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iNtroDuCtioN
Patients are frequently asked to fast prior to iodinated 
contrast media (ICM)-enhanced CT.1,2 Fasting has tradi-
tionally been required due to concerns about vomiting, 
which is one of the most prevalent adverse reactions to 
ICM and can potentially cause aspiration.3–5 Indeed, 
approximately up to 24.5% of patients experienced 
vomiting after intravascular administration of ionic high- 
osmolality ICM.5–7 However, with the introduction of 
nonionic low-osmolality ICM, the reported frequency 
of vomiting has declined with varying range, from 
1% or less to 11.7%, lessening the rationale of the  
fasting.1,5,8–11

Although nearly all radiological clinics in industrial 
countries only use non-ionic ICM, the current prepara-
tory fasting policy regarding fasting duration and content 
(solids or fluids) varies considerably across hospital and 
a 4– 6 h fasting is one of the most common fasting poli-
cies.1,12 Furthermore, fasting duration before CT examina-
tion was heterogeneous across countries, with a tendency 
of longer fasting duration in Korea than in Europe.1 These 
mixed policy trends presumably originate from a paucity 
of relevant researches and evidences regarding fasting 
duration for the prevention of aspiration before the intra-
vascular administration of nonionic low-osmolality ICM, 
after which vomiting is uncommon.2,7 In a review of the 
literature, ingestion of clear inert fluid less than 1 h before 
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objective: To prospectively evaluate the incidence of 
nausea and vomiting after exposure to non-ionic iodi-
nated contrast media (ICM), and to identify potential risk 
factors, with a focus on fasting duration for solid food 
and fluids, separately.
methods: From January to March 2017, 1175 patients 
(605 males, 570 females; median age, 60 years; range, 
20–91 years) undergoing ICM-enhanced CT were 
included in this study. Patients received instructions 
for a 6 h preparatory fast from solid food. Nausea and 
vomiting after ICM exposure were assessed on a 3-point 
scale (mild, moderate, severe). Patients’ characteristics 
and the fasting duration were evaluated to identify risk 
factors using logistic regression analysis.
results: Of the 1175 patients, 34 [2.9%; 95% confi-
dence interval (CI) (2.0–4.0)] experienced mild 
nausea. No patients experienced vomiting [95% CI 
(0.0000–0.0005)]. 1173 (99.8%) carried out a 6 h fast, 
and the median fasting durations were 14 h for solid 
food (interquartile range, 12.5–15.5 h) and 11 h for fluid 

(interquartile range, 0–13.5 h), respectively. Fasting 
durations for solid food and fluids were not associ-
ated with nausea on univariate regression analyses  
(p = 0.282–1.000 and   0.146–1.000, respectively). Multi-
variate regression analysis revealed that a history of drug 
hypersensitivity [odds ratio = 4.33; 95% CI (1.85–17.52);  
p = 0.039] was independent risk factors for nausea, 
whereas iobitridol was less nauseous [odds ratio = 0.32; 
95% CI (0.11–0.90); p = 0.032].
Conclusion: Mild nausea occurred in 2.9% of patients 
and none vomited in our study population with a 6 h 
preparatory fast from solid food. Many patients under-
went excessive fasting for fluids as well as solid food and 
their fasting durations were not associated with nausea.
advances in knowledge: We firstly evaluated fasting 
durations for solid food and fluids, and their impacts on 
vomiting or nausea after ICM exposure with an instruc-
tion of 6 h preparatory fast for solid food: many patients 
underwent excessive fasting for fluids and the fasting 
duration was unrelated to nausea.
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ICM-enhanced CT exam rarely induced aspiration.1 Whether 
preparatory fasting has a beneficial effect against vomiting 
remains uncertain, but fasting can lead to patient dissatisfac-
tion, dehydration, and exhaustion, especially if patients undergo 
excessive fasting.13 Some authors have recommended that fluid 
fasting is not necessary prior to ICM-enhanced CT examina-
tion,1 but the impact of duration of fluid fasting on vomiting or 
nausea has rarely been assessed.

Thus, the aim of this study was to prospectively evaluate the 
incidence of nausea and vomiting after exposure to non-ionic 
low-osmolality ICM and to identify potential risk factors, with 
a focus on fasting duration for solid food and fluids, separately. 
Based on results of this prospective study, we determine the 
necessity of fasting prior to the application of ICM and provide 
the adequate duration of the fasting period.

metHoDS aND materialS
This study was approved by our Institutional Review Board (IRB 
No. 1611-054-807) and was registered with  clinicalTrials. gov as 
NCT03019341. Informed consent was obtained from all patients 
for participation in this prospective study.

Sample size calculation
We performed a pilot study that included 100 patients under-
going an ICM-enhanced CT scan, and found that 7% expe-
rienced sensations of nausea and none vomited. Based on the 
above expected frequency of nausea, and allowing 5% for Type 
I error and 3% for a total width of the confidence interval, the 
sample size estimated using the binominal exact approximation 
was 1175.

Patients
From January to March 2017, we enrolled a total of 1175 patients 
(605 males, 570 females; median age, 60 years; age range, 20–91 
years) in Seoul National University Hospital, Republic of Korea 
who met the following inclusion criteria: (a) patients who were 
at least 20 years of age; (b) patients who underwent an ICM-en-
hanced CT examination on a weekday morning during regular 
working hours; and (c) patients who were able to sufficiently 
communicate with the medical staff. Patients who were (a) 
unconscious or delirious, or (b) unable to be properly evaluated 

regarding nausea and vomiting due to aspects of a patient’s 
status such as a recent major operation were excluded (Figure 1). 
Finally, among 1175 patients, there were 273 inpatients and 
902 outpatients. According to our institutional policy, patients 
received instructions for a 6 h preparatory fast from solid food 
prior to ICM-enhanced CT scan. In the CT preparation room, a 
designated nurse surveyed patients willing to participate in this 
study regarding the following information: age; sex; previous 
history of ICM usage and adverse reactions to ICM including 
ICM hypersensitivity; premedication and the methods thereof; 
type of ICM used; ICM injection rate; the presence of following 
underlying diseases assessed based on the medical records of the 
enrolled patients: asthma, drug hypersensitivity excluding ICM 
hypersensitivity, allergic disease except for drug hypersensitivity, 
diabetes mellitus, cardiovascular disease including hyperten-
sion and heart disease, kidney disease, or hematologic disease; 
pre-examination sensations of nausea; and fasting duration for 
solid food and fluids. Fasting duration was evaluated in a 30 min 
interval and fasting duration less than 30 min was considered to 
be insufficient fasting.

CT examination
Various CT protocols on three multidetector CT scanners 
(Somatom Definition and Somatom Force, Siemens Healthcare, 
Erlangen, Germany; IQon, Philips Healthcare, Best, Nether-
lands) were used to examine the enrolled patients. The following 
types of CT scans were performed: head and neck (3.1%, 36 of 
1175), chest (15.3%, 180 of 1175), general abdomen (14.6%, 172 
of 1175), gastrointestinal (12.9%, 152 of 1175), liver and pancre-
atobiliary (28.9%, 339 of 1175), genitourinary (13.1%, 154 of 
1175), heart and vascular (12.1%, 142 of 1175). All CT scans were 
performed with one of five types of non-ionic low-osmolality 
ICM (details for the usage protocol are shown in Supplemen-
tary Table 1): iobitridol (Xenetix®; Guerbet, Aulnay-sous-Bois, 
France), iohexol (Omnipaque®; GE Healthcare, Milwaukee, WI), 
iomeprol (Iomeron®; Bracco, Milan, Italy), iversol (Optiray®; 
Mallinckrodt Medical, St Louis, MO), and iopamidol (Pamiray®; 
Dongkook Pharm., Seoul, Korea). The type of the ICM was 
determined by the every CT protocol based on our institutional 
policy (Supplementary Table 1). The type of CT examination was 
determined by the clinical physicians  who did not know about 
this study only based on the patients need to be examined. A 

Figure 1.  Flowchart for selecting the study population. ICM, iodinated contrast media.
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total dose of ICM was determined by the patient’s body weight 
and CT protocols. The ICM was administered by an automatic 
power injector with diverse injection rate in consideration of 
total dose of ICM and respective CT protocols. A saline chase 
was performed with the same injection rate for 10 s immediately 
after ICM administration.

Outcome assessment
A dedicated investigation on nausea and vomiting was conducted 
using a standardized form which was developed for this study. 
The investigation was apart from our institutional real-time 
electronic medical record-based Contrast Safety Monitoring 
and Management System for various adverse reactions to ICM 
which might miss minor complaints of nausea.14 Experienced 
nurses observed patients during the ICM administration and up 
to 30 min afterwards, and documented the patient’s status and 
when any complaints of nausea or vomiting events occurred. The 
severity of nausea and vomiting was categorized on a 3-point 
scale: mild, minor feeling of nausea and capable of tolerating the 
CT examination; moderate, unpleasant sensation with an urge 
to vomit and an inability to tolerate the examination; severe, 
vomiting.

Statistical analysis
Patients’ characteristics were analyzed using the Fisher exact 
test and the Χ2 test for categorical variables and the independent 
t-test or Mann–Whitney test for continuous variables according 
to the presence of normality, with comparisons made between 
the participants who experienced nausea or vomiting and those 
who did not. Univariate and multivariate logistic regression 
analysis was performed to explore potential risk factors for 
nausea and vomiting. To further evaluate fasting duration as a 
risk factor for nausea and vomiting, patients were dichotomized 
into fasting and non-fasting groups according to fasting dura-
tion, and the incidence  of nausea and vomiting was compared 
between groups. For the multivariate logistic regression anal-
ysis, variables with a p-value of 0.15 or less were entered into the 
final model.15 The Fisher exact test and the Χ2 test were used to 
evaluate the frequency of nausea and vomiting according to the 
duration of fasting from solid food and fluids. p-values < 0.05 
were considered to indicate statistical significance. Statistical 
analysis was performed using SPSS v. 22.0 (IBM Corp., Armonk, 
NY) and MedCalc for Windows (v. 8.0.0.1, MedCalc Software, 
Mariakerke, Belgium).

reSultS
Patients
Among the 1175 enrolled patients (Table 1), 37 complained of 
mild nausea, but 3 patients had experienced nausea prior to the 
administration of non-ionic ICM. Thus, 34 patients (13 males, 
21 females; median age, 61 years; age range, 22–80 years) expe-
rienced a mild degree of nausea after non-ionic ICM adminis-
tration [2.9%; 95% CI (2.0–4.0%)] (Table 1). Those 34 patients 
did not have the known cause for acute nausea such as chemo-
therapeutic agent, presence of pregnancy, vertigo because of 
disequilibrium, and psychiatric disease. There was definite 
causal relationship between acute ICM-induced nausea and ICM 
administration because of the certain consecutive relationship. 

Neither vomiting nor nausea causing a patient to be unable to 
tolerate the examination occurred in the enrolled patients [0.0%; 
95% CI (0.0000–0.0005%), respectively]. Among the nausea 
group, two patients had previous history of allergic-like reactions 
to ICM which was not gastrointestinal symptom such as nausea 
and vomiting [5.88% (2/34)]. One of them was administered 
the alternative contrast agent without any pre-medication and 
another had antihistamine pre-medication. The latter one had 
an acute acquired nausea after ICM administration. Among the 
non-nausea group, the previous history of allergic-like reactions 
to ICM were existed in 64 patients [5.61% (64/1141)] and 12 of 
them were pre-medicated (Table 1).

Of the 34 patients who complained of nausea, 19 patients expe-
rienced nausea during ICM administration, and 15 patients 
reported nausea after the completion of the CT scan. In the 
latter 15 patients, the average time interval between the ICM 
injection and the sensation of nausea was 5 min. Among the 
former 19 patients, nausea persisted after the completion of the 
CT scan in 8 patients, while nausea spontaneously subsided in 
the other 11 patients just after the ICM administration. The 
ICM-induced acquired nausea was an isolated symptom and 
there was no association to other symptoms such as urticarial, 
itching, shortness of breathing because of ICM administration.  
The mean value of ICM total dose was 96.14 ± 17.92 [95% CI 
(95.11–97.17)] and of injection rate was 2.94 ± 0.75 [95% CI 
(2.90–2.98)].

Among all patients, the mean value of ICM total dose was  
96.14 ± 17.92 [95% CI (95.11–97.17)] and of injection rate was  
2.94 ± 0.75 [95% CI (2.90–2.98)]. Total dose and injection rate of 
ICM is shown in Table 1 based on patients’ group and total dose 
of ICM showed a statistically significant difference between two 
groups (Table 1).

Fasting duration and nausea sensation
The 6 h solid food fast was kept by 1173 patients. The median 
fasting duration was 14 h for solid food (interquartile range, 
12.5–15.5 h) and 11 h for fluids (interquartile range, 0–13.5 h) 
(Figure  2). The median fasting duration did not significantly 
differ between the patients who did or did not experience nausea 
(solid food, p = 0.4030; fluids, p = 0.9100) (Table  1). When 
patients were dichotomized at 1 h and every 6 h of fasting dura-
tion, the incidence of nausea and vomiting had no significant 
difference between the two groups based on fasting duration for 
solid food and fluids (Table 2).

Multivariate regression analysis to identify risk 
factors for nausea
Among the patients’ clinical and demographic characteristics, 
the use of iobitridol (p = 0.0340) showed a statistically significant 
difference between the nausea and non-nausea groups in the 
univariate analysis (Table 1) and female (p = 0.1210), drug hyper-
sensitivity excluding contrast hypersensitivity (p = 0.0760), the 
use of iohexol (p = 0.0680), iobitridol (p = 0.0340), and iomeprol 
(p = 0.1290) were less than 0.15 of the p-value. In addition, total 
dose of ICM showed a statistically significant difference between 
two groups (p = 0.0630; Table 1).

http://birpublications.org/bjr
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Among them, drug hypersensitivity [odds ratio  =  4.33; 95% 
CI (1.85–17.52); p = 0.039] was an independent risk factor for 
nausea, while the use of iobitridol was less nauseous (odds ratio 
= 0.32; 95% CI, 0.11–0.90; p = 0.032) (Table 3).

Necessity of concrete fasting duration for solid 
food and fluid
There was no significant difference between two groups dichot-
omized based on 1 h of fasting duration criteria for both of solid 

food and fluid: <1 h group which can be regarded as a control 
group representing as non-fasting condition vs ≥1 h group 
(Table 2). Among the 636 patients 60 years or older, most of the 
patients [99.69% (634/636)] fasted from solid food for longer 
than instructed 6 h. Among those 636 patients, the fluid fasting 
duration was diverse because fluid fasting was not mandatory. 
But most of them [66.04% (420/636)] underwent fasting fluid 
more than 6 h, the same fasting duration for solid food because 
of lack of concrete fluid fasting duration.

Table 1.  Patients’ characteristics in nausea and non-nausea groups

Group Exp(B) (95% CI) p-value

Nausea (n = 34) Non-nausea (n = 1141)
Sex (M:F) (number) 34 (13 : 21) 1141 (592:549) 1.7420 (0.8640–3.5130) 0.1210a

Age (median, range) 61 (22–80) 60 (20–91) 0.9860 (0.9590–1.0140) 0.3230

Underlying disease    

Asthma 0% (0/34) 1.75% (20/1141) 0.0000 (0.0000–0.0000) 0.9980

Drug hypersensitivity excluding 
contrast hypersensitivity

5.88% (2/34) 1.58% (18/1141) 3.8990 (0.8680–17.520) 0.0760a

Allergic disease 0% (0/34) 4.21% (48/1141) 0.0000 (0.0000–0.0000) 0.9980

Diabetes mellitus 11.76% (4/34) 14.29% (163/1141) 0.8000 (0.2780–2.3010) 0.6790

Cardiovascular disease 23.53% (8/34) 27.96% (319/1141) 0.7930 (0.3550–1.7700) 0.5710

Chronic renal disease 2.94% (1/34) 2.10% (24/1141) 1.4100 (0.1850–10.7400) 0.7400

Malignancy 2.94% (1/34) 1.67% (19/1141) 1.7890 (0.2330–13.7680) 0.5760

Previous history of ICM usage 85.29% (29/34) 81.77% (933/1141) 1.2930 (0.4950–0.3380) 0.6000

Previous history of allergic-like 
reactions to ICM

5.88% (2/34) 5.61% (64/1141) 1.0520 (0.2470–4.4870) 0.9460

Premedication    

Antihistamine 2.94% (1/34) 1.93% (22/1141) 1.2440 (0.0600–25.5620) 0.8880

Antihistamine + steroid 0% (0/34) 0.88% (10/1141) 0.9840 (0.9269–1.0421) 0.5839

Antihistamine + antiemetics 0% (0/34) 0.09% (1/1141) 0.0000 (0.0000–) 0.9980

Antiemetics 0% (0/34) 0.09% (1/1141) 0.0000 (0.0000–) 0.9980

Average fasting time (hour)    

Solid food (median, interquartile 
range)

13.75 (12.5–15.0) 14 (12.5–15.5) 0.9490 (0.8400–1.0720) 0.4030

Fluid (median, interquartile range) 6.5 (2.0–13.0) 11 (3.0–13.5) 0.9510 (0.8970–1.0080) 0.0910

Culprit non-ionic ICM    

Ioversol 11.76% (4/34) 21.30% (243/1141) 0.4930 (0.1720–1.4120) 0.1880

Iopamidol 32.35% (11/34) 24.89% (284/1141) 1.4430 (0.6950–2.9980) 0.3250

Iohexol 23.53% (8/34) 12.62% (144/1141) 2.1300 (0.9460–4.7960) 0.0680a

Iobitridol 11.76% (4/34) 29.36% (335/1141) 0.3210 (0.1120–0.9180) 0.0340a,b 

Iomeprol 20.59% (7/34) 11.83% (135/1141) 1.9320 (0.8250–4.5220) 0.1290a

Total dose of ICM administration 
(ml) (mean ± SD, 95% CI)

89.71 ± 16.41
(83.98–95.43)

96.33 ± 17.93 (95.29–97.37) 0.9790 (0.9600–0.9990) 0.0360a,b

Injection rate (ml/s)(mean ± SD, 
95% CI)

2.93 ± 0.80
(2.65–3.21)

2.94 ± 0.75
(2.90–2.98)

0.9830 (0.6230–1.5510) 0.940

CI, confidence interval; ICM, iodinated contrast media; SD, standard deviation.
aIncluded for multivariate regression analysis because of less than 0.15 of the p-value.
bStatistically significant.
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DiSCuSSioN
This prospective study confirmed that vomiting was extremely 
rare [0.0%; 95% CI (0.0000–0.0005%)] and that mild nausea 
occurred in approximately 3% of patients after exposure to 
non-ionic ICM; these patients had received instructions to 
undergo a 6 h preparatory fast from solid food. Our rare inci-
dence of vomiting is within the range reported in the rele-
vant publications (vomiting, 0–0.36%), while the incidence of 
nausea is higher than has been reported (nausea, 0.05–1.99%) 
(Table  4).5,7–9,16–24 The latter difference may result from our 
rigorous investigation of nausea, including a minute transient 
sensation of nausea, in contrast to other studies where nausea 
was dealt with as one of various kinds of adverse reactions and 
sensation of mild nausea might be missed.

Most of the patients fasted from solid food for longer than 
instructed and underwent fluid fasting, which was not required. 
Although the reason of patients’ immoderate fasting needs to 
be identified, it appears that simple instructions for prepara-
tory fasting from solid food can unnecessarily expose patients 
to potential dehydration and exhaustion. Fluid fasting duration 
had no significant relationship with the incidence of nausea and 
vomiting (Table 2), supporting the recent recommendation that 
fluid fasting is not necessary prior to ICM-enhanced CT exam-
ination.1 Thus, when instructions for preparatory fasting from 
solid foods are provided, patients are recommended to exer-
cise caution against dehydration before undergoing a contrast- 

enhanced CT examination and fluid hydration may be more 
important in Summer.25

The fasting duration for solid food more than 6 h did not affect 
the incidence of nausea in this study. Because there were few 
patients who fasted for solid food less than 6 h, it could not be 
determined the relationship between the fasting duration for 
solid food less than 6 h and the incidence of nausea. Conflicting 
results exist regarding the relationship between fasting duration 
and nausea or vomiting. Wagner et al2 reported that there was no 
significant difference in the incidence of acute adverse reactions 
between patients who underwent 4 h of fasting and those who 
did not. Oowaki et al reported that preparatory fasting increased 
the incidence of nausea and vomiting with high-osmolality ICM 
but not with low-osmolality ICM.7 Further studies are required 
to elucidate the relationship between fasting duration for solid 
food and nausea or vomiting.

Based on the results of our study, drug hypersensitivity excluding 
contrast hypersensitivity was an independent risk factor for 
nausea, while the use of iobitridol was less nauseous. Nausea and 
vomiting after ICM exposure mainly result from anaphylactoid 

Table 3.  Multivariate logistic regression analysis of risk factors 
for nausea

Exp(B) (95% CI) p-value
Female 1.6870 (0.7940–3.5880) 0.1740

Drug hypersensitivity 
excluding contrast 
hypersensitivty

4.3270 (1.8530–17.5200)

0.0390a

Iohexol 2.3530 (0.9570–5.7880) 0.0620

Iobitridol 0.3150 (0.1100–0.9030) 0.0320a

Iomeprol 1.4840 (0.3950–5.5720) 0.5590

Total dose of ICM 
administration

0.9820 (0.9550–1.0110)
0.2180

CI, confidence interval; ICM, iodinated contrast media.
astatistically significant

Figure 2.  Histogram of fasting duration for solid food and 
fluids.

Table 2.  Comparison of nausea frequency for 1 h and every 6 h of fasting duration

Frequency of nausea

Fasting duration <Duration ≥Duration p-valuea

Solid food 1 h − (0/0) 2.89% (34/1175) NAb

6 h 0% (0/2) 2.90% (34/1173) 1.0000

12 h 1.23% (2/163) 3.16% (32/1012) 0.6123

18 h 3.05% (33/1083) 1.09% (1/92) 0.4515

Fluid
  

1 h 3.08% (7/227) 2.85% (27/948) 0.9759

6 h 3.92% (15/383) 2.40% (19/792) 0.2045

12 h 3.42% (23/672) 2.19% (11/503) 0.2826

18 h 2.95% (34/1153) 0% (0/22) 0.8608

CI, confidence interval.
aFisher exact test and Χ2 test.
bThere was no patient with less than 1 h fasting duration for solid food.
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