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EXPOSURE PATTERN, SURFACE, BONE MARROW INTEGRAL,
AND GONADAL DOSE FROM FLUOROSCOPY

ERBRERICBTI2BFOLH L

SUICKRERE,

AHMOBRESSVEERIEE

INTRODUCTION

An earlier report! described a method of determining the
pattern of exposure and dose during fluoroscopic exami-
nations of the upper gastrointestinal tract, and compared
techniques and doses by ten radiologists using conventional
fluoroscopy equipment. The present study concerned
techniques and doses from conventional fluoroscopy (no
image amplification) by nonradiologists, and from fluoro-
scopy with image intensifiers and closed-circuit television{TV)
by radiologists for upper gastrointestinal series, barium
enemas, and chest fluoroscopies.

Use of image intensifiers with TV monitors is steadily
increasing. Still, relatively large doses are incurred by
fluoroscopy, and fluoroscopy exposure factors are difficult
to determine. This study was undertaken to further clarify
these sources of exposure and to facilitate estimations of
dose among A-bomb survivors and comparison subjects
participating in the Adult Health Study,? jointly sponsored
by the Atomic Bomb Casualty Commission(ABCC)and the
Japanese National Institute of Health (JNIH), and among
the Hiroshima and Nagasaki populations. It was also
prompted to assess the examinations sometimes performed
by general practitioners and those in specialties other
than radiology.

METHOD

Methods and apparatus were similar to those of
Yoshinaga et al! in measuring bone marrow and gonadal
doses during upper gastrointestinal (GI) fluoroscopy by
radiologists. To check reliability, results using a film
jacket! containing industrial X-ray film affixed to a phantom
human were compared with those obtained by ionization
chambers®* inserted in the phantom. The gonad positions
in the phantom were modified slightly from those of the
previous study! to more closely approximate their true
positions.

The film jacket consisting of two 14 X17 inch sheets of
Eastman type-M industrial radiographic film in lighttight
envelopes joined edge to edge was affixed to the phantom
human. A simulated barium-filled stomach in the phantom
facilitated recording X-ray exposure patterns.
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The phantom was fluoroscoped by radiologists and
nonradiologists using their own techniques and equipment
for routine upper Gl examinations, chest fluoroscopy, and
barium enema examinations. Standard films were exposed
using known technical factors, and all films were processed
at the same time using a diluted developer. Phantom
surface exposure patterns were thus described by
posteroanterior (PA) and anteroposterior {AP) projections

separately for fluoroscopy and spot filming.

The technical factors used are shown in Table 1 for non-
radiologists, and Table 2 for radiologists, using closed-
circuit TV. As shown in Table 1, the focus-table distance
averaged 40 e¢m, and fluoroscopy time varied according to
examiner and projection. Films of various sizes were used,
In Table 2,
equipment is classified by X-ray tube location as “undertable
tube” with the fluorescent screen and image intensifier
above the table, the latter linked with closed-circuit TV;
and “overtable tube” with the X-ray tube above the table
and the fluoroscopic screen and TV camera under the
table. The focus-table distance for the latter type was
relatively great —in one instance 95 em (Table 2). Other
factors were similar to those used with the “undertaple
tube” type of equipment. ;

and the total number by size are included.

In fluoroscopy using both types,
spot filming involved essentially the same exposure factors
as in conventional fluoroscopy. Previously reported dose
values ! for spot filming were therefore used. Fluoroscopy
time included that required for positioning for spot filming.

Optical densities of the monitor jacket films were compared
with those of the standard films. Corresponding to a
lattice of active bone marrow distribution,  surface doses
in mrad were obtained for each 5c¢m square on the monitor
films, for PA and AP projections, and by fluoroscopy
and spot filming separately. Mean fluoroscopy times and
spot film numbers were used for the PA and AP projections
to ohtain dose per minute or per exposure. According to
X-ray attenuation curves by tube voltage and contribution
of scattered X-ray, bone marrow integral dose in g-rad,
and gonadal dose in mrad were calculated as in a previous
study. ! Fluoroscopy included oblique as well as true PA
and AP projections, so
described below.

calculations were made as

Calculations of Bone Marrow Integral Dose for Oblique
Projections Methodology used was similar to that of a
previous study,! and will be described in detail here. Both
PA and AP fluoroscopy beams were projected on their
Oblique projections
included, but true lateral ones were not. Though the
dose patterns registered on the monitor films correspond
very closely to the surface doses, some assumptions were

respective monitor films. were

necessary in calculating the bone marrow integral doses.
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TABLE 1 TECHNICAL FACTORS IN CONVENTIONAL FLUOROSCOPY ACCORDING TO NONRADIOLOGISTS AND HOSPITALS
#1 BB T L RS & MRS & AR E R B0 B AT S

Hospital 5 A B C D E F & H
Doctor* [EfF 1 2 R 1 5 6 7 8 9 10
Focus-table distance (cm) #8205 - 3% 3% 45 R 00 ME 40 40 40 40 40 38 a0 40 50 35
Added aluminum filter (mm) 0l . 1.0 1.0 0.5 0.5 2.0 0.5 0.5 0.5 0.5 1.0
Fluoroscopy kvp:  cicieiiniiamaainin i 70 70 70 0 a0 0 60 75 75 80
M ME  chs e 2.5 2.5 2.5 2.5 3.0 3.0 2.0 3.0 2.5 4.0
Time PA %14 ) 230" 230" 451" 240" 2 207" 1'45” 140" 27207 4’507
EEf AP B H I 50" 25" 0 0 50" 157 0 30" 0 0
Total- B v mmsnnasnans 320" 805 461" 240" 2'50" ZE 1'45" 2407 2'20" 450"
Spot filming kvp 90 an 75 75 80 T 60 75 80 76
AA oy P ma 200 200 150 150 200 100 150 200 200 360
Time (sec) BEROFY) . {7l 0.1 0.15 0.15 0.1 0.15 0.1 0.15 0.15-0.2 0.1
Size and exposures
Tl AH A Xk kIR ¥
PA TR
1012 in. 2 3 1 2 3
10 %12 in. div 2 2
& =10 in. 2 5 5 1 4 3 2
&x10 in. div 4 4 4 4 4 3 4 A
AP ERFHw
1012 in. 1
8 x10 in. O 1 1
8x10 in. div 4 1
Total exposures & itERatsr 11 i 9 b 7 [ 4 3 3 B
* Even numbers denote surgeons, odd numbers internists. ¥ 5bEE, Gt fES £ H+.  =minute 5 "= second

TABLE 2 TECHNICAL FACTORS IN IMAGE AMPLIFIER-TV ACCORDING TO RADIOLOGISTS AND HOSPITALS

£2 MEHERES L URERMNI&SZXBT L EEEMRAIC 50 5N &G

Haospital # 5
Doctor [5 i

A

B

C

2

3

I

5

6

Undertable Undertable Overtable Undertable Undertable Undertable

Tube
FTD (em) fa - EHSMBEE
Added aluminum filter (mm) {3 50888 ...

Fluoroscopy kvp
BRI © ma ety
Time PA 3B Jimm ...
ERM AP By 00
Total SFEEM i
Spot filming Size and exposures
Ay FEE 7o MAY A XE kB E
PA W A
10 =12 in.
8x10 in.
B8x10 in. div. 4
AP B3 4 iml
8x10 in.
8x10 in. div. 2
8x10 in. div. 4

Total exposures 5 it 41 £

45
0.5
70
1.0

)

45
0.5
70
1.0
250"
307
320"

95
0.5
90
1.5

353"
52"
4'45"

(4

48
3.0
90
0.5

257"
59"
356"

10

14

48
3.0
90
1.0
348"
36"
4247

10

Toi—Fo—T Tof—Fa-F $-1Fa1-F TFo¥—Fa-7 Tr¥-Fa~7 To¥-F2-7

48
3.0
90
1.0
307"
41"
3'48”

10

14




“Bone marrow integral dose” refers to the average energy
dissipated in the bone marrow by exposure to the diagnostic
X-ray procedure. It was obtained by measuring the
absorbed dose at various points in the bone marrow and
weighting the latter according to the amount of active bone
marrow, so as to produce a measure of the average
energy which was absorbed in the active bone marrow.
These procedures are according to those of Laughlin et
alf A total of 1046 g active marrow was assumed.?

Figure 1 shows the relationship of positions between the
phantom and the monitor film jacket. Two alternate
methods were used to calculate bone marrow integral dose.

Figure 2 illustrates one calculation method. The curved
film was maintained so as to match the bone marrow
cubes. The dose pattern registered on the film
was projected onto the lattice as shown. Patterns
from oblique projections were considered incident on the
lattice in the PA projection. Relatively little active bone
marrow is present in the lateral portions of the upper
abdominal regions and for this reason, bone marrow

integral dose is small during the exposure of these parts
of the body.

-

Figure 3 shows the alternate calculation method. The
film conformed to the bone marrow cubes so that
exposure from extreme oblique, nearly lateral, pro-
jections were incident upon the lateral aspects of the
lattice, as shown. Slightly higher doses were obtained by
this method because depths were diminished by these
severe oblique projections.

Table 3 compares bone marrow integral doses obtained by
these two methods. The radiation field used in PA and
AP projections of the esophagus measured 8 x30cm.
Superimposed exposures measuring 10 x10cm and 12 X12cm
were used for PA and 45° oblique projections of the
stomach (fixed field). To compare doses obtained by the
film jacket method with those obtained by use of ionization
chambers in the phantom, abbreviated fluoroscopy times
proportional to the totals for the examinations were used
to suit chamber sensitivities. A radiologist required 13
seconds to fluoroscope the esophagus, and 60 seconds to
fluoroscope the stomach and duodenum, including all
projections (moving field).

Addition of lateral projections (Method 1I) resulted in a
slight increase in dose, of up to 12% for radiologists as
shown in Table 4.

Comparison of Doses by lonization Chambers and
Film Jacket Monitoring The remainder of the method-
ology was developed explicitly for this study. Technical
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A\ i
X ’ FIGURE 1 Incident beams in dose calculations for upper gastro-
\ / intestinal series. A, Postero-anterior direction; B and B', postero-
anterior oblique directions, where F is the monitor film in the
jacket and P is the phantom human.
F Hl LEEBTXHEESCHIL288HHo A & 9.
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N, FIGURE 2 Caleulation Method I.  All PA and obligue X-ray
beams projected onto the curved film are calculated as incident to
the bone marrow cubes (BMC) in the PA direction.
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FIGURE 3 Calculation Method 11, PA and oblique X -ray beams
projecied onto the curved film are calculated as being incident lo
the bone marrow cubes (BMC) in the PA (A) and lateral (B, B')
projeciions.
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TABLE 3 BONE MARROW INTEGRAL DOSES FROM CONVENTIONAL FLUOROSCOPY BY TWO METHODS
(grad/examination )

£33 CopHEBCLAEFRER LB SBRE(LMELLZY D g —rad )

Direction Method it % ik Mean Difference
H1b1 I I F 11 =
* Fixed field PA ¥ 755 370 39.6 38.3 3.3
i AP BT Kb 22.0 23.9 23.0 3.9
** Moving field PA 558 fi 14.7 14.7 14.7 0
% i g AP I Jin) 12.7 13.3 13.0 2.2

* Fixed Field: basic dosimetry. Esophagus 8 x30em, 10 sec; Stomach 10 =10 em, 20 sec; 12x12em,
10 sec; Stomach with oblique 45° 10x10em, 20 sec; 12x12¢em, 10 sec
[ e B S UF=EREM Ll . L 8 < 30em, 10FL; WI10X10em, 208k 12X 12cm, 108 ¥, B Hm
103 Wem, 2083 12%126n, 10§

** Moving Field: simulated patient examinations. Esophagus 13 sec; Stomach 60 sec with PA or AP
and oblique.

oAb g =Gl AR W U s liE. RGHIBER; W, W E A MWW HMme L UR S, 608,



TABLE 4 COMPARISON OF BONE MARROW INTEGRAL DOSES FROM TWO TYPES OF FLUOROSCOPY
BY RADIOLOGISTS (g-rad / examination)

F4 HEHERECLS oOBERBETEC LS EHESSEROME(1LEELYZ YD g —rad)

Doctor Projection M;tho.d iR RTH Mean Di{férence
[ fi FE 4t 1 I ¥ S
Conventional Fluoroscopy
aift 45 3R L
Al PA A0 Sl 101 112 107 5.6
AP BIFF Jim 4.5 5.0 4.8 6.2
A2 PA 258 286 272 5
AP 12.4 14.3 13.4 7.5
B3 PA 297 377 337 12
B4 PA T2 B84.7 78.4 8.0
C5 PA 104 116 110 5:5
AP 9.8 10.1 10.0 2.0
D6 PA 128 163 146 12
AP 4.5 4.7 4.6 2.2
E7 PA 54.1 57.7 55.9 3.2
8 PA 126 133 130 3.1
AP 12,8_ 13.2 13.0 1.5
GY PA a24 438 431 1.6
H10 PA 234 241 238 1.7
TV -Fluoroscopy
X7 L eiE
Al PA 16.9 17.9 17.4 2.9
AP 1.5 1.5 1.5 0
A2 PA 26.4 325 29.5 11
AP 3.7 3.7 3.7 1]
*B3 PA 27.6 28.0 27.8 0.7
AP 40.9 41.0 41.5 1.4
C4 PA 5.2 5.3 5.3 1.9
AP 0.4 0.5 0.5 10
C5 PA 25.8 26.1 26.0 0.2
AP 6.9 7.4 7.2 4.2
C6 PA 43.7 45.3 44.5 1.8
AP 3.6 3.6 3.6 0

* QOvertable tube type & —si—F 5 — 7 Hid

factors of fluoroscopy, changes in projection and body
site observed, and varying field sizes, all make estimation
of dose to bone marrow, gonads, and surface very
difficult. However, film jacket monitoring during fluoro-
scopy renders rather good estimates of exposure patterns.

Comparisons were made using the experimental factors
corresponding to Table 3, and TV fluoroscopy performed
by radiologists(Table 2). The determinations are expressed
in mrad for comparison purposes. lonization chamber

readings are shown in Table 5, and doses by film
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monitoring in Table 6. Gonadal doses and bone marrow
doses at eight sites within the body were measured
by ionization chambers. Fixed field and moving field
values in Tables 5 and 6 are based upon factors described
above. Only doses within the direct beam were calculated
with the film jacket method. Doses were calculated at
the center of each 5¢m cubical compartment in the bone
marrow cubes, ionization chamber. The
Table 6 indicate, depending
upon their location, a possibility that they may range
higher or lower. Ovary dose is the mean value of the
doses to both ovaries, as obtained by the film jacket
method. This value is about one-half that of the ionization
chamber method. This is probably due to lack of consider-
ation of scattered radiation and that immediately adjacent
to the direct beam.

nearest an
plus and minus signs in

Tables 5 and 6 show that sites which received relatively
large doses, such as the sternum and spine, generally
have consistent values, and that values with plus or minus
signs might have been more consistent, had more care
been given to positioning and corrections for attenuation.
The effect of oblique projections was apparent in sites
where differences were very large, as in rib and ilium.
Differences of two or three times were seen in some cases.
Generally, the degree of conformity was good, and the
film Jdcket method was found satisfactory in the estimation
of bone marrow integral doses and gonadal doses.

RESULTS

Table 7 shows bone marrow integral doses from upper
GI series by conventional fluoroscopy and spot filming by
nonradiologists. The odd numbers indicate internists, and
the even numbers surgeons. Table 8 shows results from

these examinations, with TV-fluoroscopy by radiologists.

Table 9 shows gonadal doses from upper GI series with
conventional fluoroscopy and spot filming by nonradiologists.
Table 10 shows results for upper GI series with TV-
fluoroscopy by radiologists. Previously reported ! gonadal
doses from fluoroscopy by radiologists were recalculated

according to the altered gonad positions and are listed
in Table 11.

Table 12 shows surface doses for conventional fluoroscopy
and spot filming by nonradiologists; Table 13 surface doses
for TV-fluoroscopy by radiologists; and Table 14 surface
doses for conventional fluoroscopy by radiologists not
included in the previous report.! In these tables, surface
doses are the maximum values of each exposure dose
pattern and are calculated according to the PA and AP
projections by fluoroscopy and spot filming.
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Averages of these results are compared in Tables 15, 16,
and 17 by bone marrow integral, gonadal and surface
doses, respectively.

Three radiologists fluoroscoped the phantom for chest
fluoroscopy and barium enema examinations. The results
are shown in Table 18 by bone marrow integral doses;
Table 19 gonadal doses; and Table 20 surface doses.
Spot film exposures were made by phototiming. The
technical factors used during conventional and image
amplifier-TV fluoroscopy are compared in Table 21.
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TABLE 5 [ONIZATION CHAMBER READINGS DURING UPPER GASTROINTESTINAL EXAMINATIONS
BY RADIOLOGISTS USING IMAGE AMPLIFIER TV-FLUOROSCOPY (mrad/examination )

#5
(1 s

WAt AHE A X7 L EER AT 4 ;x_.l o IR X

Tz

EERS i - I SR

=Y dmrad )

Fixed Field®

Location

Moving Fie.-|d *

Dose by Radiologists (TV-Fluoroscopy)

e A & !!i‘.ﬂ’fi_ T 0 0 &4 5 At EN OB (X7 L EER)

PA AP PA AP Al A2 B3** C4 Ch C6
Sternum B 4 15:3 229 0 138 3.8 6.9 125 28.5 113 194
T-spine (6) Ha e 6 ) 87.9 41.8 38.0 0 19.7 5.9 23.8 46.9 101
Right rib 1iflh+ 7.4 23.0 0 17.1 5.0 8.0 19.3 5.4 75.2 19.8
Left rib e i 33.0 122 = b8 11.3 4.4 18.2 3.5 21.7 59.7 40.5
T-spine (12) BafE(12) 132 372 51.8 19.0 19.3 113 143 226 106 288
L-spine (5) MEHE(S5) 278 17.5 190 0 188 251 245 170 428
Right iliac {784 31.9 21.0 89.6 3.9 269 T74.5 272 39.3 127 245
Left iliac e % 703 13.6 146 1.4 137 333 306 180 289 376
Right ovary {703t 8.4 19.3 T3 0 13.5 10.6 146 5.2 24.4 42.9
Left ovary T B e 18.3 12.2 8.1 2.7 9.3 13.8 133 11.0 29.1 41.1
Testis SN ] 3.6 0 1] 1.5 4.0 24.8 0 4.0 0

* See footnote for Table 3. £ 3 oM

** Overtable tube type. * - - 7HH.

$—= F
4 i

TABLE 6 DOSE ESTIMATES BY FILM JACKET MONITORING

IN UPPER GASTROINTESTINAL EXAMINATIONS

BY RADIOLOGISTS USING IMAGE AMPLIFIER TV-FLUOROSCOPY (mrad/examination)

76

T e P Fa b BES

BCHLEREE AT X M7 L EES &

ook LI BEX MRS

—ikiz k %:ﬁﬁﬁﬁ.mﬂﬁ (1MfEH~DDmrad )

Fixed Field *
[ 2 Wl 4

Location

Moving Field *
T ) 18 5t 2F

Dose by Radiologists (TV-Fluoroscopy)
PRt SR EHEDN oMt (X 87 LB

i 1A

PA AP PA AP Al A2 Bi* (4 Ch C6

Sternum g ¥ 10.0 242 2.0 178 2.1 0+ 131 1.1+ 37.2+ 51.8+
T-spine (6) HiHe( 6) 110 24.3 50.2 1.0 14.1 2.5 16.2 14.8 34.2 29.0
Right rib 11 i 04 34.3+ 0+ 8.4+ 0+ 0.2+ 04 0+ 22.8+ 04
Left rib R 37.7- 0+ 31.8- 0+ 1.9 5.9 1.8 5.7 4.6 6.0
T-spine (12) Jg#E(12) 101 22.6 22.6 8.4 11.0 48.7 118 5.3 27.8 104
L-spine (5) WEHE(S) 271 114 - 159 21.8- 201 221 264 51.6 172 236
Right iliac 70545 56.9-  96.3+ 160 - 0.8+ 133 46.2 234 29.9 87.0 62.4
Left iliac 1 T 314 4.1+ 122 5.4+ 192 238 223 57.6 136 187
Ovary B HE 37.4 69.4 42.4 8.9 32.1 34.1 595 8.1 61.7 70.2
Testis = 1.5 0.8 1.1 0.3 1.1 1.2 90.6 0.3 1.6 2.3

* See footnote for Table 3. £ 3 @M & &ML

** Oyertable tube type. & —i—F 4 = 7 HA .



TABLE 7 BONE MARROW INTEGRAL DOSE FROM UPPER GASTROINTESTINAL SERIES
BY NONRADIOLOGISTS USING CONVENTIONAL FLUOROSCOPY

BT BREWBTLZCEMAEEERET L 2 LB BEXBBE LS
TR 5 A A

Dose # i

Hospital Doctor * .
" ¥ Fluoroscopy # Spot Filming 2 # o |8
i R — e ———— =
grad/min 5 grad/exam ¥ grad/exp FEEN  gorad/exam T
A 1 33.5 112 20.6 226
A 2 92.3 285 40.4 283
B 3 69.4 337 125 113
B 4 29.4 Ted 10.4 52.0
& il 42.4 120 6.9 48.6
D ] 63.5 150 3.4 20.5
E ki 31.9 56.0 4.3 170
F 8 65.9 143 20.5 164
G El 185 431 17.2 51.6
H 10 49,3 238 T&T 76.2
Mean 1T 66.3 195 14.9 105

* Odd numbers, internists; Even numbers, surgeons.
HH=MNFE MH=HEERE -

TABLE & BONE MARROW INTEGRAL DOSE FROM UPPER GASTROINTESTINAL EXAMINATIONS
BY RADIOLOGISTS USING IMAGE AMPLIFIER TV-FLUOROSCOPY

%8 WMUHHBESXBTLEERZTLE -2 LETBEXRBEEICL 2 0B HE

Dos
Hospital Doctor e = ose it
4 ot [E 81 g-rad/min 57 grad/exam ##

A 1 9.8 18.9

A 2 10.0 33.2

B* 3 14.6 69.3

C 4 1.5 5.8

C 5 7 33.2

C B 12:7 48.1
Mean £ 9.4 34.8

* QOvertable tube type +—si—F . - 7HR



TABLE @ GONADAL DOSE FROM UPPER GASTROINTESTINAL EXAMINATIONS BY NONRADIOLOGISTS
USING CONVENTIONAL FLUOROSCOPY AND SPOT FILMING

£9 MEMEBTCLVEMAGREERSLPEAN, MERAT L. A EHEREXBRHBEICLS

o i N
Conventional Fluorusc_m;y S0 A Spot Filming # 7 « b
Hospital Doctor Male % Female & Male % Female %
5 it [£ B mrad/min m rad,-"cxam. m rad/min mrad.-"exa:; mrad/exp mrad/exam mrad/exp mrad/exam
5 i a7 B% %58 L g 4+ f i
A 1 9.04 30.1 47.0 157 4.07 44.8 T3.2 305
A 2 23.7 73.1 280 864 2.34 16.4 128 897
B 3 3.58 17.4 123 596 0.76 6.80 341 307
B 4 1.03 2.75 30.3 81.0 0.69 3.44 15.2 T5.8
C 5 T.95 22.5 66.1 187 0.57 4.02 12:5 87.8
D 6 1.62 3.84 39.4 93.4 2.51 15.1 6.1 36.6
E T 1.66 2.91 35.6 62.2 0.22 0.89 4.7 18.6
F 8 4.65 10.1 108 234 1.45 11.6 62.3 198
G 9 3.25 et 47.1 110 1.03 3.10 13.6 40.7
H 10 3.48 16.8 T4.7 361 0.58 3.46 12.4 74.5
Mean T E71ii 5.99 18.7 85.1 274 1.42 11.0 36.2 284

TABLE 10 GONADAL DOSE FROM UPPER GASTROINTESTINAL EXAMINATIONS BY RADIOLOGISTS
USING IMAGE AMPLIFIER TV-FLUOROSCOPY

#10 HAHRBIESX ST L CER TS o 2 R I X BT £ 2 R AR

Dose it fit
Hospital Doctor i Male Fomale &
b % i -
mrad/min % mrad/exam B mrad/min % mrad/exam Hi#%

A 1 0.55 1.05 16.7 321

A 2 0.37 1.24 10.3 34.1

B* 3 19.1 90.6 125 595

LB 4 0.09 0.34 2:1 8.1

G 5 0.37 1.62 14.0 61.7

C (i 0.59 2225 18.5 70.2
Mean -1 3.51 16.2 311 133
Mean excluding B3 and C4

B3k &UCa 2BV 2 FEM 0.47 1.54 14.9 49.5

* Overtable tube type. # —+i—F . - 7HA
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TABLE 11 GONADAL DOSES FROM UPPER GASTROINTESTINAL EXAMINATIONS BY RADIOLOGISTS
USING CONVENTIONAL FLUOROSCOPY AND SPOT FILMING

#11 BEERBHE R ER S S CAK o MEE AT L o 2 RIS IRE X SR & S RO A

Conventional Fluoroscopy il #i% Spot Filming A& o Fiiiz
topgita] Du_(:tur Male % Female + Male 1 Female
R 5 P mrad/min  mrad/exam  mrad/min  mrad/exam mrad/exp mrad/exam mrad/exp mrad/exam
55 i dd o i 5 4 B FE 4 i
A 1 1.06 1.77 24.7 41.3 0.09 0.75 2.42 19.4
A 2 0.66 1.62 12.5 307 0.05 0.43 1.86 14.9
B 3 0.66 1.71 20.4 62,6 0.14 1.54 2.81 30.9
B 4 0.67 2.01 22.0 66.1 0.33 3.01 15.0 135
C 5 1.32 3.45 24.6 64.5 0.19 0.96 3.20 16.0
C 6 320 6.40 83.9 168 0.25 1.24 7.86 39.3
D 7 0.90 2.39 37.3 99.5 2.84 37.0 79.0 1030
D 8 0.70 218 231 69.5 0.39 4.33 18.0 197
E 9 0.73 3.15 19.3 83.7 0.09 0.81 6.08 54.7
i) 10 2.71 5.99 128 284 0.37 2.94 9.77 78.2
Mean T ¥ 1.26 3.06 39.6 96.0 0.48 5.30 14.6 161
Mean excluding D7 in spot filming
AR BB ED T ARG L E Y 0.21 1.78 7.44 65.1

TABLE 12 SURIFFACE DOSES FROM UPPER GASTROINTESTINAL EXAMINATIONS BY NONRADIOLOGISTS
USING CONVENTIONAL FLUOROSCOPY AND SPOT FILMING

£12 HHSBRCLVEMSIEER S UARy M REETL- 2 EBYBEXHBRTIZL 3 LG R

Conventional Fluoroscopy i &% i Spot Filming = 4 » -f&&;
Hospital Doctor PA T S5 AP BAEF R PA 7B 5 1 AP B35 i

5 P e mrad/min mrad/exam mrad/min mrad/exam mrad/exp mrad/exam mrad/exp mrad;’e;cam
i i bl F Iisk 44 W HiR &F i

A 1 1540 3860 1040 865 390 3900 428 428

A 2 2440 6500 2100 884 576 4030

B 3 1760 8550 - - 494 4450

B 4 1750 4670 - - 647 3240 - -

& 5 2690 5380 2830 3240 430 2580 372 372

D 6 2810 5960 4200 1050 87 1930 456 456

E 7 2220 3900 - - 419 1670 . -

F 8 4500 7510 4390 2190 766 5370 725 725

G 9 2660 6200 - - 239 716

H 10 2730 13200 - - 533 3200

Mean T-Egidl 8580 1470 AR 493
Mean/minute “T#Mi / % 2640 Mean/exposure > £ / BES 490
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TABLE 13 SURFACE DOSES FROM UPPER GASTROINTESTINAL EXAMINATIONS BY RADIOLOGISTS
USING IMAGE AMPLIFIER TV-FLUOROSCOPY

#13 HOAHRFHE A X ST L EER AT 4 - 2 BB RS X ST £ 2 i it

Dose #iht
Flospitel Bosiar PA i1 AP Wi# Jiih)
Sl L mrad/min % mrad/exam Hﬁ'-f‘ mrad/min 7%+ mrad/exam féli'.?
A 1 781 1170 957 402
A 2 815 2310 1230 614
B* 3 853 742 830 3220
C 4 118 348 113 112
03 5 274 1040 1200 719
134 6 456 1420 514 350
Mean T-#71i - 1170 - 902

Mean/minute T-#70l / % 678

* Overtable tube type 4 —si—F 2 — 7H &

TABLE 14 SURFACE DOSES FROM UPPER GASTROINTESTINAL EXAMINATIONS BY RADIOLOGISTS
USING CONVENTIONAL FLUOROSCOPY AND SPOT FILMING

£ BHBHESFEHEERSLUANy MREL2T L 2 LHBEBEXAREIZL 5 KRR

Conventional Fluoroscopy i 5% Spot Filming %+ » b #E#

Hospital Doctor PA # WG ° AP i PA 1 7 1t AP W10
ik &6 mrad/min  mrad/exam mrad/min  mrad/exam mrad/exp mrad/exam .m‘r‘ad,-’exp mrad/exam .
s i 5 i fik 4% i i 4 L

A 1 1180 1670 2220 2060 100 G693 163 163

A 2 1120 2510 3720 744 65 453 195 195

B 3 1240 2940 2560 512 197 1970 470 470

B 4 1710 3860 1790 1350 401 2810 470 939

C 5 3100 8110 - - 519 2590

6 3720 7440 - - 701 35110 - -

D 7 1230 2730 2270 1020 744 8180 791 1580

D 8 2040 4850 2130 1340 407 4070 774 T4

E 9 2390 8350 3530 2930 241 1930 310 310

F Lo 2800 3160 3000 3250 662 3310 651 1950

Mean I E7fif - 4570 . 1650 - 2600 . 798

Mean/minute “T-H71if / 5 2650 Mean/exposure T-#91if / 18 4f 437

TABLE 15 COMPARISON OF BONE MARROW INTEGRAL DOSES FROM UPPER GASTROINTESTINAL
EXAMINATIONS BY PHYSICIANS AND APPARATUS

F215  [ER sk UREER 1Z A 2o REDE IR X AR AL £ B E SRS MR o L

Physicians and Apparatus Fluoroscopy % tf Spot Filming 7 # 4 © i
s pE . oo A EE Time (min) gwrad/min grad/exam Exposures grad/exp gradfexam
RA L U
l gl RER(5) 5 WA s % 4t B
10 Radiologists conventional
T SRR 10 A (0 R ) 2.66 41.6 L5 8.7 7.3 72.6
10 Nonradiologists conventional
BETEFL T 4 G BERTL0 A (IR 3.02 66.3 195 6.6 14.9 105
6 Radiologists TV -fluoroscopy
BB 6 A (X 87 L KB 3.69 9.4 34.8
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TABLE 16 COMPARISON OF GONADAL DOSES FROM UPPER GASTROINTESTINAL EXAMINATIONS
BY PHYSICIANS AND APPARATUS

#16 [RBiE L UREENICH L RBEBT X SBEIC S 2 BRI E O g

Physicians and Apparatus Male %.

Fluoroscopy %+ Spot Filming = :# o | ##

Female 4 Male 5 Female %
B Al £ & OF % R T TE g g

mrad/min  mrad/exam mrad/min mrad/exam  mrad/exp mrad/exam mrad/exp mrad/exam

w7 i3 5 Hi M i i e HE B i
10 Radiologists conventional
BBt FIEI0A (GREER) 1.26 3.06 39.6 96.0 0.48 5.30 14.6 161
L e 0.21 1.78 7.44 65.1
10 Nonradiologists conventional
BBt T R 10N (R R ERE) 5.99 18.7 85.1 274 1.42 11.0 36.2 284
6 Radiologists, TV-fluoroscapy
HEERES A XBETLEER) 3.51 16.2 311 133
¥ A e R 0.47 1.54 14.9 49.5

* Excludes examiners incurring unusually high and low doses. & CERAT O REE L ECBEEIZBL -

TABLE 17 COMPARISON OF SURFACE DOSES FROM UPPER GASTROINTESTINAL EXAMINATIONS
BY PHYSICIANS AND APPARATUS

R EWS L CEENIH L LBEMEX MR D LS RTMREO LY

Physiians:and Apparatie Fluoruscupy-ii?i Spot Filming # 7 o b ##
B b o mrad/min  mrad/etam & mrad/exp mrad/exam %
5 PA ¥R AP B B 44 PA I AP IE3F

10 Radiologists conventional
B AT SRR 10 A (50 R ) 2650 4570 1650 438 2600 798
10 Nonradiologists conventional
e YT T A VR0 A Gl 58 1) 2640 6580 1470 490 3110 493
6 Radiologists TV-fluoroscopy
BOSHSFHE 6 A (X 87 L Vi) 678 1170 902

TABLE 18 BONE MARROW INTEGRAL DOSES FROM CHEST FLUOROSCOPY AND BARIUM ENEMAS
BY RADIOLOGISTS AND APPARATUS

#£18 BUEBPES L UCEEN IS ABSERS LU v LEBRE L A E MRS RE

Conventional Fluoroscopy TV -fluoroscopy Spot Filming
Radiologists il 45 3% 12 X7 L AR 2Ky F Y
Mgt E R E _.g.:rad,."min g-rad/exam g-rad/min gvrad;‘:xam ) g.vr.ad,-‘exp g-rad/exam
5 i & i Bt ik 43 i
Chest 825
1 47.4 73.5 8.02 13.4
2 24.8 14.5 1.02 1.02
3 39.3 b%7.5 5.23 9.31
Mean “* B2 37.2 48.5 4.80 7.91
Barium Enema
) g LGERR
1 72.6 77.0 30.5 48.2 6.28 31.4
2 102 89.2 27.8 43.1 6.09 48.7
3 162 336 30.3 47.8 5.33 42.6

Mean -8 112 167 30.0 46.4 5.90 40.9
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TABLE 19 GONADAL DOSES FROM CHEST FLUOROSCOPY AND BARIUM ENEMAS
BY RADIOLOGISTS AND APPARATUS

#19 BOHRFHR & & R BINC A 2GS B & U5 7 AR & 3 AR R

COI‘I\-‘{‘.Hljonalnl-:;-'uurusmpy i G R R TV-Fluoroscopy X #F L ikik E-.“:.pot Filming A, FHE
Radiologists Male 4 Female &« Male 5 Female % Male % Female %
WAt #FHE  mrad/min mrad/exam mrad/min mrad/exam mrad/min mrad/exam mrad/min mrad/exam mrad/exp mrad/exam mrad/exp mrad/exam
5 et o i & 7 it o W i gf f s fisk 55 M
Chest 1W&0
1 0.74 1.14 3.29 5.10 0.04 0.06 0.45 0.75
2 0.24 0.29 .99 1.16 0.03 0.03 0.50 0.50
3 0.05 0.04 0.29 0.42 0.02 0.03 0.20 0.36
Mean ##2ff  0.34 0.50 1.52 2.22 0.03 0.04 0.38 0.54
Barium Enema
) LR
1 22.0 47.0 290 610 15.0 23.0 130 210 2.8 14.0 26.0 130
2 146 255 810 1430 5.5 8.6 150 230 2.4 19.0 28.0 220
3 17.0 34.5 58b 1230 13.0 20.0 130 200 4.5 36.0 30.0 240
Mean ‘F## 62.0 112 562 1080 11.0 17.2 140 213 3.2 23.0 28.0 197
TABLE 20 SURFACE DOSES FROM CHEST FLUOROSCOPY AND BARIUM ENEMAS
BY RADIOLOGISTS AND APPARATUS
$£20 HEEFED & CEENIC S REERS LU 0 AFEBERE D & 5 R
Hadisloniats Conventional Fluoroscopy ifi # 1% #f T_Y-Fluurust‘.opy X7 L EE#E Spot Filming 7\. Hay b ?;ﬁ_né
st E T E mrad/min mrad/exam m rad/min mrad/exam mrad/exp mrad/exam
o Y i o) T 4 il
Chest H &8
1 1540 2380 2561 419
2 834 490 65.1 65.1
3 1430 2070 120 214
Mean T3 1270 1650 150 233
Barium Enema
AU LEBRE
1 1430 1520 453 716 113 567
2 2450 2140 426 660 131 1050
3 3360 GOR0 ho3 A74 94.1 753
Mean T#1i 2410 3550 480 750 110 790
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TABLE 21 TECHNICAL FACTORS FOR CHEST AND BARIUM ENEMA EXAMINATIONS
BY RADIOLOGISTS AND APPARATUS

K21 BOEERFHE B L CRERN A X ST S & U AR T o H0Y S (T
Radiologists Conventional Fluoroscopy i '.‘F;i-ﬁfld_ 3 TV-Fluoroscopy X #7 L £ &
B4 EHE 1 2 3 1 2 ERa
Chest B4 28
FTD (em) f20 - SR GHER 48 48 48 48 48 48
Filter (mmAl) i ith {2 3.0 3.0 3.0 3.0 3.0 3.0
Fluoroscopy &
kvp 80 80 80 Auto BE) Auto £ Auto H 6
ma 3.0 3.0 3.0 0.5 0.5 0.5
Time fF [ Eag 35" 123" 1'40™ 1’ 147"
Barium Enema /¥ 7 LT IR E
FTD (em) - BB 48 48 48 48 18 48
Filter (mmAl) # it f 3.0 3.0 3.0 3.0 3.0 3.0
Fluoroscopy 3%t
kvp a0 G0 90 Auto F 57 Auto BB Auto FIET
ma 3.0 3.0 3.0 0.5,1.0 1.0 0.5, 1.0
Time £ 1'04™ v 2'05" 220" 1'33" 220"
Spot Filming A& » b
Size and Exposures (90 kvp 100ma 0.2 sec)
74l A Xk B R
PA 3F I i1 -
&x10 in. 3 3
8x10 in. div. 2 2
Bx10 in. div. 4 4 4
Total Exposures & itigaf & 2 7 7
DISCUSSION £ =

The radiologists who cooperated in the previous study!
were not all available for this study. Doses obtained
were compared with those previously reported in the
scientific literature.

As shown in Table 15, the mean fluoroscopy time was
relatively long, and the number of spot films relatively
few for nonradiologists. Bone marrow integral dose per
minute by nonradiologists was greater by about 60% for
fluoroscopy and nearly two times for spot filming, probably
because exposure fields were rather large. The relatively
low bone marrow integral dose for TV-fluoroscopy
(one-quarter that of conventional fluoroscopy) was due to
low tube current. Exposure fields used were probably
relatively small due to the limited field size available with
closed-circuit TV.

Gonadal doses(Table 16)for fluoroscopy by nonradiologists
were greater than those for radiologists by five times in
the male and two times in the female. For six radiologists,
TV-fluoroscopy incurred mean male gonadal doses three

Al @ T T, AT Ml Ef s RS EEo 28 &
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times as great as those of conventional fluoroscopy. The
high dose was largely incurred by one doctor{3, Hospital B:
Table 10), who utilized an overtable tube type apparatus,
with remote control compression for AP projections.
Excluding the large dose case and the very low dose
case (B-3 and C-4, Table 10), the mean values per minute
are .47 mrad in the male and 14.9mrad in the female.

Table 17 shows surface doses. There may have been
contributions of exposure in the oblique as well as true
PA and AP projections. The mean surface dose per
examination for PA fluoroscopy by radiologists was 4.57rad.
The highest dose per examination among the 10 radiologists
was 8.35rad; the lowest, 1.67rad (Table 14). Corre-
sponding dose rates by these radiologists were 2.39 and
1.18rad per minute, respectively. Mean surface dose
These results reflect the
problems of dealing with surface doses, as with a
relatively high dose in a small area or a relatively low
dose within a large area.

was 2.65rad per minute.

The examiners’ unfamiliarity
with the fluoroscopic appearance of the phantom human
and some technical factors may have been responsible.
Considering the exposure factors, as expected, dose per

exposure does not show a wide variation. . "

Fluoroscopy techniques vary greatly, and it is difficult to
establish accurately doses received by patients, The
above results demonstrate that dose per minute for
fluoroscopy and dose per exposure for spot filming are
reliable for arriving at dose per examination, hy products
of their mean values and total fluoroscopy time, and film
numbers disregarding film size. Some inaccuracy arises,
since the mean values are for relatively wide dose ranges.
Actual exposure fields are not always the same as film
sizes, and this results in less precise dose estimates. For
example, the ranges of the average deviations calculated
for surface dose rates for conventional fluoroscopy and
TV fluoroscopy by radiologists were 62% (SD+1.64) and
57% (SDH0.376) of the mean values, 2.65 and 0.665rad
per minute respectively. Average deviations for nonradi-
ologists were 39% (SD=+1.02) of the mean value 2.64 rad
per minute. Those for spot filming by radiologists were
55 % (SD4242) of the mean value 438 mrad per minute;
for nonradiologists, 46% (SD+226) of the mean value
490 mrad per minute. Rather wide variations in dose to
the bone marrow and gonads occurred depending on the
attenuation caused by tube voltage and the contribution
of scattered radiation.

The participating examiners in this study were not selected
at random. The phantom fluoroscopy was performed
according to their routine methods. Some have been
constantly endeavoring to minimize doses; others have
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not. In some cases X-ray beams were not restricted due
to mechanical defects in equipment which were discovered
in this study. At Hospital B mechanical problems with
the equipment prevented reduction of exposure. At
Hospital C, doctor 4, careful attention of the examiner
and well-

exposure.

maintained equipment avoided unnecessary
For all these examinations, exposure dose
values were considered most useful for our purposes.

Mass examinations of the stomach are being performed
with increasing frequency in Japan, and fluoroscopic
systems using image intensifiers and closed-circuit TV,
and cameras of the Odelca type are gaining wide acceptance.
At present these are mainly used only for positioning
subjects for filming during routine screening procedures,
and the importance of fluoroscopic dose relative to
these survey examination has not thus far been
Doses received by the populace from such
exposure will probably gradually

periodic reassessment.

stressed.

increase, necessitating

SUMMARY

Using industrial X-ray film on a phantom human and
multiple ionization chambers within the phantom, exposure
patterns and dose were assessed for conventional and
image amplifier closed-circuit television fluoroscopy.
Procedures by radiologists and nonradiologists during
upper Gl series, barium enemas, and chest fluoroscopy
were analyzed. Results were expressed in terms of bone
marrow integral, gonadal, They
demonstrated a wide range in exposure patterns and
dose, not only between radiologists and nonradiologists
but within each of these two categories of examiners.

and surface doses.

Mean doses for each of these examiner categories and
individual doses per examiner are included.

The results of this study will be used to estimate exposure
received by participants in the ABCC-JNIH Adult Health
Study, and by members of the populations of Hiroshima
and Nagasaki.
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