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Objective: To evaluate the correlation between prepara-
tive solid food status and the incidence of nausea,
vomiting and aspiration symptoms in contrast-enhanced
CT examination, and to provide direction for standard-
izing the preparative dietary policies.

Methods: Patients who underwent routine enhanced CT
examination at our hospital between June 2015 and June
2017 (110,836 cases) were enrolled and allocated into
solid food fasting group (51,807 cases) and solid food
non-fasting group (59,029 cases). Fluids ingestion was not
restricted for any case. The differences in the incidence
of nausea, vomiting and aspiration symptoms between
the two groups of patients with various basic data were
compared. The risk factors for the occurrence of nausea,
vomiting and aspiration symptoms were analyzed.
Results: The total incidence of nausea and vomiting was
extremely low (0.071%), and no aspiration developed.
There was no significant difference in the incidence

INTRODUCTION

With the rapid development of CT imaging equip-
ments and image enhancement technology, the popula-
tion undergoing contrast-enhanced CT examination has
significantly increased in recent years.! Currently, fasting
for hours is considered essential worldwide for patients
prior to enhanced CT examination. Its main purpose is to
accelerate gastrointestinal emptying, to reduce the risk of
nausea, vomiting, and aspiration symptoms after injection
of iodinated contrast media (ICM), and to avoid the inter-
ference with image quality by the gastrointestinal contents.
The American College of Radiologyguideline mentions that

of nausea and vomiting between the two groups in
all respects (p > 0.05). The incidence of nausea and
vomiting in patients with an iodine adverse drug reac-
tion (ADR) history was higher than those with other
ADR history (p = 0.008) and those without ADR history
(p = 0.001).

Conclusion: The occurrence of nausea and vomiting has
no correlation with the preparative solid food status.
Unless compulsory in clinical needs and constraints and
gastrointestinal examination, solid food fasting is not a
must in other examinations. Particular attention should
be paid to the patients with an iodine ADR history in an
effort to prevent possible ADRs.

Advances in knowledge: The correlation between
preparative solid food status and the incidence of nausea,
vomiting and aspiration symptoms in contrast-enhanced
CT examination were comprehensively analyzed in a
large-scale population.

hypotonic formulations can reduce the risk of ICMs-re-
lated pneumonia in patients who are prone to aspiration in
gastrointestinal CT examination, and expresses concerns
about aspiration that may occur in unconscious or severely
trauma patients.” The fluids ingestion restriction and solid
food fasting policies in different international medical
centers differ significantly, and the policies on the spec-
ified fasting time periods are considerably variable (from
0 h to overnight).> Regrettably, there are still no pertinent
large-scale clinical trials, standard guidelines and system-
atic reviews about the effect of preparative solid dietary

regimes on the incidence of gastrointestinal symptoms.™*
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At present, there is no standardized preparative dietary protocols
for enhanced CT examination in Chinese medical care routine.
The application guidelines for imaging techniques recommends
a 4 h fasting preceding enhanced non-gastrointestinal exam-
ination and a 4-8 h fasting preceding enhanced gastrointes-
tinal examination.™® The American Society of Anesthesiologists
Committee guidelines and the Enhanced Recovery After Surgery
Society recommendations propose shortening the fasting time
furthestly before operation, especially for transparent liquids.*”®
In our own practice, some special fasted patients (e.g. diabetes)
may experience dehydration or hypoglycemia symptoms
following prolonged fasting, and even develop severe shock reac-
tions. This is consistent with previous studies.”!? Therefore, it is
urgent and important to reconsider the necessity of preparative
solid food fasting prior to enhanced CT.'"!?

The purpose of this large-scale clinical observation is to eval-
uate the correlation between preparative solid food status and
the incidence of nausea, vomiting and aspiration symptoms
in enhanced CT examination, to analyze the risk factors for
the occurrence of nausea, vomiting and aspiration symp-
toms, and to provide scientific evidence for establishing
standardized preparative dietary regimes in enhanced CT
examination.

SUBJECTS AND METHODS

Subjects

Data from patients who underwent routine enhanced CT exam-
ination consecutively at our hospital between June 2015 and
June 2017 were analyzed prospectively. The patients scheduled
for abdominal examination (liver, gallbladder, pancreas and
gastrointestinal tract) were allocated into the solid food fasting
group (51,807 cases), and those scheduled for non-abdominal
examination were allocated into the solid food non-fasting
group (59,029 cases). There was no fluids ingestion restric-
tion for any case. Prior to examination, the indications and
contraindications for all patients were determined according
to ICM application guideline,'® and informed consent and
study enroll agreement were signed. A record sheet self-de-
signed by our group was used for screening assessment. The
exclusion criteria included the following: critically ill patients
requiring fasting (e.g. acute abdomen with unknown etiology,
suspected or diagnosed with gastrointestinal bleeding, perfo-
ration, obstruction, and acute pancreatitis),"* emergency
patients with observation time less than 30 min at night,
and patients with existing nausea and vomiting symptoms
prior to examination. The ICMs used included iopromide
370 (Bayer Healthcare, Leverkusen, Germany), iodixanol 270
(GE Healthcare, London, UK), iopamidol 350 (Bracco, Milan,
Italy), ioversol 320 (Jiang Su Heng Rui Medicine CO., LTD,
Jiangsu, China), iobitridol 350 (Guerbet, Paris, France;), and
iohexol 350 (Yangzijiang Medicine CO., LTD, Jiangsu, China).
All ICMs were injected intravenously at a speed of 3-6 ml
s using a high-pressure syringe (Ulrich medical, Ulm,
Germany).! The subjects in this study were routine examina-
tion cases, and the work was approved by the local institutional
review board.
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Observation method

Case report form (CRF)

A CRF (Supplemental Table 1) was designed for observation
of ICM usage, including the date of examination; basic infor-
mation of the patients (gender, age, body weight); the fasting
status and fasting time; the source of patients; the ICMs-in-
duced ADR history and other allergy history; risk factors; the
examination parts; the name, dose and injection rate of ICMs;
and the occurrence condition, occurrence time, accompanying
symptoms, treatment, remission time and outcome of nausea
and vomiting. Full-time nurses assessed and screened the
patients item by item according to the CRF contents, completed
and archived them. For special cases, the nurses communicated
with radiologists, technicians, clinicians. The differences in the
incidence of nausea, vomiting and aspiration between the two
groups of patients with various basic data (gender, body mass
index, source of patients, examination parts, ICMs used, injec-
tion rate and injection dose etc.) were compared, and the effect
of various risk factors on the incidence of nausea and vomiting
were analyzed.

Preparative dietary protocols

Full-time nurses read the description of the patients’ medical
records when making the appointment before examination, and
inform the patients on the dietary protocols according to the
examination parts. For patients scheduled for gastrointestinal
examination, preparative solid food fasting was performed for
at least 4 h. For those scheduled for non-gastrointestinal exam-
ination, preparative solid food intake was not restricted. Fluids
ingestion was not restricted in any patient. The patients were
encouraged to drink fluids at 30 min before examination, imme-
diately before examination and after examination.” The patients
can be appropriately supplemented with sugar brine, juice,
soup and other fluids, while avoid drinking acid- and gas-pro-
ducing fluids or soda. If the examination has to be postponed
because of CT machine failure and schedule changes, nurses
should inform the patients timely, and the patients could end
fasting and resume eating normally until further notice.">'®
When necessary, physicians should be notified to perform
intravenous rehydration or oral administration of 20-40 ml
of 50% glucose to unappetizing and debilitated patients. The
nurses indicated the examination time section, the preparative
dietary regimes and the exact duration of solid food fasting on
the reservation list, so that the patients and their relatives could
understand and perform the dietary preparation protocols
strictly.

The assignment of responsibility of medical care

The radiologists, technicians, and nurses received systematic
education and special training for clinical data collection, eval-
uation contents, observation points, treatment methods and
follow-up, and cleared division of their own. The full-time
nurses were responsible for the filling of CRE. The technicians
were responsible for the filling of the injection dose and speed.
The symptoms of patients during and after examination were
reported to the radiologists by the technicians and nurses.
Simple nausea and vomiting symptoms were diagnosed by
the radiologists. For the patients with nausea and vomiting
accompanied with other severe symptoms, the clinicians
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or the emergency doctors were informed for diagnosis and
treatment.

Assessment indexes

The assessment indexes included the following: (i) incidence
of nausea, vomiting, and aspiration: the number of cases with
corresponding symptoms within 30 min after injection of ICMs/
the total number of cases examined; (ii) time periods for the
occurrence of symptoms: during, within 15 min, and 15-30
min after injection of ICMs; (iii) the degree of ADRs>"*: mild,
moderate, and severe; (iv) outcome: self-remission, need treat-
ment, and remission time.

Statistical methods

SPSS 22.0 software package was used for statistical analysis.
The count data were represented by frequency or percentage,
and X* was used for the comparison between groups. When
p < 0.05, the difference was considered to be statistically
significant.

BJR

RESULTS

Incidence of nausea and vomiting in patients with
different basic information

A total of 116,719 cases underwent routine enhanced CT exam-
ination at our hospital between June 2015 and June 2017. The
exclusion criteria included the following: patients with incom-
plete CREF filling (952 cases), patients with acute abdomen with
unknown etiology (132 cases), critically ill patients requiring
fasting (e.g. suspected or diagnosed with gastrointestinal
bleeding, perforation, obstruction, and acute pancreatitis, 1128
cases), emergency patients with observation time less than 30
min at night (3520 cases), and patients with existing nausea and
vomiting symptoms prior to examination (151 cases). Therefore,
110,836 cases were enrolled in this study, which were allocated
into the solid food fasting group (51,807 cases), and the solid
food non-fasting group (59,029 cases). The total incidence of
nausea and vomiting in patients was extremely low (79/110,836,
0.071%). The comparison of gender, body mass index, source of

Table 1. The occurrence of nausea and vomiting in patients with different basic information

Types Fasting group (%) Non-fasting group (%) p-value
Total 32/51807 (0.062) 47/59029 (0.080) 0.266
Gender Male 20/29428 (0.068) 22/31536 (0.070) 0.993
Female 12/22379 (0.054) 25/27493 (0.091) 0.128
<185 3/5337 (0.056) 8/4504 (0.178) 0.073
18.5-23.5 15/26444 (0.057) 18/28515 (0.063) 0.76
BMI >23.5 14/20026 (0.070) 21/26010 (0.081) 0.676
Outpatient 18/23961 (0.075) 19/20726 (0.092) 0.623
Hospitalization 14/27169 (0.052) 26/37656 (0.069) 0.376
Source of patient Physical examination 0/677 (0.00) 2/647 (0.309) 0.239
Head and neck 2/2289 (0.09) 9/12395 (0.07) 1.000
Chest 7/13648 (0.05) 9/14532 (0.06) 0.708
Abdomen 14/30978 (0.05) 3/10266 (0.03) 0.682
Head neck CTA/CTP 6/8354 (0.07) 19/21537 (0.09) 0.660
Heart CTA 3/5413 (0.05) 6/16217 (0.04) 0.849
Parts of examination Others 0/545 (0.00) 1/1234 (0.08) 1.000
Topromide 370 4/7955 (0.050) 10/8166 (0.122) 0.120
Toversol 320(ching) 9/10436 (0.086) 9/13792 (0.065) 0.553
Tobitridol 350 2/2252 (0.089) 4/2435 (0.164) 0.754
Todixanol 270 11/10018 (0.110) 9/11031 (0.082) 0.507
Iohexol 350 2/9925 (0.020) 3/10722 (0.028) 1.000
Topamidol 350 3/10182 (0.04) 11/11822 (0.099) 0.062
Name of ICMs Toversol 350 tmported) 1/1039 (0.1) 1/1061 (0.09) 1.000
<5mls™! 27/44558 (0.061) 36/42719 (0.084) 0.193
Injection rate >5mls 5/7249 (0.069) 11/16310 (0.067) 1.000
<100 ml 30/46521 (0.064) 37/48328 (0.077) 0.484
Injection dose >100 ml 2/5286 (0.038) 10/10701 (0.093) 0.368

BMI, body mass index; CTA, CT angiography; CTP, CT perfusion; ICMs, iodinated contrast medias.
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Table 2. The occurrence of nausea, vomiting and aspiration symptoms
Types Fasting group (%) Non-fasting group (%) p-value
Nausea 7/32 (21.88) 7/47 (14.89) 0.425
Symptoms Nausea and vomiting 25/32 (78.13) 40/47 (85.11) 0.425
Accidental aspiration 0 0 /
During examination 17/32 (53.13) 25/47 (53.19) 0.995
Time of occurrence Within 15 min post-exam 14/32 (43.75) 22/47 (46.81) 0.789
15-30 min post-examination 1/32 (3.13) 0/47 (0.00) 0.405

patients, examination parts, names of ICMs, injection rate and
injection dose in the two groups are presented in Table 1. None
of the differences was statistically significant (p > 0.05).

The occurrence of nausea, vomiting and aspiration
symptoms

The incidence of nausea and vomiting in the fasting group was
0.06% (32/51,807 cases), and that in the non-fasting group was
0.08% (47/59,029 cases). No aspiration symptom was noted.
There was no statistical difference in the incidence of nausea
and vomiting between the two groups of patients (p > 0.05). The
results are presented in Table 2.

Incidence of nausea and vomiting in patients with
various risk factors and ADR history

No statistical significance was noted regarding the difference in
the incidence of nausea and vomiting symptoms between the two
groups of patients with various risk factors (p > 0.05). Among
all patients, nausea and vomiting mainly occurred in those with
risk factors, such as hypertension, coronary heart disease, heart
failure, diabetes that require treatment, and age older than 70
years. Of them, nine events (seven cases) were noted in patients
with risk factors in the fasting group, accounting for 22% (7/32).
23 events (18 cases) occurred in patients with risk factors in the
non-fasting group, accounting for 38% (18/47). There was no
statistical significance in the difference between the two groups
(p = 0.123). The results are shown in Table 3.

Given that none of the differences in the incidence of nausea and
vomiting between the two groups exhibited statistical signifi-
cance (Tables 1-3), the data of these two groups were combined

to analyze the effect of various risk factors on the incidence of
nausea and vomiting (Table 4). The results revealed no signifi-
cant difference in the incidence of nausea and vomiting between
patients without underlying diseases and those with underlying
diseases (p = 0.242, Figure la). The incidence of nausea and
vomiting was increased in patients without risk factors than
those with risk factors (p = 0.007, Figure 1b). The incidence of
nausea and vomiting symptoms was increased in patients with
iodine ADR history compared with those with other ADR
history (p = 0.008) and those without ADR history (p = 0.001,
Figure 1c), respectively.

Treatment methods and outcome

32 cases in the fasting group experienced nausea and vomiting,
and 28 of them had mild ADRs. 26 cases had only nausea and
vomiting symptoms, and they improved without treatment.
Two cases were treated in the emergency room of the radiology
department. One had a headache and was intramuscularly
injected with 25 mg phenergan (Southwest Pharmaceutical
Co., Ltd, Chongqing, China). The other case had mild laryn-
geal edema, and improved after intravenous injection of 10 mg
dexamethasone (Guangda Pharmaceutical Co., Ltd, Shenyang,
China). Three cases had moderate ADRs accompanied with shiv-
ering, and they improved after intramuscular injection of 25 mg
phenergan in the emergency room of the radiology department.
One case had severe ADR accompanied with shivering, palpi-
tation, and a sudden drop in blood pressure. This patient was
transferred to the Emergency Department for treatment. Venous
access was established, and oxygen was administered through
an oxygen mask. After intramuscular injection of 25 mg phen-
ergan, intravenous injection of 10 mg dexamethasone, and

Table 3. Incidence of nausea and vomiting in patients with various risk factors and ADR history

Types Fasting group (%) Non-fasting group (%) P-value
Hypertension 3/8652 (0.03) 9/15558 (0.06) 0.635
Coronary heart disease 2/2039 (0.10) 3/4821 (0.06) 1.000
Diabetes require treatment 1/2676 (0.04) 1/4430 (0.02) 1.000
Cardiac insufficiency 0/66 (0.00) 1/107 (0.93) 1.000
Risk factors Older than 70 years 3/8964 (0.03) 7/13154 (0.05) 0.722
Iodine ADR history 2/132 (1.52) 1/157 (0.64) 0.880
Other ADR history 5/3866 (0.13) 5/5455 (0.09) 0.584
ADR history No ADR history 25/47809 (0.05) 41/53417 (0.08) 0.128

ADR, adverse drug reaction.

Note: One patient may have multiple underlying diseases or multiple risk factors.
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Figure 1. Incidence of nausea and vomiting in the presence or absence of underlying diseases, risk factors, and ADR history. ADR,

adverse drug reaction.

a 0.12+

P=0.242

.09 44/54439

35/56397
0.06 -

0.034

Incidence of nausea and vomiting (%)

With Without

Underlying diseases

C 15,

b 0.154

0.124

P=0.007

0.004 57/63478

0.06 1

22/47358

0.034

Incidence of nausea and vomiting (%)

0.00-

Without
Risk factors

—
2

o
2

o
i

o
b

Incidence of nausea and vomiting (%)

o
2

W‘“‘ '\O(s“'\e

intramuscular injection of 1 mg of 1:1000 adrenaline, the patient
recovered.

47 cases in the non-fasting group experienced nausea and
vomiting, and 45 of them experienced mild ADRs. 41 cases
experienced only nausea and vomiting symptoms and improved
without treatment. Four cases were treated in the emergency
room of the radiology department. One case experienced chest
tightness, and the other three cases were accompanied with
fatigue, dizziness, and wheezing. These symptoms improved
after inhalation with constant low-flow oxygen. One case had
moderate ADR accompanied with shivering, mild dyspnea, and
mild eyelid edema. The symptoms improved after intramuscular
injection of 25 mg phenergan and venous injection of 10 mg
dexamethasone. One case had severe ADR accompanied with
a sudden drop in blood pressure and numbness of limbs. This
patient was transferred to the Emergency Department for treat-
ment. Venous access was established, and oxygen was adminis-
tered through an oxygen mask. After intramuscular injection of
25 mg phenergan and 1 mg of 1:1000 adrenaline, the symptoms
subsequently improved.

DISCUSSION

The traditional fasting concept preceding enhanced CT exam-
ination originates from past clinical experiences, which is mainly
based on dogma rather than scientific evidences. Such a prac-
tice made sense in the past given that the incidence of gastroin-
testinal symptoms was fairly high after receiving ICMs (6.7%,"”
4.58% for nausea,'® and 1.84% for vomiting.'® In recent years,

P=0.001

3/289

P=0.008
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with the extensive applications of hypotonic and non-ionic
ICMs, the incidence of vomiting has decreased remarkably
(1.4%,'7 0.3%,"° 0.33%, and 0.05%." Therefore, the requirement
for dietary restriction decreased gradually. In fact, not every
patient is required to fast before enhanced CT,® particularly for
those undergoing angiography or examination of body parts,
such as the head, neck, chest, and limbs. Prolonged fasting would
amplify the stress response of patients and result in prematurely
started catabolism.?’ This will damage the body's internal envi-
ronment and metabolic balance, and induce a series of symp-
toms mainly manifested as thirst, hunger, and hypoglycemia,!
and even cause blood pressure decrease and severe shock reac-
tions.*? In particular, for the patients who have had a long-term
poor-eating history with weak physical condition caused by their
own existing diseases, fasting is more prone to cause discom-
fort. It has been reported that preparative fasting in enhanced
CT could increase the risk of nausea and vomiting."” In addi-
tion, fasting could increase the gastric pH value, and cause more
severe consequences in aspiration patients.g’23 Oral ingestion
of clear fluids at 4 h before examination can dilute the gastric
acid, stimulate gastric emptying, and relieve dizziness, thirst,
hypoglycemia, nausea and other symptoms. Therefore, we ques-
tioned the traditional practice of requiring all patients under-
going enhanced examination to receive preparative fasting. This
prospective observational study makes up for the deficiency of
the American College of Radiology and Chinese guidelines on
preparative dietary protocols prior to enhanced CT examination,
prompting us to adjust the traditional preparative dietary proto-
cols and to develop standardized preparative dietary regimes
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Table 4. Incidence of nausea and vomiting in the presence or absence of underlying diseases and risk factors

Li et al

Types Total Fasting group (%) Non-fasting group (%) p-value

W/O 44/54439 (0.08) 17/27599 (0.06) 27/26840 (0.10) 0.109
Underlying diseases w 35/56397 (0.06) 15/24208 (0.06) 20/32189 (0.06) 0.994

W/O 57/63478 (0.09) 25/33654 (0.07) 32/29824 (0.11) 0.166
Risk factors w 22/47358 (0.05) 7/18153 (0.04) 15/29205 (0.05) 0.530

W/O, without; W, with; W/O, without.

Note: One patient may have multiple underlying diseases or multiple risk factors.

based on the patients' examination body parts and the specific
conditions of the individuals.

Nausea and vomiting mainly occurred during the injection of
ICMs and within 15 min after injection (Table 2), which could
represent the transient symptoms caused by the physiological
reactions such as fever and oral metal smells. Alternatively, it
could also represent the transient aggravated symptoms of under-
lying diseases.** This feature was related, to a certain degree, to
the physical and chemical properties of ICMs, while no correla-
tion with the dietary preparation status. The vast majority of
patients could improve spontaneously. There was no difference
in the basic information in the two groups of patients. However,
an unexpected phenomenon was identified after combining the
data. The incidence of nausea and vomiting in patients with risk
factors was lower than those without risk factors. Although it is
difficult to explain, it can be determined that these risk factors
will not increase the likelihood of nausea and vomiting symp-
toms. In addition, the incidence of gastrointestinal symptoms in
patients with ICMs-induced ADR history was higher than those
with other ADR history and without ADR history. This finding
was consistent with the reports that the incidence of nausea and
vomiting ranked in the top two positions among the ICMs-in-
duced ADRs.>!” For the four cases with moderate ADRs and
two cases with severe ADRs in the two groups, in addition to
nausea and vomiting, the patients also experienced other allergic
reactions, such as skin flush, urticaria, eyelid edema, anaphy-
lactic shock, chills, and dyspnea. These events were more closely
related to the anaphylactoid-like reactions induced by ICMs,
suggesting that patients with ICMs-induced ADR history were
more prone to the occurrence of gastrointestinal symptoms,
which had no correlation with the dietary preparation status. The
injection rate of head and neck CTA, CTP and coronary CTA
is typically increased compared with that of other body parts,
and the results suggested that the injection speed and dose did
not correlate with nausea and vomiting. In addition, there was
no significant difference in the incidence of nausea and vomiting
between sub hypertonic and isotonic ICMs or different types of
ICMs, suggesting that the osmotic pressure of ICMs was not a
risk factor that contributed to nausea and vomiting.

In this study, fluids ingestion was not restricted for any patient.
At 30-60 min and just before examination, the patients were
encouraged to drink 300-600 ml water depending on their
water-drinking ability. At 30 min after examination, the patients
continued to drink 200-300 ml water. No case of aspiration was
noted, suggesting that the fluids ingestion preceding enhanced
CT examination was not correlated with the occurrence of

aspiration pneumonia. Particular attention should be paid to
the patients with ICMs-induced ADR history. For patients with
a risk of aspiration, we recommend them to turn their head to
one side during the injection of ICMs to prevent the vomit from
accidentally entering the trachea and cause tracheal foreign body
or aspiration pneumonia. Although the frequency of nausea
and vomiting was extremely low in this study and no aspira-
tion was noted, it does not mean these events will not occur in
future work. Severe and life-threatening reactions may occur in
the absence of any specific risk factors, although these reactions
are rare.”* Therefore, before the examination, we need to know
more about the patients' previous condition, obtain the patients'
medical history, focus on the identification of the risk factors that
may cause nausea, vomiting and aspiration, and try to provide
the best dietary guidance to the patients as possible.

Regarding limitations, only routine examination subjects were
observed in the present study. Despite cooperation between
full-time nurses and medical team, the exact duration of fasting
and the amount of dietary intake were not accurately moni-
tored. The compliance of the patients' dietary preparation needs
to be improved. Furthermore, this study did not explore the
correlation between premedication before examination and the
occurrence of gastrointestinal symptoms, and the mechanism
of nausea and vomiting after injection of ICMs requires further
investigations. Therefore, it is desirable for readers to pay atten-
tion to this limitation when interpreting this study.

CONCLUSION

This large-scale prospective observational study comprehen-
sively and systematically observed the occurrence of nausea,
vomiting and aspiration following different preparative dietary
regimes in enhanced CT examination. The correlation between
the occurrence of nausea, vomiting and multiple risk factors was
analyzed in details. The results would provide reliable basis for
establishing standardized preparative dietary protocols prior to
enhanced CT examination. Unless compulsory in clinical needs
and constraints and gastrointestinal examination, solid food
fasting is not a must in other examinations.
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