyses and a recent meta-
analysis (Bervini et al., 2021). Clinicians must remain vigilant about
potential thyroid TD caused by ICM, as many radiological exams
employing ICM are routinely performed. Identifying undiagnosed
TD before ICM exposure is crucial. Undiagnosed Hyper may be
surprisingly prevalent in communities with an iodine deficit. In our
study, two patients with untreated or uncontrolled Hyper had
delayed CECT scanning. One patient was newly diagnosed with
Hyper based on physical findings and serum thyroid hormone
assays. The other patient had self-discontinued anti-thyroid
medication for 2 weeks resulting in abnormal thyroid function.
Both were referred to endocrinologists and treated with
methimazole and beta-blockers. When assessing the potential risk
of ICM-induced TD, clinical symptoms of TD, pre-existing thyroid
diseases, and iodine intake should be considered.

4.2 Study strengths and limitations

As far as we know, this is the first management project led by
clinical pharmacists on ICM infusion risk assessment. The involvement
of pharmacists in patient care and multidisciplinary decision-making is
essential. Clinical pharmacists have a pivotal role in detecting and
evaluating ADRs (Salazar et al., 2022). In fact, a recent systematic review
has shown that pharmacist-led interventions can significantly reduce
the incidence of adverse drug events (Ali and Salahudeen, 2021). Given
their specialized medication knowledge, training, and unique position at
the interface between patients and medications, pharmacists are well-
equipped to solicit information from patients more accurately and
comprehensively than doctors and nurses. They can also obtain a
patient’s history of drug allergies and medication use, identify drugs
associated with nephrotoxicity, and provide individualized prophylactic
medication regimens to prevent adverse reactions to ICM. With clinical
pharmacists added to the multidisciplinary collaborative team, patients
can receive clearer and more comprehensive advice from healthcare
professionals.

Compared to previous studies, our study has taken into account
all possible risks and conducted a comprehensive, individualized

Frontiers in Pharmacology

10.3389/fphar.2023.1161621

risk assessment for patients throughout the entire process of

intravascular contrast media infusion during radiological
examinations. Our risk management model is highly practical
and suitable for use in all hospitals, as it is based on standardized
work procedures, a stable workflow, comprehensive risk assessment,
and specific implementation measures. No unique or cutting-edge
technology is required, and the multidisciplinary team members can
be trained to competently carry out this work. We have provided
sufficient detail in this paper regarding the risk assessment
workflow, intervention components, roles and responsibilities of
team members, making replication of this model possible. So, this
project can be implemented at the Grade I and III hospital in China.

It is important to consider several limitations when interpreting the
findings of this study. Firstly, the study was conducted at a single center
and had a relatively small sample size. The main focus of the study was to
establish a standard working mode and process, and to objectively
describe the results of risk assessment, rather than to conduct a
comparative analysis before and after implementing risk management.
Furthermore, patients with risk factors were identified through a self-
assessment form, which may have resulted in some patients not
participating in the assessment due to difficulties in understanding the
information or different levels of emphasis on the risks associated with
ICM infusion. Additionally, it may have been challenging to provide the
risk assessment service to all patients, but high-risk patients may have
been prioritized for its benefits. Despite these limitations, the study
provides valuable insights and serves as a reference for improving risk
assessment practices in the future. Conducting a pragmatic study with a

larger population would be reasonable to further investigate this topic.

5 Conclusion

We have successfully implemented a comprehensive ICM
with  high
practicability. We have clarified the roles and responsibilities of

infusion risk management process clinical
multidisciplinary team members in risk management, and ensured
the professionalism and accuracy of risk assessment results. This has
allowed us to timely identify, provide early warning, and control risk
factors. It demonstrates the positive impact of a medication risk
management service provided by a clinical pharmacist. This strategy

can be replicated at numerous medical facilities.
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