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Abstract
Purpose  To investigate the filling state of the esophagus using different oral contrast agents for the diagnosis of esophageal 
cancer by computed tomography (CT).
Materials and methods  This preliminary clinical trial enrolled patients with suspected esophageal carcinoma and admitted 
from January 2015 to January 2018. The patients were randomized into the yogurt (mixed with ioversol), lotus root powder 
(mixed with ioversol), gas-producing powder, and control (pure iodine water) groups. Chest CT examinations were performed. 
The degree of esophageal filling and the detection of esophageal lesions were compared.
Results  Finally, 136 participants were enrolled (n = 34/group). There were no significant differences in esophageal filling 
degree among the yogurt, lotus root powder, and gas-producing powder groups (P = 0.093). There were 30/3/1 and 30/3/1 
confirmed/false-negative/false-positive diagnoses in the yogurt and lotus powder groups, respectively, compared with 28/5/1 
and 25/8/1 in the gas-producing powder and control groups, respectively. The concordance rates were the highest for the 
yogurt (88.2%, with 91.7% specificity and 86.4% sensitivity) and lotus root powder groups (88.2%, with 92.3% specificity 
and 85.7% sensitivity) and the lowest for the control group (73.5%, with 90.0% specificity and 66.7% sensitivity).
Conclusion  Yogurt mixed with ioversol could fill and expand the esophagus with minimal preparation, displaying the struc-
ture of the esophageal lumen and wall thickness. This mixture might be used as a positive contrast agent for esophageal CT. 
Similar results were observed for the lotus root powder mixed with ioversol, but its preparation was more arduous.

Keywords  Esophageal cancer · Esophagus · Computed tomography · Contrast agent

Introduction

Esophageal carcinoma is the eighth most common malig-
nant tumor worldwide [1, 2]. Squamous cell carcinoma 
comprises 90% of all esophageal cancers [3–6]. Squamous 
cell carcinoma is reported to be more common in Eastern 
Europe and Asia, while adenocarcinoma is reported to be 
more common in North America and Western Europe [4–6]. 
Most patients affected with esophageal cancer are > 50 years 
old, and both histologic subtypes are more common in men 
[3–5]. The most likely risk factors for esophageal cancer 
include tobacco use, excessive alcohol use, a history of 

gastroesophageal reflux disease (GERD), head and neck 
squamous cell carcinoma, and Barrett esophagus [4–6]. 
Most tumors are diagnosed along with regional or distant 
metastasis, which decreases the overall 5-year survival from 
39% for localized disease to 4% for distant metastases [3–5].

The American Joint Committee on Cancer (AJCC) TNM 
system is routinely used to stage esophageal cancer [5, 7]. 
In addition, a variety of imaging modalities, including ultra-
sound, endoscopic ultrasound (EUS), computed tomogra-
phy (CT), magnetic resonance imaging (MRI), and positron 
emission tomography (PET)/CT, can be used for staging and 
monitoring treatment efficacy in patients with esophageal 
cancer [5, 8, 9]. Most patients undergo CT examinations 
to assess tumor invasion of adjacent structures and tumor 
metastasis [5, 8–10]. On the other hand, in most comparative 
studies, the accuracy of CT in evaluating the T stage is lower 
than that of EUS [11, 12].

When using CT for esophageal cancer, the expansion 
of the lumen is an important factor because the collapsed 
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lumen may mask the disease and produce false positives due 
to muscle contraction [13–15]. Therefore, filling the esopha-
geal lumen with a contrast agent could help prevent artifacts 
and provide a better view.

Therefore, this preliminary clinical trial aimed to inves-
tigate the filling state of the esophagus with different oral 
contrast agents for the diagnosis of esophageal cancer by 
CT. The results could provide better methods to display the 
esophagus and provide more evidence for management.

Materials and methods

Study design and participants

This preliminary clinical trial enrolled patients with sus-
pected esophageal carcinoma and admitted to the Depart-
ment of Radiology of our Hospital from January 2015 to 
January 2018. The clinical case system was queried each 
morning, and the outpatient doctor was informed of the 
potentially eligible patients. This study was approved by 
the Ethics Committee of our Hospital. All methods were 
performed in accordance with the relevant guidelines. All 
patients signed the study informed consent form before any 
examination.

The inclusion criteria were (1) suspected esophageal 
carcinoma according to the main clinical manifestations 
(including choking after eating, retrosternal pain, progres-
sive dysphagia, back pain, and emaciation) [4–6], (2) volun-
teered to participate in the study, and (3) underwent gastros-
copy or pathological examination within 2 weeks after the 
CT examination. The exclusion criteria were (1) unable to 
cooperate with the examinations due to consciousness disor-
der or severe dysphagia, (2) allergy to dairy products, lotus, 
or contrast agents, (3) lactose intolerance, or (4) already 
diagnosed with esophageal carcinoma and underwent radio-
therapy or chemotherapy or postoperative check-up.

Using the random number table method, the participants 
were randomly divided into the yogurt group, lotus root 
powder group, gas-producing powder group, and control 
(pure iodine water) group. All patients underwent chest CT 
scans.

Contrast agent preparation

The thick Yili AnMushi 205 g packaged pasteurized flavored 
yogurt (Inner Mongolia Yili Industrial Group Co., Ltd., 
China) was selected for this study. It was mixed with 6 ml of 
ioversol 33.9 g/50 ml (Hengrui Medicine Co. Ltd., Jiangsu, 
China). Commercial Paradise sugar-free instant pure lotus 
root powder (10 g, Hangzhou Paradise Food Co., Ltd., 
China) was mixed with 5 ml of cold purified water, poured 
into 70 ml of boiled water above 95 °C, stirring quickly to 

obtain a viscous paste, and 5 ml of ioversol (33.9 g/50 ml, 
Hengrui Medicine Co. Ltd., Jiangsu, China) was added and 
mixed. A gas-producing powder (Qingdao Dongfang Chemi-
cal Co., Ltd., China) was selected, with 3 g as one dose.

Oral contrast agent administration method

Before imaging, the staff enquired about two aspects: (1) 
the food intake of the participant to know whether the con-
trast agents studied here could be taken (specifically, if the 
participant could not swallow liquid foods, he/she was not 
included in this study to prevent aspiration or other com-
plications caused by vomiting), and (2) determine whether 
there was an allergy to any of the compounds used in this 
study, including iodine and milk.

In this study, a non-iodinated iodine contrast agent was 
used instead of barium sulfate mainly because barium sul-
fate is a particularly viscous and non-absorbable contrast 
agent, and critical aspiration pulmonary edema has not been 
reported like with an iodinated iodine contrast agent.

The participants in the yogurt and lotus root powder 
groups took orally about 30–50 ml of the prepared contrast 
agent before scanning and were asked to take a big mouth-
ful of the agent (about 20–30 ml). After the positioning 
image was ready, the participants were asked to swallow it 
immediately before starting the scan. Starting scanning, the 
participants in the gas-producing powder group swallowed 
3 g of powder and an appropriate amount of warm water 
during scanning. The participants in the control group swal-
lowed 250 ml of iodine solution (containing 5 ml of ioversol) 
before lying on the CT table. For swallowing the contrast 
agent, the patients took the agent in their mouth in the sitting 
position, took the supine position, and swallowed it when the 
technician gave the signal. No intravenous contrast was used.

CT examination and evaluation

A Somatom Definition Flash dual-source CT scanner (Sie-
mens, Erlangen, Germany) was used for scanning the partici-
pants in the supine position. The scanning range was from 
the thoracic entrance to the gastric fundus level. The scan 
time was 3 s, the CT tube voltage was 120 kV, and the ref-
erence tube current-time product was 180 mAs. Real-time 
dynamic exposure dose adjustment was enabled, regulating 
the collimation to 0.6 mm × 128, the rotation time to 0.5 s/
turn, the pitch factor to 0.9, the slice thickness to 5 mm, 
and the reconstructed image slice thickness to 1 mm. The 
images were transmitted to the workstation for analysis and 
reconstruction.

Two CT radiologists with more than 5  years of CT 
diagnosis experience analyzed the images. The wall of the 
esophagus is concentric and about 4 mm thick. The images 
were verified for the presence of a mass in the esophageal 
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lumen, esophageal stenosis, invasion of surrounding tis-
sues, and distant metastasis [5, 14, 16]. If the radiologists 
had any disagreement on the diagnosis result, they reported 
to the general practitioner for a consultation. The unified 
conclusion was used as the final CT diagnosis result. The 
subjective scoring criteria for the esophageal filling degree 
were 1 point for poor esophageal filling, indistinguishable 
lumens, and unable to meet the diagnostic needs, 2 points 
for normal esophageal filling but incomplete dilation with 
lumen surface shrinkage, 3 points for good esophageal fill-
ing, and well-dilated esophagus, and 4 points for excellent 
esophageal filling and fully dilated esophagus [17]. The 
agreement between the two radiologists was evaluated using 
the κ statistic: κ > 0.75 was considered good consistency, κ 
of 0.40–0.74 indicated moderate consistency, and κ < 0.40 
indicated poor consistency.

Gastroscopy or postoperative pathology

Within 2 weeks after CT, all participants underwent gas-
troscopy or surgery. All the lesions that appeared suspicious 
to the gastroenterologists were biopsied, and a pathologist 
routinely examined the specimens.

Statistical analysis

All analyses were carried out using SPSS 22.0 (IBM, 
Armonk, NY, USA). Continuous variables were presented 
as median (range) and analyzed using the Kruskal–Wallis 
test. Categorical data were presented as n (%) and ana-
lyzed using the chi-square test or Fisher’s exact test, as 
appropriate. Two-sided P-values < 0.05 were considered 
statistically significant.

Results

Characteristics of the participants

Figure 1 presents the participant flowchart. All 136 par-
ticipants completed the CT examination using the assigned 
oral contrast agent. There were 19 males and 15 females 
in the yogurt group; they were 41–73 years old. There 
were 20 males and 14 females in the lotus root powder 
group; they were 39–75 years. There were 18 males and 
16 females in the gas-producing powder group; they were 
39–83 years old. In the control group, there were 19 males 
and 15 females; they were 43–79 years old. The charac-
teristics of the four groups were comparable (all P > 0.05) 
(Table 1). The diagnosis of all 136 patients was confirmed 
by gastroscopy or pathology. Among them, 86 participants 

Fig. 1   Flow chart of patient 
enrollment
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were diagnosed with esophageal cancer (77 with squamous 
carcinoma and 9 with adenocarcinoma), and 50 patients 
were suspected cases.

CT evaluation of esophageal filling degree 
with different oral contrast agents

Figures 2, 3, 4, 5 show typical CT images for the four con-
trast agents. The esophageal filling degree was good and 
could meet the diagnostic requirements in all patients of the 
yogurt and lotus root powder. Nevertheless, since the scan-
ning timing in the gas-producing powder group was difficult 

to synchronize perfectly with the agent intake, three partici-
pants (9%) had a poor filling degree and could not meet the 
diagnostic requirements. There were no significant differ-
ences in esophageal filling degree among the yogurt, lotus 
root powder, and gas-producing powder groups (P = 0.093) 
(Table 2). The consistency between the two observers was 
good (κ = 0.81).

Table 1   Baseline characteristics of the patients

Characteristics Yogurt (n = 34) Lotus root powder 
(n = 34)

Gas-producing pow-
der (n = 34)

Control (n = 34) P

Age, years, median (range) 52 (41–73) 49 (39–75) 57 (39–83) 53 (43–79) 0.221
Sex (male/female) 19/15 20/14 18/16 19/15 0.971
Symptoms, n (%)
 A lump in the throat after eating 29 (85.3) 31 (91.2) 31 (91.2) 32 (94.1) 0.656
 Pain behind the sternum 18 (52.9) 16 (47.1) 13 (38.2) 15 (44.1) 0.673
 Progressive difficulty swallowing 7 (20.6) 9 (26.5) 4 (11.8) 11 (32.4) 0.215
 Emaciation 10 (29.4) 7 (20.6) 9 (26.5) 5 (14.7) 0.482
 Pathologically confirmed, n (%) 22 (64.7) 21 (61.8) 19 (55.9) 24 (70.6) 0.649

Fig. 2   Computed tomography 
(CT) images of the yogurt 
group. (A, B) Axial CT images 
showing thickening of the 
esophageal wall with ulceration. 
C CT coronal image, showing 
significant thickening of the 
esophageal wall and narrow-
ing of the lumen. D CT sagittal 
image showing esophageal wall 
thickening with ulceration
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Concordance between CT with different oral 
contrast agents and pathological results

The CT results of 30 participants in the yogurt group were 
confirmed by the final pathological results, and three cases 
were false negatives. In the lotus root powder group, the CT 
results of 30 participants were consistent with the pathological 
results, with 3 false negatives. The CT results of 28 partici-
pants in the gas-producing powder group were consistent with 
the pathological results, with 5 false negatives. In the control 
group, the CT and pathological results were consistent in 25 

participants, and 8 were false negatives. There was one false 
positive in each group. Table 3 presents the diagnostic values 
of CT when using one of the four contrast methods. The con-
cordance rates were the highest for the yogurt (88.2%, with 
91.7% specificity and 86.4% sensitivity) and lotus root powder 
(88.2%, with 92.3% specificity and 85.7% sensitivity) groups 
and the lowest for the control group (73.5%, with 90.0% speci-
ficity and 66.7% sensitivity).

Fig. 3   Computed tomography (CT) image of the esophagus filled 
with lotus root powder. A Thickening of the wall of the lower seg-
ment of the esophagus, especially the thickening of the posterior wall. 
B CT sagittal image of the esophagus filled with lotus root powder, 

showing thickening of the lower esophagus wall and the back wall. 
C Esophageal barium meal contrast image, showing lumen stenosis 
in the lower segment of the esophagus, which was consistent with the 
CT images

Fig. 4   Computed tomography 
(CT) image of a filling esopha-
gus with gas-producing powder. 
A CT axial image of esopha-
geal filling with gas powder, 
showing a thickening of the 
esophageal wall. B Sagittal 
view of the filling gas powder of 
the esophagus, showing thicken-
ing of the esophageal wall and 
narrowing of the lumen
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Discussion

CT can be used for staging esophageal carcinoma, 
but esophageal collapse will lead to artifacts and false 

negative/positive. Therefore, this preliminary clinical trial 
aimed to investigate the filling state of the esophagus with 
different oral contrast agents for the staging of esophageal 
cancer by CT. The results suggest that yogurt mixed with 
ioversol could fill and expand the esophagus with mini-
mal preparation, displaying the structure of the esopha-
geal lumen and wall thickness. Therefore, this mixture of 
yogurt and ioversol might be used as a positive contrast 
agent for esophageal CT. Similar results were observed for 
the lotus root powder mixed with ioversol, but its prepara-
tion was more arduous. Indeed, the viscosity of the lotus 
root solution depends on the ratio between powder and 
water and temperature (it should be maintained at 40 °C 
for optimal results). Therefore, using the lotus root powder 
solution is impractical in a clinical setting.

Fig. 5   Control group computed 
tomography (CT) images. (A, 
B) Axial CT images showing 
the thickness of the esophageal 
wall, but the thickness could not 
be accurately measured because 
the esophageal lumen was not 
filled with contrast agents, 
and no ulcer was observed. 
C Coronal CT image of the 
blank control group, showing 
esophageal wall thickening, 
but esophageal thickness could 
not be measured because the 
esophageal lumen was not filled 
with contrast agent. D CT sagit-
tal image showing thickening 
of the esophageal wall, but the 
thickness of the esophageal wall 
could not be measured because 
the esophageal lumen was not 
filled with a contrast agent, and 
no ulcer was observed

Table 2   Score of esophageal filling degree of each group with oral 
contrast agent

Esophageal 
filling degree, 
n (%)

Yogurt 
group 
(n = 34)

Lotus root 
powder group 
(n = 34)

Gas-producing 
powder group 
(n = 34)

P

1 point 0 0 3 (8.8) 0.093
2 points 3 (8.8) 5 (14.7) 4 (11.8)
3 points 29 (85.3) 28 (63.2) 22 (64.7)
4 points 2 (5.9) 1 (2.9) 5 (14.7)

Table 3   Comparison of 
CT examination results of 
esophageal carcinoma and 
pathological results with 
different oral contrast agents

Histopathology/CT scan Concord-
ance rate

Specificity Sensitivity

 + / +   ±  −/ +  −/−

Yogurt group 19 3 1 11 88.2 91.7 86.4
Lotus root powder group 18 3 1 12 88.2 92.3 85.7
Gas-producing powder group 14 5 1 14 82.4 93.3 73.6
Control group 16 8 1 9 73.5 90.0 66.7
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EUS is considered the gold standard for esophageal 
lesions. Still, it also has some disadvantages, such as the 
inability to traverse high-grade malignant strictures for ade-
quate T staging and inter-operator variability [18]. Besides, 
EUS can only examine the lymph nodes near the esopha-
gus [18]. Therefore, CT is necessary for some patients 
who cannot underdo EUS (e.g., esophageal stricture) and 
adequate staging, especially for patients with advanced dis-
ease and lymph node involvement [5, 8–10]. Nevertheless, 
the improper esophageal expansion will lead to artifacts 
and increase the risk of false-negative and false-positive 
results [13–15]. Filling the esophagus with a contrast agent 
is conducive to the correct T staging and can provide more 
valuable imaging signs [16]. The currently used esophageal 
contrast agents, including positive contrast agents and nega-
tive contrast agents, must meet the following conditions: (1) 
can fill the esophagus; (2) have good contrast; (3) not easy to 
produce artifacts caused by excessive density differences; (4) 
low price and convenient source; and (5) good taste, harm-
less to the human body, and good tolerance [19, 20].

Because the esophagus is located in the thoracic cavity, 
the esophageal lumen is under negative pressure and closed 
under normal circumstances. Due to the anatomical char-
acteristics of the esophagus, the false-negative diagnosis 
rate of the control group was significantly higher than that 
of the other oral contrast agent groups because the patients 
in the control group only took ioversol mixed with water, 
which cannot expand the esophageal lumen. In this study, by 
comparing the filling state of the esophagus, the attachment 
time of the esophagus inner wall, and the detection rate of 
esophageal carcinoma after oral administration of different 
contrast agents, it was found that the detection rates in the 
oral positive contrast agent groups were significantly higher 
than in the control group. The tumor detection rate of the 
gas-producing powder group (air group) was lower than that 
of the yogurt group and lotus root powder group, probably 
because the timing of swallowing the gas-producing powder 
in relation to imaging was not easy to synchronize, resulting 
in poor esophageal filling.

Due to the non-adhesive nature of the ioversol water 
agent, the short retention time, and the poor wall-hanging 
property, it was challenging to observe the esophageal 
mucosal defect and small lesions, which could not meet the 
ideal diagnosis requirements. Lotus flour powder and yogurt 
solved this problem and could increase the attachment time 
to the esophagus. Although gas-producing powder could 
not solve this shortcoming, the filling degree of the esopha-
gus by air was like that of lotus root powder and yogurt, 
and the difference was not statistically significant. In this 
study, there were 34 participants in the gas group, and 5 were 
false negatives. Simultaneously, due to the interface effect, 
the displayed esophageal wall thickness was thinner than 
usual. When observing the images, different window widths 

needed to be used to adapt to changes in soft tissue and gas, 
so the use of gas-producing powder is still subject to certain 
disadvantages. In addition, the gas production process of the 
direct oral gas-producing powder was fast, and some patients 
were prone to coughing, resulting in poor cooperation during 
the examination and also affecting the examination effect, 
as observed for gastric examinations using such powder 
[21–23]. There was no statistically significant difference in 
esophageal filling degree and esophageal carcinoma detec-
tion rate between the lotus root powder and yogurt groups 
(P > 0.05), but due to the cumbersome preparation process 
of the lotus root paste (such as high requirements for the 
temperature of the water, amount, ratio, stirring, etc.), the 
yogurt was easier to prepare and was readily accepted by the 
patients. It tasted good, required minimal preparation, and 
was low-cost, convenient, and practical, but it also showed 
the range and length of the esophageal lesions. Future stud-
ies should also consider the use of double-contrast [24].

There were 11 false-negative diagnoses in the yogurt, 
lotus root powder, and gas-producing powder groups in this 
study. It was because, at least in part, the middle and lower 
segments of the esophagus were usually more filled than the 
upper part, which resulted in three false-negative diagnoses 
(one in each experimental group). Five other false negatives 
were probably due to the inadequate timing of taking the 
gas-producing powder and imaging, and three false nega-
tives were early esophageal cancers with non-obvious thick-
ening of the esophageal wall (one case in the yogurt group 
and one in the lotus root powder group).

This preliminary clinical trial had some limitations. First, 
the sample size was relatively small, and additional studies 
with larger sample sizes are needed to validate the findings. 
Second, there was a possible selection bias, as the analyses 
could not be stratified based on staging and pathological 
types of esophageal cancer. Third, this was a single-center 
study, and the generalizability of the findings is unknown. 
Fourth, it was an imaging study to determine the best con-
trast agent for esophagus filling during CT. What happened 
with the patients after imaging was not examined in this 
study. Finally, no other imaging modalities were performed.

Conclusions

In conclusion, this preliminary clinical trial suggested that 
yogurt mixed with ioversol could fill and expand the esopha-
gus with minimal preparation, displaying the structure of 
the esophageal lumen and wall thickness. Yogurt mixed 
with ioversol might be used as a positive contrast agent for 
CT esophagography. Similar results were observed for the 
lotus root powder mixed with ioversol, but it required more 
preparation. Future studies are still necessary to confirm the 
results.



1174	 Japanese Journal of Radiology (2022) 40:1167–1174

1 3

Acknowledgements  Thanks to the help provided by the imaging tech-
nologists and pathology department from Shanxi Bethune Hospital.

Author contributions  Guarantor of integrity of the entire study: XX, 
study concepts and design: NZ, literature research: N/A,  clinical stud-
ies: N/A, experimental studies / data analysis: NZ and ZG,  statistical 
analysis: NZ and ZG,  manuscript preparation: ZW, manuscript edit-
ing: XX.

Funding  This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Data availability  Data are available upon reasonable request from cor-
responding author.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  This study has been approved by the Ethics Com-
mittee of Shanxi Bethune Hospital. All methods were performed 
in accordance with the relevant guidelines. All patients signed the 
informed consent form for this study before the examination.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2018;68(6):394–424.

	 2.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Can-
cer J Clin. 2020;70(1):7–30.

	 3.	 Allum WH, Blazeby JM, Griffin SM, Cunningham D, Jankowski 
JA, Wong R. Guidelines for the management of oesophageal and 
gastric cancer. Gut. 2011;60(11):1449–72.

	 4.	 Rustgi AK, El-Serag HB. Esophageal carcinoma. N Engl J Med. 
2014;371(26):2499–509.

	 5.	 Elsherif SB, Andreou S, Virarkar M, Soule E, Gopireddy DR, 
Bhosale PR, et al. Role of precision imaging in esophageal cancer. 
J Thorac Dis. 2020;12(9):5159–76.

	 6.	 Stahl M, Mariette C, Haustermans K, Cervantes A, Arnold D. 
Oesophageal cancer: ESMO clinical practice guidelines for diag-
nosis, treatment and follow-up. Ann oncol: Off J Eur Soc Med 
Oncol. 2013;24(Suppl 6):51–6.

	 7.	 Rice TW, Patil DT, Blackstone EH. 8th edition AJCC/UICC 
staging of cancers of the esophagus and esophagogastric 

junction: application to clinical practice. Ann Cardiothorac Surg. 
2017;6(2):119–30.

	 8.	 Recio-Boiles A, Babiker HM (2020) Esophageal Cancer. Stat-
Pearls [Internet]. Treasure Island (FL): StatPearls. https://​pubmed.​
ncbi.​nlm.​nih.​gov/​29083​661/.

	 9.	 Kim TJ, Kim HY, Lee KW, Kim MS. Multimodality assessment 
of esophageal cancer: preoperative staging and monitoring of 
response to therapy. Radiographics. 2009;29(2):403–21.

	10.	 Jin GY, Park SH, Han YM. Usefulness of MDCT evaluation of the 
intraluminal surface of esophageal masses using only effervescent 
powder without injection of hypotonic agent. Abdom Imaging. 
2009;34(4):424–9.

	11.	 Krill T, Baliss M, Roark R, Sydor M, Samuel R, Zaibaq J, et al. 
Accuracy of endoscopic ultrasound in esophageal cancer staging. 
J Thorac Dis. 2019;11(Suppl 12):S1602–9.

	12.	 Luo LN, He LJ, Gao XY, Huang XX, Shan HB, Luo GY, et al. 
Endoscopic ultrasound for preoperative esophageal squamous cell 
carcinoma: a meta-analysis. PLoS ONE. 2016;11(7): e0158373.

	13.	 Zhou Y, Liu D, Hou P, Zha KJ, Wang F, Zhou K, et al. Low-dose 
spectral insufflation computed tomography protocol preoperatively 
optimized for T stage esophageal cancer - preliminary research 
experience. World J Gastroenterol. 2018;24(36):4197–207.

	14.	 Jang KM, Lee KS, Lee SJ, Kim EA, Kim TS, Han D, et al. The 
spectrum of benign esophageal lesions: imaging findings. Korean 
J Radiol. 2002;3(3):199–210.

	15.	 Berkovich GY, Levine MS, Miller WT Jr. CT findings in patients 
with esophagitis. AJR Am J Roentgenol. 2000;175(5):1431–4.

	16.	 Foley K, Findlay J, Goh V. Novel imaging techniques in stag-
ing oesophageal cancer. Best Pract Res Clin Gastroenterol. 
2018;36–37:17–25.

	17.	 Ringe KI, Meyer S, Ringe BP, Winkler M, Wacker F, Raat-
schen HJ. Value of oral effervescent powder administration for 
multidetector CT evaluation of esophageal cancer. Eur J Radiol. 
2015;84(2):215–20.

	18.	 Thakkar S, Kaul V. Endoscopic ultrasound staging of esophageal 
cancer. Gastroenterol Hepatol. 2020;16(1):14–20.

	19.	 Yang X, Lovell JF, Zhang Y. Ingestible contrast agents for gastro-
intestinal imaging. ChemBioChem. 2019;20(4):462–73.

	20.	 Callahan MJ, Talmadge JM, MacDougall RD, Kleinman PL, Tay-
lor GA, Buonomo C. Selecting appropriate gastroenteric contrast 
media for diagnostic fluoroscopic imaging in infants and children: 
a practical approach. Pediatr Radiol. 2017;47(4):372–81.

	21.	 Liao Z, Duan XD, Xin L, Bo LM, Wang XH, Xiao GH, et al. 
Feasibility and safety of magnetic-controlled capsule endoscopy 
system in examination of human stomach: a pilot study in healthy 
volunteers. J Interv Gastroenterol. 2012;2(4):155–60.

	22.	 Liao Z, Hou X, Lin-Hu EQ, Sheng JQ, Ge ZZ, Jiang B, et al. 
Accuracy of magnetically controlled capsule endoscopy, com-
pared with conventional gastroscopy, in detection of gastric dis-
eases. Clin Gastroenterol Hepatol: Off Clin Pract J Am Gastroen-
terol Assoc. 2016;14(9):1266-73.e1.

	23.	 Zou WB, Hou XH, Xin L, Liu J, Bo LM, Yu GY, et al. Magnetic-
controlled capsule endoscopy vs. gastroscopy for gastric dis-
eases: a two-center self-controlled comparative trial. Endoscopy. 
2015;47(6):525–8.

	24.	 Yamabe Y, Kuroki Y, Ishikawa T, Miyakawa K, Kuroki S, Sekigu-
chi R. Tumor staging of advanced esophageal cancer: combination 
of double-contrast esophagography and contrast-enhanced CT. 
AJR Am J Roentgenol. 2008;191(3):753–7.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://pubmed.ncbi.nlm.nih.gov/29083661/
https://pubmed.ncbi.nlm.nih.gov/29083661/

	Selection of dilution material for non-iodinated iodine as an oral contrast agent for esophageal cancer: a preliminary clinical trial
	Abstract
	Purpose 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design and participants
	Contrast agent preparation
	Oral contrast agent administration method
	CT examination and evaluation
	Gastroscopy or postoperative pathology
	Statistical analysis

	Results
	Characteristics of the participants
	CT evaluation of esophageal filling degree with different oral contrast agents
	Concordance between CT with different oral contrast agents and pathological results

	Discussion
	Conclusions
	Acknowledgements 
	References




