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Abstract

For contrast-enhanced CT examinations, there is a lack of comprehensive optimal management strategies of risk factors
to reduce the risk of iodinated contrast media (ICM)-induced acute adverse reactions (AAR). Here, we determine the
relationship between the rate of ICM-AAR and a stratified assessment and warning (SAW) regimen, which integrated risk
identification, stratification, early warning, and prevention. A total of 120,822 cases in the conventional assessment period
(58 years+ 15, 55.25% men) and 150,343 cases (58 years + 14, 55.83% men) in the SAW period were enrolled. The results
showed that the total AAR incidence in the SAW period (414/150,343, 0.28%) was lower than that in the conventional
assessment period (506/120,822, 0.42%, P <0.001), in which the proportion of AAR patients decreased by one-third. It
mainly presented as decreases in mild and moderate reactions (P <0.001), and a decrease in the proportion of moderate
AAR patients (P=0.001). Subgroup analysis showed lower mild and moderate AAR incidence in patients with different
risk levels and with different ICM injection parameters following SAW regimen. We concluded that SAW regimen was
associated with lower incidence of mild and moderate AAR, and decreased proportion of moderate AAR patients, which
held potential for improved ICM safety.
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1 Introduction

Todinated contrast media (ICM)-assisted contrast-
enhanced CT (CECT) examinations are widely and daily
conducted for diagnostic procedures in imaging depart-
ments worldwide. Although patients can benefit from their
usage, ICM possess inherent risk to cause acute adverse
reactions (AAR) with different severities [1, 2]. AAR
is defined as an adverse reaction that occurs within 1 h
post-ICM injection, which is not related to the purpose of
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ICM administration under normal usage and dosage. The
incidence of AAR ranges from 0.34 to 0.73%, accounting
for 96.3% of the total adverse reactions, and AAR can be
serious and even life-threatening [3—6]. The occurrence of
AAR follows sporadic and unpredictable patterns, and is
likely related to the complicated and combined effects of
miscellaneous risk factors [4, 7, 8]. Current prophylactic
approaches are mainly focused on preventing the recurrent
AAR in patients with a previous ICM-AAR history, such
as corticosteroids and/or antihistamines premedication,
intradermal skin test, and change ICM from the culprit
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formulation [9-14]. For the whole population, several
prophylactic approaches have also been reported, such as
lower dose and injection speed, extrinsic warming of ICM
to 37°C, and stratified dietary preparation regimen [15-18].
However, there is a lack of solid high-quality evidence
of their effectiveness [19-21]. Up to now, the efficacy of
comprehensive prevention strategies involving the optimal
management of ICM-AAR risk factors in the whole popu-
lation has not been systematically evaluated.

Timely and accurate risk factor assessment can screen
out high-risk patients in advance, which is of clinical
importance to reduce the frequency of ICM-AAR, and to
ensure maximum safety of ICM usage. To prevent possi-
ble AAR, current ICM usage guidelines proposed several
common risk factors that deserved special attention and
highlighted the importance of risk assessment [1, 2]. In
the vast majority of Chinese medical institutions, initial
risk assessment is usually performed by clinicians when
ordering examinations. Due to the limitations of exper-
tise field and knowledge background, clinicians have
very limited awareness of ICM-AAR risk factors, which
may lead to misleading assessment results. The risk re-
assessment is usually performed by radiology nurses in
the form of simple question-and-answer (yes or no) on-site
just before examination, according to the risk factors that
deserve special attention outlined in ICM usage guidelines
[1, 2]. Inquiring about some complicated risk factors may
be not detailed or in-depth enough attributed to a tight
schedule on-site, making the accurate recognition and
stratified management of risk factors difficult. The lack
of objectively and quantitatively standardized assessment
programs may lead to inconsistent assessment results
among different medical staff and medical institutions.
Furthermore, some patients with advanced age and poor
self-knowledge ability are unable to communicate accu-
rately and describe their medical information completely.
The inaccurate estimation of risk factors may instigate
subsequent excessive/insufficient prevention measures,
which inevitably leads to a series of clinical issues [22,
23]. On the other hand, if high-risk circumstances were
recognized when inquiry, no adequate and appropriate
preparation could be implemented due to time constraints
[24, 25]. In this scenario, such a patient population had to
be rescheduled for elective examinations, giving rise to
delayed radiology diagnosis time and a waste of medical
personnel resources [25-28]. It is urgently demanded to
establish a scientific, practicable, and widely applicable
comprehensive optimal management strategy for ICM-
AAR risk factors.

From April 2017, our hospital undertook a quality
improvement project that involved a stratified assessment
and warning (SAW) regimen for ICM-AAR risk factors,
which integrated risk identification, stratification, early
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warning, and prevention, and aimed to standardize the
management of ICM-AAR risk factors. With the radiology
nurses as the main body, through structured cooperation
of the radiological team as well as their collaboration with
clinical departments, stratified assessment and personalized
management of risk factors were implemented during the
period from patient appointment to ICM injection. After the
conclusion of our quality improvement project, we realized
that the SAW regimen also provided an opportunity to cre-
ate clinical evidence on whether the SAW regimen has any
effect on the risk of AAR. This retrospective study aimed to
determine the relationship between the SAW regimen and
ICM-AAR occurrence.

2 Materials and methods
2.1 Study participants

CECT scan data were collected and retrospectively analyzed
from our hospital, a tertiary general medical institution with
2600 beds that provides all medical and surgical services. This
study was approved by the institutional review board of our
hospital. The written informed consent was exempted because
of the retrospective nature of this study, which would not
affect the rights of the participants, and all personal data were
removed and coded as arbitrary numbers. The research flow
chart is shown in Fig. 1. Inclusion criteria: (i) patients who
met the indications and underwent routine CECT from Janu-
ary 2014 to March 2016 (conventional assessment period) and
from April 2017 to December 2019 (SAW period) [1, 2]; (ii)
patients who had risk factors outlined in international ICM
usage guidelines [1, 2], but needed CECT for disease diagno-
sis; (iii) there was no age limit for patients. Exclusion criteria:
(1) patients with incomplete form data filling; (ii) unconscious
patients with unavailable assessment; (iii) emergency patients
with unknown medical history. We allowed a transition period
of 12 months (from April 2016 to March 2017) for the quality
improvement project to fully permeate the examinations, and
data from during this period were not analyzed in this study.

2.2 CECT imaging equipment and ICM used

Philips Brilliance iCT Scanner (Royal Dutch Philips Elec-
tronics Ltd, Amsterdam, The Netherlands) and GE Light-
Speed VCT® (GE Healthcare, Milwaukee, WI, USA) were
used for CECT examinations. Non-ionic ICM were intrave-
nously injected by a high-pressure injector (Ulrich Medi-
cal® Inc., Ulm, Germany). The injection doses and injection
rates of ICM were adopted according to our institutional
protocol [16]. The ICM used included Iodixanol 270 (GE
Healthcare, London, UK), Ioversol 320 (Jiangsu Hengrui
Medicine Co., Ltd, Jiangsu, China), Iodixanol 320 (Jiangsu
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Fig.1 Study flow diagram
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Hengrui Medicine Co., Jiangsu, China), Iohexol 350 (Yang-
tze River Pharmaceutical Co., Ltd, Jiangsu, China), Iopa-
midol 350 (Bracco, Milan, Italy), Iobitridol 350 (Guerbet,
Paris, France), and Iopromide 370 (Bayer Healthcare, Lev-
erkusen, Germany).

2.3 Assessment and management of ICM-AAR risk
factors in the conventional assessment group

Initial risk assessment was performed by clinicians at the
time of ordering examinations. The risk re-assessment was
performed on-site just before examination by radiology
nurses in the form of simple question-and-answer (yes or
no), according to the risk factors that deserve special atten-
tion outlined in international ICM guidelines [1, 2]. The
radiology nurses with over 8 years of work experience asked
to fill out the conventional assessment form (Supplementary
Table 1), informed about the risks of ICM injection, and
asked the patients to sign the informed consent form for
ICM injection. The patients were closely observed during
and after examinations, and abnormal reactions were treated
in time and routine hydration was performed. For patients
with risk factors [1, 2], the radiology nurses reported to the

radiologists, and the radiologists should communicate with
the clinicians about the individualized risk—benefit ratio
of examination, countermand the examination directly,
reschedule for elective examinations after clinical treatment
if necessary, or consider alternative imaging modalities with
comparable diagnostic values.

2.4 Stratified assessment and management
of ICM-AAR risk factors in the SAW group

In the SAW period, a whole-process comprehensive manage-
ment integrating risk identification, stratification, early warn-
ing, and prevention was performed according to different risk
levels (Fig. 1). A self-design stratified assessment form was
used for risk assessment (Supplementary Table 2). The risk
factors were classified into different risk levels, including high
risk, low risk, and no risk (including unknown risk). Accord-
ing to different risk stratification, corresponding comprehen-
sive intervention was implemented (Supplementary Table 3),
which was mainly consisting of clinical communication, patient
communication, and full predictive intervention process. The
re-assessment process prior to examination was moved forward
as early as possible post-appointment. Adverse drug reactions
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(ADR) record cards and risk warning signboards were used as
warning tools for accurate identification and risk stratification
labelling, respectively. For more details, please see the supple-
mental materials. Detail comparisons of conventional assess-
ment and SAW regimen are shown in Supplementary Table 4.

2.5 Data documentation and quality control

All patients who underwent CECT examination routinely
filled out the conventional assessment form or the updated
stratified assessment form for risk factors (Supplementary
Table 2), and all patients who developed ADR filled out the
uniform ADR record form (Supplementary Table 5). AAR
were observed and recorded by radiology nurses, and their
severities (mild, moderate, severe) were determined accord-
ing to ACR Manual on Contrast Media (Version 10.3) [1].
For details on quality control, please see the supplemental
materials.

2.6 Statistical analysis

All variables were descriptively analyzed. Continuous variables
were described in terms of mean values and standard devia-
tion. The counting data was presented in terms of frequencies
and percentages (%). A chi-square test was performed for rate
comparison on SPSS 22.0 (IBM, Chicago, USA), and P <0.05
was considered statistically significant. The rate differences and
95% confidence interval (CI) were estimated using the Vas-
sarStats website http://vassarstats.net/index.html.

3 Results
3.1 Study participants

A total of 273,437 cases underwent CECT examinations, in
which “case” was equal to the number of ICM administra-
tion. A total of 2272 cases were excluded (Fig. 1), including
722 cases with incomplete form data filling, 643 unconscious
cases with unavailable assessment, and 907 emergency cases
with unknown medical history. After exclusion, the complete
analysis consisted of data from 120,822 eligible cases in the
conventional assessment group (58 years + 15, 66,573 men
[55.25%]) and 150,343 eligible cases (58 years + 14, 83,937
men [55.83%]) in the SAW group (Table 1).

3.2 Therelationship between SAW regimen
and AAR occurrence

A comparison of the incidence and proportions of AAR
with different severities is shown in Fig. 2. The total AAR
incidence in the SAW group (414 of 150,343 examinations,
0.28%) was lower than that in the conventional assessment
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group (506 of 120,822 examinations, 0.42%, P <0.001),
that is to say, the proportion of patients who developed
AAR decreased by about one-third. The decrease in
AAR occurrence mainly presented as decreases in mild
(P <0.001) and moderate reactions (P <0.001, Fig. 2a),
and a decrease in the proportion of moderate AAR patients
(P=0.001, Fig. 2b). No statistical difference was found in
the severe AAR incidence (P =0.33).

The AAR incidence in patients with risk factors is
shown in Table 2. Whether patients with no risk or at risk,
low risk or high risk, single-risk factor or multi-risk factor,
the SAW group exhibited lower AAR incidence than that
in the conventional assessment group (P < 0.05). The rate
difference in high-risk patients (0.52%) was greater than
that in low-risk patients (0.12%), and the proportion of
AAR in high-risk patients was reduced by about 58%. A
comparison of the AAR incidence in patients with differ-
ent single risk factors is shown in Fig. 3. The AAR inci-
dence in patients with ICM-AAR history, heart disease,
hypertension, and advanced age (> 70 years) in the SAW
group was lower than that in the conventional assessment
group, respectively (P <0.05). The proportion of these
populations who developed AAR was reduced by about
52%, 60%, 56%, and 41%, respectively. Forty patients who
developed AAR in the conventional assessment period and
subsequently received ICM again during the SAW period
were analyzed (data not shown). The ADR history records
showed that another non-culprit ICM was used for every
patient and no prophylactic medication was performed.
Interestingly, none of them developed recurrent events.

The AAR incidence in patients with different ICM
injection parameters is shown in Table 3. Whether iso-
osmolality contrast media (IOCM) or low-osmolality
contrast media (LOCM), the SAW group exhibited lower
AAR incidence than that in the conventional assessment
group (P=0.01,<0.001, respectively), which was mainly
reflected in mild and moderate AAR. Whether low or high
injection dosages and speeds, the AAR incidence in the
SAW group was lower than that in the conventional assess-
ment group (P <0.05).

4 Discussion

Current guidelines lack large-scale data for optimal man-
agement of ICM-AAR risk factors and effective preven-
tion of ICM-AAR [1, 2]. Based on a quality improvement
project, our study evaluated the efficacy of comprehen-
sive optimal management of risk factors in reducing
the risk of ICM-AAR in the whole population for the
first time (Table 4). The whole-process SAW regimen
implemented in a large clinical cohort (150,343 cases),
built a comprehensive risk management process, and
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Table 1 Summary of patient
characteristics

Fig.2 Comparison of the inci-
dence and proportions of AAR
with different severities in the
conventional assessment group
and SAW group

Characteristics Conventional assessment SAW group (%)
group (%)
Number of patients 120,822 150,343
Gender Male 66,753 (55.25) 83,937 (55.83)
Female 54,069 (44.75) 66,406 (44.17)
Age (years) Age range (years) 0-104 0-102
Mean age (years) 58+15 58+14
0-29 5013 (4.15) 5592 (3.72)
30-69 89,741(74.28) 111,922 (74.44)
>70 26,068 (21.58) 32,829 (21.84)
Examination region Coronary CTA 23,718 (17.71) 26,869 (16.62)
Head and neck CTA/CTP 40,836 (30.49) 40,741 (25.20)
Other regions 69,392 (51.81) 94,039 (58.18)
Type of ICM LOCM 102,208 (84.59) 132,906 (88.40)
I0CM 18,614 (15.41) 17,437 (11.60)
Injection dose <100 mL 104,971 (86.88) 138,702 (92.26)
> 100 mL 12,264 (10.15) 11,596 (7.71)
Unknown 3587 (2.97) 45 (0.03)
Injection speed <5mL/s 70,835 (58.63) 97,967 (65.16)
>5mL/s 42,878 (35.49) 52,332 (34.81)
Unknown 7109 (5.88) 44 (0.03)

ICM, iodinated contrast media; SAW, stratified assessment and warning; CTA, CT angiography; CTP, CT
perfusion; LOCM, low-osmolality contrast media; /OCM, iso-osmolality contrast media

More than one examination region might be involved in one CECT examination

a b
0.45 P<0.001 [ Jsevere [ |moderate [ |mild
. 0419 0 Conventional —~ 100+ 1% 1%
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< 0.351 8 -
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ill | | m P =0.332 w
0.00 , P oo 0 : .
total mild moderate severe Conventional SAW group

Severity degree

realized timely identification and effective management
of risk factors. The results showed that the total AAR
incidence in the SAW period was lower than that in the
conventional assessment period. The decrease in AAR
occurrence mainly presented as decreases in mild and
moderate reactions, and a decrease in the proportion of
moderate AAR patients. The results indicate that the
SAW regimen holds great potential for improved ICM
safety.

assessment group

4.1 The relationship between SAW regimen
and reduced AAR occurrence

Given the critical role of ICM in modern medical imag-
ing and the huge population for CECT examinations
worldwide, a substantial reduction in the potential risks
of ICM administration is of great significance to allevi-
ating the social, medical, and economic burden [24, 25].
The decreased AAR occurrence in the SAW period mainly
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Table2 The AAR incidence in patients with risk factors

Conventional assessment SAW group (%) P value RD (95%CI)
group (%)
With/without risk factors No risk 0.38 (372/97,439) 0.25 (274/108,786) <0.001 0.13 (0.08, 0.18)
At risk 0.57 (134/23,383) 0.34 (140/41,557) <0.001 0.24 (0.13, 0.35)
P value <0.001 0.01
Patients with no risk Mild AAR 0.35 (339/97,439) 0.24 (264/108,786) <0.001 0.105 (0.06, 0.15)
Moderate AAR 0.03 (29/97,439) 0.007 (8/108,786) <0.001 0.02 (0.01, 0.03)
Severe AAR 0.004 (4/97,439) 0.002 (2/108,786) 0.43 0.002 (- 0.003, 0.007)
Patients at risk Mild AAR 0.52 (121/23,383) 0.33 (135/41,557) <0.001 0.19 (0.09, 0.30)
Moderate AAR 0.04 (10/23,383) 0.007 (3/41,557) 0.01 0.04 (0.01,0.07)
Severe AAR 0.01 (3/23,383) 0.005 (2/41,557) 0.36 0.008 (—0.01, 0.03)
Risk level Low risk 0.45 (75/16,746) 0.32 (99/30,583) 0.03 0.12 (0.005, 0.24)
High risk 0.89 (59/6637) 0.37 (41/10,974) <0.001 0.52 (0.26, 0.77)
P value <0.001 0.44
Number of risk factors Single risk 0.55 (116/21,074) 0.32 (117/36,135) <0.001 0.23 (0.11,0.34)
Multi-risk 0.78 (18/2309) 0.42 (23/5422) 0.049 0.36 (—0.04, 0.75)

AAR, acute adverse reactions; SAW, stratified assessment and warning; RD, rate difference; CI, confidence interval

Fig.3 Comparison of the AAR 7.5 -
incidence in patients with dif- P=0.04
ferent single-risk factors in the
conventional assessment group 747 .
Conventional assessment group
and SAW group
~7.04 SAW group
e\/ ::
3.46 -
§ 22 P=0.72
g 31 282
)
£
X o 2.04
14 0.08 P<0.001 p<0.001 P=0.07
P=0.02 P=0.36
0840 47 0.56 0.52 0.52 "
. '—\ 0.25 0.23 029 02 ;40 0.19,_|0-26
L ) L) L]
ICM-ADR allergies unstable heart hypertension cancer older than [-receptor
. history history  asthma disease 70 years  blocker
Conventional
assessment group (N) 293 10299 147 6214 22380 3439 26068 5364
SAW group (N) 318 12781 142 10515 39611 6179 30744 17122

presented as decreased incidence of mild and moder-
ate AAR, and a decreased proportion of moderate AAR
patients. This is of great importance for alleviating the res-
cue and disposal loads of medical personnel. To investi-
gate the relationship between the SAW regimen and patient
subgroups, patients were classified into no-risk and at-risk
based on the assessment results. The greater rate differ-
ence of AAR in at-risk patients suggested that the SAW
regimen had a more direct and remarkable effect on this
population. The effect of the SAW scheme on patients with
no risk and at risk was mainly manifested as decreases in
mild and moderate AAR. Further analysis revealed that
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the AAR incidence in patients with whether high risk
or low risk, single-risk factor or multi-risk factor in the
SAW period was lower than the conventional assessment
period, respectively. The greater rate difference in high-risk
patients suggested that the SAW regimen had a more direct
and remarkable effect on this population.

For the AAR occurrence in patients with various single-risk
factors, patients with ICM-ADR history, heart disease, hyper-
tension, and advanced age (> 70 years) in the SAW group had
lower AAR incidence than that in the conventional assessment
group respectively. The proportion of these populations who
developed AAR was reduced by about 52%, 60%, 56%, and
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jl'able.?a The .AAR incidence Conventional SAW group (%) Pvalue RD (95% CI)
%n.pat}ents with different ICM assessment group
injection parameters (%)
Types of ICM  IOCM 0.69 (129/18,614)  0.47 (82/17,437) 0.01 0.22 (0.07, 0.38)
LOCM 0.37 (377/102,208)  0.25(332/132,906) <0.001 0.12 (0.07,0.17)
P value <0.001 <0.001
I0CM Mild AAR 0.63 (117/18,614)  0.46 (80/17,437) 0.03 0.17 (0.02, 0.32)
Moderate AAR  0.06 (11/18,614) 0.005 (1/17,437) 0.01 0.05 (0.02, 0.10)
Severe AAR 0.005 (1/18,614) 0.005 (1/17,437) 1.00 0(-0.03,0.03)
LOCM Mild AAR 0.34 (343/102,208) 0.24 (319/132,906) <0.001 0.10 (0.05, 0.14)
Moderate AAR  0.03 (28/102,208)  0.008 (10/132,906) <0.001 0.02 (0.01, 0.03)
Severe AAR 0.006 (6/102,208)  0.002 (3/132,906)  0.29 0.004 (0, 0.01)
Injection dose <100 mL 0.39 (413/104,971)  0.28 (385/138,702) <0.001 0.12 (0.07, 0.16)
>100 mL 0.60 (73/12,264) 0.25 (29/11,596) <0.001 0.35(0.18, 0.52)
P value 0.01 0.59
Injection speed <5 mL/s 0.34 (238/70,835)  0.27 (262/97,967)  0.01 0.07 (0.02, 0.12)
>5mL/s 0.57 (245/42,878)  0.29 (152/52,332)  <0.001 0.28 (0.20, 0.37)
P value <0.001 0.42

ICM, iodinated contrast media; AAR, acute adverse reactions; SAW, stratified assessment and warning; RD,
rate difference; CI, confidence interval; LOCM, low-osmolality contrast media; /OCM, iso-osmolality con-

trast media

41%, respectively. As the possible interference caused by the
different basic physical conditions among different patients
was eliminated, the aforementioned self-control study results
from 40 patients with ICM-ADR history strongly indicated
that the SAW program was associated with prevention and
control of AAR reoccurrence. While having no statistical dif-
ference, the AAR incidence in patients with history of other
allergies or cancer was lower. This indicated that some treat-
ment measures (e.g., replacing the culprit ICM, controlling the
injection dosages and speeds) might have a certain effect on
inhibiting AAR occurrence, which was consistent with previ-
ous reports [3,9, 11, 14].

This effect of ICM injection dosages and speeds on AAR
occurrence in the conventional assessment group was consistent
with reports in the literature [29, 30]. Interestingly, there was
no statistically significant difference in the AAR incidence in
patients with high and low injection dosages in the SAW group,
but both were lower than those with low injection dosages in
the conventional assessment group. This might suggest that fol-
lowing the SAW regimen, the AAR incidence in patients with
high dosages could be reduced to a level similar to or below that
of patients with low dosages in the conventional assessment
group. The injection speed data showed similar results. These
results further indicated that the SAW regimen had a certain
directive significance for selecting appropriate ICM param-
eters. It suggested that if conditions permit in clinical practice,
LOCM could be chosen for replacement for high-risk patients
with an IOCM-AAR history, and avoid high injection dose and
injection speed whenever possible.

4.2 Possible explanations for lower AAR occurrence
following SAW regimen

As aforementioned, there was a close relationship between
the SAW regimen and decreased AAR occurrence. The re-
assessment process prior to examination was moved forward
as early as possible post-appointment by radiology nurses
in the SAW period to guarantee appropriate and adequate
preparation of patients prior to examination. Our interven-
tion regimen was not limited to anti-allergy pretreatment
for patients with ICM-ADR histories; it emphasized non-
pharmacological intervention prior to examination. The pur-
pose was to develop specific treatment plans for patients who
needed specific treatments, mainly including adequate fluid
intake and treatment measures against high-risk underlying
diseases. Furthermore, ADR history record cards and risk
warning signboards were introduced. Clear and exact ADR
documentation could help nurses obtain an appropriate and
adequate medical history for the patients, and quickly find
out the culprit ICM responsible for previous ADR, so that
another non-culprit ICM could be recommended in subse-
quent examination procedures, which is usually tolerated
very well by the patients [14, 31]. The risk warning signs
reminded technicians to pay close attention to the patient’s
condition, and control the injection dosage and speed of ICM
for at-risk patients. It also enabled nurses to select appro-
priate and individual nursing measures according to differ-
ent risk levels, implement dynamic monitoring during the
examination, and observe closely after examination. Taken
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Table 4 (continued)

&

Main findings

Incidence of adverse

reactions

Adverse reactions

Research type Study objects ICM used
observed

Prophylactic strategy

Author year [ref.]

Springer

(i) Control: 27.7% Premedication could

(61/220);

Repeat adverse reac-

tions

Topamidol 300, Iopa-

Retrospective Patients with previous

Premedication; ICM

Abe et al. 2016 [14]

be protective against
repeat adverse

midol 370, Iohexol

300

adverse reactions

substitution

(i1) Premedica-

reactions, and ICM

tion alone: 17.3%

(A77271);

substitution was more

effective

(iii) Changing ICM

alone: 5.2% (3/58);
(iv) Premedication and

changing ICM: 2.7%

(6/222)

AAR, acute adverse reactions; /CM, iodinated contrast media; HSR, hypersensitivity reactions; /DT, intradermal skin test

together, AAR could be timely recognized and treated, and
the severe AAR incidence could be minimized in patients
at risk. Considering advantages including unified standards,
standardized procedures, simple methods, and specific treat-
ment measures, the SAW regimen possessed high promotion
value.

This study has some limitations. First, this study was not
a randomized trial and the confounders were not adjusted
when making comparisons, which might exist unrecognized
changes and unmeasured differences in patient populations.
Prospective multi-center randomized controlled trials will
help to further validate the clinical efficacy of the SAW regi-
men. Second, the phenomena that abandoned examinations
directly, rescheduled for elective examinations, and selected
alternative imaging modalities arising from risk overestima-
tion were significantly reduced in the SAW period. How-
ever, the exact number of these cases was not documented in
detail. Furthermore, we focused on the AAR occurrence in
patients with different risk levels, but did not further address
the relationship between different severities of underlying
risk diseases and AAR. Nevertheless, our results showed
that following a standardized SAW regimen, at-risk patients,
especially high-risk patients and the ones with multiple risk
factors, had a significantly reduced AAR incidence in real-
life practice. The cumulative effect of multiple risk factors
deserves further verification.

5 Conclusion

As a comprehensive optimal management process of risk
factors, the SAW regimen implemented in a large clinical
cohort was associated with lower incidence of mild and
moderate AAR, and alleviated AAR severity, which held
potential for improved ICM safety.

Glossary

ICM Iodinated contrast media

AAR Acute adverse reactions

ADR Adverse drug reactions

SAW Stratified assessment and warning
CI Confidence interval

LOCM  Low-osmolality contrast media
IOCM  Iso-osmolality contrast media
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tary material available at https://doi.org/10.1007/s11517-022-02751-5.
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