
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(4):1611-1620jtd.amegroups.com

Original Article

Novel risk model for predicting acute adverse drug reactions 
following cardiac catheterization from TRUST study (The Safety 
and toleRability of UltraviSt in Patients Undergoing Cardiac 
CaTheterization)

Yibo He1#, Yuming Huang1,2#, Junqing Yang1#, Jin Liu1#, Guoli Sun1#, Feier Song1, Shiqun Chen1,2,  
Ning Tan1, Zhonghan Ni1*, Yong Liu1*, Jiyan Chen1*

1Guangdong Cardiovascular Institute, Department of Cardiology, Guangdong Provincial Key Laboratory of Coronary Heart Disease Prevention, 

Guangdong Provincial People’s Hospital affiliated to South China University of Technology, Guangdong Provincial People’s Hospital, Guangdong 

Academy of Medical Sciences, Guangzhou 510000, China; 2Department of Catheterization Lab, Guangdong Cardiovascular Institute, Guangdong 

Provincial Key Laboratory of South China Structural Heart Disease, Guangdong Provincial People’s Hospital, Guangdong Academy of Medical 

Sciences, Guangzhou 510000, China

Contributions: (I) Conception and design: J Chen, Y Liu; (II) Administrative support: J Chen, Z Ni; (III) Provision of study materials or patients: J 

Yang, N Tan, Z Ni; (IV) Collection and assembly of data: Y He, Y Huang, J Liu, G Sun, F Song; (V) Data analysis and interpretation: Y He, Y Liu, S 

Chen, J Liu, G Sun, F Song; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally as the first co-authors.

*These authors contributed equally as the correspondence authors.

Correspondence to: Jiyan Chen, MD, FACC, FESC; Yong Liu, MD; Zhonghan Ni, MD. Department of Cardiology, Guangdong Provincial Key 

Laboratory of Coronary Heart Disease Prevention, Guangdong Cardiovascular Institute, Guangdong Provincial People’s Hospital affiliated to the 

South China University of Technology, Guangdong Academy of Medical Sciences, Guangzhou 510000, China.  

Email: chenjiyandr@126.com; liuyong2099@126.com; 1394407200@qq.com.

Background: Acute drug reactions (ADRs) are common complications of contrast administration following 
cardiac catheterization. Serious reactions may be life threatening. However, few risk models for predicting 
ADRs exist. The study aims to develop a novel tool for predicting the risk of ADRs [occurring within 1 hour 
in patients undergoing coronary angiography or percutaneous coronary intervention (PCI)].
Methods: A total of 17,139 consecutive patients included in the TRUST study were randomly (2:1) 
assigned to a development data set (n=11,426) or a validation data set (n=5,713). Multivariate logistic 
regression was applied to identify independent predictors of contrast-induced nephropathy (CIN), including 
age, contrast dose, premedication, and prehydration. The performance of our model was assessed using the 
c-statistic for discrimination and the Hosmer-Lemeshow test for calibration.
Results: The overall incidence of ADRs was 42 (0.37%) in the development data set: 0.09% in the low-risk 
category (score: 0–2), 0.36% in the moderate-risk category (score: 3–4), and 1.78% in the high-risk category 
(score ≥5). The risk score across the subgroup of the study population exhibited good discrimination and 
predictive ability for ADRs (c-statistic: 0.694). Meanwhile, the calibration was also demonstrated to be 
accurate by the Hosmer-Lemeshow goodness-of-fit test (P=0.305).
Conclusions: Our data showed that our simple risk model showed good discrimination and predictive 
ability of ADRs following cardiac catheterization.
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Introduction

Acute adverse drug reactions (ADRs) of contrast media are 
defined as abnormal symptoms occurring within 1 hour 
following the administration of contrast media during 
cardiac catheterization. All of these symptoms vary from 
mild reactions, such as nausea, vomiting, and headache, 
to severe reactions such as laryngeal edema, cardiac 
dysrhythmias, pulmonary collapse, and others that could be 
life threatening (1,2). Our previous work demonstrated that 
the incidence of ADRs related to iopromide use was quite 
low, with only 58 (0.38%) of 17,513 patients observed with 
mild ADRs, while merely 2 patients had severe reactions (3).  
The same was found with other contrast media, such as 
iobitridol and iodixanol (4,5). However, uncommon as 
they were, based on the number of 75 million patients 
who undergo percutaneous coronary intervention (PCI) 
or coronary angiography every year, quite a lot of patients 
would suffer from undesirable ADRs, some of which 
are even fatal. Therefore, it is still necessary to reduce 
the rate of ADRs to as low as possible. Premedication 
with corticosteroids and antihistamines is efficient in 
preventing ADRs (6,7). Although emergent treatments for 
the ADRs usually work, some severe and fatal reactions, 
most of which occur within 20 min of the contrast medium 
injection, are too sudden and changeable to deal with (8). 
Early recognition of patients with a high risk of ADRs 
and premedication would be better to avoid the adverse 
reactions. History of previous ADRs, contrast media type, 
and age were all reported to be risk factors of ADRs (9-11); 
however, a comprehensive tool that includes all risk factors 
to stratify the risk level of ADRs does not exist. Hence, on 
the base of TRUST trial(The Safety and toleRability of 
UltraviSt in Patients Undergoing Cardiac CaTheterization, 
ClinicalTrials.gov identifier: NCT01206257), we aim to 
develop a simple risk score model to be applied by clinicians 
at bedside to evaluate the risk of developing ADRs, so that 
action can be taken before unexpected reactions occur.

Methods

We enrolled a cluster of consecutive patients between 
August 2010 and September 2011 in the TRUST study (The 
Safety and toleRability of UltraviSt in Patients Undergoing 
Cardiac CaTheterization). All patients who underwent 
coronary angiography and/or PCI according to the PCI 
guidelines (12) were eligible. We excluded pregnant and 
lactating women and patients with contraindications to 

iopromide or cardiac catheterization. As for the unified 
setting, patients accepted iopromide 300 or 370 mg/mL 
(Ultravist; Bayer Healthcare, Berlin, Germany) during the 
procedures without exception.

All data on adverse events (AEs) were recorded on 
the case report form by the investigator, including the 
incidence, seriousness, duration, action taken, and outcome. 
The final judgment of which AEs should be defined as 
ADRs was done by either the investigators or the study 
sponsor, Bayer HealthCare Company Ltd.

According to the American College of Radiology 
criteria (13), ADRs were defined as adverse reactions 
occurring within 1 hour after the injection of contrast 
media. The severity of the ADR was classified as mild, 
moderate, or severe. A mild ADR was defined as self-
limited adverse reactions without evidence of progression 
and usually requiring no treatment. Moderate ADRs were 
not immediately life threatening (although they might 
progress to be so) but often required treatment. A severe 
ADR was potentially or immediately life threatening 
and prompt recognition and treatment were required. 
In addition, an ADR that resulted in death, threatened 
life, required inpatient hospitalization or prolongation of 
existing hospitalization, or led to any other events that 
do not fit the other outcomes but that jeopardized the 
patient and might require medical or surgical intervention 
(treatment) to prevent one of the other (serious) outcomes 
was defined as a serious adverse reaction (SAE). SAEs 
were all reported to the local drug safety manager within  
24 hours, and the outcomes of all SAEs were followed up 
as well as documented. All ADRs were coded according to 
the Medical Dictionary for Regulatory Activities (14) and 
recorded on the case report form. All data were collected 
by trained personnel prospectively, and the occurrence 
of acute ADRs was centrally reviewed and categorized by 
the coordinating project management team (H&J CRO 
International, Inc.). Moreover, the primary committee 
performed the final check on the database to ensure quality. 
The methods of data extraction and management have been 
described in more detail previously (3).

Risk model development

We randomly divided the 17,139 patients into development 
and validation groups in a 2:1 manner, respectively. The 
data set of the development group was used to identify the 
univariate associations between baseline and key procedural 
characteristics and ADRs by Student t-test, chi-square test, 
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or Fisher’s exact test. Next, multivariate logistic regression 
analysis was performed to identify independent predictors 
of ADRs and to estimate odds ratios. The significant risk 
factors identified in the univariate analysis were selected 
for the final model. We set the predictive score of each 
risk factor based on the β regression coefficient values 
accordingly. To provide the facilitated bedside assessment 
of ARD risk, we stratified the risk level as low, moderate, 
and high according to the risk score calculated for each 
individual. Then, discrimination and calibration of this risk 
model were assessed to evaluate the predictive performance. 
The receiver-operating characteristic curve was drawn to 
obtain the concordance index (c-index), which indicated the 
discrimination. The calibration of the model was examined 
by Hosmer-Lemeshow goodness-of-fit test. Finally, both 
data sets of the development group and validation group 
were used to calculate the incidence of ADRs according to 
each risk score and risk level, respectively, for the purpose 
of examining the efficiency and conformance of the risk 
scoring model both groups’ data sets.

Results

A total of 17,139 patients were included in the risk model–
developing study, and patients were randomly assigned 
into the development group (n=11,426) and validation 
group (n=5,713) in 2:1 manner. Baseline characteristic 
were shown in Table 1. All the participants were Chinese 
without foreigner. The baseline demographic and clinical 
characteristics are listed in Table 1. Briefly, patients aged 
50 to 69 years accounted for the majority at about 64.3%; 
35.7% of the gross population were male patients. All 
patients used iopromide as contrast media; 93.8% used 
a concentration of 370 mgI/mL. Forty-two patients 
experienced ADRs in the development group, while 24 
patients experienced ADRs in the validation group. The 
incidence (0.4%) of ADRs was approximately even in both 
groups. Generally speaking, there were no statistically 
significant differences between the development and 
validation groups. All kind of ADRs were listed in Table 2.

Baseline characteristic comparisons were listed out 
between patients with and without ADRs. As shown in  
Table 3, age, contrast media dose (≥100 mL), premedication, 
and preprocedural hydration were significant variables 
correlated with ADRs. The estimated odds ratios and 
confidence intervals of the predictive factors are shown 
in Table 4. As can be seen, the odds ratios of these factors 
were less than 1, which indicated that age (50–69 years), 

contrast media dose ≥100 mL, preprocedural hydration, and 
premedication were protective factors for ADRs. Hence, 
it is reasonable for us to consider that age (except for 
50–69 years), contrast media dose <100 mL, preprocedural 
hydration absence, and premedication absence are 
factors correlated with a higher risk of ADRs. Based on 
the β regression coefficient values, we set the risk scores 
according to the corresponding variables on the weight as 
follows:
 Age: if not 50–69 years, score =1;
 Contrast media dose <100, score =1;
 Preprocedural hydration: if not, score =2;
 Premedication: if not, score = 1.
The risk score formula was RS (risk score) = 1 (age not 

50–69) + 1 (CM dose <100) + 2 (preprocedural hydration: 
not) + 1 (premedication: not). Furthermore, we categorized 
the patients with different risk scores into graduated risk 
levels according to the predicted probability of ADRs: low 
risk, score 0–2 (predicted probability: 0.09%); moderate 
risk, score 3–4 (predicted probability: 0.36%); high risk, 
score ≥5 (predicted probability: 1.78%).

The receiver-operating characteristic curve is shown 
in Figure 1, which indicates the risk model is moderately 
discriminatory with a concordance index of 0.694. The chi-
square value of the Hosmer-Lemeshow goodness-of-fit test 
was 9.461 (P=0.305), which shows adapted calibration of 
this predictive model.

Finally, on the basis of this risk-scoring model, the 
incidences of ADRs of corresponding different risk scores 
and risk levels are shown in Figures 2 and 3, including both 
development group and validation group data sets. Basically, 
the risk of ADR occurrence progresses as the risk score 
increases from 1 to 5 and as the risk level elevates. The rate 
of ADRs was similar between the development group and 
validation group. Generally, the risk-scoring model derived 
from the development data set predicts the same tendency 
in the validation data set.

Discussion

Here we study the incidence of ADRs among 17,139 
patients who underwent PCI. Moreover, we developed a 
simplified algorithm to predict the risk probability of AE 
occurrence. As shown above, age, dose of contrast media, 
preprocedural hydration, and premedication are key factors 
that account for the prediction of ADRs.

Age has been widely discussed for its importance to 
ADR prediction. Kopp et al. and Vogl et al. (4,10) found 
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Table 1 Baseline comparison results (n=17,139)

Characteristics Total, n (%) Validation, n (%) Development, n (%) P value

n 17,139 5,713 11,426

Age, years 0.091

0–49 2,783 (16.3) 972 (17.0) 1,811 (15.8) 0.051

50–69 11,026 (64.4) 3,618 (63.3) 7,408 (64.8) 0.052

70–100 3,302 (19.3) 1,115 (19.5) 2,187 (19.1)

Sex

Males 6,117 (35.7) 2,000 (35.0) 4,117 (36.0) 0.190

Females 11,022 (64.3) 3,713 (65.0) 7,309 (64.0)

Weight, kg

Mean ± SD 69.16±10.71 69.12±10.86 69.18±10.63 0.748

Medical history

Diabetes mellitus 3,441 (20.1) 1,159 (20.3) 2,282 (20.0) 0.627

Hypertension 9,528 (55.6) 3,138 (54.9) 6,390 (55.9) 0.215

Pre-PCI 1,749 (10.2) 598 (10.5) 1,151 (10.1) 0.422

Pre-existing renal disease 239 (1.4) 70 (1.2) 169 (1.5) 0.182

Family history of CAD 1,185 (6.9) 396 (6.9) 789 (6.9) 0.949

Prior MI 1,187 (6.9) 393 (6.9) 794 (6.9) 0.865

Allergic tendency 589 (3.4) 199 (3.5) 390 (3.4) 0.813

Metformin use in previous 48h 319 (1.9) 114 (2.0) 205 (1.8) 0.358

ADRs history to contrast media 149 (0.9) 42 (0.7) 107 (0.9) 0.181

Asthma 86 (0.5) 32 (0.6) 54 (0.5) 0.445

Clinical presentation

STEMI 8,689 (50.7) 2,888 (50.6) 5,801 (50.8) 0.787

NSTEMI 833 (4.9) 292 (5.1) 541 (4.7) 0.280

Unstable angina 1,890 (11.0) 636 (11.1) 1,254 (11.0) 0.756

Stable angina 2,039 (11.9) 656 (11.5) 1,383 (12.1) 0.236

Other 3,912 (22.8) 1,314 (23.0) 2,598 (22.7) 0.699

Physical examination

LEVF <45%, % 717 (4.2) 236 (4.1) 481 (4.2) 0.808

LVEF <35%, % 158 (0.9) 60 (1.1) 98 (0.9) 0.214

Systolic blood pressure (mmHg) 134.20±18.46 134.07±18.46 134.26±18.46 0.527

Diastolic blood pressure (mmHg) 80.21±11.48 80.14±11.35 80.25±11.54 0.553

Laboratory (mean ± SD)

TC (mmol/L) 4.51±1.17 4.51±1.18 4.51±1.17 0.804

TG (mmol/L) 1.69±0.95 1.68±0.94 1.69±0.95 0.457

Table 1 (continued)
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Table 1 (continued)

Characteristics Total, n (%) Validation, n (%) Development, n (%) P value

Contrast dose, mL

Mean ± SD 124.80±72.88 125.16±73.03 124.63±72.81 0.654

≥100 10,960 (63.9) 3,670 (64.2) 7,290 (63.8) 0.574

Contrast concentration

Iopromide 370 mgI/mL 16,080 (93.8) 5,365 (93.9) 10,715 (93.8) 0.736

Feature of coronary artery 0.429

Normal 3,044 (17.8) 1,023 (17.9) 2,021 (17.7)

Single-vessel disease 6,407 (37.4) 2,097 (36.7) 4,310 (37.7)

Multi-vessel disease 7,688 (44.9) 2,593 (45.4) 5,095 (44.6)

Left main disease 1,456 (8.5) 465 (8.1) 991 (8.7) 0.237

LAD disease 11,142 (65.0) 3,734 (65.4) 7,408 (64.8) 0.497

Total occlusion 2,794 (17.1) 944 (17.3) 1,850 (17.0) 0.638

Cardiac catheterization

Coronary intervention 6,836 (39.9) 2,309 (40.4) 4,527 (39.6) 0.315

Stents implanted 6,596 (38.5) 2,228 (39.0) 4,368 (38.2) 0.329

Three or more stents used 1,233 (7.2) 406 (7.1) 827 (7.2) 0.754

Pre-medication 3,317 (19.4) 1,128 (19.7) 2,189 (19.2) 0.360

H1-receptor blocker 156 (0.9) 47 (0.8) 109 (1.0) 0.394

H2-receptor blocker 70 (0.4) 26 (0.5) 44 (0.4) 0.498

Corticosteroids 3,228 (18.8) 1,096 (19.2) 2,132 (18.7) 0.407

Other medicines 45 (0.3) 15 (0.3) 30 (0.3) 1.000

Pre-procedural hydration 5,446 (31.8) 1,769 (31.0) 3,677 (32.2) 0.107

Volume of hydration(mL) 0.418

0 11,693 (68.2) 3,944 (69.0) 7,749 (67.8)

1–500 4,029 (23.5) 1,316 (23.0) 2,713 (23.7)

501–1,000 1,240 (7.2) 396 (6.9) 844 (7.4)

>1,000 177 (1.0) 57 (1.0) 120 (1.1)

Acute ADRs 66 (0.4) 24 (0.4) 42 (0.4) 0.601

PCI, percutaneous coronary intervention; CAD, coronary artery disease; MI, myocardial infarction; STEMI, ST-segment elevation 
myocardial infarction; LVEF, left ventricular ejection fraction; LAD, left anterior descending.

that age 18–30 years was associated with a higher incidence 
of ADRs. Another study conducted by Lasser et al. (15) 
considered that patients aged between 20 and 50 years had 
a higher probability of ADR occurrence, while patients 
either younger than 20 years or older than 50 years had a 
reduced probability of ADR occurrence. The postmarketing 

surveillance study (5) with iodixanol reported that patients 
younger than 65 years had an increased risk of ADRs. 
Nevertheless, according to our study, we found that patients 
between the ages of 50 and 69 have a reduced risk of ADRs; 
patients aged younger than 50 or older than 65 are assigned 
a score of 1 in the algorithm, which corresponds to an 
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increased risk of ADR occurrence. The variable conclusions 
about the risked age segment may be due to the different 
populations and contrast media type. Most of the patients 
in this study used iopromide as the contrast media during 
the PCI. In addition, the contrast media were injected 
directly into the coronary artery rather than through a vein 
or peripheral artery. Therefore, with intracoronary artery 
use of iopromide, patients who are younger than 50 years 
or older than 65 years should pay more attention to the 
possibility of ADRs.

Contrast media dose is a common risk factor related to 
contrast-induced nephropathy (CIN), and the probability 
of CIN increases proportionally with the increase in 
volume of contrast media (16). However, it is not clear 
how contrast media volume influences ADRs. In this study, 
we found that a contrast media dose less than 100 mL was 
associated with a higher possibility of ADRs, which differs 

from the accepted logic of how contrast media affects CIN. 
As reported (9), ADRs were more or less associated with 
anaphylaxis. Therefore, the probable explanation is that 
more contrast media contact increases the tolerance of the 
body to contrast media, which could cause less anaphylaxis 
and fewer ADRs as a result.

Prehydration and premedication were the other two 
risk factors in this model. Especially important was 
prehydration, which accounts for a score of 2 if absent. It 
has been well documented that hydration minimizes, or 
decreases, the incidence of ADRs induced by CM. Though 
unclear, it seems plausible that adequate hydration may 
counteract some of the putative hemodynamic effects 
leading to contrast-induced adverse effects and CIN, a 
common risk factor associated with lack of pre-hydration 
(17,18). On the other hand, pre-hydration mediated 
increase in total body fluid volume, thereby may reduce 
the concentration of CM and thus prevent ADRs. This 
explains the finding in current model wherein absence of 
pre-procedural hydration increases the risk of moderate to 
severe ADRs.

Corticosteroids and H1/H2-receptor blocker were the 
common treatment for patients with adverse drug reactions. 
For patients who were evaluated to be high risk of ADRs, 
prophylactic premedication prior to administration of CM 
is proposed to be most effective in reducing the occurrence 
of mild or moderate ADRs. Absence of pre-medication as 
seen in the present study would therefore increase the risk 
of ADR.

Moreover, some other studies have considered the 
history of ADRs as a significant risk factor of the next 
ADR occurrence (19,20). However, we found it statistically 
insignificant enough to include history of ADRs as a 
predictive factor of the algorithm. Insufficient case reports 
of patients may be one of the underlying reasons, and more 
detailed and comprehensive studies are needed to further 
improve the accuracy and efficacy of the predictive model.

Study limitation

Reports of mild ADR are mostly based on patients’ 
subjective opinions, which may result in subjective bias 
during the analysis. On the other hand, only 2 severe 
ADRs and 3 serious ADRs were reported. Therefore, the 
prediction of severe or serious ADRs may lack appropriate 
efficiency. More observations of ADRs are needed for 
development of a better predicted algorithm.

Table 2 List of the adverse drug reactions

ADRs Frequency

Vertigo 1

Headache 1

Monoanesthesia 1

Coagulation disorder 1

Warmth 1

Chest pain 1

Hyposalivation 1

Psychotic depression 1

Chills 2

Edema/nutritional disorders 2

Anaphylactic shock 2

Anaphylactic reaction 3

Malaise 3

Dizziness 3

Hypotension 4

Dyspnea/chest tightness 6

Arrhythmia 7

Flushing/hyposalivation 8

Rash/hives/itching 15

Nausea/vomiting/digestive discomfort 39
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Table 3 Comparison of baseline characteristics of patients with and without ADRs in development group

Characteristics Total ADRs No ADRs P value

N 11,426 42 11,384

Age, years, n (%) 0.005

0–49 1,811 (15.9) 14 (33.3) 1,797 (15.8) 0.002

50–69 7,408 (64.8) 19 (45.2) 7,389 (65.0) 0.007

70–100 2,187 (19.1) 9 (21.4) 2,178 (19.1) 0.710

Sex, n (%)

Male 4,117 (36.0) 15 (35.7) 4,102 (36.0) 0.966

Female 7,309 (64.0) 27 (64.3) 7,282 (64.0)

Weight, kg

Mean ± SD 69.18±10.63 66.00±10.11 69.19±10.63 0.052

Medical history, n (%)

Diabetes mellitus 2,282 (20.0) 7 (16.7) 2,275 (20.0) 0.591

Hypertension 6,390 (55.9) 19 (45.2) 6,371 (56.0) 0.162

Pre-PCI 1,151 (10.1) 7 (16.7) 1,144 (10.0) 0.155

Pre-existing renal disease 169 (1.5) 0 (0.0) 169 (1.5) 0.426

Family history of CAD 789 (6.9) 2 (4.8) 787 (6.9) 0.583

Prior MI 794 (6.9) 2 (4.8) 792 (7.0) 0.577

Allergic tendency 390 (3.4) 3 (7.1) 387 (3.4) 0.182

Metformin use in previous 48h 205 (1.8) 0 (0.0) 205 (1.8) 0.380

ADRs history to contrast media 107 (0.9) 1 (2.4) 106 (0.9) 0.330

Asthma 54 (0.5) 0 (0.0) 54 (0.5) 0.655

Clinical presentation, n (%)

STEMI 5,801 (50.8) 19 (45.2) 5,782 (50.8) 0.472

NSTEMI 541 (4.7) 1 (2.4) 540 (4.7) 0.472

Unstable angina 1,254 (11.0) 8 (19.0) 1,246 (10.9) 0.094

Stable angina 1,383 (12.1) 6 (14.3) 1,377 (12.1) 0.664

Other 2,598 (22.7) 8 (19.0) 2,590 (22.8) 0.568

Physical examination, n (%)

LEVF <45% 481 (4.2) 1 (2.4) 480 (4.2) 0.554

LVEF <35% 98 (0.9) 0 (0.0) 98 (0.9) 0.546

Systolic blood pressure (mmHg) 134.26±18.46 131.76±18.92 134.27±18.45 0.380

Diastolic blood pressure (mmHg) 80.25±11.54 82.10±11.54 80.24±11.54 0.299

Laboratory (mean ± SD)

TC (mmol/L) 4.51±1.17 4.58±1.44 4.51±1.17 0.727

TG (mmol/L) 1.69±0.95 1.56±0.75 1.69±0.95 0.367

Contrast dose, Ml

Mean ± SD 124.63±72.81 89.88±43.20 124.76±72.86 0.002

≥100 7,290 (63.8) 18 (42.9) 7,272 (63.9) 0.005

Table 3 (continued)
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Table 3 (continued)

Characteristics Total ADRs No ADRs P value

Contrast concentration, n (%)

Lopromide 370 mgI/mL 10,715 (93.8) 40 (95.2) 10,675 (93.8) 0.695

Feature of coronary artery, n (%) 0.258

Normal 2,021 (17.7) 4 (9.5) 2,017 (17.7)

Single-vessel disease 4,310 (37.7) 20 (47.6) 4,290 (37.7)

Multi-vessel disease 5,095 (44.6) 18 (42.9) 5,077 (44.6)

Left main disease 991 (8.7) 6 (14.3) 985 (8.7) 0.195

LAD disease 7,408 (64.8) 25 (59.5) 7,383 (64.9) 0.470

Total occlusion 1,850 (17.0) 10 (25.0) 1,840 (16.9) 0.176

Cardiac catheterization, n (%)

Coronary intervention 4,527 (39.6) 18 (42.9) 4,509 (39.6) 0.667

Stents implanted 4,368 (38.2) 17 (40.5) 4351 (38.2) 0.764

Three or more stents used 827 (7.2) 1 (2.4) 826 (7.3) 0.224

Pre-medication 2,189 (19.2) 3 (7.1) 2,186 (19.2) 0.047

H1-receptor blocker 109 (1.0) 1 (2.4) 108 (0.9) 0.341

H2-receptor blocker 44 (0.4) 1 (2.4) 43 (0.4) 0.036

Corticosteroids 2,132 (18.7) 3 (7.1) 2,129 (18.7) 0.055

Other medicines 30 (0.3) 1 (2.4) 29 (0.3) 0.007

Pre-procedural hydration 3,677 (32.2) 3 (7.1) 3,674 (32.3) 0.001

Volume of hydration (mL) 0.006

0 7,749 (67.8) 39 (92.9) 7,710 (67.7)

1–500 2,713 (23.7) 3 (7.1) 2,710 (23.8)

501–1,000 844 (7.4) 0 (0.0) 844 (7.4)

>1,000 120 (1.1) 0 (0.0) 120 (1.1)

Continuous variables compared using Student t-test. Categorical variables compared using chi-square or Fisher’s exact test. PCI, 
percutaneous coronary intervention; CAD, coronary artery disease; MI, myocardial infarction; STEMI, ST-segment elevation myocardial 
infarction; LVEF, left ventricular ejection fraction; LAD, left anterior descending.

Table 4 Result of multivariate logistic regression analysis (n=11,406)

Variable Beta 95% CI (Beta) OR 95% CI (OR) P value

Age: 50–69 vs. <50 years −1.113 (−1.807, −0.419) 0.328 (0.164, 0.658) 0.002

Age: 70–100 vs. <50 years −0.616 (−1.457, 0.225) 0.540 (0.233, 1.253) 0.151

CM dose: ≥100 vs. <100 mL −0.710 (−1.328, −0.092) 0.491 (0.265, 0.912) 0.024

Pre-procedural hydration −1.866 (−3.043, −0.688) 0.155 (0.048, 0.502) 0.002

Pre-medication −1.196 (−2.380, −0.012) 0.302 (0.093, 0.988) 0.048
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Conclusions

We have developed a predictive model of ADRs following 
PCI and established an algorithm to estimate the 
probability of ADR occurrence. Age, contrast media dose, 
prehydration, and premedication are the basic factors of the 
model, as indicated by proper efficacy and accuracy.
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