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Knowledge assessment of radiologists, radiology
residents, and radiographers regarding contrast
materials and management of adverse drug
reactions occurring due to contrast materials:

a cross-sectional study
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Purpose: The purpose of this study was to assess the knowledge of the radiology personnel regarding contrast media used m\
radiology and the management of associated adverse drug reactions.

Methods: A questionnaire-based cross-sectional study was conducted from 21 February to 31 March 2019 in five major hospitals
of Peshawar, Pakistan. A 30-item questionnaire was adopted from the existing literature containing both open and closed-ended
questions and the authors conducted a pilot study among 25 participants to assess the face validity of the tool. A universal sampling
technigue was adopted. Descriptive statistics were used to summarize the findings of the study.

Results: Less than half of the participants could correctly classify iodinated contrast media used in radiology on the basis of ionicity
and osmolaity. Sixty-three percent chose severe contrast material-induced allergic reaction as type | hypersensitivity reaction while
almost half of them correctly identified the features of iodinated contrast media associated with lesser side effects. Very few of them
(6.7%) had read the ACR 2018 manual on contrast media. Regarding the risk factors for acute adverse reactions and
signs/symptoms of anaphylaxis few could answer satisfactorily. Twenty-eight percent of participants correctly identified epinephrine
as the initial medication in an anaphylactic reaction. Regarding the preferred route of administration, concentration and dose of
epinephrine, the participants’ correct response was quite poor (43.8%, 6.7%, and 8.6%, respectively). More than 65% of
participants could name a single intravenous corticosteroid and antihistamine.

Conclusion: Radiology personnel’s knowledge regarding contrast material and management of severe contrast material-induced
allergic reactions is unsatisfactory.

Keywords: anaphylaxis, gadolinium-based contrast, iodinated contrast, radio-contrast hypersensitivity, radio-contrast media,
severe acute contrast allergy
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Diagnostic imaging has evolved and now plays an important role
in the medical profession. There is a significant growth in using
imaging methods, which leads to an increase in using radio-
contrast media. Half of all contrast-enhanced computerized

HIGHLIGHTS

e This cross sectional study has highlighted gaps in the
knowledge of Radiology personnel regarding contrast
media and it’s associated adverse drug reactions.

e A periodic audit of pharmaceuticals should be required for
quality assurance.

e Radiology personnel’s knowledge and abilities should be
evaluated regularly.

e It is reccommended that every 6 months training should be
repeated to recapture the learned skills.
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tomography (CT) and MRI scans conducted each year employ
contrast media (CM)!™?!. Todinated contrast media (ICM),
gadolinium-based contrast media, and barium-based contrast
media are the three commonly used classes of contrast media. The
first two are far more regularly used than the third one. ICM are
further classified base on its osmolality (hyper, hypo, or iso-) and
ionicity (ionic or non-ionic). Because of the significant risk of
adverse drug reactions (ADRs), high osmolar contrast media
(HOCM) and ionic CM are no longer employed. Non-ionic low
osmolar iodinated contrast media are associated with lesser side
effects®!. Gadolinium-based contrast agents (GBCA) are classi-
fied based on ionicity (ionic and non-ionic) and chelating agents
(linear vs. nonlinear). Linear GBCAs are well-tolerated; however,
there is not much difference in ADRs based on the ionicity
of GBCAs.

Even if the radio-contrast media is deemed safe, there is still the
possibility of ADR. ICM is the third most prevalent cause of
ADR, following non-steroidal anti-inflammatory medicines and
chemotherapeutic drugs. Severe acute contrast reaction (SACR) is
defined as any combination of the following symptoms that
require some form of immediate treatment: dyspnoea, sudden
drop in blood pressure, cardiac arrest, and loss of conscio-
usness'>*31. This study will focus on SACRs. Because the inci-
dence of SACRSs is relatively low, it has been revealed that even in
locations with a high patient load, only a few radiology personnel
are able to manage SACRs occurring due to usage of CM. The use
of contrast media is always a concern of patient safety for hos-
pitals and requires in depth analysis of departments and its per-
sonnel preparedness for untoward outcomes. This is the first
research in Pakistan to assess radiology personnel’s knowledge
and preparedness to manage SACRS associated with the use
of CM.

Materials and methods

Study design

A questionnaire-based cross-sectional study was designed to
collect data from radiology personnel. The survey type was
chosen due to its ease of use, time savings, and cost-effectiveness.
This research aimed to assess radiology personnel’s knowledge of
CM and the management of related adverse effects in a sample
of public and private hospitals in Khyber Pakhtunkhwa province
of Pakistan. The survey took 8-10 min for each participant to
complete. All responses were kept anonymous. We utilized the
resident teaching sessions, departmental meetings, audit meetings
and mortality and morbidity meetings for approaching the par-
ticipants. This was done after the approval of radiology chair at
each of the institute. During the survey, participants were given a
set of papers having a covering letter that detailed the purpose of
the study and a questionnaire. Participants were informed of the
voluntary nature of their participation. Privacy of the participants
was assured. Participants were given the option to contact the
research investigator if they have any queries regarding the study
(e-mail was provided).

Study participants

All the radiology consultants, residents, and charge radio-
graphers working at the five major hospitals of the metropolitan
city were included in the study. Trainee radiographers were
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excluded from the study. The questionnaire was distributed
among 210 radiology personnel (consultants, residents, and
radiographers). The participants who did not complete the survey
(n=100) or did not give consent (7= 15) were excluded from the
final sample. The response rate was around 50%.

Contents of questionnaire

A 30-item questionnaire was adopted from the existing literature
containing both open and closed-ended questions!®®!. The con-
tents of the questionnaire was reviewed and discussed with four
specialists in the field, a researcher and pharmacist to ensure the
alignment of the items within the scope of the study. Furthermore,
the questionnaire underwent testing for quantitative content
validity, which intended to establish expert agreement on how
relevant each item is in respect to the measurement purpose.
Qualitative content validity (i.e. face validity) was established
through piloting the questionnaire in a sample of 25 participants.
The aim of face validity was to determine how well participants
understood the items and what they thought of the topic they
were supposed to be measuring. Each question on the survey was
discussed with the participants individually. All of the comments
were heard and recorded. The panellists assessed every finding.
The main objective was to check whether the changes made to the
questionnaire were comprehensible. Moreover, vocabulary ade-
quacy was ensured, the text was harmonized, typographical and
grammatical errors were removed for clarity confirmation before
launching the questionnaire. Each questionnaire has three parts.
In order to evaluate the CVR, a panellist’s opinions were used
(6 members). Their evaluation was firstly based on Likert scale
three-point (1= not necessary; 2=useful but not essential;
3 =essential). Furthermore, using a four-point ordinal scale, the
expert panel was asked to score 30 items according to their
relevance to the tool’s underlying construct (1 = not relevant,
2 = somewhat relevant, 3 = quite relevant, and 4 = highly
relevant). The questionnaire’s CVI and CVR were 0.966 and
0.79, respectively.

The first part of the questionnaire contained items of the par-
ticipants’ basic demographic information. The second and third
parts comprised items on knowledge of CM and management of
associated ADRs, respectively. Standard practice of scoring was
not applied on questionnaire.

Ethical considerations

The work received official ethics approval from Khyber Girls
Medical College, Pakistan under reference number 606, dated
20/02/19. The participants’ anonymity was protected, and
informed permission was presumed for all participants, whether
taking part in an online survey (e-signature) or a paper-based
survey. The Helsinki Declaration (Revised 2013) and the
International Ethical Guidelines for Human Research in Health
were used to guide this investigation, which adhered to the
highest ethical standards (2016). The work has been reported in
line with the STROCSS criteria!l.

Statistical analysis

Statistical Package for Social Sciences (SPSS) for Windows,
Version 22 was used to analyze the data. Basic statistics were
produced, such as percentages and frequency distributions of
various attributes. For normally distributed numerical variable
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mean and standard deviation was calculated. Results were
presented in tables or figures.

Results

The mean (SD) age of the participants was 32.4 (8.4) years. Out
of the total 105 participants, 51.5% (n=54) were males. About
16% (17/105) radiology consultants, nearly 61% (64/105)
radiology residents, and 23% (24/105) technicians took part in
this study (Table 1). Ninety three percent (98/105) participants
had not read the ACR Manual 2018 (Fig. 1). Of those who had
read the ACR manual, majority were from technicians (5/7). Only
one consultant and one resident had read the ACR manual
(Fig. 2). Less than half and about one-quarter of participants
could classify ICM based on ionicity and osmolality, respectively.
Fifty-six percent (59/105) participants correctly identified the
features of ICM associated with lesser side effects. Approximately
65% (68/105) could name a single intravenous antihistamine and
75% (79/105) could name a single intravenous corticosteroid
used in contrast media reaction (Table 2). Regarding severe acute
contrast media reaction management, responses of the partici-
pants are recorded and are presented in Figure 3. Sixty-three
percent (60/105) participants correctly identified SACR as type I
hypersensitivity reaction. Only 1% (1/105) correctly identified
the “additional route of drug administration in severe acute
contrast reaction in children”. Twenty-six percent (27/105) par-
ticipants knew about whether or not epinephrine is kept in the
same room as their CT scanners. Only two CT scan rooms (2/9)
were equipped with injection epinephrine.

Discussion

Our survey is the first one in Pakistan to assess the radiology
personnel knowledge regarding CM and management of adverse
drugs reactions occurring due to contrast media. In five major
hospitals (9 CT suites/rooms) of the metropolitan city covered in
the study, only two CT suites (23%) had injection epinephrine
available in their drug kit or trolley. According to American
College of Radiology (ACR) guidelines on contrast media,
injection epinephrine should be readily available in the depart-
ment CT suite for use in case of severe acute contrast reaction!*!,
Twenty-six percent participants in our study knew whether or not
injection epinephrine is available in the same room where their
CT scanners are lying. This information is very important for
radiology personnel as the injection epinephrine is life saving
drug in case of anaphylactic reactions. In a survey conducted by
Lightfoot et al.”) sixty-two percent knew whether or not injection
epinephrine is available in the same room as their CT scanner.
Committee on Drugs and Contrast Media of ACR releases CM
manual regularly for radiology community!. We found that only
7 participants (7/105) in our study had read the ACR manual on

Have you read ACR manual?.

Designation* Yes No
Consultant 1 16
Resident 1 63
Technician 5 19

n=105; P<0.05; Cl= 95%.

Have you read ACR Manual 2018?

No 98

Response

u Yes

No

T T T T T T J

0 20 40 60 80 100 120
N

Figure 1. Participants response to the statement "Have you read ACR manual
2018". ACR, American College of Radiology.

contrast media. Majority of these (5/7) who had read the ACR
manual on contrast media were technicians. The reason might be
that their diploma examination contains questions on contrast
materials. Only one radiology consultant and one radiology
resident had read the ACR manual on contrast media. This may
be one of the major reasons our study participants had poor
knowledge about contrast media and management of associated
adverse drug reactions. Less than half and about one-quarter of
participants could correctly classify iodinated contrast media
based on ionicity and osmolality, reflective of poor understanding
of radiology personnel regarding contrast media. This informa-
tion is important as the non-ionic low osmolar contrast material
materials are associated with lesser side effects!>”),

When asked about the risk factors predisposing to SACR only
13.3% participants in our study could correctly identify those
risk factors. Previous reaction to contrast media, atopy, asthma,
over 60 years or younger than 5 years of age, and having cardiac
or renal disease are some of the known risk factors for contrast
media associated adverse drug reactions''>”), Screening and
premedication in at-risk population have proven very beneficial
in decreasing the risk of SACR™!. Few (7.6%) could correctly
identify signs and symptoms of anaphylaxis following contrast
media administration in our study. Similar study from Turkey
reported that more than 50% of their participants correctly
identified the signs and symptoms of anaphylaxis'?!. It has been

62 u Yes

60 = No
50
40
30

19
20 16

1 1

Consultant radiologist Residentraddogy Technician

Figure 2. Participants' response to question "have you read ACR manual"
based on designation. ACR, American College of Radiology.
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Knowledge assessment of Radiology personnel on the important
questions.

Questions Designation Correct Incorrect
Which intravenous antihistamine is used in acute ~ Consultant 14 3
severe contrast media reaction?
Resident 45 19
Technician 9 15
Which intravenous corticosteroid is used in acute  Consultant 15 2
severe contrast media reaction?
Resident 55 9
Technician 9 15
Classify contrast media based on the iconicity Consultant 14 3
Resident 29 35
Technician 6 18
Features of contrast media which is associated Consultant 14 3
with lower side effects
Resident 38 26
Technician 7 17
Name one non-iodinated low osmolality contrast ~ Consultant 1 6
media
Resident 19 45
Technician 10 14
Do you know which contrast media is prescribed ~ Consultant 9 8
in your department?
Resident 17 47
Technician 15 9
Do you know which equipment is needed to Consultant 1 6
administer an injection of epinephrine during an
acute severe contrast media reaction?
Resident 34 30
Technician 6 ‘18
Which intravenous fluid is used for volume Consultant 10 7
expansion during contrast media reaction?
Resident 27 37
Technician 4 20
What is the most important medicine to administer ~ Consultant 7 10
in case of anaphylaxis following contrast media
reaction?
Resident 21 43
Technician 2 22

n=105; P<0.05; Cl= 95%.

found that CT scans are increasingly used more frequently in
emergency settings. The unpreparedness in such cases may lead to
inappropriate screening or insufficient premedication in at-risk
individuals'"", The first-line therapy for anaphylaxis is epi-
nephrine (1 mg/ml aqueous solution [1:1000 dilution]), which
should be delivered promptly. In adults, its dose is 0.3 mg
intramuscular into the mid-outer thigh with a pre-measured or
pre-filled syringe or an auto-injector™?!. In the hands-on training,
it has been noticed that the concentration, dosing, and route of
administration of injection epinephrine are most commonly
mistaken!?!. In one research, half of the participants understood
the right route, but only one-third knew the amount and rate of
epinephrine administration in SACR due to CM!®!, The study
from Turkey reported somewhat similar results for epinephrine
dosing and route of administration!'’!. In our study less than
50% of the participants correctly identified the optimal epi-
nephrine administration route, with only 8%, 7%, and 3%
identifying the correct dose for subcutaneous, intramuscular, and
intravenous routes, respectively. A survey conducted in Australia
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and New Zealand showed that over 40% of participants and over
60% self-reported themselves as poor or fair for dealing with
contrast media associated adverse drug reactions and radi-
ological emergencies, respectively!®!. In the survey conducted by
Lightfoot and colleagues no radiologist provided the ideal
response. Forty one percent of their participants (94 of 231)
provided an acceptable administration route, concentration, and
dose for epinephrine. Seventeen percent of their participants (39
of 231) provided an overdose for epinephrine when asked about
the amount of epinephrine administration in case of
anaphylaxis”!. In a local audit by Bartlett and colleagues in
Australia reported that only 43% of their participants could
provide correct dosage of epinephrine, and in case of incorrect
dosage it was most of the time an over dosage. They also reported
poor knowledge of radiologists and radiology residents when
asked for corticosteroid, atropine, antihistamine doses and
intravenous fluid use!*3!. This highlights the alarming situation of
radiologists globally putting the patients at risk. Understanding
the proper route and amount of epinephrine in an anaphylactic
reaction is essential as the wrong dosage may prove detrimental
instead of reversing the contrast media associated adverse drug
reaction.

The risk of death from a properly treated SACR is modest,
perhaps less than 1%. Published data is scarce on the mortality
rates of individuals undergoing SACR. Rare acute emergencies to
GBCA include refractory non-anaphylactic non-cardiogenic
pulmonary oedema. According to evidence, such life-threatening
crises are seldom resistive to traditional cardiopulmonary resus-
citation and may necessitate Extracorporeal Membrane
Oxygenation (ECMO). Rare but life-threatening cases of myo-
cardial ischaemia and necrosis leading to ST-elevation myo-
cardial infarction have also been reported™ 1!, Physicians must
be well-prepared to deal with these life-threatening conditions.
Anaphylaxis need prompt treatment since the respiratory or
cardiac collapse, as well as death, can occur within minutes. It is
crucial to treat anaphylaxis as soon as possible since delayed
epinephrine delivery is associated with an increase in
mortality™™?!, In the event of an adverse event during contrast
imaging, the American College of Radiology (ACR)-Society for
Paediatric Radiology (SPR) recommends that physicians be
“immediately available”. However, Medicare and Medicaid
recommend that contrast injections be performed under the direct
supervision of a physician®.

Study by Nandwana et.al performed a root cause analysis
following a newer-event due to the administration of an erro-
neous dose of epinephrine in multiple radiology departments.
They found that in 92.5% of the radiology departments, the
pharmacy did not contain the epinephrine injection for emer-
gency administration in case of anaphylaxis due to contrast
media. In such cases, it was commonly mistaken to use the epi-
nephrine injection available in the crash cart'®l,

Because of lower incidence of life-threatening events in radi-
ology as compared to other departments, radiologists, radiology
residents, radiology nurses, and technologists are not accustomed
to the management of critical cases. Less than half of the US
diagnostic radiology residency programs assess the resident’s
acute contrast media reaction management ability. The frequency
of lectures addressing the contrast media is one, two, and three or
more lectures per year ( 49%, 29.4% and 16%)!°!. The con-
ventional method of training radiology personnel is based on
didactic lectures, which are less yielding for efficient training.
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Initial dose of adrenaline for pediatric patients in anap hy laxis
Typeof inravenous fluidforvolume e xpansion

Rates of cardia ¢ conpression per nmimte

The doseinjoules for cardioversionfor ventncular fibril lation
Conce ntration ofadrem lineonyour drig kit

The 1:1000 concentrated adrenaline is used via whic hroute
Concentration ofadrem lincusedintravenoudy in anap hy lax is
Doseof adrenaline used intravenously in ana phyia xis

Conce neration o fa drena line usedintmmuscul arly in ana phy laxis
Dascof adrenalineused intramuscularly in anaph yia xis
Concentration ofadrena line usedsubcutaneowsly in anaphylaxis
Doseof adrenaline used subcutancously inanap hylaxis
Pre fred route o f adminstration of adremaline in anaphylaxis
Intravenous c orti coste riod s dose use d for contrast mediareaction
Namean intrave nous coticosteriods used in contrastmedia reaction
Intravenous anti histamine dose used for contrast ne dia e action
Name an intrave nous antihistamine wsed in contrast mediareaction
Signs and symptoms of a nap hy laxis fol lowingc ontrastmedia administmtion
Risk factors for acute advese cactions o contrast agents
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w Incorrect

60 70 80 920

= correct

Figure 3. Participants' responses to questions concerning SACR management. Responses have been presented in number where orange colour denotes
“Incorrect" and blue colour denote "Correct" using stack bar chart. SACR, severe acute contrast reaction.

Simulation training is being used in 18-37.8% of radiology
residency programs only®'¢!, However, hands-on or online
high-fidelity simulation and educational modules are getting
popular?., Simulation training has shown a significant improvement
in the knowledge and confidence of the participants. Subsequent
training has shown even better performance!’” "L After a gap of
6 months of training, a decline in performance for dealing with
contrast media reactions has been observed. The limiting factors
involved in high-fidelity simulation training are the cost and time
required from the training faculty and the trainees®!.

Study limitations

There are few limitations to this study. Our study has a limited
sample size and only data from one state is obtained. We had a
low response rate (50% overall), resulting in a risk of non-
responder bias. Radiologists and trainees who chose not to
complete the survey may have differed systematically from those
who did respond. There is disproportionate number of residents,
consultants, and radiographers in the study. So results may not be
generalizable. We assessed knowledge and management of SACR
so results cannot be generalized to other critical or non-critical
conditions in the radiology department. Standard practice of
scoring was not applied on questionnaire.

Conclusion

Radiology personnel’s knowledge regarding contrast media and
management of associated adverse drug reactions is low,
whereas, for children, it is critically low. In the radiology
department, routine stocking of the dose of manual intramus-
cular epinephrine injection/auto-injector is critical.

Recommendations

A periodic audit of pharmaceuticals should be required for
quality assurance. Radiology personnel’s knowledge and abilities
should be evaluated regularly. For contrast media reaction
management, routine didactic lectures, small interactive group
sessions, and hands-on workshops should be held. It is recom-
mended that every 6 months training should be repeated to
recapture the learned skills. The ACR manual on contrast media
is a great learning resource for radiologists on how to treat
reactions to contrast media. Their treatment tables can be posted
in the reading rooms. The ACR has a mobile version of the
contrast media manual as well.
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