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Figure 1 Consultation support
system. *Note: this web page was
originally written in Korean and
subsequently translated into English
for publication. EMR, electronic
medical record; RCM, radiocontrast
media.

informed consent was waived because of the retrospective study
design. All patients’ records and information were anonymised
and de-identified before analysis.

RESULTS

Demographics

Examinations

A total of 64 400 RCM-enhanced CT scans were performed in
the 1-year study period. In the baseline and intervention
periods, 20 179/36 092 (55.9%) and 19 873/21 368 (93.0%)
CT scans met the inclusion criteria, respectively (figure 2). The
drop-out rate in the baseline period was high, because 14 430/
36 092 (40.0%) examinations were prescribed in the baseline
period and performed in the intervention period. Iohexol was
the most frequently used RCM, followed by iomeprol and
iopromide. The mean amounts of RCM used in the baseline
and intervention periods were 137.1x41.2 and 138.0
+41.6 mL, respectively (table 1).

Patients

Mean patient ages in the baseline and intervention periods were
56.6x16.5 and 57.1+16.0 years, respectively. In both periods,
54.8% of the patients were men and 45.2% were women.
Furthermore, 20.5% of patients were exposed to RCM two or
more times during the study period.

Reported reactions to RCM

There were 3254 reports in the problem reporting sheets.
Reviewing the reports disclosed 1010 reports (563 and 447 in
the baseline and intervention periods, respectively) of RCM
hypersensitivity. Among these, 15 records on delayed hypersensi-
tivity were excluded. The remaining 995 reports included
reports on previous RCM reactions that the attending nurse had
already known about when the problem reporting sheet was
completed (ie, a previous reaction), events that occurred when
the problem reporting sheet was completed (ie, present reaction)
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Box 2 Seoul National University Bundang Hospital

(SNUBH) and the department of radiology

SNUBH is a teaching hospital with 906 beds and ~50 000
outpatients visiting each day. It uses a fully computerised
electronic medical record (EMR) system. SNUBH opened in 2003
as a fully digital hospital, successfully launching a new hospital
information system named “BESTCare” (Bundang Hospital
Electronic System for Total Care).'® In October 2010, SNUBH
was accredited as having a stage 7 comprehensive EMR system
according to the Healthcare Information and Management
Systems Society (HIMSS) Analytics Electronic Medical Record
Adoption Model (EMRAM); this was the first stage 7
accreditation outside North America.”® HIMSS Analytics EMRAM
evaluates the state of information technology implementation of
a hospital according to eight levels (0-7) of EMR capability in
areas ranging from limited ancillary department systems to a
paperless EMR environment.

The department of radiology at SNUBH provides more than 1
million diagnostic and interventional services annually. They
have seven CT machines including one 16-, three 64- and three
256-multidetector CT machines. There are 53 radiologists (27
professors, 11 clinical fellows and 15 residents), 4 nurses and
22 radiographers in the department.

or both: 555 (268 with previous and 317 with present reactions)
in the baseline period and 440 (283 with previous and 186 with
present reactions) in the intervention period (figure 2).

Present RCM reactions

There were 317/20 179 (1.6%) and 186/19 873 (0.9%) hyper-
sensitivity reactions in the baseline and intervention periods,
respectively. Of these, 284/317 (89.6%) were mild, 27/317
(8.5%) were moderate and 6/317 (1.9%) were severe reactions
in the baseline period and 156/186 (83.9%) were mild, 27/186
(14.5%) were moderate and 3/186 (1.6%) were severe reactions
in the intervention period. GEE analysis indicated that the con-
sultation support system significantly decreased the odds of the
occurrence of an RCM reaction (OR=0.59, 95% CI 0.49 to
0.71, p<0.001) in the intervention period compared with that
in the baseline period. Age, sex, the type of RCM used and the
severity of previous reactions were included as covariates;
except for iomeprol versus iodixanol, all were significantly dif-
ferent between the baseline and intervention periods (table 2).

Patients with previous RCM reactions

There were 268/20 179 (1.3%) and 283/19 873 (1.4%) exami-
nations for patients with previous RCM reactions in the baseline
and intervention periods, respectively. Of these, 258/268
(96.3%) were mild, 9/268 (3.4%) were moderate and 1/268
(0.4%) were severe previous reactions in the baseline period and
269/283 (95.1%) were mild, 5/283 (1.8%) were moderate and
9/283 (3.2%) were severe previous reactions in the intervention
period. In the baseline and intervention periods, 30/268
(11.29%) and 29/283 (10.2%) examinations resulted in the recur-
rence of RCM reactions, respectively. GEE analysis indicated
that there was no significant difference in the recurrence rate
after the introduction of the consultation support system
(OR=0.97, 95% CI 0.58 to 1.65, p<0.93). In addition, age,
sex and the type of RCM did not differ significantly between
the two periods (table 3).

Premedication of patients with previous RCM reactions
In the baseline period, 233/268 (86.9%) patients with previous
RCM reactions were pretreated: 228 (97.9%) and 5 (2.1%) had
mild and moderate previous reactions, respectively. In the inter-
vention period, 264/283 (93.3%) patients with previous RCM
reactions were pretreated: 254 (96.2%), 3 (1.1%) and 7 (2.7%)
had mild, moderate and severe previous reactions, respectively.
GEE analysis indicated that the premedication rate increased
twofold after the introduction of the consultation support
system (OR=2.05, 95% CI 1.16 to 3.65 p=0.01). Age and sex
did not significantly influence the premedication rate (table 4).
In the baseline period, 23/233 (9.9%) recurrent hypersensitiv-
ity reactions were observed despite premedication. Two of these
reactions were moderate and two others were severe; before
these incidents, the patients had only experienced mild reac-
tions. The other 19 reactions were of the same severity as the
patients’ previous reactions, including 17 mild and 2 moderate.
In the intervention period, 28/264 (10.6%) hypersensitivity
reactions occurred despite premedication. Three of these reac-
tions were moderate and occurred in patients with previously
mild reactions; the other 25 were of the same severity as the
patients’ previous reactions, including 22 mild, 2 moderate and
1 severe reaction.

DISCUSSION

The introduction of a simple consultation support system
decreased the incidence of hypersensitivity reactions to RCM.
In addition, more patients with a history of hypersensitivity to
RCM were identified and given premedication.

A recent meta-analysis has shown that CDSSs in the form of
computer reminders achieve a median improvement in target
process adherence of 4.2% (IQR 0.8-18.8%). However, the
improvement of a clinical endpoint was less obvious than that of
process adherence: the median absolute improvement in a clin-
ical endpoint, which was mainly reducing blood pressure, was
only 2.5% (IQR 1.3-4.29%).>* The target process in our study
was prescribing premedication to at-risk patients, and the clin-
ical outcome was reducing the incidence of RCM reactions. Our
system successfully and substantially improved both target pro-
cesses and clinical outcome. The system may have been success-
ful, because clinicians were aware of the specific features of
RCM hypersensitivity itself but were unfamiliar with the proper
management of patients with a history of RCM reactions. This
might explain the similar success reported by other Korean
researchers for the prevention of RCM reactions.”

Our system seemed to improve clinicians’ level of awareness
of RCM hypersensitivity reactions. However, our system did
not affect the recurrence rate of patients with previous RCM
reactions; that is to say, the abovementioned effect of our system
involved patients without a previous RCM reaction. This is an
unexpected result, because the risk of RCM hypersensitivity for
patients without a history was unpredictable. We expected that
our system would improve clinicians’ performance in prescrib-
ing premedication, which would consequently lead to better
patient outcomes.”® This unexpected result can be explained by
increased awareness of the clinicians; that is to say, more thor-
ough interviews with patients might have disclosed a history of
RCM reactions that had gone unrecognised. Improving aware-
ness among medical and paramedical personnel was one of the
ancillary goals of this programme.

This study has a few limitations. First, we failed to detect a
reduction in the recurrence rate. As there were few recurrent
RCM reactions (23/233 (9.9%) and 28/264 (10.6%) in the
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64,400 RCM enhanced CT scans were performed
in the study period”
[ 6,940 excluded
| prescribed before Apr 2011

57,460 examinations were prescribed and
performed in the study period”

Consultation
support system started

in Dec 1, 2011 Prescribed after

Dec 1,2011

Prescribed before
Dec 1,2011

21,368 were prescribed and
performed in the intervention period

| 1,495 duplicated’

36,092 were performed
in the study period

15,913 excluded
14,430 performed after Dec 1,2011"
1,483 duplicated’

20,179 were prescribed and 19,873 were prescribed and

performed in the baseline period

18,401 excluded
underwent scans without problem

1,778 with problem reports

performed in the intervention period

18,397 excluded
underwent scans without problem

1,476 with problem reports

1,029 excluded®
problems other than hypersensitivity

1215 excluded’
problems other than hypersensitivity

447 reports related to the RCM
hypersensitivity

563 reports related to the RCM
hypersensitivity

7 excluded
reports on delayed hypersensitivity

8 excluded
reports on delayed hypersensitivity

555 reports related to the RCM 440 reports related to the RCM
hypersensitivity hypersensitivity
[ [ [ I
283 with previous 186 with present
reactions reactions

268 with previous
reactions

317 with present
reactions

Figure 2 Study flow diagram. RCM, radiocontrast media. *The study period consisted of the baseline and intervention periods. **Because the
date of prescription and the CT scan could be different, some patients were prescribed CT scans during the baseline period and received the scan
during the intervention period. To eliminate the effect on the awareness of healthcare workers, we excluded such cases. tCT scans that covered
different body parts of a patient and performed on the same day were counted as a single examination. fIncludes the low glomerular filtration rate,
use of metformin, etc.

baseline and intervention periods, respectively), it is possible

that we cannot confirm the effectiveness of our system for redu-

Table 1 Demographic characteristics of patients

Characteristics

Baseline period

Intervention period

Number of examinations

Age (years)
Gender
Male, n (%)
Female, n (%)

20179
56.6+16.5

11 060 (54.8)
9119 (45.2)

Exposures to RCM during study period, n (%)

1

16 100 (79.8)

19 873
57.1+16.0

10 887 (54.8)
8986 (45.2)

15 748 (79.2)

cing the recurrence rate. As the efficacy of premedication in the
prevention of RCM reactions remains to be established,”” the
limitation of premedication might explain the lack of improve-
ment in the recurrence rate. Second, we did not identify known
risk factors for RCM reactions, such as atopy and concomitant
use of B-blocking agents.”® Because this study adopted an obser-
vational ‘before and after’ design, the problem of a secular
trend could arise®”; that is to say, increased awareness of the
general population of RCM reactions might have influenced the

2 2710 (13.4) 2713 (13.7) results but could not be adjusted for. In addition, the baseline
3 939 (4.7) 921 (4.6) period included summer and autumn, while the intervention
>4 430 (2.1) 491 (2.5) period included winter and spring; this is a possible source of
Type of RCM used, n (%) bias, because seasonal variation might influence the incidence of
lomeprol (lomeron) 4489 (22.2) 4194 (21.1) RCM reactions.>® Thus, further studies with longer baseline and
lohexol (Omnipaque) 13 754 (68.2) 13717 (69.0) intervention periods are required to rule out this possibility.
lopromide (Ultravist) 1920 (9.5) 1943 (9.8) In conclusion, the introduction of a simple consultation
lodixanol (Visipaque) 16 (0.1) 19 (0.1) support system decreased the incidence of hypersensitivity reac-
Amount of RCM injected (mL) 13714412 138.0+41.6 tions to RCM through consultations with allergy specialists and

RCM, radiocontrast media.

increased awareness among medical and paramedical personnel
of RCM hypersensitivity.
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Table 2 Univariate and multivariate analyses of the occurrence of radiocontrast media hypersensitivity

Univariate effect estimate Multivariate effect estimate

No. of patients

(occurred/total) Crude OR (95% ClI) p Value Adjusted OR (95% CI) p Value
Periods
Baseline 317/20 179 (1.6%) Reference Reference
Intervention 186/19 873 (0.9%) 0.60 (0.50 to 0.72) <0.001 0.59 (0.49 to 0.71) <0.001
Gender
Female 260/18 105 (1.4%) Reference Reference
Male 243121 947 (1.1%) 0.78 (0.65 to 0.94) 0.01 0.79 (0.66 to 0.95) 0.01
Age (years) 52.6+14.0/56.8+16.3 0.99 (0.98 to 0.99) <0.001 0.98 (0.98 to 0.99) <0.001
Type of RCM
lomeprol 153/8663 (1.8%) Reference Reference
lohexol 332/27 470 (1.2%) 0.69 (0.57 to 0.84) <0.001 0.65 (0.53 to 0.79) <0.001
lopromide 17/3863 (0.4%) 0.24 (0.15 to 0.40) <0.001 0.23 (0.14 to 0.37) <0.001
lodixanol 1/35 (2.9%) 1.64 (0.23 to 11.53) 0.62 1.74 (0.24 t0 12.89) 0.59
Severity of previous reaction
None 444/39 501 (1.1%) Reference Reference
Mild 51/527 (9.7%) 8.05 (5.65 to 11.48) <0.001 7.66 (5.32 to 11.02) <0.001
Moderate 5/14 (35.7%) 42.88 (13.58 to 135.35) <0.001 37.89 (11.33 to 126.69) <0.001
Severe 3/10 (30%) 37.66 (9.23 to 153.64) <0.001 42.24 (10.23 to 174.41) <0.001
RCM, radiocontrast media.
Table 3 Univariate and multivariate analyses of the recurrence rate of patients with previous RCM reactions
Univariate effect estimate Multivariate effect estimate
No. of patients
(recurred/total*) Crude OR (95% CI) p Value Adjusted OR (95% Cl) p Value
Periods
Baseline 30/268 (11.2%) Reference Reference
Intervention 29/283 (10.2%) 0.98 (0.56 to 1.66) 0.93 0.97 (0.58 to 1.65) 0.93
Gender
Female 32/270 (11.9%) Reference Reference
Male 271281 (9.6%) 0.77 (0.43 to 1.37) 0.37 0.76 (0.43 to 1.35) 0.35
Age (years) 57.3+13.0/56.6+12.7 1.00 (0.98 to 1.03) 0.95 1.00 (0.98 to 1.03) 0.91
Type of RCM
lomeprol 17/158 (10.8%) Reference Reference
lohexol 41/373 (11.0%) 1.02 (0.55 to 1.87) 0.96 0.98 (0.53 to 1.81) 0.96
lopromide 1120 (5.0%) 0.44 (0.06 to 3.35) 0.43 0.42 (0.06 to 3.18) 0.40
*The analysis was performed on 551 patients with previous history of RCM hypersensitivity.
RCM, radiocontrast media.
Table 4 Univariate and multivariate analyses of the premedication rate of patients with previous RCM reactions
Univariate effect estimate Multivariate effect estimate
No. of patients
(recurred/total*) Crude OR (95% ClI) p Value Adjusted OR (95% Cl) p Value
Periods
Baseline 233/268 (86.9%) Reference Reference
Intervention 264/283 (93.3%) 2.06 (1.16 to 3.67) 0.01 2.05 (1.16 to 3.65) 0.01
Gender
Female 239/270 (88.5%) Reference Reference
Male 258/281 (91.8%) 1.47 (0.82 to 2.64) 0.20 1.40 (0.77 to 2.53) 0.27
Age (years) 57.3+13.0/56.6+12.7 1.01 (0.99 to 1.03) 0.52 1.01 (0.99 to 1.03) 0.52

*The analysis was performed on 551 patients with a history of RCM hypersensitivity.
RCM, iodinated radiocontrast media.
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Main messages

» Our consultation support system effectively decreased the
incidence of radiocontrast media hypersensitivity.

» Our system increased the prescription rate of premedication
for patients with previous radiocontrast media reactions.

» Our system appears to have increased the awareness of
medical and paramedical personnel of radiocontrast media
hypersensitivity.

Current research questions

» Will the effect of the consultation support system on
radiocontrast media (RCM) hypersensitivity demonstrated in
this study be reproduced in other centres or countries?

» Will the recurrence rate decrease in a larger study?

» s premedication effective for preventing recurrence in
patients with a history of RCM hypersensitivity?
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