Vol48(1), Jan. 2010 ESER [KEEVARS GEERLREE #5

DIFIIVETHL] P ThHb, LIho
FErRe M A 5 1 E%W%Ltﬁ”\‘%®a%%ﬁ>
AW OMBOAOIEREBIO;-OITEN S T
SR ITIUE R % v, RIRFTIE, B~DEAN
FHEEEREoOMOUY (BEEH) 67 H
BNCTHEREEHERRELFEBRL, £t
2RBFAIEEIER (MAR) MEZHEETOR
B UCIRIBT A E & L0, SRR L TR
SUCEI L T E 2. S HIFOR T, RIRFFO F —
A=l FOWMELY & ADBEIZDOWTANA
FT7FATET =AM T A TERLTVA,

b, [5BOKRPEIZBU 2VAMBSHEEE
MOTED FiooWwT) T, [HARZOEEE
G INOIEEII OV TE, AETHIUL
IMEETEPADCEEDFAHERD O/
PR B L BV CER S Lo B R IE )
BERENTOLRL Lv) Bl b HiREE
ETLONELETHL] ELahob, BENE
Win e LCEEEOH E AWV TERL TWh b,
BISAMEG T B O OEIRNIZIT, EMR IR
TN L o THTEHDOME LT 1B HEE O
?w&#ﬁWT%Néﬁﬁﬁw# EEZ DL, B

2L EPAMZ TIERENPARED T — ¥,
KEPAWKZ CEFRERERZ LV Y —D 7 —
Y THb

MWABE L OBEIZL AREDORE
SERI9ME 6 RIS ARSI A RET &I LD
IRENT [BAMZOFEFMOFEIZOWTH
AR IZEE T RS ] (D [PFATH ALY
Db L TPARB TER SN o7 (BRaTE
Bl) I owTUlE, HEAAEEET B LT, FAD
BEICET L 1EME BE LA IO AEFATE
BETHDZEND, DARZOFFME VW Blsir
5L MIBAABFROWEENLIENS ] (p. 3), &
Hov, EEEFICLYD, L) EMLBHHALT—
§ A PEAEERRE R, fEs AR, RESIEE RN 0
TAHI A, PAMEZ T 7 AL LB AE
F7TANEOBREIZLY K HEELEO
EEERFEMEAET Y Sk h, Z07
I, WRTE, LELFHEE - FEE2 707 L

ArBEEROSNE-BYANE -

KERPARBORELY - 45

T, MHHPLBABMEOBET 77 1L (A
BIF0%) #NEL, HMPABGEBEEL TS
B E A DAL BB, PAMRB OIFRIE L S
ETR R, MRS AN L ART ARET
hBEERD,

#&5&E
ﬁ>/viﬁﬁﬂa)x¢ﬁﬂpﬁii%éﬁiir“&bf'ft;ﬁ%iééiﬁé%
Elat 0 6 E BN TORENTENA, KB
ﬁAA BRE R RS ARREY £EFIHHEL
rf ENTET,

DFER L) FR20EEEE DL EERE L
Tirhbhid, [REEEREREE T LHETEE
K o# 1 EMOBIRKI A 155 720, L) ERE
TR L RSB ESEHSNATH S D LTl
ENd, INLOT—¥ % FVT, #EFE,
Wﬁﬁﬁhwbwhx@ﬂ$%ﬁm%ﬁwfﬁ
Wzl BABEZEE LY [Z{ohz) TELL
FEHT LI EIIBDLNETHL,

it

NoE 573 (AVAVAR- T W BV AY N T A N R e e
PAMBIIE L >y -k KB BE4 IS
Wz LEd,

KIEFO & BHEI ARSI R EiED
Nbeebi, [RIFHEERARRE] L L
’C?“‘ﬁ’%ﬁ%b‘ﬁf EFE L7, 07— 7}\73'
BRI Sy TR, KEIFEERLE
%5<Uﬁﬁhﬁ R — 7@”ﬁ®mﬂ“
B WL CHEYRLEY.

X Wk

1) PABEICET AtEts TS BLY
LWRALOFFEFHOFHRIZONT S
&, 20074 6 H. http 1 //www.mhlw,
go.jp/shingi/2007/05/d1/s0531 - 8 a.pdf

2) DARZEEDFMIIMBT2EES  4%KD
RN BT AP ARZEETMOED FI
DT o E, 20084 3 F. htp : //
www.mhlw.go.jp/shingi/2008/03/dl/s0301 -

Journal of Gastroenterological Cancer Screening

—177—



46 BEEE [RGSARSREARENEE) 20 AHEEROS ) - BHARE - KEFABSBONAL I~ Vold8(1), Jan. 2010

4 ¢_0001.pdf 184 ). http : //www.e-stat.go.jp/SG1l/
3) EhEHEEKEERREHEE - R i estat/GLOZOlOlOl.do
(RN E R FEREENEE CER20EE 7). O AR DS A & A ANRES O FEREIRIR (2006
4) KT EERILE, MRS ATFHS >~ iﬁ@‘f ) (20054 BE DAY A MRS OB ER ).
Y —i L REIFIC B A0 ANS (CFRL164 B
BE~ 184 ). LAY ERL214F 4 A17H
) BSTATEGE ARG v 7 - IR - A M % ¥ FR21F9 H16H

PR dns (B ARRER) CPRI6HEE ~

Basic considerations regarding the quality control of screening programs conducted
for stomach and colorectal cancers by municipalities

Kayo HIGASHIYAMA and Hideo YAMAZAKI
Osaka Cancer Prevention & Detection Center, Osaka, Japan

Based on the Health Enhancement Law, the responsibility for the implementation of group screening
programs for cancers was given to the local municipalities in April 2008. Also, the scope of the data to be
gathered and the timing of the data gathering associated with the municipality reports on the regional
health status and health enhancement programs to the Ministry of Health, Labour and Welfare have
changed considerably as well. In Osaka Prefecture, the Basic Prefectural Survey for the Quality Control of
Screening Programs for Cancers used to be conducted approximately six months after the national survey
for the Regional Health Status and Elderly People’s Health Status, and this prefectural survey used to be
implemented in such a manner that all the details of the thorough examinations and treatment results were
included in its report. Using such survey data obtained from cancer screenings conducted for the stomach-
and the large intestine, we attempted to predict how the survey results would be affected by postponing
the timing of the follow-up survey. We also looked at the way in which quality control must be managed
in future cancer screenings. In both the group screenings and the medical examinations conducted on an
individual basis, we noticed that the consultation rates for thorough examination and the cancer detection
rates were both improved, and that the quality control of cancer screenings was evaluated appropriately
hased on detailed information, such as the results obtained from the thorough examinations and treatment
findings. Concerning the results of the cancer screenings conducted in 2008 and onward, since a period
longer by one year will be available for the follow-up survey, we expect that survey results will be obtained
which will reflect the reality more precisely. Thus, it has been verified that a set of data suited for use as a
quality control index can be obtained.
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Abstract

Purpose. The aim of this study was to evaluate the film-
reading ability of radiographers in detecting gastric
cancer during screening X-ray examinations.

Materials and methods. A test set of 100 patients (50
negative and 50 positive; mean age 62 years, range 33-78
years) given a stomach X-ray examination were selected
from those who underwent gastric cancer screening in
Osaka, Japan, between 2000 and 2003. Eleven radiogra-
phers and four radiologists scored the test set on a five-
point scale. A receiver operating characteristic (ROC)
analysis was performed, and the area under the ROC
curve (AUC) was defined as a measure of film-reading
ability to detect cancer.

Results. No significant ditference (two-tailed P = 0.962,
Welch’s f-test) was observed between averaged AUC
values from radiographers (0.76, range 0.85-0.62) and
radiologists (0.75, range 0.86-0.62).

Conclusion. Film-reading ability of radiographers in
detecting gastric cancer during screening X-ray examina-
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tions was not significantly different from that of radiolo-
gists. Our results suggest that radiographers can assist
radiologists to detect gastric cancer during screening.

Key words Film reading - Radiographer - Gastric
cancer screening - X-ray examination

Introduction

An evaluation of film-reading ability of radiographers
has been recently used to make better use of radiogra-
phers and to make up for the shortage in radiologists."’
Methods such as the “red dot system,”' “reporting,”
and “diagnosis as a reader™ are used to maximize the
diagnostic role of radiographers. Studies on film-reading
by radiographers cover a wide area, including mammog-
raphy,** plain radiography of accident and emergency
patients,*’ chest radiography,® and pediatric brain com-
puted tomography (CT).” These studies have demon-
strated the effectiveness of film reading by radiographers.
Price et al. found that radiographers at acute-care
National Health Service hospitals report on multiple
areas and numerous procedures, including the appen-
dicular skeleton, axial skeleton, and chest; barium
enemas; CT (head); intravenous urography (IVU) and
urodynamics; mammography; nuclear medicine; pediat-
rics; ultrasonography; venography; and locating intra-
ocular foreign bodies.”

At the same time in Japan, the shortage of physicians
as film readers in gastric cancer screening using X-ray
examinations has become a problem.'"" Furthermore,
the Cancer Control Act was brought into effect in April
2007, and The Basic Plan to Promote Cancer Control
Program, developed based on this law, sets a goal to
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“improve the consultation rate.” Thus, the shortage of
physicians as film readers for gastric cancer screening
has become a serious problem. As the consultation rate
improves, the problem is expected to become even more
serious.

There are no published studies on film reading by
radiographers for gastric cancer screening via X-ray
examination. The aim of this study was to evaluate the
film-reading ability of radiographers in detecting gastric
cancer and to investigate whether radiographers can
assist radiologists in detecting gastric cancer during
screening X-ray examinations.

Materials and methods
Case study

The institutional review board approved the present
study, and informed consent was not required because
images were used retrospectively. We evaluated a test set
of films from 100 patients who underwent gastric cancer
screening using X-ray examinations. Films were selected
from 192404 patients: 95826 men and 96578 women
with a mean age of 55 years (range 19-92 years) and 274
cases of cancer. Screening was performed at a screening
center in Osaka, Japan, between April 2000 and March
2003. One radiographer who did not participate as a film
reader in the present study selected films from the data-
base and randomly ordered test films for interpretation
using Microsoft Office Excel 2007 software (Microsoft,
Edmond, WA, USA).

The test set of 100 patients (36 men, 64 women; mean
age 62 years, range 33-78 years) comprised 50 negative
and 50 positive cases. Two radiologists who were certi-
fied as film readers for gastric cancer screening by the
Japanese Society of Gastroenterological Cancer Screen-
ing, determined negative cases by double-blind readings.
Negative cases were selected randomly from patients
who underwent gastric cancer screening more than once.
Negative cases were defined as selected cases that were
diagnosed as negative by gastric cancer screening ini-
tially and then were still negative by gastric cancer
screening within the next 1-2 years. Positive cases were
selected from 274 cases of cancer that were subdivided
into five categories; the category chosen depended on the
difficulty of reading their films, which was determined
by referring to the screening film-reading findings. Ten
cases were selected from each of the five categories.
Screening diagnoses were classified into five categories
based on the likelihood of cancer, as determined by phy-
sicians. All cancer cases were confirmed by a comprehen-
sive summary of findings based on clinical, surgical, and
pathological findings (Table 1). Principles of recording

Table 1. Findings from 50 cancer cases®

Depth of tumor Tumor
Case no. invasion Type location
Early cancer
1 TH(M) 01 L Less
2 TI (M) 0 Ila L Less
3 TI (M) 0 lla L Less
4 TI (M) 0 1ib M Post
5 T (M) 0 e U Post
6 T1 (M) 0 Ilc M Less
7 TH(M) 0 e M Less
8 TH(M) 0 Hc M Gre
9 TI (M) 0 He M Post
10 THM) 0 Tc M Post
il T1 (M) 0 fic M Post
12 Ti (M) 0 1lc L Less
13 T1 (M) 0 lkc L Less
14 T (M) 0 Ilc L Less
15 T (M) 0 lic L Gre
16 THM) 0 He L Post
17 T (M) OHa+1lc L Less
18 TI (M) Olla+1lc L Gre
19 TI (M) Olla+1lc L Gre
20 T1 (M) Ollc+HI M Gre
21 T (M) 0111 L Less
22 TL (SM) 0 Tlc 8] Less
23 T (SM) 0 Ilc U Less
24 T (SM) 0 He M Ant
25 TI!(SM) 0 e M Ant
26 T1 (SM) 0 Ilc M Post
27 TL (SM) 0 e L Less
28 T1 (SM) 0 1Ic L Less
29 T1 (SM) 0 1ic L Ant
30 T1(SM) Olla+Ilc M Gre
31 Tt (SM) OHa+1Ilc L Less
32 T1 (SM) OMla+1lc L Less
33 T1 (SM) Olla+1Ilc L Post
34 TL (SM) Ollc+ 11 M Less
Advanced cancer
35 T2 (MP) 0 1lc M Gre
36 T2 (MP) 1 U Less
37 T2 (MP) 2 U Less
38 T2 (MP) 3 UM Less
39 T2 (MP) 3 M Post
40 T2 (SS) 2 UM Less
41 T2 (SS) 3 U Less
42 T2 (SS) 3 UM Post
43 T2 (SS) 3 M Ant
44 T3 (SE) 0 1 8] Less
45 T3 (SE) 3 ML Less
46 T3 (SE) 3 ML  Circ
47 T3 (SE) 3 L Cire
48 T3 (SE) 4 MU  Circ
49 T3 (SE) 4 MU  Circ
50 T4 (ST) 4 MUL Circ

Depth of tumor invasion: M, mucosa; SM, submucosa; MP, mus-
cularis propria; SS, subserosa; SE, serosa: SI, adjacent structures
Tumor location: U, upper; M, middle; L, lower; UM, upper
middle; ML, middle fower; UML. upper middic lower; Less, lesser
curvature; Gre, greater curvature; Ant, anterior wall; Post, poste-
rior wall; Cire, circumferential involvement

*Principles of recording follow Japanese Classification of Gastric
Carcinoma'”
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Table 2. Standard radiography method for gastric cancer screening

Method

1. Examinee takes effervescent granules before the examination.

2. Examiner makes 7 exposures in the following positions and uses a roll of film 70- 100 mm in width. Barium (200- 300 ml, 100%,

w/v) is used as contrast medium.

Position

Double-contrast study in prone position
Filling method in prone position
Double-contrast radiograph in supine position

N W o P —

Filling method in upright sagittal projection

Double-contrast radiograph in supine and right anterior oblique positions
Double-contrast radiograph in supinc and left anterior oblique positions
Double-contrast radiograph in semi-upright and left anterior oblique positions

followed the Classification of Gastric

. 2
Carcinoma."”

Japanese

Materials

A series of seven films was used as a standardized radi-
ography method for gastric cancer screening (Table 2),
as recommended by the 1984 Japanese Society of Gas-
troenterological Mass Survey." Gastric cancer screening
was performed using 10 screening vehicles with indirect
radiographic equipment (U-MASN; Hitachi Medical,
Tokyo, Japan) and two types of indirect radiographic
film (MI-FA or MI-FG; Fujifilm Medical, Tokyo, Japan)
with one processing unit (CEPROS M2; Fujifilm
Medical). A bloating agent (4.0 g Baros Effervescent-S;
Horii Pharmaceutical, Osaka, Japan) and two barium
sulfate formulations 200 ml barium sulfate, 145% w/v
(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.

Image interpretation

Eleven radiographers and four radiologists participated
as film readers in the present study. All participating
radiographers were men aged 34-57 years (median 42
years), who were certified as technologists in gastric
cancer screening by the Japanese Society of Gastroen-
terological Cancer Screening. They did not receive film-
reading training for this study. Radiographers had 12-35
years (median 18 years) of experience in gastric cancer
screening using X-ray examinations. All participating
radiologists were men aged 40-75 years (median 56
years), who were certified as film readers for gastric
cancer screening by the Japanese Society of Gastroen-
terological Cancer Screening. Radiologists had 4-38
years (median 24 years) of experience in gastric cancer

screening using X-ray examinations and had read films
for 4000-10000 cases (median 6000) annually.

Radiographers and radiologists interpreted the test
set prospectively and were blinded to information about
the cases, including the history, interview sheet, and
other reports. Films were scored on a five-point scale (1,
negative; 2, probably benign; 3, indeterminate; 4, prob-
ably malignant; 5, malignant). A score of 2-5 was defined
as positive and required diagnostic recall.

All participating radiographers and radiologists inter-
preted the test set in one reading room, in which the
brightness was kept constant. All participating readers
interpreted the test set at their own pace.

Statistical analysis

A receiver operating characteristic (ROC) analysis was
performed to evaluate the overall sensitivity and specific-
ity of each scale as a measure of film-reading ability by
the radiographer or radiologist.”* '* The area under the
ROC curve (AUC) indicates the performance character-
istics of a test and the index of diagnostic performance.
The AUC value was defined as the film-reading ability
of the radiographer or the radiologist for detecting
cancer. AUC values of the radiographers and radiolo-
gists were compared, and P < 0.05 was considered to
indicate a significant difference. The ROC analysis was
performed according to methods of DeLong et al.,'" and
the comparison of averaged AUC values between radiog-
raphers and radiologists was done using Welch’s 1-test.
We assessed the significance of our results using Statisti-
cal Software for Microsoft Excel (Analyse-it version
2.07; Analyse-it Software, Leeds, UK).

Results

Sensitivity, specificity, and AUC values of 11 radiogra-
phers and 4 radiologists are shown in Table 3. The
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‘Table 3. Recciver operating characteristic analyses

Reader Sensitivity Specificity AUC

Radiographers
A 39/50 (78%) 42/50 (84%0) 0.85 (0.036) [0.77. 0.92]
B 39/50 (78%:) 42/50 (84%) 0.83 (0.037) [0.76. 0.91]
C 33/50 (66%0) 49/50 (98%1) 0.82 (0.035) [0.75, 0.8Y]
D %/50 (70%) 42/50 (84%) 0.80 (0.040) [0.72, 0.87]
E 31/50 (6274) 47/50 (94%0) 0.79 (0.038) [0.71, 0.86]
F 25/50 (50%) 49/50 (98%) 0.74 (0.037) [0.67, 0.82]
G 27/50 (54%) 45/50 (90%) .74 (0.040) {0.66, 0.82]
H 44/50 (88%) 21750 (42%) 0.72 (0.048) [0.62, 0.81]
I 28/50 (56%) 40/50 (80%) 0.71 (0.045) [0.63. 0.80]
J 23/50 (46%0) 45/50 (90%) 0.69 (0.041) [0.61, 0.77]
K 19/50 (38%4) 42/50 (84'%4) 0.62 (0.043) [0.54, 0.71]
Overall® 31/50 (64%) 42/50 (84%0) 0.76 (0.040) {0.68, 0.83]

Radiologists
A 43/50 (86%) 38/50 (76%) 0.86 (0.035) [0.79, 0.93]
B 35/50 (70%0) 45/50 (90%) 0.82 {0.037) [0.75. 0.89]
C 23/50 (46%4) 47/50 (94%0) 0.71 (0.038) [0.64, 0.79]
D 15150 (30%) 46/50 (92%0) 0.62 (0.038) [0.54, 0.69]
Overall® 29/50 (58%0) 44/50 (8870) 0.75 (0.037) [0.68, 0.83]

AUC, area under the curve

*Parentheses: standard error of area; brackets: 95% confidence interval

®Mean values for all readers combined

highest and lowest AUC values obtained by radio-
graphers were 0.85 (sensitivity 78%, specificity 84%)
and 0.62 (sensitivity 38%, specificity 84%), respectively.
Averaged AUC value of radiographers was 0.76 (sensi-
tivity 64%, specificity 84%). The highest and
lowest AUC values obtained by radiologists were 0.86
(sensitivity 86%, specificity 76%) and 0.62 (sensitivity
30%, specificity 92%), respectively. Averaged AUC value
of radiologists was 0.75 (sensitivity 58%, specificity
88%).

The averaged ROC curves for the radiographers and
radiologists are shown in Fig. . The two curves inter-
sected because the average sensitivity of radiographers
was higher and the specificity was lower than that
of radiologists. The averaged AUC value of the radiog-
raphers (AUC 0.76) was not significantly different
(two-tailed P = 0.962, Welch’s r-test) from that of the
radiologists (AUC 0.75).

Discussion

The present study evaluated the film-reading ability of

radiographers to detect gastric cancer during screening
X-ray examinations. Averaged AUC values revealed
that the film-reading ability of the participating radiog-
raphers (AUC 0.76) did not differ significantly from that
of the radiologists (AUC 0.75). This suggests that radiog-
raphers can assist radiologists in detection of gastric
cancer during screening X-ray examinations.

True positive rate (Sensitivity)

0.2 1 —e— Averaged radiographers
T —o—- Averaged radiologists
0 < T T T T 1
0 0.2 0.4 0.6 0.8 1

False positive rate (1-Specificity)

Fig. 1. Averaged receiver operating characteristic curve compar-
ing radiographers and radiologists

We used an ROC analysis to evaluate the film-reading
ability of radiographers and radiologists. The ROC
analysis can be conducted using either discrete
confidence-rating'® or continuously distributed" scales.
The method for continuously distributed scales does not
require observers to select the category, and observers
simply characterize the presence of an abnormality in

—182—



Jpn J Radiol (2009) 27:291 296

295

image samples only. Thus, in comparison to the method
for discrete confidence-rating scales,” this method is
simple to learn and requires no special experience. In the
present study, however, the ROC analysis was performed
using a five-category discrete scale. This is because
routine screening diagnoses for gastric cancer using X-
ray examinations are often performed according to five
categorics as recommended by the 1983 Japanese Society
of Gastroenterological Mass Survey, which depend on
the likelihood of cancer as determined by a physician.™
Some institutions classify screening diagnoses into modi-
fied five or six categories.” As participating radiologists
in the present study routinely arrive at a diagnosis using
five categories dependent on their own assessment of the
level of cancer, we decided that it would be best to use
methods to which they are accustomed.

The test set proportion of negative cases to positive
cases for the present study was 50:50. This proportion is
relatively large in comparison to what is observed in
gastric cancer screening, as the gastric cancer detection
rate in Japan is 0.10% (negative to positive is 1000:1).”
However, as Gur et al. found, variability in prevalence
did not affect observer performance using ROC analy-
sis.” The proportion of negative to positive cases used
in the present study should be appropriate for evaluating
film-reading ability.

Using ROC analysis, Brealey et al. also found no sig-
nificant differences in reporting between radiographers
and radiologists in a variety of clinical settings, and they
concluded that radiographers have the potential to
expand their reporting role.” Brealey et al.’s findings
support the conclusions of the present study. However,
whereas Brealey et al. evaluated the film-reading ability
of radiographers trained in interpretation, the present
study did not train participating radiographers. Sumkin
et al. evaluated the film-reading ability of untrained
radiographers in breast cancer screening and showed
that radiographers and radiologists agreed in 82% of the
cases (77% negative findings and 5% requiring follow-
up).™ They concluded that even without additional
training radiographers can, with reasonable accuracy,
classify screening mammograms. The use of radiogra-
phers as film readers for diagnostic purposes should be
accompanied by specialized training.

Currently, radiographers read mammograms to detect
cancer in the National Health Service Breast Screening
Programme (NHSBSP). " Radiographers are required
to receive professional education and qualification for
film reading in the NHSBSP. In the future, Japanese
radiographers will be required to have more than just
film-reading ability equivalent to that of radiologists if
they are to participate in making a diagnosis during
gastric cancer screening. They will likely need a broader,

more advanced professional education that includes
medical knowledge and ethics. Such an education will
better equip them to become valuable assets to the
medical community.

The present study has several limitations. Participat-
ing radiographers had at least 12 years of radiographic
technique experience. As such, we expected that they
have attained a certain level of mastery of radiographic
technique, but their proficiency in film reading was
unknown. Their overall film-reading ability may be
higher than that of novices owing to their 12+ years of
experience, which includes participation in monthly
institutional clinical conferences and self-motivated
participation in study meetings. In addition, the present
study used a method to compare the averaged AUC of
11 radiographers and 4 radiologists. As such, the results
may not be applied to assess the film-reading ability of
a broad range of radiographers and radiologists. Future
studies should clarify differences in film-reading ability
of radiographers and radiologists from multiple
institutions.

Conclusions

Radiographers did not differ significantly from radiolo-
gists in their film-reading ability to detect gastric cancer
during screening X-ray examinations. We suggest that
radiographers can assist radiologists in detecting gastric
cancer during screening.
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Abstract

Recently, high-concentration barium sulfate has been developed and is used in many medical facilities.

This study

compared radiation dose using high-concentration and moderate-concentration barium sulfate. The dose was evaluated
with an experimental method using a gastric phantom and with a clinical examination. In the former, the dose and X-ray
tube load were measured on the phantom with two concentrations of barium sulfate. In the latter, the tluoroscopic dose—~
area product (DAP), the radiographic DAP and their sum, the total DAP, were investigated in 150 subjects (112 males, 38
females) treated with both concentrations of barium sulfate. The effective dose was calculated by the software of PCXMC
in every case. The results of the experimental evaluation indicated that the effective dose and X-ray tube load were greater
with high-concentration barium sulfate than with moderate-concentration barium sulfate (p < 0.05). The results of the
clinical evaluation indicated that the fluoroscopic DAP was greater with moderate-concentration barium sulfate than with
high-concentration barium sulfate (p < 0.05), but the radiographic DAP was quite the reverse, so the total DAP and
effective dose were almost same with both concentrations of barium sulfate. We conclude that high-concentration barium

sulfate does not increase radiation dose in mass screening for gastric cancer.

Key words radiation dose, high-concentration barium
sulfate, gastric cancer mass screening

Introduction

The mortality rate from gastric cancer in Japan is
considerably higher than that in the rest of the world', but it
is declining. Mass screening for gastric cancer with X-rays
is now in general use in Japan and is considered to be
effective’. Screening is considered one of the factors
associated with the reduction in the mortality rate from
gastric cancer. Guidelines for gastric cancer screening in
Japan have recently been proposed’. In this type of
screening, barium sulfate is used as the contrast medium.
Recently, high-concentration barium sulfate has been
developed and is used in many medical facilities. The
Osaka Cancer Prevention and Detection Center has used
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high-concentration barium sulfate since 2000, and has
confirmed that the mucosal adhesion of high-concentration
barium sulfate is better than that of moderate-concentration
barium sulfate’. However, the evidence from a systematic
review of previous studies of gastric cancer screening using
high-concentration barium sulfate was unclear. The early
cancer detection rates with screening wusing high-
concentration barium sulfate do not differ from those with
moderate-concentration barium sulfate®. Further appropriate
research is obviously required to clarify the efficacy of the
new method®,

There is concern that the radiation dose increases
during X-ray-based examinations when high-concentration
barium sulfate is used. Japan has the highest attributable
risk, with 3.2% of the cumulative risk of cancer (cancer
incidence) attributable to diagnostic X-rays, equivalent to
7,587 cases of cancer per year'. It is important to avoid any
further increase in the radiation dose associated with X-ray
examinations,

In this study, we investigated whether the use of high-
concentration barium sulfate resulted in an increased dose
of radiation. The dose was evaluated with an experimental
method using a simple gastric phantom and with a clinical
examination of 150 subjects, to compare high-concentration
and moderate-concentration barium sulfate.

—185—



Australas. Phys. Eng. Sci. Med. Vol. 32, No 2, 2009

Yamamoto ef a/ -+ Radiation dose with high- concentration barium

Materials and methods

Barium sulfate

Barytgen Sol 145 w/v% sol (Fushimi Pharmaccutical
Co., Ltd., Marukame, Japan) was used as the moderate-
concentration barium sulfate, abbreviated to 145A barium.
Baribright P 185 w/v% powder (Kaigen Co., Ltd., Osaka,
Japan) was used as the high-concentration barium sulfate,
abbreviated to 185B barium.

Gastric phantom

A simple phantom was made of acrylic board (5.0 mm
x 300.0 mm x 300.0 mm), at the center of which was a
circular recess (2.0 mm x 200.0 mm) and a ready-made
Mix-Dp phantom (300.0 mm x 300.0 mm; Sanwa Chemical
Co., Ltd., Osaka, Japan). The acrylic board was 5.0 mm
thick. The depth of the recess on acrylic board was 2.0 mm.
An air cavity of 10.0 mm was also made in the recess. The
size of air cavity on the phantom (11.0 mm) was
determined on the assumption that the air cavity of the
gastric body in the supine frontal position is 11 mm. The
arrangement of the acrylic board and the Mix-Dp phantom
is shown in Fig. 1.

Focus

Radiation Monitor 9013 STD 1155 nun

6 ¢c fon C hambcl

Height of air cavity /
11 mm '1 5
M
Barium sulfate E}}LC 8\ !
lhm l ‘
| mm thick ~——_] 1L I 70 -
Acrvlic board J 5 L_ Pt
2 recess 00w =g 700‘1‘“
Mix-Dp phantom i

Figure 1. Schematic drawing of the phantom arrangement in the
experimental evaluation.

Measurements of dose and X-ray tube load with
the phantom

The dose of radiation and X-ray tube load were
measured with 30 mL of each type of barium sulfate
adhering (1 mm thick) to the recess in the acrylic board. A
radiography/imaging plate combination-type cassetteless
fluorography device (ZS-40 TV Fluoroscopy Device,
Shimadzu Co., Ltd., Kyoto, Japan) was used. The distance
between the X-ray tube focus and the image intensifier was
1200 mm. A radiation monitor (9015, Radcal Corporation,
Monrovia, Liberia) and a 6 cc ion chamber (10X5-6M,
Radcal Corporation) were used as the dosimeter. The ion
chamber was placed 85 mm above the phantom surface to
avoid backscatter from the phantom. The X-ray tube
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voltage was varied from 80 kV to 110 kV with reference to
AEC clinical examinations, in which the voltage was
changed over the range of 80 — 110 kV according to
patient’s position and physique. The exposure was 320 mA,
regulated with an automatic exposure control (AEC). The
dose (mGy) and the X-ray tube load (mAs) were measured
six times at 26 °C for each concentration of barium sulfate.
The barometric pressure was 100.5 kPa and the exposure
field was 100 x 100 ;mm? on the top of the simple phantom.
This exposure size was the minimum size to allow the
highest dose for the measurement in air. The effective dose
was calculated by the software of PCXMC dose
calculations Ver. 1.5.1. (STUK — Radiation and Nuclear
Safety Authority, Helsinki, Finland). Every value was
expressed as the mean + standard deviation (SD).

Clinical subjects and DAP measurements

The subjects included 150 patients (112 males, 38
females) selected from 21,140 medical examinees who
attended the Osaka Cancer Prevention and Detection Center
over a four-year period from April 1998 to March 2002.
The protocol for this study was approved by the Ethical
Committee of our institution (The Osaka Cancer Prevention
and Detection Center). In clinical practice in Japan,
screening for gastric cancer is performed once a year. In
gastric cancer screening, moderate-concentration barium
sulfate was used until 1999, whereas high-concentration
barium sulfate has been used since 2000. The study subjects
consisted of examinees who had been screened with
moderate-concentration barium sulfate in 1999 and with
high-concentration barium sulfate in the following year.
Identical numbers of radiographs were taken by the same
radiological technologist using the same X-ray tube, image
intensifier and TV fluoroscopy device in the two
screenings. The fluoroscopic dose and the radiographic
dose were investigated as the dose-area product (DAP,
Gyem®) in all 150 subjects and the sum of both constituted
the total DAP. Every DAP was converted to effective dose
by the software of PCXMC dose calculations. The chamber
of the area dosimeter (Diamentor-M PTW-Freiburg Co.,
Ltd., Freiburg, Germany) was placed in front of the
collimator. The values were expressed as means + SD.

Statistical analysis

Statistical differences in the measured dose, and
effective dose and X-ray tube load using the phantom were
analyzed with an unpaired ¢ test. Statistical differences in
DAP and effective dose for the clinical subjects were
analyzed with a paired 1 test. Differences were considered
significant when p < 0.05. Statistical analyses were
performed using SPSS 11.5] for Windows (SPSS Japan
Inc., Tokyo, Japan).

Results

Dose and X-ray tube load with the phantom
Comparisons of the measured dose (a) and the effective

dose (b) with both concentrations of barium sulfate are

shown in Fig. 2. The measured dose and effective dose with
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Figure 2. Measured dose (a) and effective dose (b) in the
experimental evaluation. 1454:1454 barium, 185B:185B barium.
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Figure 3. X-ray tube load in the experimental evaluation.
1435A4:1454 barivm, 185B:185B barium.

185B barium are greater than those with 145A barium at
every voltage (80-110 kV). A comparison of the X-ray tube
loads for both concentrations of barium sulfate is shown in
Fig. 3. The X-ray tube load for 185B barium exceeds that
for 145A barium at every voltage (80-110 kV). These
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results indicate that the effective dose and X-ray tube load
are greater with high-concentration barium sulfate than with
moderate-concentration barium sulfate (p < 0.05).

Dose—area product (DAP) in clinical subjects

Comparisons of the fluoroscopic and radiographic DAP
(a), and effective dose (b) experienced on the clinical
subjects are shown in Fig. 4. The fluoroscopic DAP and
effective dose are greater in subjects treated with 145A
barium than in subjects treated with 185B barium (p <
0.05), but the radiographic DAP and effective dose are
quite the reverse (p < 0.05). Consequently, the total DAP
and effective dose are almost same for two concentrations
of barium sulfate.

Discussion

The efficacy of high-concentration barium sulfate has
been reported from several perspectives®, as discussed
above. Compared with moderate-concentration barium
sulfate, a high concentration improves the image quality of
the gastric fornix®. Furthermore, high-concentration barium
sulfate is easy to drink because of its low viscosity and
small intake volume®, However, there has been little study
of its effect on the radiation dose. There is little radiation
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Figure 4. Fluoroscopic and radiographic DAP (a) and effective
dose (b) in the clinical evaluation. DAP: dose-area product,
145A:1454 barium, 185B:1858B barium.
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hazard involved in mass screening for gastric cancer'®, but
the medical radiation dose in Japan is the highest in
developed nations’. Therefore, it is necessary to minimize
the dose of radiation on the basic premise of “as low as
reasonably achievable™"',

In this study, we examined the difference in radiation
dose received when 185B high-concentration barium
sulphate and 145A moderate-concentration barium sulphate
were used in mass screening for gastric cancer. Our
experimental evaluation with a simple phantom showed that
the effective dose and X-ray tube load were greater with
185B barium than with 145A barium. This result is
consistent with the greater absorption of X-radiation by
high-concentration barium sulfate, which may cause
anxiety among medical examinees when high-concentration
barium sulfate is used.

In our clinical evaluation, the fluoroscopic DAP and
effective dose with 145A barium were greater than those
with 185B barium (p < 0.05), but the radiographic DAP and
effective dose were less with 145A than those with 185B
(p < 0.05). Consequently, the total DAP and effective dose,
the sum of the fluoroscopic and radiographic DAP and
effective dose were almost same with the two
concentrations of barium sulfate. The lower fluoroscopic
DAP achieved with high-concentration barium sulfate
resulted from the shorter time necessary for the
fluoroscopic exposure. The quality of the fluoroscopic
images obtained with high-concentration barium sulfate
was satisfactory. These results suggest that high-
concentration barium sulfate does not increase radiation
dose in screening for gastric cancer.

Conclusion

Our experimental evaluation indicated that effective
dose was greater with high-concentration barium sulfate
than with moderate-concentration barium sulfate, but the
clinical evaluation showed almost same effective dose
between both barium sulfates. The authors conclude that
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high-concentration barium sulfate does increase

radiation dose in screening for gastric cancer.

not
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High concentration barium sulfate has been developed and used in mass screening for
gastric cancer. However, high concentration barium sulfate flows out from the stomach
faster than moderate concentration one, which often interferes with diagnosis. The speed
of flow is seemed to depend on the viscosity of barium sulfate. Previously, the authors
reported viscosity changes of high concentration barium sulfate with pH and temperature
changes. In this study, it is examined that the viscosity of barium sulfate also changes
with artificial gastric juice volume. The results indicate that the viscosity of high
concentration barium sulfate is more stable than that of moderate concentration one and
the image of gastric phantom with high concentration barium sulfate is evaluated to be
better than that with moderate concentration one. The study on characteristics of barium
sulfate may improve radiography technology in mass screening for gastric cancer.

Key Words: high concentration barium sulfate, viscosity, volume of artificial gastric juice,
mass screening for gastric cancer

I Introduction

As contrast media used in mass screening for gastric cancer, high concentration barium
sulfate has been developed and indicated to be effective in many reports [ 1 -4 ]. Osaka
Cancer Prevention and Detection Center has started to adopt high concentration barium
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sulfate since 2004 and confirmed that it is superior in adhesion to gastric mucosa and
satisfactory for mucosal visualization ability [ 5 ]. Although high concentration barium
sulfate is hypo in viscosity and good on gastric fluidity, it flows out fast from the stomach,
which might result in inaccurate diagnosis. The flow speed is usually influenced by gastric
form, physical position on radiography and the viscosity of barium sulfate. The authors
already reported viscosity changes with pH of artificial gastric juice and temperature on
recently used high concentration barium sulfate and past used moderate concentration one
[ 6 ). X-ray radiographs of gastric phantoms applied by these barium sulfates were also
evaluated in quality [ 6 ]. Other reports [ 7, 8 ] indicated the viscosity change of barium
sulfate with temperature and pH. However, there is little study on the relation between the
viscosity of barium sulfate and the volume of gastric juice.

The aim of this study is to examine the viscosity change of barium sulfate with the
volume change of gastric juice. Practically, viscosity changes of three types of barium
sulfate, two types of high concentration ones and one type of moderate concentration one,
are studied with volume changes of artificial gastric juice, and x-ray radiographs of gastric
phantoms applied by three types of barium sulfate are visually evaluated,

II  Materials and Methods

1. Contrast media

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

2 . Artificial gastric juice and viscosity measurements

Artificial gastric juice was made of HCI and distilled water. Certain volume (20 ml, 30 ml,
40 ml, 50 ml and 60 ml) of artificial gastric juice was mixed with 150 ml of each barium
sulfate. Every mixture was 25.0°C and pH 1.2. The viscosity was measured at 30 rpm by type
B viscometer (BH type, TOKIMEC, Osaka, Japan) with NO.1 rotor in the cases of 1858
barium and 200C barium and with NO.2 rotor in the case of 145A barium.

3 . Radiographs of gastric phantom

Gastric phantom BMU-1 (Kyoto Chemistry Specimen, Kyoto, Japan) was used and three
types of barium sulfate containing artificial gastric juice of 20 ml, 30 ml, 40 ml, 50 ml, 60 ml
and 70 ml were applied to the phantom. Radiographs of these phantoms were taken using x-
ray film / IP combination type cassette-less fluorography device ZS-40 (abbreviated to TV
fluorography device, Shimadzu, Kyoto, Japan). The radiographs (PFH-T FIL,M Eastman
Kodak, Rochester, USA) of gastric phantom were visually evaluated by seven examiners of
five radiological technologists and two doctors.
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4 . Statistical analyses

The results were compared among groups by one-way analysis of variance (ANOVA). If
significant, they were examined by Bonferroni-Dunn multiple comparisons post-hoc test,
with the level of statistical significance taken as p < 0.05. Pearson's correlation was used.
Statistical analyses were performed using SPSS 15.0 J (SPSS Japan, Tokyo, Japan) for
Windows.

I Results

1. Viscosity

Viscosity changes of 145A barium, 185B barium and 200C barium by respective volume of
artificial gastric juice are shown in Fig. 1. The figure shows that on two types of high
concentration barium sulfate, 185B barium and 200C barium, viscosity slightly decreases
with the volume increase of artificial gastric juice. However, the viscosity of moderate
concentration one, 145A barium, tends to increase with the volume increase of artificial
gastric juice until 50 ml and to decrease beyond that. The viscosity of 145A barium is
generally high, especially on 40 mi and 50 ml of artificial gastric juice, compared with those
of 1858 barium and 200C barium which inversely correlate with the volume of artificial
gastric juice (185B barium : r=—0.967, 200C barium ; r=—0.950).

The viscosity changes of 185B barium and 200C barium are smaller than that of 145A
barium (p < 0.05), and the viscosity of 200C barium is rather stable than that of 1858
barium.

350
310 923 —-o—= 145A
300 — bariumn
P T F R e 185B
. o . 223 barium
Ay e
E 200 200C
S barium
S 150
2
" 100 n 60 61 57
"\;"‘“‘?*!————*—'MWSS
50 R o -
65 52 M e L C U -
40 34
0 . . 27
20 ml 30 ml 40 ml 50 ml 60 ml
volume of artificial gastric juice
Fig. 1 Viscosity change of barium sulfate dependent on the volume

of artificial gastric juice

2 . Radiographs

Radiographs of gastric phantom are shown in Fig.2 on 145A barium, in Fig.3 on 1858
barium and in Fig. 4 on 200C barium. The visual evaluation of these radiographs by seven
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examiners is that the mucosa adhesion of 200C barium is better than those of 145A barium
and 1858 barium.

Fig. 3 Radiographs of gastric phantom (185B barium)
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Fig. 4 Radiographs of gastric phantom (200C barium)

IV Discussion

When the viscosity of barium sulfate 1s too low, bartum sulfate flows out fast from the
stomach before satisfactory radiography. When the viscosity is too high, barium sulfate
stagnates and condenses in the stomach [ 51 The authors examined viscosity changes of
barium sulfate with pH and temperature changes on two types of high concentration one,
185B barium and 200C barium, and one type of moderate concentration one, 145A barium
and reported that the viscosity decreased with pH and temperature increases and inversely
correlated with pH for three types of barium sulfate [ 6 ]. For gastric radiography, 185B
barium was the best among three types of barium sulfate [ 6 1.

In this study, viscosity changes of three types of barium sulfate were examined on the
correlation with volume of artificial gastric juice and radiographs of phantom applied by
three types of bartum sulfate were visually evaluated. The results showed that viscosity
slightly decreased with volume increase of artificial gastric juice on two types of high
concentration barium sulfate, 185B barium and 200C barium, but the viscosity of 145A
barium at first increased and then decreased with volume increase of artificial gastric juice.
Compared to 145A barium, 185B harium and 200C barium were stable in viscosity for
volume changes of artificial gastric juice (p < 0.05). The viscosity of 200C barium was rather
stable between the two. The visual evaluation of phantom radiographs indicated that the
mucosa adhesion of 200C barium was better than those of 145A barium and 185B barium.

The previous report [ 6 | showed that the mucosa adhesion of 185B harium was the best
among three types of barium sulfate with pH and temperature changes. Anyway, high
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concentration barium sulfate is a useful contrast medium for gastric cancer mass screening
and a good command is seemed to choice either 185B barium or 200C barium according to

the gastric condition of medical examinee.

V  Conclusion

The viscosity of high concentration barium sulfate, 185B barium or 200C barium, is more
stable than that of a moderate concentration one, 145A barium, on volume change of
artificial gastric juice. Between 185B barium and 200C barium, the latter is stable on
viscosity and good on mucosa adhesion shown in radiographs.
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