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RADIOGRAPHIC SURVEY OF THE UPPER GASTROINTESTINAL TRACT
I ZTBBEO 71+ LLABEETICLEI I EE

AN EVALUATION
RO i

BACKGROUND

“Radiographic survey” of the upper gastrointestinal (GI)
tract consists of visualizing the esophagus, stomach, and
duodenum by radiography without fluoroscopy or spot
filming.! It has been reported as efficient as routine upper
GI series in demonstrating lesions of the esophagus, stomach
and duodenum, and a saver of time and dose to patient and
examiner.!

Members of the populations of Hiroshima and Nagasaki
who experienced the A-bombs and comparison subjects are
examined regularly at ABCCZ? “Radiographic survey”
seemed particularly appealing for examining this population,
especially if dose to these subjects could be minimized
thereby. Thus this evaluation was prompted. This study
compares “radiographic survey” with our routine upper GI
series according to diagnostic reliabilities and doses to
patients.

METHOD

Age and sex distribution of those studied are shown in
Table 1. Largest numbers of subjects were in the 40-49
and 60-69 year age groups. Females were predominant in
both groups. Our routine upper GI series techniques are
shown in Table 2. ]}ﬁe upper GI tracts of 147 consecutive
subjects referred because of symptoms, abnormal physical
and laboratory findings were first examined using an image
intensifier and closed-circuit television, spot-filming and
follow-up radiography (Table 3A). They were immediately
thereafter examined with the additional radiography shown
in Table 3B. The fluoroscopy and the numbers of spot
films and follow-up films were similar to those of Rabushka
et al! with some differences in projections. Nine
roentgenograms (Table 3A-B, 2-10) were used in the
radiographic survey, not just the additional ones(Tables 3B,
5-10) made during this study.

The 9 roentgenograms(Table 3A-B, 2-10) of the 147 subjects
were interpreted by two radiologists other than the one who
performed the fluoroscopy and spot filming, and without
knowledge of the latter results. Roentgenograms were
judged diagnostically satisfactory according to whether
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TABLE 1 AGE AND SEX DISTRIBUTION OF SUBJECTS

Fl HBREOERH L CIENS A

Age Female Male Total

R (RE ) ﬁu i &3
10-19 0 1 1
20-29 5 6 11
30.39 11 17 28
4049 23 7 30
50-59 14 15 29
60-69 21 15 36
70+ 6 12
80 67 147

Total #t

TABLE 2 ROUTINE UPPER GASTROINTESTINAL SERIES TECHNIQUES

#£2 EE EYBEBEXEBREOHE
Fluur:n-sc.;;:ly Spot filming Radiography
EH TR R LR R
kvp ma Min. kvp ma Sec. kvp ma Sec.
EWE IUT AT 7 TEE VT 7 B HERBE VT AT B
70-100*  0.5-1.0 3-4 100 100 1/10-3/10 100-120 100 2/10-3/10
*Automatically controlled, 8 % 10 inch film (1) Abdomen, preliminary AP
according to density of E E P BEAE, Tl 0 A
part examined. b (2) Abdomen, erect PA
BEMSMOBEEIZELED A W R, AL £ 3 IR )
EEtEy oM 23 (3) Abdomen, prone, 457 ghl.
o e BOES, BN, 45°51% 1
(4) Abdomen, prone, 60° obl.
BUD AlA B, BB, 60" A
E -Esophagus f3ii M-Mid-portion H 4 fif B-Bulb  #Ri0
F -Fundus EEH A-Antrum i BE 56 L-Loop 1REEH
structures were adequately visualized, based on technical, EEN L UEEFEMNRTFEL L2, HEAA e I RA
anatomical, and physiological factors. Poor visualization BEENLEIEILLoTLY MY ERASIMNICEE
and diagnostically inadequate roentgenograms from unsatis- ThorBEILOHELT LA, BHFR, L UTRH
factory technique, such as “cone-cutting” and improper Badek, AEzg, [BEEON| LMY 2E0s

positioning, occurred more frequently among older subjects.
Factors difficult or impossible to control, such as super-
imposition of structures, poor filling of an organ with
barium or air, and the effects of peristalsisin various organs
were also responsible for some unsatisfactory roentgen-
ograms.

For all subjects, results of fluoroscopy and spot filming
were then interpreted by all three radiologists, and compared
with those of radiography alone.

RESULTS

The number of body sites of the 147 subjects well visualized
by radiographic survey are shown by position, projection,
and film size in Table 3. The first 77 subjects had lateral
decubitus; the subsequent 70, lateral erect roentgenograms
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TABLE 3 COMPARISON OF UPPER GASTROINTESTINAL SERIES AND RADIOGRAPHIC SURVEY BY VISUALIZATION BY SITE AND DOSE
#3 LUMEBEXMEEL 7 VABEL T ICEaREDLE: BNOEYE L URER

i o Visualization of Organs Bone marrow] Gonadal dose
e ol W0y oo |
B Site, projection sEY  ERT W “ 1 1 ...|t {mrad)
= § ST, B B s g " | Esoph Fund  Mid Antrum Bub  Leop TU® Not** rad) | M | Female
i kx s o) (mash | g ammar chds  BME BREE (RES D. B | %
" yaid 11 |Abdomen - preliminary supine AP 14 =171 100 20 15.0 B.22 37.1
& ;} 7 A — T HHDEA L
E .# 4 2 |Stomach - erect
2 B W e PA-14 %1711 120 20 144 143 137 126 72 0 1 39.0 7.54| 331 ||Radiography
Lk ‘,l'-, 1 3 |Stomach, duodenum prone 45° [EEE 21
i : 5'1“{_ W, 4 — 45° JEBAE e RAD-11 %141 120 30 147 147 143 132 116 2 0 46.5 3.20) 29.6
Als g 4 |Stomach, dupdenum prone 60°
3 g §$ W, dEEE — 60" BEBALE ... RAO-11 %141 120 30 147 142 129 130 108 1 0 34.7 3.65 | 247
;f & ﬁ; 135 226 | 125 Radiography
BT R
o] & 19.5 1.06 | 39.3 | Spot Radiography
4 i A
2 g 36.0 124 | 640 | Fluoroscopy
i : BT
A 191 254 | 228 | Total @it
5 |Esophagus - prone
fraft — BEBAT RAC-14 =171 110 20 143 133 65 53 2] 40 9 i} 21.6 10 018
6 |Stomach, duodenum-supine .
%‘ . o AR — DAL s AP-11 %141 120 20 144 138 v 126 70 a7 8 0 13.0 10.7 67.8
w ?-% T |Stomach, duodenum-prone
20 W, S — BB e, PA-LIx141 120 20 131 130 124 112 84 3 0 24,5 429 29.1 || Radiographic survey
5 ’;‘T Ba |Stomach, duodenum-decubitus (no fluoroscopy)
& ;‘rfé B, TERE — MEY Lat-11 =141 120 40 73 53 48 52 61 3 0 37 4 M AR TS
;-‘: HE &b |Stomach, dundenum-erect J: 2 Hi
k B, LatldxiTi 120 40 6 B0 45 4 - 49 - © i 37.8 60| o6 |[(EMmTELL)
E % 9 |Stomach, duodemm-supine
E 1 W, - A0 — e .. LPO-11 %141 120 30 145 109 101 a6 a1 9 i} 22.1 15.3 #5.8
':E il 10a [Stomach, duodenum-supine
= i W, L — EALE e RPO-11 x14!" 120 30 73 T0 45 38 18 6 0
10h | Stomach, duodenum
¥ 4 S RPO-14 2177 120 a0 64 66 52 45 19 X 0 24.3 21.5 1.4
143 59.5 | 294 Total {3t (#5-10)
278 82,1 | 419 Total &8t #1-10)
= Wi Radiography as in
£ E‘ ; J,_n A:l.2.3.4
| Mg FLEHERE OB L E
E_’ﬁ:ﬁ : ﬁ:ll.?.. 3, 4
g & XI i (Radiography same as in A, this table) 135 226 | 125 Radiogravhy
sika WAL SR Lo SR L R
e 19.5 1,06 393 | Spet radiography
el o2
2 i 170 62.0 | 406 Fluorascopy
= e B
8 = 325 85.7 570 Total &t
Added filtration: 7 ¢ L % — 25mmAl *TU = Technically unsatisfactory (e.g. cone-cut) JHFAY 12 4% RE (B MR DA 71 )
a=First 77 patients HOTT AN M & **Not Dx = Diagnostically unsatisfactory (e.g. organ not filled with media) 22069 2 Tl (7 & 2 (RSB ERATERE AT o)
b= Sulsequent 70 patients, doses caleulated according to these . (Some portion of UG tract not visualized) ( LW RSF o & 5 S5z s h G o)

KOTONOERE, ZhSMRHZHT SR HTL 2 TPlain anteroposterior roentgenogram of abdomen o 37 4 in HAEHL 2



of the stomach. The first 77 had right posterior oblique
supine, the subsequent 70, right posterior oblique semierect
abdominal roentgenograms. These changes were made
because they allowed better evaluation of the stomach.

There were 59 technical failures, including 11 lateral erect
roentgenograms of the stomach; 9 right anterior oblique
prone views of the esophagus, 9 left posterior oblique
supine roentgenograms of the stomach and duodenum;
and 8 anteroposterior supine views of the stomach and
duodenum. The largest number of unsatisfactory radio-
graphs were six prone right anterior oblique views of the
esophagus - all because of passage of barium through the
esophagus prior to or after exposure.

Table 3 shows positions and projections and their ability to
visualize various structures. Exclusive of the esophagus,
which is visualized by fluoroscopy and spot-filming in a
routine upper GI series, parts of the upper Gl tract were
best visualized using films which are already a part of our
routine upper Gl series(Table 3A, 2-4).

-

One of three hiatal hernias; one of four gastric u-lcer
deformities; two polypoid gastric lesions; and one gastric
diverticulum were missed radiographically, but demonstrated
by fluoroscopy and spot-filming. The polypoid gastric
lesions both measured less than 5mm in diameter. One
transpyloric mucosal prolapse, four duodenal diverticula
and one ascaris were demonstrated radiographically, but
not by fluoroscopy alone. They were, however, demon-
strated on the follow-up films which were part of the
routine upper GI series (Table 3A, 2-4).

DOSE

It has been reported that a study of the upper GI tract by
radiographic survey incurs less dose to the subject than an
upper GI series.! Bone marrow integral and gonadal dose
by fluoroscopy and radiography were estimated using tech-
niques previously described.?

“Bone marrow integral dose” as referred to here represents
the average energy dissipated in the bone marrow due to
exposure to the diagnostic X-ray procedure. To obtain
this energy, the measured abhsorbed dose produced at
various points in the bone marrow was weighted by the
amount of active bone marrow so as to produce a measure
of the energy which was absorbed in the active marrow.
These procedures are according to those of Laughlin et al*
A total active marrow of 1046 g was assumed.?

ALYy b VBEAERELE. £, M1HOTIALEHE
FHMEALOEEL » b Y IREEERL 0125 L
T, KOTOMNIZIZESFE TR L » b s
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ARMli 42 HEITIT % 5 /2.
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HEISIEAGI L » b4 v TR TH 5 . BEIFLU
wIRARL Y P VBRI BRI EL O, B
BoHEEARERMLL Y P BT ZO TR
CEHELTE/SY 2 ANERBEONE 23R EEE L
Lhbizckdadtotoh .

3 LB ARFITERLFhOSEG0&EEE
OEHEEhARELRT. BEO LEEBEX A
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BB O () 857 125 1224 O A LT 0 B L
FlEXMBEomRBESo—8IEzhTHEn, 2hb
D74 NATREOGEREATVA(FIA, 2-4).
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MBmEhah a0 UL, 2R6I36HE LEEIBEX &
A O—ETH SBIHRE CHERa L/ (R3A, 2 -4 ).
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A phantom was exposed by three examiners using a GE
Fluoricon image intensifier with closed circuit television,
and again using a GE Regent Model 42-4 with con-
ventional fluoroscopy. A mean fluoroscopy time of 5 minutes
Of course,
fluoroscopy time and field size vary by examiner and

per examination was used in the present study.

from patient to patient. When these three examiners used
the image intensifier, the mean bone marrow integral dose
to the phantom was 36.0 g-rad, and male and female gonadal
doses were 1.74 and 64.0 mrad, respectively. A mean
bone marrow integral dose of 170 g-rad and male and
female gonadal doses of 62.0 and 406 mrad were obtained

when they used conventional fluoroscopy.
‘The bone marrow integral dose from spot-filming in the
present study was 19.5 grad; and male and female gonadal

doses were 1.06 and 39.3 mrad, respectively.

The phantom was also exposed to radiography in the

positions and projections in Table 3 and bone marrow

integral and gonadal doses per exposure are included.
The additional bone marrow integral dose was 143 grad;
additional male and female gonadal doses, 59.5 and
294 mrad, respectively for this radiographic survey evalu-
ation (Table 3B, 5-10b). Table 3 also summarizes doses
by the various procedures.

Except for one additional roentgenogram, films 1-10
(including 8b, 10b)(Table 3A-B) are similar to those used
for radiographic survey by Rabushka et al! We found
these to incur a bone marrow integral dose of 278 grad,
and male and female gonadal doses of 82.1 and 419 mrad
respectively. These hone marrow integral and gonadal
doses from radiographic survey were less than those for
routine upper Gl series with conventional fluoroscopy.
However, routine upper Gl series with image intensifier
fluoroscopy (Table 3A) incurred lower bone marrow
integral and gonadal doses than either upper GI series
with conventional fluoroscopy (Table 3C) or radiographic
survey (Table 3A-B, 1-10b).

DISCUSSION

Because of the relatively high incidence of gastric cancer
in Japan,® mass surveys of the stomach are common and
are being done increasingly with image intensifiers and
closed circuit television with photography of either the
output phosphor or the television monitor” Numerous
investigators have gained considerable technical experience
from these mass gastric surveys. Positions and projections
they use are similar but fewer in number than in radio-
A minimum of four films is deemed
necessary to visualize the stomach adequately®!!

graphic survey.
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Nevertheless, approximately 20% of the subjects of mass
gastric surveys in Japan are reexamined with upper GI
series because of technical failures or questionable abnor-

malities on survey films®!!

In one study? 29 known so-called early gastric cancers

were examined radiographically, and compared for detecta-

bility of these lesions according to positions and projections.
With only one erect film, 69% of these were detected.
Adding to this a supine film resulted in 79.3% detection;
and to these a prone film, 86.2 % detection. The addition
to these of an erect right anterior oblique projection failed
to increase detectability, but one additional prone view of
the stomach containing a small amount of barium and made
early in the examination, raised to 93.1 % the detection of
these known lesions. Results of that study in which the
diagnoses were known suggest that the four views routinely
used in surveys in Japan may achieve an 86 % detection
rate of so-called early carcinoma of the stomach.

As in mass gastric survey techniques? it seems to us that
a small but significant percentage of serious lesions might
elude detection using radiographic survey, even though a
greater number of exposures are made in radiographic
survey. Such was our experience in this study. We prefer
to continue using routine fluoroscopy with image intensifier,
with its advantages of palpation and manipulation, to detect
lesions of the upper GI tract.

Gonadal dose is largely dependent upon whether the gonads
are within the direct X-ray beam. Close proximity to the
margin of the direct beam is the main reason for larger
gonadal doses among females than males. The large field
sizes for radiography were responsible for relatively large
bone marrow doses.

The sparing of dose to the radiologist with radiography
alone is obvious. However, this study failed to demonstrate
a saving of dose to the subject by radiographic survey as
compared to image intensifier fluoroscopy, spot-filming,
and follow-up radiography. The real advantage for radio-
graphic survey appeared to be the saving of fluoroscopy
time and dose to the radiologist.

Average total dose to individual subjects in this study was

lower than that which would have been incurred by routine
upper GI series using conventional fluoroscopy (Table 3C).

SUMMARY

In 147 participants in the ABCC-JNIH Adult Health Study,
radiographic survey and upper GI series using image
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intensifier fluoroscopy were compared for diagnostic
reliability. These two procedures and upper GI series with

conventional fluoroscopy were compared for dose to subjects.

All radiographs were interpreted without knowledge of the
fluoroscopist’s findings. Radiographic survey failed to
demonstrate two small potentially serious gastric lesions.
It contributed more dose to the patient than did routine
upper GI series by an image intensifier, but both combined
incurred less than that of upper GI series with conventional
fluoroscopy. Results of this study indicated that saving of
time and dose to the radiologist are the only advantages of
radiographic survey over upper GI series with conventional
fluoroscopy.
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