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Abstract— The purpose of this study was to investigate the
potential beuefits of additional x-rays in detecting gastric can-
cer during x-ray screening. We analyzed 151 gastric cancer
cases among 136,450 individuals who underwent x-ray screen-
ing for gastric cancer. X-rays were performed by 10 radio-
graphers at a single screening center in Japan from 2000 to
2002, Additional x-rays were taken based on the radiograph-
er’s judgment in cases of suspected cancer lesions. During re-
interpretation of the x-rays of cancer cases by 2 radiologists,
we determiped the number of cancer cases that were detected
by standard x-rays alone. We next determined the number of
cancer cases detected using both standard x-rays and addi-
tional x-rays. We then investigated whether additional x-rays
increased the rate of cancer detection. The number of cancer
cases detected by standard x-rays alone was 122 and the num-
ber of cancer cases detected by standard x-rays and additional
x-rays was 151. We observed a significant increase in cancer
detection with the use of additional x-rays when judged neces-
sary by the radiographer (29 cases, P = 0.007, Wilcoxon
signed—-ranks test). No statistically significant correlation was
observed between the number of additional x-rays performed
and the increased rate of cancer detection due to additional x-
rays taken arbitrarily (rs = ~ 0.38, P = 0.28, Spearman’s rank
correlation). We found ,that additional x-rays, performed
when judged to be mecessary by the radiegrapher during
screening, can identify cases of cancer which are not detectable
with the standard x-rays alone.

Keywords— radiographer, additional photography, x-ray
examination, gastric cancer screening

I. INTRODUCTION

Gastric cancer is common in Japan, Central Europe,
Scandinavia, Hong Kong, South and Central America, Chi-
na, Korea [1]. Paricularly in Japan, gastric cancer screen-
ing using x-ray radiography is used for early detection and
treatment. Although the value of gastric cancer screening is
well recognized [2], the 10-40% rate of false negatives [2]
demonstrates the need for increased screening accuracy.

Gastric cancer screening using x-ray radiography is per-
formed following standard radiographic methods [3-5].
However, cancer lesions cannot always be identified from
standard x-rays, even when abnormal findings suggest the
presence of cancer [6]. The radiographer is able to observe
the stomach through the fluoroscope during screening and
in the event of an abnormal finding during this observation,
the radiographer may decide to perform additional x-rays.
Additional x-rays may be taken while the patient is in a
body position that enables better observation of the area in
question or under conditions that increase barium flow over
the cancer. Although the usefulness of taking additional x-
rays has previously been reported [7, 8], it has not been
determined whether additional x-rays improve the diagnosis
of gastric cancer. The high false negative rate during
screening may be due to insufficient use of additional x-rays,
or differences in radiographers’ techniques [9].

In this study, we investigated whether taking x-rays in
addition to standard x-rays, based on the radiographer’s
judgment during screening, increases the detection of gas-
tric cancer, thus clarifying the diagnostic value of additional
x-rays during gastric cancer screening.

II. MATERIALS AND METHQDS

A. Case study

The Institutional Review Board approved the present
study and informed consent was not required because im-
ages were used retrospectively.

The screening was performed at a screening center in
Osaka, Japan between April 2000 and March 2002, A total
of 136,450 individuals underwent x-ray screening (65,612
males and 70,838 females; mean age 55 years; range 19-92
years; 221 cases of cancer). X-rays were performed by 10
radiographers using 10 gastric cancer screening cars and 2
fluoroscopic devices on site.
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Table 1 shows the number of patients assessed by each
radiographer. Of these, we analyzed 151 cases (98 cases of
early stage gastric cancer) for which films could be viewed.

B. Materials

Gastric cancer screening was performed using 10 screen-
ing cars and 2 fluoroscopic devices on site with indirect
radiographic equipment (U-MAS5N; Hitachi Medical, Tokyo,
Japan). Two types of indirect radiographic film (MI-FA or
MI-FG; Fujifilm Medical, Tokyo, Japan) and two kinds of
barium sulfate formulation (200 mL barium sulfate, 145%
wlv; Barytgen Sol 145; Fushimi Pharmaceutical, Osaka,
Japan; and 200 mL barium sulfate, 150% w/v; Baritop Sol
150; Sakai Chemical Industry, Osaka, Japan) were used.

C. Radiographic and interpretation methods

A series of 7 films was used as a standardized method for

gastric cancer screening (Table 2), as recommended by the
1984 Japanese Society of Gastroenterological Mass Survey
4].
[ ]For cases in which cancer was suspected during screening,
additional x-rays were taken based on the radiographer’s
judgment. Because the optimal number of additional x-rays
is not specified in the radiographic method proposed by the
Japanese Society of Gastroenterological Mass Survey, we
set the maximum number at 5 to prevent the additional
number of x-tays per case-from becoming too large.

Ten radiographers took the x-rays. All participating ra-
diographers were male, aged 30-52 years (median 36), and
were certified as technologists in gastric cancer screening
by the Japanese Society of Gastroenterological Cancer
Screening. The radiographers had 8-25 years (median 13)
of experience in gastric cancer screening using x-ray ex-
amination. X-ray interpretation was performed by 19

Table 1 Subjects

Radiographer Subjects  (nale, female)
1 14139 (6721, 7418)
2 16257 (7796, 8461)
3 12893 (5562, 733D)
4 13085 (6511, 6574)
5 12407 (6568, 5839)
6 10392 (5505, 4887)
7 13071 (7670, 5401)
8 14434 (6092, 8342)
9 13837 (5957, 7889)
10 15935 (7230, 8705)

total 136450 (65612, 70838)
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physicians certified by the Japanese Society of Gastroente-
rological Cancer Screening conducting dual reading of x-
rays.

D. Investigation of the number of cancer cases which
became extractable by additional x-rays

Two radiologists (years of experience, 30 and 27, age, 57
and 55 years) certified by the Japanese Society of Gastroen-
terological Cancer Screening performed a blinded re-
interpretation of x-rays for cancer cases.

Re-interpretation was first conducted using standard x-
rays alone, and the number of cancer cases detected was
determined separately for each radiographer. Next, re-
interpretation was performed with both standard x-rays and
additional x-rays, and the number of detected cancer cases
was determined separately for each radiographer. The two
numbers of cancer detection were compared and the differ-
ence was tested with the Wilcoxon signed rank test.

E. Investigation of differences between radiographers in
cancer detection by additional x-rays

We defined the rate of cancer detection increase due to
additional x-rays as the ratio of the number of cancer cases
detected with both standard x-rays and additional x-rays to
the number of cancer cases detected with standard x-rays
alone. Using Fisher’s exact test, we determined whether a
difference existed between radiographers in the rate of can-
cer detection increase due to additional x-rays. We further
investigated whether the rate of cancer detection increase
due to additional x-rays was increased by arbitrarily taking

Table 2 Standard method of radiography in the gastric cancer screening

- Method

Examinee is asked to take effervescent granules before examination

Examiner is to make 7 exposures in the following positions, and tp
use a roll of film 70-100 mm in width, and 200-300 ml barium,

100 w/v%, as contrast medium
Position
1 Double-contrast study in prone position
2 Filling method in prone position
3 Double-contrast radiograph in supine position

4 Double-contrast radiograph in supine and right anterior
oblique position

5 Double-contrast radiograph in supine and left anterior
oblique positions

P Double-contrast radiograph in semiupright and left ante-
rior oblique positions

7 Filling method in upright sagittal projection
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additional x-rays even when abnormalities were not ob-
served by the radiographer. To investigate this possibility,
we randomly sampled x-rays from 100 subjects of each
radiographer of the 136,229 normal cases and determined
the mean number of additional x-rays taken. Next, we pro-
duced a scatter plot and calculated Spearman’s rank correla-
tion to determine the relationship between the mean number
of additional x-rays taken for normal cases and the rate of
cancer detection increase associated with these additional x-
rays for each radiographer.

F. Statistical tests

To test for significance, we used the ‘Analyse-it’ Statis-
tical Software for Microsoft Excel (version 2.05; Analyse-it
Software, Leeds, United Kingdom). A p-value less than
0.05 was considered significant.

1. ResuLt

A. Investigation of the number of cancer cases identified
with additional x-rays

Compared to the 10 radiographers’ number of cancer
cases detected with standard x-rays alone (total, 122; me-
dian, 11; range, 8-23), the number of cancer cases detected
with both standard and additional x-rays (total:

Radiographer (Rate of cancer
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Fig. 1 The number of cancer cases detected by standard radiography alone,
the number of cancer cases detected by standard x-rays and addition-
al x-rays, and the rate of cancer detection increase due to additional
x-rays, by radiographer
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151, median: 15, range 9-29) significantly increased (P =
0.007, Wilcoxon signed rank test) (Fig. 1).

B. Investigation of differences between radiographers’
ability to identify cancer using additional x-rays

The median rate of cancer detection increase due to addi-
tional x-rays for ail radiographers was 1.2 (range 1.0-2.0)
(Fig. 1). A significant difference in rates of detection using
additional x-rays was observed between radiographers with
the highest (2.0) and lowest (1.0) rates of detection (P =
0.038, Fisher’s exact test).

No statistically significant correlation was observed be-
tween the mean number of additional x-rays for normal
cases (median, 1.9; range, 1.6-2.8) and the rate of cancer
detection increase due to additional x-rays. (Fig. 2) (rs =
-0.38, P = 0.28, Spearman’s rank correlation).

1v. Discussion

We found that the number of cancer cases not detected
by standard x-rays alone was extremely high. We also
observed a significant increase in gastric cancer detection
when comparing the number of cancer cases detected with
both standard and additional x-rays to the number of cancer
cases detected with standard x-rays alone. These results

rs= 038
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Fig. 2 Relationship between mean number of additional x-rays in normal
cases and the rate of cancer detection increase due to additional x-
rays for each radiographer
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demonstrated that when cancer lesions cannot be identified
with standard x-Tays, they may be detected by performing
additional x-rays when judged necessary by the radiograph-
ers based on abnormal findings in an observation.

As a result of examining the rate of cancer detection in-
crease due to additional x-rays separately for each radio-
grapher, large differences were observed in the conditions
that enabled cancer detection among the radiographers.
This raises the possibility that detection of cancer may de-
pend on the radiographer performing the x-rays and unders-
cores the importance of improving radiographers’ tech-
niques.

We did not observe a correlation between the mean num-
ber of additional x-rays for normal cases for each radio-
grapher and the rate of increased cancer detection. This
suggests that the greater number of cancer cases being de-
tected was not due to unnecessary additional x-rays. It is
important to take additional x-rays only for cases in which
an abnormal finding suggests cancer. .

There is a limitation worth noting in this study. While we
set the upper limit for the number of additional x-rays at 5,
we have not determined the validity of this number. The
maximum number of 5 was determined by considering that
approximately 2 additional x-rays would be required in
cases in which a blind area existed, and approximately 3
additional x-rays would be needed in cases of abnormal
findings. However, the upper limit for the number of addi-
tional x-rays should-be determined by also considering the
risks associated with radiation exposure that accompanies
an increase in the number of x-rays.

V. CONCLUSIONS

In this study, we found that additional x-rays in gastric
cancer screening, when determined to be necessary by the
radiographer, significantly increases the number of detected
cancer cases which cannot be diagnosed with standard x-
rays alone. We also found that the ability to extract cancer
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lesions with additional x-rays varied significantly among
radiographers. These results demonstrate the value of addi-
tional x-rays in cases of abnormal findings, as well as the
need to improve radiographer techniques.
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Nowadays mass screening for gastric cancer is popularized in Japan. In the screening,
gastric radiography is carried out using contrast medium, usually barium sulfate.
Recently, high concentration barium sulfate has been developed and used in several
medical facilities. However, high concentration barium sulfate flows out from the stomach
faster than moderate concentration one used in the past, which happens to interfere with
diagnosis. The flow rate is considered to depend on the viscosity of barium sulfate which
changes based on gastric pH and temperature,

In this study, viscosity changes of barium sulfate with pH and temperature changes
are examined on two types of high concentration one, 185B barium and 200C barium, and
one type of moderate concentration one, 145A barium. The radiographs of gastric
phantom applied with three types of barium sulfate are also tested in several conditions of
pH and temperature. The results indicate that 185B barium is the best among three types
for gastric radiography. The study on characteristics of barium sulfate may improve
radiography technology in mass screening for gastric cancer.

Key Words: high concentration barium sulfate, viscosity, pH, temperature,
mass screening for gastric cancer
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I Introduction

Gastric cancer death rate in Japan is considerably high in the world [1). The statistics in
2001 show that gastric cancer is the leading cause of death from all cancer for females
(14.8%) and for males (17.8%) in Japan [2]. However, gastric cancer mortality is in decline
perhaps as a result of mass screening using x-ray, the significance of which is appreciated
[3-6]. In the screening, the subjects drink barium sulfate solution as a contrast medium.
Recently high concentration media have been developed and indicated to be effective in
many reports [7-10]. The Osaka Cancer Prevention and Detection Center has started to
adopt high concentration barium sulfate since 2000 on the basis of new gastric
roentgenography presented by the Japanese Society of Gastroenterological Mass Survey
[11]. The availability of high concentration barium sulfate in mass screening has been
recognized; it is superior in adhesion to gastric mucosa and satisfactory for mucosal
visualization ability [12]. However, high concentration barium sulfate flows out fast from
the stomach, which often interferes with diagnosis. The flow speed might be influenced by
gastric form, physical position on radiography and the viscosity of barium sulfate.
Yamagishi [13] reported the viscosity change with temperature and pH on sol and powder
types of barium sulfate but not on high concentration one. Ogawa [14] examined only one
type of low concentration barium sulfate.

In this study, any difference on viscosity is examined with recently used high
concentration barium sulfate and past used moderate concentration one. Practically,
viscosity changes with pH of artificial gastric juice (HCI) and temperature are studied on
three types of barium sulfate (two types of high concentration ones and one type of
moderate concentration one). X-ray radiographs of gastric phantoms applied by three
types of barium sulfate are also taken and evaluated in quality.

I  Materials and Methods

1. Contrast media

Barytgen Sol 145w/v% sol (FUSHIMI Pharmaceutical Co., Ltd. Marukame, Japan) was
used as a moderate concentration barium sulfate and abbreviated to 145A barium.
Baribright P 185w/v% powder (Kaigen Co., Ltd. Osaka, Japan) and Barytgen HD 200w/v%
powder (FUSHIMI Pharmaceutical Co., Ltd. Marukame, Japan) were used as high
concentration barium sulfate and abbreviated to 185B barium and 200C barium,
respectively.

2. Viscosity measurement of contrast media

Viscosity of each medium was measured in the condition of various pH and temperature.
Artificial gastric juice of pH0.8, pH1.2, pH1.6 and pH2.0 was made of HCI and distilled
water, Only distilled water was pH?7.7. Certain volume (40 ml) of artificial juice or water
was mixed with 150 ml of each medium and the temperature of mixture was changed to 15
°C, 20°C, 25°C and 30°C. In every condition, viscosity was measured at 30 rpm by type B
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viscometer (BH type, TOKIMEC Co., Ltd. Osaka, Japan) with NO.1 rotor in the cases of
185B barium and 200C barium and with NO.2 rotor in the case of 145A barium.
Measurements of pH were done using HORIBA pH meter D-52 (HORIBA, Ltd. Kyoto,
Japan).

3. Radiographs of gastric phantom

Gastric phantom BMU-1 (Kyoto Chemistry Specimen Co., Ltd. Kyoto, Japan) was used
and three types of contrast media containing artificial gastric juice of pH0.8, pH1.2, pH1.6
and pH2.0 were applied to the phantom. Radiographs of these phantoms were taken using
x-ray film / IP combination type cassette-less fluorography device Z5-40 (abbreviated to
TV fluorography device, Shimadzu Co., Ltd. Kyoto, Japan). The radiographs (PFH-T FILM
Eastman Kodak Co., Ltd. Rochester, N.Y. U.S.A.) of gastric phantom were visually
evaluated by seven examiners, five radiological technologists and two medical doctors.

4. Statistical analysis

The results were compared among groups by two-way analysis of variance (ANOVA). If
significant, they were examined by Bonferroni-Dunn multiple comparisons post-hoc test.
Spearman's correlation was used. Statistical analyses were performed using SPSS 11.5]
(SPSS Japan Inc. Tokyo, Japan) for Windows.

I Resulis

1. Viscosity

Viscosity changes by respective pH and temperature are shown in Fig. 1 on 145A
barium, Fig. 2 on 185B barium and Fig. 3 on 200C barium. In every figure, it is shown that
viscosity tends to decrease with pH increase and temperature increase. Viscosity of 145A
barium is generally high, especially at pH0.8 and pH1.2. Compared with 145A barium, 185B
barium and 200C barium are stable for changes of temperature and pH. Further, 185B
barium is more stable than 200C barium.

Viscosity inversely correlates with pH for three types of barium sulfate {145A barium

r=-0.916, 185B barium : r=-0.901, 200C barium : r=-0.947).
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Fig. 1 Change of viscosity by respective pH and temperature (145A barium)
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Fig. 3 Change of viscosity by respective pH and temperature (200C barium)

2. Radiographs

Radiographs of gastric phantom are shown in Fig.4 on 145A barium, Fig.5 on 185B
barium and Fig. 6 on 200C barium. As shown in Fig.5, the appearance of 1858 barium
adhesion is almost same in spite of pH change. This result may be due to stable viscosity of
185B barium shown in Fig.2.

Alternatively, 145A barium or 200C barium adhesion is different for pH change, as
shown in Fig.4 or Fig. 6. The visual evaluation of radiographs by seven examiners is that
the mucosa adhesion of 185B barium is better than those of 145A barium and 200C barium.
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Fig. 5 Rediographs of gastric phantom (185B barium)
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Fig. 6 Rediographs of gastric phantom (200C barium)

IV Discussion

The viscosity of contrast medium, barium sulfate, is an important factor in gastric
radiography. When the viscosity of barium sulfate is too low, barium sulfate flows out fast
from the stomach before satisfactory radiography. When the viscosity is too high, barium
sulfate stagnates and condenses in the stomach [11].

The study shows that the viscosity of barium sulfate is reduced with temperature
increase. This result agrees with others [13, 14]. The influence of temperature on viscosity
is more massive in powder type than in sol type [13]. In this study, 145A barium, a sol type
of moderate concentration barium sulfate, is more affected on temperature than 185B
barium and 200C barium, powder types of high concentration barium sulfate, as shown in
Fig. 1-3. The difference between two results may be due to different pH and concentration
of barium sulfate.

This study also denotes that the viscosity of barium sulfate is reduced with pH increase,
as shown in Fig. 1-3. This result is consistent with others [13, 14]. The human gastric juice
is usually at pH1.0-2.0 [15]. In this pH range, the viscosity change of 185B barium is less
than those of 145A barium and 200C barium. The visual evaluation on radiographs of
gastric phantoms shown in Fig.d-6, is that mucosa adhesion of 185B barium is better than
those of 145A barium and 200C barium.

These results on viscosity changes of barium sulfate with pH and temperature and the
visual evaluation on radiographs of gastric phantoms indicate that 185B barium is
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preferable for examination in mass screening gastric cancer compared to 145A barium and
200C barium. Such study on characteristics of barium sulfate may contribute to
technological improvement of radiographic mass screening for gastric cancer.
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