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ABSTRACT For the exposure of patients in diagnestic radiology, individual dose limit does

RESUME

not apply, but optimization of radiological protection may play a major role.
This project has been carried out with the purpose of improving the protection
of patients in medical diagnostic radiology in China utilizing the principles of
optimization. Taking Sichuan, Shandong and Beijing as surveyed areas, we
investigated the present situation of the protection of patients. In the survey, the
patient doses were classified into practical dose, justified dose and optimized
dose to evaluate the influences of managerial and equipment factors separately.

The results show that there are some urgent protection problems in X-ray pro-
tection to be solved in the surveyed regions. This paper, however, points out
that the prospects of reducing patient doses are encouraging provided that
appropriate measures are adopted. For instance, taking proper managerial mea-
sures without radical change of existing equipments may reduce patient doses in
chest fluoroscopy and radiography by 40% and 18% respectively ; refitting some
equipment may reduce the doses by 82.4% in chest fluoroscospy, 66% in chest
radiography, and 80% in barium meal examination of the gastrointestinal (GI)
tract. Using chest radiography instead of fluoroscopy supplemented by other
protection measures may reduce the doses by 91.7%. Optimization analysis
shows that adoption of the above measures conforms to the principle of optimi-
zation of radiation protection.

Si, dans le cas du radiodiagnostic, les limites de dose individuelles ne s'appli-
quent pas a I'exposition des patients, 'optimisation de la radioprotection peut,
par contre, jouer un rdle important. L'utilisation du principe d'optimisation a
guidé ce projet visant a améliorer, en Chine, la protection des patients lors de la
pratique du radiodiagnostic médical. Notre enquéte, réalisée dans les régions de
Sichuan, Shandong et Pékin (Chine), a évalué Ia situation actuelle de la protec-
tion des patients. Les doses aux patients ont été classées en dose réelle, dose
justifiée et dose optimisée afin d'évaluer séparément l'influence des facteurs de
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gestion et d'équipement. Les résultats démontrent l'urgente nécessité de
résoudre un certain nombre de problemes dans la protection contre les
rayons X. Cet article indique, toutefois, que les perspectives de réduction des
doses sont encourageantes si des dispositions adéquates sont adoptées. Ainsi,
une bonne gestion, sans changement radical des équipements actuels, peut
réduire les doses en fluoroscopie et radiographie pulmonaires, respectivement,
de 40 a 18 %, la révision de certains équipements de 82,4 et 66 %, et de 80 %
dans les examens du tractus gastrointestinal avec repas baryté. L'utilisation de la
radiographie pulmonaire au lieu de la fluoroscopie associée a d'autres disposi-
tions peut aboutir 3 une réduction de 91,7 %. Une analyse de cette optimisation
montre que ces dispositions sont conformes au principe d'optimisation de la
radioprotection.

Introduction

As stated in ICRP Publication 60 [3], the system of radiation protection in
medical radiology consists of justification of a practice involving radiation
exposure, optimization of radiation protection and individual dose limits. This
paper deals with a study on optimization of radiation protection for patients in
diagnostic radiology, based on the present status in China, and considers the
use of dose constraint with the view of finding the best way to improve the pre-
sent status of patient protection in diagnostic radiology in this country [4, 5].

For this purpose, we carried out surveys in Beijing, Sichuan and Shandong
areas on clinical chest fluoroscopy, mass chest fluoroscopy, chest radiography,
and digestive tract examinations, which are widely used and which present
more protection problems.

1. Survey methods and results

In the survey, the skin exposure of patients to ionizing radiation in various
radiological examinations was first investigated. The dosemeter used in the
survey is the calibrated TLD (LiF, activated by Mg, Cu, P). In the survey,
TLDs coded were attached to the incident skin surface over the 6th thoracic
vertebra in chest fluoroscopy and radiography, and the 6th thoracic and 1st
lumbar vertebrae in GI tract examination, respectively. After exposure, the
TLD readings were made on a TLD reader. Then the conversion coefficients
of skin exposure to effective dose (hereafter referred to as “R — E coeffi-
cients”) were determined, based on phantom experiments. Finally, the effective
dose to patient for each kind of X-ray examination was estimated. The R — E
coefficients were first determined under definite clinical conditions. In order to
make the R — E coefficients applicable to X-ray examinations with varying
exposure field sizes and different tube potentials, correction of R — E coeffi-
cients for field size and energy was studied. '
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For optimization purposes, the patient doses were classified into three
types : the practical dose, the justified dose and the optimized dose. “Practical
dose” means the average dose delivered to the patient in a certain X-ray pro-
cedure in actual pratice. It includes a dose required for the purpose of obtai-
ning sufficient diagnostic information, and additional dose resulting from X-ray
machine in abnormal working conditions and under improper operation.
“Justified dose” means the average dose to the patient from an X-ray machine
without substantial refitting, but in normal working conditions and under cor-
rect operation. “Optimized dose” means the reduced dose to the patient after
improvements made in equipment and examination techniques. Obviously, the
difference between practical dose and justified dose reflects the dose to the
patient possibly reduced by following rational management rules and standar-
dized operation procedures. And the difference between practical and optimi-
zed dose reflects the patient dose reduced by using better equipment and
advanced examination techniques. In this study the above three types of doses
were investigated to evaluate separately the effects of management factor and
equipment factor on patient dose in diagnostic radiology.

In order to determine the R — E coefficients in the surveyed areas, the fol-
lowing experimental conditions were adopted in our study, based on the physi-
cal parameters often used in radiological practice in the respective areas
(Tab. I).

TABLE1

Experimental conditions based on radiological practice in the surveyed areas
Conditions expérimentales selon les pratiques radiologiques
dans les régions étudiées

‘é‘eijiﬁg. | chest ﬂuofoscopy o 68 47 “ ow;erlap~

Sichuan and Shandong : : » o exposure [ ]
Bejing  chestradiogphy T2 150 sxé
%A;gqgng T hest £;ci{<;graphy“ Te 180  BxS6
gichuan T Vchest radiography 68W—«w1;30* - 50 x 56 o

*  Source-film distance.
**  Source-skin distance.
*++ Exposure field size.

Based on the above experimental conditions, the determined R — E coeffi-
cients are as follows (Tab. II) :
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TABLE 11

R - FE coefficients for various X-ray procedures
Coefficient de conversion “dose a la peau/dose efficace” (R ~ E)

Beijing 0.64 2.68 438
Sichuan 0.60 3.43
Shandong 0.60 343

Since the tube potential (kVp), source film distance (SFD), source-skin dis-
tance (SSD) and field size (Sr) used in radiological practice in different sur-
veyed areas are not all the same, there is discrepancy between the R — E coef-
ficients determined in different areas. Furthermore, since in the experiments
we did not determine the particular conversion coefficients for mass chest fluo-
roscopy and GI tract examination in Sichuan and Shandong, the R — E coeffi-
cients determined for Beijing are used for Sichuan and Shandong in the follo-
wing dose estimation. The results of correction of R — E coefficients for field
size and energy are shown in Figures 1 and 2.
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Fig. 1 - Variation of R - E according to size of exposure field.
Variation de R ~ E selon les dimensions du champ exposé.

In order to obtain the results with better representativeness, the investiga-
tion on the practical dose was conducted by using stratified random sampling
procedure. First, we randomly took a sample of hospitals at different levels in
each surveyed area ; and then, we randomly selected a number of patients from
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these hospitals to measure the skin exposure doses. In general, 20-50 hbspitals
for each surveyed area and 200-1000 cases for each kind of X-ray examination
were selected. The results are shown in Table III.
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Fig. 2 - Correction of R - E coefficients for energies.
Correction du coefficient R - E en fonction de l'énergie.

TABLE III

Practical doses to patients in various X-ray examinations in each area
Dose réelle au patients pour divers examens aux rayons X dans chaque région

Ef%ijing S 0214 (3‘34;)?’ j - ,'40037 ©oi4 18L{17_(41§4é[):.‘ ;
§h§d<§gg o "Wwb'i‘s*s“{z 55) o014 sep(uAnr
Sichuan . 0154 (2.02) O 0047(013) . 1539(3513) -
kAverage R 0174 2 73) 0.044 (0.14) - w 1286 (2936)

* Chiefly results of upper dxgesnve tract examinations.

The sampling method for the investigation on justified doses was generally
the same as that for investigation on practical doses. Since the performance of
the X-ray machines selected and the competence of operators were strictly
prescnbed in the investigation on justified dose levels, and the uncertainties
causing deviation of survey results diminished, the number of investigated
cases for each kind of X-ray examination were slightly smaller (about 20 cases
for each). The results are shown in Table IV,
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TABLE IV

Justified doses to patients in various X-ray examinations in surveyed areas
Dose justifiée aux patients pour divers examens aux rayons X
dans les régions étudiées

Sichuan 0099 (1.31) 0.035 0.12)
Shandong 0110 (1.84) o 036 (0 13)
Average ’ 0.104 (1.58) 0.036 (0.13)

Taking the practical doses from various X-ray procedures as 100%, the per-
centages of the justified doses from corresponding X-ray procedures have been
plotted against the practical doses (Fig. 3).
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Fig. 3 - Comparison of practical dose with justified dose.
Comparaison de la dose réelle et de la dose justifiée.

It can be seen from Figure 3 that the patient doses in chest fluoroscopy and
chest radiography can be reduced by 40% and 18%, respectively, if appropriate
managerial measures are taken.
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To appraise the effectiveness of single optimization measures in reducing
patient dose, we determined the reduction coefficients of patient dose by mea-
suring doses both to patients and to a phantom for experiment. The results are
given in Table V.

TABLE V

Effects of single optimization measures on reduction of patient dose
Effet d'une opération d'optimisation sur la réduction de la dose aux patients

Out-patient chest fluoroscopy  New screen replacing old aging ones
: Simple shielding ;
Image intensifier replacing
fluoroscopy screen 0.20
Chest radiography instead of

chest fluoroscopy 025
GI tract . Image intensifier replacing
fluoroscopic screens 0.20°
Chest radiography Rare-earth screens replacing : ~
‘ : CaWOy, screens - . ‘ - 043
. Beam limitation . 0.83
Simple shielding = o .0.70
100 kVp instead of 70 kVp 0.68

* Reduction coefficient of patient dose : patient dose after taking optimization measures/dose before
taking the measures.

Taking the practical doses.from various X-ray procedures as 100%, the per-
centages of the optimized doses from corresponding X-ray procedures have
been plotted against the practical doses (Fig. 4).

Figure 4 shows that the patient dose in chest fluoroscopy can be reduced by
82.4% by using image intensifiers instead of conventional screens and simple
shielding ; in chest X-ray fluoroscopy, the dose to the patient can be reduced
by 91.7% by using radiography, rare earth screen and improving beam limita-
tion ; in chest radiography, the dose can be decreased by 66% by using rare
earth screen instead of CaOW, screen and beam limitation ; and in GI tract
examination, the dose decreased by 80% by using image intensifiers instead of
conventional screens.

The above results show that although there are some problems in the pro-
tection of patients in diagnostic radiology, the reduction of patient dose is pos-
sible if appropriate protective measures in management and equipment are
taken.
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Fig. 4 — Effect of various optimization measures.
Effet de diverses opérations d'optimisation.

2. Optimization analysis

Notwithstanding that the foregoing results have demonstrated marked
reduction of patient doses by taking appropriate measures, the following ques-
tions may yet be raised : is the additional cost of protective measures taken wor-

thwhile as compared with the reduced detriment to patient's health ? Which is
the best one among various protective measures ? To answer these questions,
an optimization analysis of feasible protective measures was conducted.

As recommended by ICRP Publication 37 [2], — Ax/As (the actual cost of
protection for reducing 1 man - Sv of patient collective dose in protection prac-
tice) was compared with the value of « factor. As the competent authority in
China has not yet determined the appropriate ¢ value, the minimum limit of o
value recommended by JAEA [3] was adopted as reference value in the cost-
benefit analysxs, i.e. O4pin = US § 3000/man - Sv. The example of the cost-bene-
fit analysis is given below.

(1) Cost-benefit analysis of simple shielding in chest fluoroscopy. The fol-
lowing assumptions were made according to the actual conditions in China :

— lead rubber apron of 0.5 mm lead equivalent is used in chest fluoroscopy
and radiography to protect abdomen and gonads from irradiation ; lead rubber
neckband is used to protect thyroid gland ;
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— the prices of lead apron and lead neckband are 50 and 10 US $/piece, res-
pectively and their service life is 10 years ;

— there are 300 working days.in a year, and 10 patients for chest fluoro-
scopy and 2 patients for chest radiography are examined in a working day.

(2) Cost-benefit analysis of simple shielding in chest radiography ; same
assumptions except that the working load for chest radiography is 2 patients in
a working day.

(3) Optimization analysis of replacing calcium tungstate screen with rare
earth screen in chest radiography ; assumptions :

— the prices of rare earth screen [BaFCl (Eu)] and calcium tungstate screen
are 40 and 20 US $/piece respectively, and their service life is 2 years ; '

~ there are 300 working days a year and two patients are exammed in a
working day.

4) Optmnzatxon analysis of replacing conventional fluoroscopic screen by
image intensifier in GI tract examination ; assumptions :

— the price of the image 1ntens1f1er (not including X-ray machine) is
30,000 US $/piece, and its service life is 10 years ;

— there are 300 working days in a year, and 2 patients undergo GI exami-
nation in a working day.

(5) Optimization analysis of replacing conventional fluoroscopic screen by
image intensifier in chest fluoroscopy ; same assumptions as for GI examina-
tion except that the working load for chest ﬂuoroscopy is 20 patients in a wor-
king day.

Based on the above assumptions and patient doses giVen in Table III and
the dose reduction coefficients given in Table V, optimization analysis was
made as shown in Table VL

The conclusions drawn from the analysis in Table VI are :

— the costs of reducing 1 man - Sv in (1), (2), (3) and (4) are lower than the
assigned o value ; hence, the measures taken are consistent with the principle
of optimization ;

— the cost of reducing 1 man - Sv in (5) is roughly equivalent to the « value.
It suggests that when the working load per day for chest fluoroscopy is greater
than 20 patients, the — Ax/As value is lower than the « value, and the measure
taken is in conformity with the principle of optimization ; and when the wor-
king load is smaller than 20 patients, the — Ax/As value is greater than the «
value, and the measure does not fit with the principle of optimization.

3 Objective dose

In diagnostic radiology, the exposure dose to the patient should, fxrst of all,
meet the requirements of obtaining sufficient diagnostic information, not com-
plying with a predetermined limit ; therefore, the individual dose limit does not
apply. Nevertheless, as suggested by ICRP Publication 60 [3], proper
constraints of patient dose should be considered. Consequently, it is logical to
derive a particular limit from this constraint. The authors believe that this par-
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TABLE VI

Optimization analysis for some X-ray examination in diagnostic radiology
Analyse d'optimisation pour quelgues examens de radiodiagnostic aux rayons X

Cost of protection (x), US§ 0 60 O 60 20 40 0 30.000 0 30.000
Collective dose(s) man- Sv 522 459 0.264 0.185 0.0528 0.0227 77.16 1540 1044 209

Increased cost of protection
(ax), US$ 60 60 20 30.000 30.000

Reduced collective dose
(~ As), man - Sv 0.63 0.08 0.0301 . 6176 . 835

~ Ax/As, US$/man - Sv 95.2 750 664 486 3593

Note : A : without optimization ; B : with optimization.

ticular limit should be achievable in practice, and the protective measures to
attain this objective should conform with the principle of optimization. On this
basis, the particular limits of patient doses from various radiological procedures
can be established. These limits can be applied with flexibility, allowing provi-
sional non-compliance by medical institutions with substandard equipment.

Considering the above conditions, the authors designated the particular
limit of patient dose as objective dose (equivalent to dose constraints or inves-
tigation levels in ICRP Publication 60), implying the objective to be reached by
medical institutions in improving radiation protection. The value of the objec-
tive dose is the product of the practical dose for certain X-ray examination and
the dose reduction coefficient for corresponding optimization measure. Objec-
tive doses for several X-ray procedures are recommended (Tab. VII). ‘

TABLE VII

Objective doses for several X-ray procedures
Dose objective pour plusieurs examens aux rayons X
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Conclusion

For optimization purpose, in this research project the investigated patient
doses were classified into practical dose, justified dose and optimized dose so
as to evaluate the effects of managerial and equipment factors on patient doses
separately.

The results show that patient doses in chest fluoroscopy and chest radiogra-
phy can be reduced by 40% and 18% respectively if only standard X-ray pro-
cedures are strictly followed and quality control of equipment is maintained
without radical alteration of existing equipment.

In order to reveal the effect of equipment factor on patient doses, we took
various measures to improve the equipment (Fig. 4), and evaluated their effec-
tiveness in reducing patient doses. The results show that in chest radiography
the use of rare earth screen instead of CaOW, screen, combined with beam
limitation, can reduce the patient dose by 66% ; in GI examination the use of
image intensifier instead of conventional fluoroscopic screen can reduce the
patient dose by 80% ; and the use of chest radiography instead of chest fluoro-
scopy, combined with rare earth screen and beam limitation, can reduce the
patient dose by over 91.7%. Optimization analysis indicates that the above
measures of equipment improvement fit with the principle of optimization.

Most of the measures mentioned above can reduce patient doses markedly
with lower costs and easily wide application. Adoption of these measures
should bring good economic and social benefit. But the application of certain
measure depends on practical circumstances. For example, chest fluoroscopy
procedure has been discarded in developed countries since it results in. patient
doses as high as 3-6 times those from chest radiography and poor quality of
image. In China, however, there are as many as some 12 000 small-capacity X-
ray machines (30 and 50 mA), which-are suitable only for fluoroscopy and not
for chest radiography. Their total replacement is impossible within a short
delay due to financial problems. Besides, there are some difficulties with film
supply in China. Therefore, the procedure of chest fluoroscopy has to continue
for some time for a number of hospitals in China. Consequently, we also inves-
tigated the protection of patient in chest fluoroscopy and made optimization
analysis. The purpose is dual : to indicate how to improve this 'X-ray procedure,
and to demonstrate the effective ways to improve protection and to reduce
patient doses as much as possible as long as this procedure is still used. N
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