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Purpose: Patients with a history of radiocontrast media (RCM) hypersensitivity can be overlooked, resulting in repeated reactions. Therefore, a con-
sultation support system for RCM hypersensitivity has been in operation at Seoul National University Bundang Hospital since December 2011. We
analyzed the effect of this system on physicians’ practice. Methods: A retrospective study was conducted on patients with previous RCM reactions
(December 1, 2010 to November 30, 2012). The control period was December 2010 to November 2011, and the intervention period was December
2011 to November 2012. The primary outcome was the composite outcome of premedication and consultation. Premedication was defined as pre-
ventive medication prescribed by the physician who ordered RCM-enhanced computed tomography (CT) at the same time. The secondary outcome
was the recurrence rate after using the consultation support system. Results: A total of 189 clinicians prescribed 913 CT scans during the control
period and 225 clinicians performed 1,153 examinations during the intervention period. The odds ratio (OR) of achieving the composite outcome in-
creased significantly after use of the consultation support system (OR, 1.54; 95% confidence interval [Cl], 1.15-2.05). Clinicians in both medical (OR,
1.48; 95% Cl, 1.06-2.07) and surgical (OR, 2.07; 95% Cl, 1.24-3.46) departments showed significant changes in their behavior, whereas those in the
emergency department did not (OR, 1.07; 95% Cl, 0.41-2.78). Professors (OR, 1.47; 95% Cl, 1.06-2.04) and trainees (OR, 1.97, 95% Cl, 1.22-3.18)
showed significant changes in their behavior toward patients with previous RCM reactions. The behavior of 86 clinicians who ordered CT scans dur-
ing both the control and intervention periods was unchanged. Conclusions: The consultation support system for those with previous RCM hyper-
sensitivity reactions changed physicians’ practice patterns and decreased recurrent RCM hypersensitivity reactions as well.
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INTRODUCTION

Iodinated radiocontrast media (RCM) are among the most
common causes of immediate-type drug hypersensitivity reac-
tions, such as anaphylaxis in both adults and children.'® The
most important risk factor for RCM hypersensitivity is a previ-
ous reaction to RCM.*® The risk of RCM hypersensitivity in-
creases about 11-fold for patients with previous RCM hyper-
sensitivity compared with those without a history of RCM hy-
persensitivity.”! Thus, the best way to reduce the incidence of
RCM reactions among patients with previous RCM hypersensi-
tivity is to avoid re-exposure. However, a history of RCM hyper-
sensitivity is often overlooked in a busy real-world clinical set-
ting.5"2

Considerable effort has been devoted to helping the physi-
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cians identify patients with drug allergies, including RCM hy-
persensitivity since the widespread adoption of electronic med-
ical records (EMRs). An electronic alert system can enhance
patient safety; however, too many alerts lead to “alert fatigue”
and an overriding of computer-generated alerts."*'* Thus, an
evaluation of a drug-allergy alert system should include wheth-
er the system detects patients at risk, promotes changes in phy-
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sician behavior, and is associated with actual reductions in the
incidence of drug allergies.

We previously reported on the effectiveness of a RCM hyper-
sensitivity alert system embedded in our EMR.” Our RCM hy-
persensitivity alert system communicates with physicians
through a pop-up window when they prescribe a RCM-en-
hanced computed tomography (CT) scan for a patient with
previous RCM hypersensitivity. Then, they could decide wheth-
er to consult to an allergist, prescribe premedication them-
selves, or ignore the pop-up window and keep ordering RCM-
enhanced CT scan. Further details of our consultation support
system have been described elsewhere.”® Our consultation sup-
port system has worked excellently and significantly decreased
the incidence of RCM hypersensitivity (odds ratio [OR], 0.59;
95% confidence interval [CI], 0.49-0.71; P<0.001) according to
our analysis using a generalized estimating equation (GEE) to
adjust for repeated exposure. However, we failed to show a re-
duction in the occurrence of breakthrough reactions among
patients with previous RCM hypersensitivity and could not ex-
plain the reason for the reduced incidence rate. We speculate
that physician awareness of RCM hypersensitivity can be
changed in the context of the increased opportunities to access
information about RCM hypersensitivity afforded by the EMR
system. Awareness of RCM hypersensitivity may change the be-
haviors of physicians, which may decrease the incidence of
RCM hypersensitivity. In this study, we directly confirmed
changes in physician behavior toward patients with a RCM re-
action following adoption of our consultation support system.

MATERIALS AND METHODS

The subjects were physicians who worked at Seoul National
University Bundang Hospital (SNUBH) between December 1,
2010 and November 30, 2012. The clinical behaviors of the phy-
sicians, such as consulting with specialists or premedicating,
when they ordered a RCM-enhanced CT scans for patients with
previous RCM hypersensitivity were evaluated. The 2-year study
period was divided into 2 one-year periods of before and after
December 1, 2011, which was when our consultation support
system was started. The first year was designated as the baseline
period and the second year was designated as the intervention
period. The frequency of consulting with a specialist and pre-
medicating when ordering a RCM-enhanced CT scan for a pa-
tient with previous RCM hypersensitivity, the specialty and ca-
reer stage of the ordering physician, and the occurrence of a
breakthrough reaction were compared between the 2 periods.

Data on RCM hypersensitivity were collected from the hospi-
tal information center and the Department of Radiology as de-
scribed previously.” In short, a list of all CT scans performed
during the 2-year study period was collected from the SNUBH
Medical Information Center. This dataset included the identifi-
cation number, specialty and career stage of the ordering physi-
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cian, the identification number, sex, and age of the patient; and
the premedication regimen, including antihistamines and sys-
temic steroids. A problem-reporting sheet was completed by
the trained attending nurse in the Department of Radiology.
The problem-reporting sheet included all previous and current
problems related to radiological examinations, including previ-
ous RCM hypersensitivity. The severity of reaction was classi-
fied as previously reported.” Mild reactions included urticaria,
flushing, pruritus, chills, and rhinitis symptoms. Moderate-to-
severe reactions included angioedema, dizziness, dyspnea, gas-
trointestinal symptoms, anaphylaxis, loss of consciousness, and
desaturation. As the recommended premedication regimen for
each did not differ, we did not separate moderate and severe re-
actions.

Data analysis

Continuous variables are described in terms of means and
standard deviations, whereas counts and proportions were
used to describe categorical variables. The predefined desirable
behaviors of physicians toward patients with previous RCM hy-
persensitivity when ordering a RCM-enhanced CT scan were
consulting with an allergy specialist (‘consultation’ variable)
and/or prescribing premedication according to the severity of
the previous reaction (‘premedication’ variable). The main
variable of interest was achievement of the composite endpoint
of desirable behaviors (consultation, premedication, or both)
after introduction of the consultation support system. To ac-
count for the correlation between multiple actions of the same
physician, GEEs were used with a binary logit link function and
an autoregressive (1) correlation structure. Consultation and
premedication were also analyzed separately. The age and sex
of the patients, the number of exposures to RCM after the first
RCM hypersensitivity episode, the severity of the previous reac-
tions and the specialty and career stage of the ordering physi-
cian were adjusted. Physicians were divided into medical, sur-
gical, and emergency specialty groups: internal medicine, pedi-
atrics, neurology, family medicine, and neuropsychiatry were
included in the medical group, and general surgery, neurosur-
gery, thoracic surgery, plastic surgery, otolaryngology, and oph-
thalmology were included in the surgical group. Emergency
medicine specialists were treated separately because the emer-
gency department setting itself could affect physician behavior.
Career stage was divided into faculty and trainee: professors
and clinicians were included in the faculty category, and resi-
dents and interns were included in the trainee category. As
trainees usually rotated through several hospitals (e.g., Seoul
National University Hospital, Seoul Metropolitan Government-
Seoul National University Boramae Medical Center, efc.), their
stay at SNUBH was usually only a few months per year, al-
though this depended on the department. Other variables of
interest were differences in the endpoint of consultation and
premedication and the occurrence of a breakthrough reaction
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before and after the start of the consultation support system.
IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA) software was
used for the statistical analysis, and P values <0.05 were con-
sidered significant. This study was approved by the Institution-
al Review Board of SNUBH (IRB No. B-1210/174-102).

RESULTS

A total of 142,483 examinations were performed during the
study period. Among them, 2,066 (913 and 1,153 during the
baseline and intervention periods, respectively) were ordered
by 328 physicians for 882 patients with previous RCM hyper-
sensitivity. During the baseline and intervention periods, 191
and 227 physicians, respectively, ordered RCM-enhanced CT
scans for patients with a history of RCM hypersensitivity. Dur-
ing both the baseline and intervention periods, 86 physicians
ordered RCM-enhanced CT scans for patients with previous
RCM hypersensitivity. About 67% of physicians were trainees,
and 33% were faculty members. There were 155 physicians in
the medical, 122 in the surgical and 51 in the emergency groups.
Physicians ordered RCM-enhanced CT scans for patients with
previous RCM hypersensitivity a median of 2 times during the
study period. However, some physicians ordered as many as
198 RCM-enhanced CT scans during the 2-year study period.
Of the 882 patients with previous RCM hypersensitivity, 523 and

Table 1. Demographics of the study subjects

. Whole study  Baseline  Intervention
Variables . . ;
period period period
Doctor characteristics 328 189 225
Career stage
Faculties 107 (32.6) 62(32.8) 83(36.9)
Trainees 221 (67.4) 127(67.2) 142 (63.1)
Specialty
Medical 155 (47.3) 92(48.7) 107 (47.6)
Surgical 122(37.2) 70(37.0) 82(36.4)
Emergency 51(15.5) 27(14.3) 36(16.0)
No. of CT prescription 2(1-198) 2(1-86) 2(1-112)
Patient characteristics 882 523 621
Age (year) 576+127 573%£125 583+127
Sex
Male 462 (52.4) 267 (51.1) 326 (52.5)
Female 420 (47.6) 256 (48.9) 295 (47.5)
No. of exposure to RCM 3(2-17) 3(2-14) 3(2-18)
Severity of previous reaction
Mild 452 (51.2) 276 (52.8) 324(52.2)
Moderate to severe 250(28.3) 152(29.1) 174(28.0)
Not known 180(20.4) 95(18.2) 123(19.8)

Values are presented as number (%) or number (range).
CT, computed tomography; RCM, radiocontrast media.
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621 underwent RCM-enhanced CT scans during the baseline
and intervention periods, respectively. The severity of the previ-
ous reaction was mild in about 50%, moderate-to-severe in
about 30%, and unknown in about 20% of patients (Table 1).

The composite outcome of desirable behavior was achieved
in 26% and 37.1% of physicians during the baseline and inter-
vention periods, respectively (Figure A). The GEE analysis con-
firmed that the OR for achieving the composite outcome in-
creased significantly after initiating the consultation support
system (OR, 1.71; 95% CI, 1.36-2.15; P<0.001; Table 2). After ad-
justing for possible covariates, the association remained signifi-
cant (OR, 1.54; 95% CI, 1.15-2.05; P=0.003; Table 2). The con-
sultation rate increased significantly (OR, 4.64; 95% CI, 2.64-
8.15; P<0.001) after introduction of the system; however, the
rate of premedication did not (OR, 1.18; 95% CI, 0.93-1.50;
P=0.180; Supplementary Tables 1 and 2) when these 2 factors
were analyzed separately. To assess the effect of specialty on
behavioral change, the physicians were stratified according to
specialty. The rate of achieving the outcome tended to increase
similarly in the medical and surgical groups. The multivariate
analysis using the GEE revealed an increased OR for achieving
the composite outcome after the initiating the consultation
support system in the medical (OR, 1.48; 95% CI, 1.06-2.07;
P=0.020) and surgical (OR, 2.07; 95% CI, 1.24-3.46; P=0.006),
but not in the emergency (OR, 1.07; 95% CI, 0.41-2.78; P=0.900)
groups (Figure B, Supplementary Table 3). The rate of achiev-
ing the composite outcome increased in both career groups af-
ter initiating the consultation support system, and the trainee
group showed a striking increase in the consultation rate dur-
ing the intervention period. Interestingly, the trainee group
showed better outcomes than did the faculty group for almost
all outcomes during both the baseline and intervention periods
(Figure C). The multivariate analysis using the GEE confirmed
that the OR for achieving the composite outcome increased sig-
nificantly in the faculty (OR, 1.47; 95% CI, 1.06-2.04; P=0.020)
and trainee (OR, 1.97; 95% CI, 1.22-3.18; P=0.006) groups after
initiating the consultation support system (Supplementary Ta-
ble 4).

The occurrence rate of a breakthrough reaction was com-
pared between the baseline and intervention periods using
only the examinations with known results of RCM re-exposure.
In total, 588 examinations during the baseline and 713 during
the intervention period were identified, and several demo-
graphic differences were detected between the patients in the 2
groups (Supplementary Table 5). The frequency of the occur-
rence of a breakthrough reaction dropped from 19.4% to 7.0%
between the baseline and the intervention periods. The GEE
analysis indicated that the decrease was significant in both the
univariate (OR, 0.32; 95% CI, 0.23-0.46; P<0.001) and multivar-
iate analyses (OR, 0.34; 95% CI, 0.24-0.49; P<0.001; Table 3).

Outcomes were analyzed according to the severity of the pre-
vious reaction. The rate of achieving a composite outcome in
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Figure. Comparison of the frequencies of achieving outcomes before and after the initiation of the consultation support system. The increasing trends were all simi-
lar even when subjects were differently stratified: all doctors (A), specialty group (B), and career group (C).

patients with mild previous reaction increased from 36%
(177/491) to 48% (302/629) between the baseline and the inter-
vention periods (P<0.001). The rate in patients with moderate
to severe reaction also increased from 23.3% (60/257) to 31.1%
(98/315) after the initiation of consultation support system
(P=0.040). However, this increase in achieving a composite
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outcome was not significant after adjustment for multiple ex-
posure. The breakthrough reaction decreased from 24.1%
(79/328) to 6.9% (28/403) for patients with mild previous reac-
tion (P<0.001) and from 22.3% (29/130) to 12.4% (19/153) for
those with moderate to severe reaction (P=0.03) after the initi-
ation of consultation support system. The decrease in the
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Table 2. The effect of our consultation support system on the composite outcome of desirable behaviors of doctors when ordering a radiocontrast media enhanced

CT scan to the patient with previous RCM hypersensitivity

Variabl No. of cases Univariate effect estimates Multivariate effect estimates

Arapes (complied/total) Crude OR (95% CI) Pvalue Adjusted OR (95% CI) Pvalue
Periods

Control 237/913(26.0) Reference Referencec

Intervention 428/1,153(37.1) 1.71(1.36-2.15) <0.001 1.54(1.15-2.05) 0.003
Sex

Female 332/984(33.7) Reference Reference

Male 333/1,082(30.8) 0.89(0.70-1.12) 0.320 0.87(0.66-1.15) 0.330
Age (year) 56.6+129/58.1+£12.2 0.99(0.98-0.99) 0.001 0.99(0.98-0.99) 0.001
Exposure* 3.1423/26%20 1.18(1.12-1.25) <0.001 1.16(1.09-1.24) <0.001
Severity of previous reactions

Mild 479/1,120 (42.8) Reference Reference

Moderate/severe 158/572 (27 .6) 0.51(0.25-1.02) 0.060 0.49(0.23-1.02) 0.060

Not known 28/374(75) 0.11(0.06-0.19) <0.001 0.10(0.06-0.17) <0.001
Specialty

Medical 360/1,203 (29.9) Reference Reference

Surgical 268/740(36.2) 1.33(0.96-1.85) 0.090 1.47 (1.05-2.06) 0.030

Emergency 37/123(30.1) 0.99(0.63-1.57) 0.980 0.76 (0.47-1.24) 0.280
Career stage

Professors 451/1,537(29.3) Reference Reference

Trainee 214/529 (40.5) 1.63(1.22-2.18) 0.001 2.02(1.48-2.75) <0.001

Values are presented as number of cases (%) or OR (95% CI).
RCM, radiocontrast media; OR, odds ratio; Cl, confidence interval.
*Number of exposures to RCM after first reaction.

Table 3. The effect of our consultation support system on the occurrence rate of breakthrough reactions

. No. of cases Univariate effect estimates Multivariate effect estimates
Variables .
(breakthrough reaction/total)  Cryde OR (95% CI) Pvalue Adjusted OR (95% CI) Pvalue

Periods

Control 114/588 (19.4) Reference Reference

Intervention 50/716(7.0) 0.32(0.23-0.46) <0.001 0.34(0.24-0.49) <0.001
Sex

Female 83/617(13.5) Reference Reference

Male 81/687 (11.8) 0.82(0.57-1.19) 0.300 0.88(0.60-1.31) 0.540
Age (year) 57.1+10.9/58.1+12.2 0.99(0.98-1.01) 0.330 0.99(0.98-1.01) 0420
Severity of previous reactions

Mild 107/731 (14.6) Reference Reference

Moderate/severe 48/283(17.0) 1.19(0.78-1.82) 0.430 1.16(0.75-1.79) 0.520

Not known 9/290(3.1) 0.21(0.10-0.44) <0.001 0.15(0.07-0.33) <0.001
Consultation

Not done 156/1,181(13.2) Reference Reference

Done 8/123(6.5) 0.43(0.20-0.94) 0.030 0.58(0.26-1.30) 0.190
Premedication

Not done 123/876 (14.0) Reference Reference

Done 41/428 (9.6) 0.61(0.41-0.70) 0.010 0.48(0.32-0.72) <0.001

Values are presented as number of cases (%) or OR (95% CI).
OR, odds ratio; Cl, confidence interval.
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breakthrough reaction remained significant after adjustment
for multiple comparison (OR, 4.05; 95% CI, 2.56-6.40; P<0.001
for mild previous reaction; OR, 2.08; 95% CI, 1.16-3.71; P=0.010
for moderate to severe previous reaction), but not after adjust-
ment for other covariates.

The results were similar when only the 86 physicians who or-
dered RCM-enhanced CT scans for patients with previous RCM
hypersensitivity during both the baseline and intervention pe-
riods were analyzed (data not shown). The OR of achieving the
composite outcome after initiating the consultation support
system was 1.47 (95% CI, 1.04-2.08; P=0.030) in the multivari-
ate analysis using the GEE for the 86 physicians. The occur-
rence of a breakthrough reaction when analyzed with 86 physi-
cians reduced even more than the rate when the analysis was
restricted to these 86 physicians (OR, 0.27; 95% CI, 0.18-0.42;
P<0.001).

DISCUSSION

In this study, we showed that our consultation support system
effectively promoted desirable behaviors of physicians toward
patients with previous RCM hypersensitivity with regard to or-
dering RCM-enhanced CT scans. Moreover, the improved be-
havior seemed to actually reduce the rate of breakthrough reac-
tions.

Our consultation support system improved the rate of special-
ist consultations and the frequency of prescribing premedica-
tion, suggesting good compliance with the system. System
compliance and clinical outcomes of interest should be evalu-
ated when assessing a clinical decision support system (CDSS).
A recent systematic review assessed the effectiveness of several
CDSSs and concluded that CDSSs generally improve preven-
tive measures, such as vaccination, ordering appropriate tests,
and prescribing the proper medication.'® Studies focused on
ordering the proper medication usually adopted the program
on their preexisting EMR, which was the case for our system;
thus, generalization of the results is not possible. However, as
the quality of the studies is good and the results indicate that all
programs achieved their pre-established outcomes, they con-
cluded that strong evidence demonstrates that such CDSSs can
help physicians order proper medication. The OR of ordering
proper medication was 1.57 (95% CI, 1.35-1.82) in that meta-
analysis, which is similar to that in this study (OR, 1.54; 95% CI,
1.15-2.05).

The strength of the present study was that we showed an actu-
al decline in the occurrence of breakthrough reactions as well
as enhanced physician compliance. Two recent studies from
Korea evaluated the effects of RCM reaction alert systems on
EMRs. Bae et al."” reported the effectiveness of their EMR-em-
bedded RCM reaction alert system, which provides details of
previous reaction-like symptoms and severity and suggests a
recommended premedication regimen according to the severi-
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ty of the previous reaction; this recommendation appears in a
pop-up window when the patient is prescribed RCM-enhanced
imaging tests. Although they did not consider the effect of re-
peated exposure to the system, they found a significant reduc-
tion in the occurrence of breakthrough reactions (from 15.2% to
6.7%) and an increase in the rate at which systemic steroids
were prescribed (from 14% to 65%) as a premedication after
adopting the system. Although we took repeated measures into
consideration in our previous study, we could not show direct
improvements in physician behaviors."” Two steps are needed
to effectively reduce the occurrence of a breakthrough reaction.
First, physician compliance must be enhanced and premedica-
tion that is effective in preventing the breakthrough reaction
must be administered. The effectiveness of premedication in
preventing RCM hypersensitivity in a patient with previous hy-
persensitivity remains controversial.'® The effects of such pre-
medication were significant in this study among the entire sam-
ple (OR, 0.59; 95% CI, 0.40-0.88; P=0.010 by GEE analysis ad-
justing for age and sex), among patients with a previous mild
reaction (OR, 0.47; 95% CI, 0.29-0.76; P=0.002 by GEE analysis
adjusting for age and sex), and among patients with moderate-
to-severe previous reactions (OR, 0.36; 95% CI, 0.17-0.76;
P=0.008 by GEE analysis adjusting for age and sex). On the oth-
er hand, consultation itself did not affect the occurrence of a
breakthrough reaction in multivariate analysis. This might be
explained by the small number of consultation. Also, there was
a possibility that the patient did not visit the allergists’ office
even after the consultation.

In this study, we showed the effectiveness of our system in
achieving composite outcomes in patients with mild previous
reaction but not in those with moderate to severe previous
RCM reaction. There can be a few explanations for this failure
in improving physicians’ behavior to patients with moderate to
severe previous reaction. First, there was a possibility that phy-
sicians had already consulted the patients with moderate to se-
vere previous reaction to the allergist even before the initiation
of the study. In other words, there was no significant change in
behavior because the physicians had already been doing well.
Secondly, as the optimal premedication for patients with mod-
erate to severe previous reaction was intravenous antihistamine
and systemic corticosteroid simultaneously, it could be harder
to prescribe the right regimen to them than to those with mild
ones. Actually, the rate for achieving composite outcome in pa-
tients with mild previous reaction was always higher than that
with moderate to severe one regardless of the initiation of con-
sultation support system. We also failed to show the decrease in
the breakthrough reaction in patients with moderate to severe
previous reaction. This might be because the number of break-
through reactions was too small. The rate of breakthrough reac-
tion in this study was only 0.03% (48/142,483 exposure) in pa-
tients with moderate to severe previous reaction. Thus, to ex-
amine the efficacy of preventive measure for patients with
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moderate to severe previous reaction, it would be necessary to
conduct a very large multicenter trial.

The specialty and career stage of physicians seemed to affect
their compliance, and social and traditional factors may have
influenced these results. The data from the emergency group
differed from those of the medical and surgical groups. Al-
though it would be inappropriate to draw conclusions because
the number of CT scans ordered by the emergency group was
relatively small, it might be easier for emergency physicians to
overlook CT scans because of the emergency setting."* Our con-
sultation support system enhanced desirable behaviors, re-
gardless of the career stage of physicians. Trainees were more
accepting than faculty members of the change in their practice
pattern.

This study has several limitations. Because of the retrospec-
tive design of this study, we could not identify patients who had
undergone alternative examination such as magnetic reso-
nance imaging and ultrasound. Although changing RCM is rec-
ognized as a good way to prevent RCM hypersensitivity,"® it was
not generally recommended at the time of the study. Thus, we
could not check whether they changed RCM or not in the Radi-
ology Department. Although the problem-reporting sheet pro-
vided information on the RCM hypersensitivity reaction, the
details of RCM reactions were difficult to obtain because of the
retrospective design. Risk factors other than previous RCM hy-
persensitivity, such as type of RCM, presence of atopy or asth-
ma, and concomitant use of medications, such as -adrenergic
blockers, were not included in the analysis.**® However, we
tried to overcome this shortcoming by including a large num-
ber of patients and adjusting for the variables that we could col-
lect. We adjusted for events that were correlated due to the re-
peated exposures by using a GEE. However, the strength of evi-
dence was weaker than that provided by a well-designed pro-
spective study.

In conclusion, a consultation support system to prevent RCM
hypersensitivity was effective in changing physicians’ practice
patterns and in decreasing recurrent RCM reactions.
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