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Purpose: To evaluate radiologists’ knowledge of the appropriate
management of severe contrast material–induced allergic
reactions by means of a telephone survey.

Materials and
Methods:

Institutional research ethics board approval was ob-
tained. Following verbal consent, a telephone survey of
radiologists working in Canada’s 13 English-speaking
and 13 U.S. university–affiliated radiology departments
was performed. Participants were selected by using a
multistage sampling scheme and simple random sam-
pling within departments. Given a severe contrast mate-
rial–induced allergic reaction case scenario, radiologists
were first asked their initial medication of choice, then
questioned specifically on the use of epinephrine. The
Canadian and U.S. cohorts were compared by using the
�2 and Fisher exact tests, as appropriate, and propor-
tions and 95% confidence intervals (CIs) were com-
puted.

Results: A total of 253 (81%) of 311 radiologists from a 30% target
population were surveyed. Ninety-one percent (231 of
253; 95% CI: 88%, 94%) of radiologists chose epinephrine
as the most important initial medication. No radiologist
gave the ideal response, but 41% (94 of 231; 95% CI: 35%,
47%) provided an acceptable administration route, con-
centration, and dose; 17% (n � 39; 95% CI: 12%, 22%) of
radiologists provided an overdose. Only 11% (27 of 253;
95% CI: 7%, 15%) of radiologists knew what concentra-
tion of epinephrine was available in their drug kit and/or
crash cart and what equipment would be required to ad-
minister it to a patient.

Conclusion: Radiologists’ knowledge of epinephrine for the manage-
ment of severe contrast material–induced allergic reac-
tions is deficient.
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Few clinical situations arise in the ra-
diology department that require im-
mediate medical intervention from

radiologists. A contrast material–induced
allergic reaction is one situation that has
substantial morbidity and mortality (1).
The incidence of severe life-threatening
reactions to iodinated contrast material is
thought to be approximately one of every
1000 uses for high-osmolar contrast me-
dia and approximately five times less fre-
quent for low-osmolar contrast media,
with both types having similar mortality
rates of around one of every 100 000
uses (1).

There is a steadily increasing reli-
ance on diagnostic imaging in medicine,
which increases the use of intravenous
contrast agents (2–5). Despite the in-
creasing use of these agents, many phy-
sicians have unsatisfactory knowledge
of adverse reactions to contrast mate-
rial (6). Because radiologists are super-
vising contrast material administration
in patients, they should not only have a
commanding knowledge of adverse con-
trast material reactions but be adeptly
able to manage them in the acute set-
ting.

Rapid administration of epinephrine
is the treatment of choice for severe con-
trast material–induced allergic reactions
(7). Current guidelines strongly recom-
mend assessment and management of
airway, breathing, and circulation, as in
all critically ill patients, and 0.01 mg per

kilogram of body weight to a maximum of
0.5 mg of 1:1000 concentrated epineph-
rine to be injected intramuscularly in the
lateral aspect of the thigh, as a first-line
treatment (7–9). There are few side ef-
fects with this approach and it is often life
saving (10,11). Subcutaneous injection of
epinephrine is less efficacious and may
only attain circulatory epinephrine levels
comparable to the endogenous stress re-
sponse from placebo saline injections
(8,12,13). Intravenous injection of epi-
nephrine may be required for a life-
threatening reaction that is unresponsive
to intramuscular doses; however, it must
be dilute, given slowly, and titrated
against its therapeutic effect in a continu-
ously monitored patient and carries the
extremely rare risk of fatal adverse reac-
tion (8,14,15). We sought to evaluate ra-
diologists’ knowledge of the appropriate
management of severe contrast material–
induced allergic reactions by means of a
telephone survey instrument.

Materials and Methods

One author (S.K.) was previously in-
volved in the design of continuing medi-
cal education for King Pharmaceuticals
(Mississauga, Ontario, Canada). King
Pharmaceuticals has no involvement in
and no knowledge of this study. No in-
dustry financial support has been ob-
tained for this study and none of the
authors have financial interests in King
Pharmaceuticals.

Institutional research ethics board ap-
proval was obtained. Following verbal
consent, we performed a telephone sur-
vey of radiologists working in Canada’s 13

English-speaking and 13 U.S. university–
affiliated radiology departments. The U.S.
institutions were randomly selected from
a listing of the American Medical Associ-
ation Fellowship and Residency Elec-
tronic Interactive Database Access Sys-
tem (Chicago, Ill) in 2007. In an effort to
increase our response rate, the Canadian
radiology department chairpersons were
contacted in advance at an annual meet-
ing through distribution of a written doc-
ument that did not disclose the study sub-
ject matter. The chairpersons were asked
to inform their staff that we may be call-
ing with a short series of questions.

Faculty lists were obtained from de-
partment Web sites and through admin-
istrative staff. Radiologists were ran-
domly called with a goal of enrolling 30%
from each department to ensure a con-
stant proportionate representation from
each center. Radiologists working solely
in pediatric imaging were excluded in an
effort to focus on a more homogeneous
subject population and to avoid the more
complex weight-based epinephrine dos-
ing parameters within the constraints of
this short telephone survey. If a radiolo-
gist was not available at their office num-
ber or by their direct paging system, they
were excluded. If a radiologist indicated
that they were not able to answer the
survey immediately and the survey topic
had not been disclosed, a second tele-
phone contact was attempted to complete
the survey. Site-specific enrollment was
finished within 1 day in an attempt to limit
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Advances in Knowledge

� The majority of radiologists (59%,
137 of 231) do not have an appro-
priate working knowledge of epi-
nephrine dosing for severe con-
trast material–induced allergic
reactions.

� When radiologists provided an
incorrect dose of epinephrine,
they were more likely to overdose
(17%, 39 of 231) than underdose
(0.4%, n � 1).

� Most radiologists (89%, 226 of
253) do not know what type of
epinephrine is available on their
emergency cart and/or drug kit
and what equipment is required
to administer it.

Implications for Patient Care

� Because radiologists have a poor
working knowledge of epineph-
rine administration for severe
contrast material–induced allergic
reactions, patients may not be
receiving appropriate or timely
treatment.

� The use of an epinephrine autoin-
jector has the potential to im-
prove and simplify patient care in
these emergency situations, at
least until support staff arrives.
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discussion among colleagues at each insti-
tution.

The survey was designed on the ba-
sis of a case scenario of a severe con-
trast material–induced allergic reaction.
Radiologists were asked their initial
medication of choice, then questioned
on the use of epinephrine for severe
contrast material–induced allergic reac-
tions. They were also asked questions
on the logistics of administering epi-
nephrine at their respective institu-
tions (Figure). Following complete en-
rollment of an institution, computed to-
mographic (CT) technologists on duty at
each hospital were contacted by tele-
phone to verify radiologists’ responses
to the questions with site-specific an-
swers. Specifically, technologists were
asked to confirm what concentration of
epinephrine was available in their emer-
gency cart and/or drug kit and whether
or not it was kept in the CT scanner
rooms. The Canadian surveys were con-
ducted by one author (C.B.L.) with the
exception of his own institution (Dal-
housie University, Halifax, Nova Sco-
tia, Canada), which was performed by
T.M., who at the time of the survey had
no affiliation. The U.S. surveys were
conducted by two authors (C.B.L. and
R.J.A.; C.B.L. supervised a number of
the surveys performed by R.J.A. to en-
sure consistency of the interviews).

The ideal dose of epinephrine was
defined as an intramuscular injection of
0.5 mg of 1:1000 concentration. The
acceptable dose ranges in this study
were defined as 0.1–0.5 mg of 1:1000
concentrated epinephrine for subcuta-
neous and intramuscular injections and
5 �g to 0.5 mg of 1:10 000 concentrated
epinephrine for intravenous injections.
These generous adult dosing parame-
ters were selected by combining the
widest range of doses in multiple guide-
lines, including those from the Ameri-
can College of Radiology (16), European
Society of Urogenital Radiology (9), and
a Joint Task Force on Practice Parame-
ters (7).

Statistical computing software (R; R
Foundation for Statistical Computing,
Vienna, Austria) (17) was used to gen-
erate the random numbers to identify
U.S. academic radiology departments

and individual radiologists in both U.S.
and Canadian academic radiology de-
partments. Data were collated in a
spreadsheet (Excel; Microsoft, Red-
mond, Wash). Comparisons of the Ca-
nadian and U.S. cohorts were made
with the �2 and Fisher exact tests, as
appropriate. Proportions and 95% con-
fidence intervals (CIs) were computed
for survey responses (M.A. and C.B.L.).

Results

Three hundred eleven radiologists
were contacted directly by telephone.
Of those, 20 declined enrollment with-
out knowledge of the survey topic and

38 withdrew from the study during the
survey. A total of 253 radiologists were
enrolled: 27% (148 of 548) of Canada’s
13 English-speaking university–affili-
ated radiologists and 19% (105 of 552)
of radiologists from the U.S. institutions
(Table). Our target population was
30% of faculty at each institution; we
achieved an 81% (253 of 311) response
rate of those contacted. There were no
statistical differences in the response
rates or survey answers between the
Canadian and U.S. cohorts.

Ninety-one percent (231 of 253;
95% CI: 88%, 94%) of radiologists
chose epinephrine, 4% (n � 10; 95%
CI: 2%, 6%) chose an antihistamine,

Survey to evaluate radiologists’ knowledge of appropriate management of severe contrast material–induced
allergic reactions. Following verbal consent, each radiologist was given case scenario and asked questions
listed.
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2% (n � 6; 95% CI: 0%, 4%) chose a
steroid, and 2% (n � 6; 95% CI: 0%,
4%) chose a different drug as the most
important initial medication for treat-
ment. No radiologist provided the ideal
response, but 41% (94 of 231; 95% CI:
35%, 47%) provided an acceptable ad-
ministration route, concentration, and
dose of epinephrine; 17% (39 of 231;
95% CI: 12%, 22%) of radiologists pro-
vided an overdose.

Radiologists were asked specifically
about subcutaneous, intramuscular, and
intravenous administration of epineph-
rine. Twenty-eight percent (71 of 253;
95% CI: 22%, 34%) provided an accept-
able subcutaneous dose and 25% (n �
62; 95% CI: 20%, 30%) provided a sub-
cutaneous overdose. Intramuscular in-
jection of epinephrine was the route
most often cited as inappropriate by
21% (n � 54; 95% CI: 16%, 26%) of
radiologists. Sixteen percent (n � 40;
95% CI: 13%, 19%) of radiologists pro-
vided an acceptable intramuscular dose
and 13% (n � 33; 95% CI: 9%, 17%)
provided an intramuscular overdose.
Thirty-nine percent (n � 99; 95% CI:
33%, 45%) of radiologists provided an
acceptable dose of intravenous epineph-
rine and 9% (n � 23; 95% CI: 5%, 13%)
provided an intravenous overdose.

Fifty-four percent (136 of 253; 95%
CI: 48%, 60%) of radiologists knew
that 1:1000 concentrated epinephrine
is supplied in 1-mL glass ampules and
31% (n � 78; 95% CI: 25%, 37%) knew

that 1:10 000 concentrated epinephrine
is supplied in 10-mL preloaded syringes.
Sixty-two percent (n � 157; 95% CI:
68%, 56%) knew whether or not epi-
nephrine is kept in the same room as
their CT scanners. Only 11% (n � 27;
95% CI: 7%, 15%) of radiologists knew
which concentration of epinephrine was
available in their drug kit and/or crash
cart and what equipment would be re-
quired to administer it to a patient.

Discussion

No radiologist gave the ideal dose and
administration route of epinephrine
(defined as a 0.5-mg intramuscular in-
jection [1:1000]) for the management of
the severe contrast material–induced
adult allergic reaction scenario. Intra-
muscular is the preferred route of ad-
ministration and was the route most of-
ten cited as inappropriate. When radi-
ologists provided an incorrect dose of
epinephrine, they were more likely to
overdose than underdose.

Bartlett et al (18) have investigated
the knowledge level of radiologists and
trainees (in four teaching hospitals in a
major Australian city) for the manage-
ment of allergic reactions to contrast ma-
terial. They found that radiologists’ and
trainees’ knowledge of immediately life-
threatening contrast material reaction
management was low. Forty-three per-
cent knew an acceptable adrenaline dose
(defined as �0.75 mg) and an incorrect

dose was more likely to be an overdose.
They suggested that regular, compulsory
training of radiologists be instituted. Fur-
thermore, Sadler et al (19) in the United
Kingdom established through a postal
survey that knowledge for managing se-
vere contrast material reactions was
higher in junior radiologists when com-
pared with their more senior counter-
parts, but juniors were more likely to use
inappropriate pharmacologic agents.
They stated that most radiologists man-
age severe and potentially fatal contrast
material reactions poorly overall. They
suggested that it may be unrealistic to
expect medical staff who no longer prac-
tice acute clinical medicine to manage in-
frequent medical emergencies with effi-
ciency and confidence. They also called
for a simplified treatment approach.

To our knowledge, no study has eval-
uated North American radiologists’
knowledge for the management of severe
contrast material–induced allergic reac-
tions. Our study population is a Canadian
and U.S. national subset of academic ra-
diologists, in contrast to the localized Aus-
tralian study (18). In comparison with the
United Kingdom postal survey (19), our
direct telephone questionnaire decreases
the possibility of subjects using reference
materials when answering questions. Our
high response rate (81%; 95% CI: 77%,
85%) suggests a low chance of selection
bias.

Our results indicate that radiologists
in daily practice do not maintain a work-
ing knowledge of epinephrine dosing pa-
rameters. Many studies have found defi-
ciencies in the knowledge and delivery of
proper treatment of anaphylactic reac-
tions by others, including family physi-
cian, pediatricians, internal medicine
specialists and even emergency room
physicians (20–26). It is possible that
radiologists who are removed from
regular patient care may be hesitant in
instituting treatment and may choose
to wait for acute care support staff to
administer epinephrine, causing an
unnecessary delay with potential ad-
verse patient outcomes (27,28).

Having ready access to a preloaded
epinephrine autoinjector, similar to that
prescribed to adult and child layper-
sons, is a simple solution that could dra-

Radiologists’ Responses for Epinephrine Dosing for Management of Severe Contrast
Material–induced Allergic Reactions

Medication of Choice Epinephrine (%) Acceptable Dose (%) Overdose (%)

Total sample 91 (231/253) �88, 94� 41 (94/231) �35, 47� 17 (39/231) �12, 22�

Epinephrine administration route of
choice

Subcutaneous 26 (61/231) �20, 32� 38 (23/61) �26, 40� 34 (21/61) �24, 44�

Intramuscular 6 (15/231) �3, 9� 53 (8/15) �28, 78� 13 (2/15) �0, 30�

Intravenous 61 (141/231) �53, 67� 45 (63/141) �37, 53� 11 (16/141) �6, 16�

When asked specifically about routes
of epinephrine administration

Subcutaneous 100 (253/253) 28 (71/253) �22, 34� 25 (62/253) �20, 30�

Intramuscular 100 (253/253) 16 (40/253) �13, 19� 13 (33/253) �9, 17�

Intravenous 100 (253/253) 39 (99/253) �33, 45� 9 (23/253) �5, 13�

Note.—Numbers in parentheses were used to calculate percentages; numbers in square brackets are the 95% CIs.
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matically improve patient care. There
are limited side effects with the use of
intramuscular epinephrine (10,11) and
fewer specific to the use of an autoinjec-
tor (27,28). These devices are easy to
use and eliminate uncertainty regard-
ing dose administration route. We
strongly recommend the combination of
education and placing epinephrine auto-
injectors in all departments or clinics ad-
ministering intravenous contrast agents
will help save lives. We suggest that these
devices be readily visible and within easy
reach, wall- or gantry-mounted, for use
when the need arises.

In addition to epinephrine autoinjec-
tors, other beneficial options might in-
clude posted treatment algorithms in
rooms where contrast material is being
administered and having appropriate
quick-reaction drug kits that are easily
visible and accessible. These should con-
tain 1:1000 and 1:10 000 concentrated
epinephrine with appropriate materials
for administration, such as needles, sy-
ringes, and needleless adapters, if re-
quired at each institution. Other medica-
tions may also be useful (7,9), but their
administration is often not as time sensi-
tive as that of epinephrine.

O’Neill and McBride (31) found low
retention of knowledge for cardiopul-
monary resuscitation and contrast me-
dia reactions with additional low levels
of retraining in their radiology depart-
ment. However, a concerted effort for
regular updating made a significant dif-
ference over the 28-month study pe-
riod. We also strongly advocate fre-
quent continuing medical education and
believe that radiologists should main-
tain basic and advanced life-support
certification.

Our study had limitations in that we
chose to survey only radiologists in uni-
versity-based departments and our re-
sults may not generalize to those working
in community practices. Although it is dif-
ficult to know with certainty the reasons
why 38 radiologists withdrew from the
survey, many seemed uncomfortable with
the questions and their knowledge level,
and therefore our results may reflect a
slight, falsely elevated level of knowledge
for our target population. Individuals may
have had access to reference materials

during the survey; however, we at-
tempted to minimize this by requiring an
immediate response through our tele-
phone survey methods. Colleagues within
institutions could have discussed the sur-
vey; we tried to curtail this by single-day
institution enrollment. If present, these
potential biases should have also resulted
in a mild false increase in the assessed
level of knowledge of our subjects. Multi-
stage random sampling and unequal sam-
ple sizes within each academic radiology
department led to lower accuracy (32).

In conclusion, radiologists’ knowl-
edge of the use of epinephrine for the
management of severe contrast mate-
rial–induced allergic reactions is defi-
cient.
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Quantity __________________  Fax  __________________
Phone:  Day ________________ Evening  ______________
E-mail Address  ____________________________________
*  Add $32 for each additional shipping address

Payment and Credit Card Details
Enclosed: Personal Check ___________

Credit Card Payment Details _________
Checks must be paid in U.S. dollars and drawn on a U.S. Bank.
Credit Card:   __ VISA    __ Am. Exp.   __ MasterCard
Card Number __________________________________
Expiration Date_________________________________
Signature: _____________________________________

Please send your order form and prepayment made payable to:

Cadmus Reprints
P.O. Box 751903
Charlotte, NC  28275-1903

Note:  Do not send express packages to this location, PO Box.
FEIN #:541274108

Invoice or Credit Card Information
Invoice Address Please Print Clearly
Please complete Invoice address as it appears on credit card statement
Name  ____________________________________________
Institution ________________________________________
Department _______________________________________
Street  ____________________________________________
City ________________________  State _____  Zip _______
Country ___________________________________________
Phone _____________________ Fax   _________________
E-mail Address _____________________________________

Cadmus will process credit cards and Cadmus Journal 
Services will appear on the credit card statement.

If you don’t mail your order form, you may fax it to 410-820-9765 with 
your credit card information.

Signature  __________________________________________ Date _______________________________________
Signature is required.  By signing this form, the author agrees to accept the responsibility for the payment of reprints and/or all charges 
described in this document.

Reprint order forms and purchase orders or prepayments must be received 72 hours after receipt of form either 
by mail or by fax at 410-820-9765.  It is the policy of Cadmus Reprints to issue one invoice per order.

Please print clearly.
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Black and White Reprint Prices

Domestic (USA only)
# of 

Pages
50 100 200 300 400 500

1-4 $239 $260 $285 $303 $323 $340
5-8 $379 $420 $455 $491 $534 $572
9-12 $507 $560 $651 $684 $748 $814

13-16 $627 $698 $784 $868 $954 $1,038
17-20 $755 $845 $947 $1,064 $1,166 $1,272
21-24 $878 $985 $1,115 $1,250 $1,377 $1,518
25-28 $1,003 $1,136 $1,294 $1,446 $1,607 $1,757
29-32 $1,128 $1,281 $1,459 $1,632 $1,819 $2,002

Covers $149 $164 $219 $275 $335 $393

International (includes Canada and Mexico)
# of 

Pages
50 100 200 300 400 500

1-4 $299 $314 $367 $429 $484 $546
5-8 $470 $502 $616 $722 $838 $949
9-12 $637 $687 $852 $1,031 $1,190 $1,369

13-16 $794 $861 $1,088 $1,313 $1,540 $1,765
17-20 $963 $1,051 $1,324 $1,619 $1,892 $2,168
21-24 $1,114 $1,222 $1,560 $1,906 $2,244 $2,588
25-28 $1,287 $1,412 $1,801 $2,198 $2,607 $2,998
29-32 $1,441 $1,586 $2,045 $2,499 $2,959 $3,418

Covers $211 $224 $324 $444 $558 $672

Minimum order is 50 copies.  For orders larger than 500 copies, 
please consult Cadmus Reprints at 800-407-9190.

Reprint Cover
Cover prices are listed above.  The cover will include the 
publication title, article title, and author name in black.

Shipping
Shipping costs are included in the reprint prices.  Do mestic
orders are shipped via FedEx Ground service.  Foreign orders 
are shipped via a proof of delivery air service.

Multiple Shipments
Orders can be shipped to more than one location. Please be 
aware that it will cost $32 for each additional location.

Delivery
Your order will be shipped within 2 weeks of the journal print 
date.  Allow extra time for delivery.

Color Reprint Prices
Domestic (USA only)

# of 
Pages

50 100 200 300 400 500

1-4 $247 $267 $385 $515 $650 $780
5-8 $297 $435 $655 $923 $1194 $1467
9-12 $445 $563 $926 $1,339 $1,748 $2,162

13-16 $587 $710 $1,201 $1,748 $2,297 $2,843
17-20 $738 $858 $1,474 $2,167 $2,846 $3,532
21-24 $888 $1,005 $1,750 $2,575 $3,400 $4,230
25-28 $1,035 $1,164 $2,034 $2,986 $3,957 $4,912
29-32 $1,186 $1,311 $2,302 $3,402 $4,509 $5,612

Covers $149 $164 $219 $275 $335 $393

International (includes Canada and Mexico))
# of 

Pages
50 100 200 300 400 500

1-4 $306 $321 $467 $642 $811 $986
5-8 $387 $517 $816 $1,154 $1,498 $1,844
9-12 $574 $689 $1,157 $1,686 $2,190 $2,717

13-16 $754 $874 $1,506 $2,193 $2,883 $3,570
17-20 $710 $1,063 $1,852 $2,722 $3,572 $4,428
21-24 $1,124 $1,242 $2,195 $3,231 $4,267 $5,300
25-28 $1,320 $1,440 $2,541 $3,738 $4,957 $6,153
29-32 $1,498 $1,616 $2,888 $4,269 $5,649 $7028

Covers $211 $224 $324 $444 $558 $672

Tax Due
Residents of Virginia, Maryland, Pennsylvania, and the District 
of Columbia are required to add the appropriate sales tax to each 
reprint order.  For orders shipped to Canada, please add 7% 
Canadian GST unless exemption is claimed.

Ordering
Reprint order forms and purchase order or prepayment is 
required to process your order.  Please reference journal name 
and reprint number or manuscript number on any
correspondence.  You may use the reverse side of this form as a 
proforma invoice.  Please return your order form and 
prepayment to:

Cadmus Reprints
P.O. Box 751903
Charlotte, NC  28275-1903

Note:  Do not send express packages to this location, PO Box.
FEIN #:541274108

Please direct all inquiries to:

Rose A. Baynard
800-407-9190 (toll free number)
410-819-3966 (direct number)
410-820-9765 (FAX number)
baynardr@cadmus.com (e-mail)

Reprint Order Forms 
and purchase order 
or prepayments must 
be received 72 hours 
after receipt of form.
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