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Introduction
The two principal imaging modal-

ities for study of paediatric gastro-
intestinal tract (GIT) function are
scintigraphy and radiology. They dif-
fer in many respects, but their clearest
common feature is that both use ion-
ising radiation, hence both result in an
absorbed radiation dose per unit mass
of tissue (D). D is deleterious if too
large. There is no single value denot-
ing acceptable levels of D, as tissue
sensitivity varies. So all imaging
should be undertaken after considera-
tion of its benefits and risks, although
the former are difficult to quantify,'
Emphasis here is on quantitation ofD,
for it is important to know this value
at different sites.

There are significant differences
between paediatric and adult patients
when considering dosimetry. The for-
mer live longer, so are subject to

greater risk of any late manifestations
of radiation. Paediatric organs have
age-dependent mass ratios, which can
differ from those of adults, most espe-
cially for brain, testes and adrenals. An
additional important determinant is
the increased sensitivity to ionising
radiation of some paediatric tissues,
especially tissues associated with
reproduction and rapid growth.
Uptake and retention of radiophar-
maceuticals in different organs may
exhibit different physiology from that
of adults (most notably in the growth
areas oflong bones). Hence dosimet -
ric considerations in paediatrics are
not those of miniature adults.

G IT scintigraphy
Scintigraphic images are obtained

after detection of gamma rays record-
ed by a gamma camera next to the
patient. These gammas are emitted by
radioactive nuclei located within the
patient. The radionuclei are attached
to a molecule (radiopharmaceutical),
chosen so that it performs a desired
function. Administration of the trac-
er in GIT studies is usually by degluti-
tion. The selected radiopharmaceuti-
cal for a specific study is chosen to
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concentrate in an organ, tissue or sys-
tem. Then images of its distribution
are recorded. Often the radiopharma-
ceutical takes part in a physiological
activity, either intra- or extracellular,
so scintigraphy indicates function. In
GIT studies of a swallowed tracer, the
function observed is bolus motility.
Thus it is clear that the D value after
scintigraphy depends only on the size
and physical characteristics of the
administered radiation dose and its
subsequent course (i.e. its spatial dis-
tribution within the body and resi-
dence times in different regions). The
time spent recording scintigraphic
images bears no relation to D, but is
limited solely by availability of per-
sonnel and equipment and the value
of the resulting data. Observations
can therefore be made for much
longer than in radiology.

Scintigraphy's spatial resolution is
almost an order of magnitude below
that of radiology, although this differ-
ence is being steadily reduced with
technical improvements. D values are
usually much smaller for scintigraphy
than radiology. In contrast to radiol-
ogy, scintigraphic images provide
information on the presence of each
individual contributing molecule in
the radiopharmaceutical, so the
images are quantifiable. In gastro-
oesophageal reflux (GOR) studies,
activity in each reflux, and by infer-
ence the volume of refluxate, can easi-
ly be obtained and many studies have
shown that scintigraphy has greater
sensitivity in the detection of this."
Overall, scintigraphy is a quantitative,
functional modality, with some mor-
phological characteristics. It is there-
fore the complete opposite of radiolo-
gy, which is mainly morphological
and much more qualitative. Hence
the two modalities are complemen-
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tary in terms of the information they
can provide.

In the scintigraphic study derived
for use at this institution (Red Cross
War Memorial Children's Hospital),
the following information is obtained.
The movement of a swallowed bolus
comprising a few millilitres of liquid
down the oesophagus is recorded.
Possible dysmotility, which can be
observed and quantitated, includes
abnormally slow passage, holdup, ret-
rograde motion, breakup of the bolus,
and nasopharyngeal or laryngeal
entry. Thereafter the balance of the
feed without tracer is swallowed. This
'rinses' any particles of tracer which
adhere to normal epithelium of an
intact oesophagus. If the oesophageal
epithelium is abnormal, such adher-
ent tracer will remain. Most frequent-
ly this denotes oesophagitis and its
extent and severity can then be
deduced. Next, a search for GOR is
undertaken, typically for 30 minutes.
The height, duration and volume of
each reflux are measured. Gastric
contents at 30 and 120 minutes after
swallowing are determined from the
proportions of swallowed material in
the stomach and in the distal GIT at
these times. This presumes a thor-
ough mixing of the tracer-containing
material with all other stomach con-
tents. Finally, at the time of the 120-
minute determination, a search for
pulmonary aspiration is undertaken.
As little as 0.2 ml of swallowed liquid
can be detected.' If there isvery strong
suspicion of pulmonary inhalation of
swallowed liquid, such a search can be
repeated as often as required (without
increasing D), for about 24 hours.
This limit results from the physical
half-life of Tc-99m of 6.04 hours.
Gastric emptying may also impose a
shorter limit.

It is therefore clear that the scinti-
graphic study is able to provide a great
deal of information. It requires no
unusual equipment or techniques and
can be performed in any typical
nuclear medicine department that
possesses a computer-controlled
gamma camera. The large amount of
varied information available from this
study is of considerable use, since
many abnormalities detected (in par-
ticular, different forms of oesophageal
dysmotility) may have the same
symptoms as GOR. So in our experi-
ence inappropriate therapeutic deci-
sions are frequently avoided by an
accurate diagnosis provided by the
scintigraphic study.

Scintigraphic
dosimetry

In nuclear medicine procedures D
depends on ionising radiation in a
given (source) tissue or organ.
Administered activity is measured in
mega Becquerels (1Bq = 1 disintegra-
tion/s). Emitted ionising radiation
can have an effect in a (target) tissue
or organ, other than its source. The
absorbed dose rate is the amount of
energy absorbed in the target region,
per unit time, per unit mass, due to
the ionising radiation. D is measured
in Gray (1Gy = 1joule per kilogram)
and depends directly on the rate of
release of energy from the source
region and the target region's absorp-
tion characteristics. (For example, a
sufficiently large target region will
absorb all radiation from the source
that falls on it.) There are two con-
flicting factors in deciding how much
radionuclide to administer. Advan-
tages resulting from greater adminis-
tered doses include better resolution
of the resulting images and/or shorter
duration of the study (important for
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some paediatric patients). Simulta-
neously there is an important disad-
vantage, for D increases in all tissues
and organs. Careful dosimetric con-
siderations allow an optimal balance
between these factors when choosing
the swallowed dose. Diagnostic
nuclear medicine doses of radionu-
elides are generally low and the result-
ing diagnostic benefits typically
exceed any possible risk However,
this may not be the situation with
therapeutic doses,' which is beyond
the scope of this paper.

There is a commonly used and
well proven method for calculating
internal dose in nuclear medicine
diagnostic techniques, which is that of
the Medical Internal Radiation Dose
(MIRD) Committee of the USA
Society of Nuclear Medicine," The
information given here is based on
MIRD methods. Allowance is made
for subjects of different ages and both
sexes.' Although other dosimetric
procedures exist, they give results that
rarely differ significantly from those of
MIRD techniques. The MIRD
method assumes that in a source
region there is activity A, whose mag-
nitude depends on both physical and
biological factors. This activity A,
emitted isotropic ally, causes an
absorbed dose D in the target region.
The relation between A and D is given
by D = A.S. S, the'S factor: has been
calculated for many pairs of source
organs and targets, under a large vari-
ety of conditions. For paediatric
dosimetry, S factors are calculated for
average, normal children at various
ages (usually 0, 1,5, 10 and 15 years).
The principles of these calculations
are straightforward, but the resulting
computation is often very complex,
requiring multiple integrals,' but there
are computer programmes readily
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available which perform such dosi-
metric calculations," In paediatric
dosimetry age-dependent S factors are
used." If there is a non-uniform
activity distribution in a source organ,
then the resulting target organ doses
can be inaccurate. I I However, this is
rarely important in diagnostic nuclear
medicine.

Different types of radiation may
cause different biological effects and
dosimetry calculations allow for this
by using a quality factor Q (which is
equal to 1 for X- and gamma-rays), so
that the effective dose (H) is defined
by H = D.Q. H is measured is Sievert
(Sv).

The great majority of dosimetry
studies have involved adults, so a com-
mon dosimetric practice for deriving
doses administered to paediatric
patients is to use a fraction of the adult
dose. This is only satisfactory when
the fraction is linked to clearly stated
adult doses, for adult doses vary
extensively.":" Administered paedi-
atric doses based on age are inappro-
priate, but there is validity in using
doses based on height, weight or sur-
face area." However, recent work has
calculated paediatric administered
doses explicitly'?" using the MIRD
procedure with appropriate phan-
toms and this will be quoted in the
present work.

In order to understand the
dosimetry of swallowed radionuclides
intended to image and study function
of the GIT, certain assumptions must
be made, most importantly that no
radiolabel becomes detached from the
tracer or leaves the GIT lumen. Also,
that the tracer is neither secreted
by parietal cells nor absorbable."
Tc-99m labelled sulphur colloid fulfils
these conditions, for extensive in vitro
tests of this radiopharmaceutical's sta-

bility in the presence of high molarity
hydrochloric acid (Hel) and acidified
milk found insignificant amounts of
free Tc-99m.17 These assumptions are
therefore justified, so Tc-99m sulphur
colloid is frequently used in these
investigations, and is the typical
radionuclide used in dosimetric cal-
culations for GIT transit studies. The
resulting absorbed doses depend on
the residence times in various parts of
the GIT. These values can be derived
from a published model of GIT tran-
sit." Transit times have been obtained
for the paediatric ages under consid-
eration (Stabin and Gelfand 1998).
Absorbed doses have been obtained
from paediatric phantoms using body
morphology of 'average' children of
the ages stated and the resulting phan-
tom masses are 3.2, 5.5, 10.2, 18.5 and
32.4 kg. Also, appropriate swallowed
doses (Table I) for these fivepaediatric
ages were required. Computations
using these data result in absorbed
radiation doses for the listed organs
given in Table I. The quoted swal-
lowed doses are 'average'and not nec-
essarily those of specific patients.
Even for very-low-birth-weight
infants in the first 2 months of life,

absorbed radiation doses from radio-
logical studies are small compared
with those which form the basis of
risk estimates. i9 There can be much
uncertainty in the dosimetric results
due to well known natural variation
between subjects, for example in
height and gut transit times. Inadults
it has been shown that when activity is
in the stomach, the resulting S values
depend critically on the height of the
model representing the patient. With
a height variation of 12.5%, S values
can vary by up to 48%.20

It is clear that there is a wide range
of absorbed doses in different organs,
which result in different risk factors.
Hence the concepts of effective dose
(ED) and effective dose equivalent
(EDE) have been derived to allow for
this variation. ED and EDE consider
the biological effectivenessof the radi-
ation being absorbed and also a
weighted risk (WR) for the different
irradiated organs. The WR for a given
organ or tissue is derived from esti-
mated risk of deleterious effects (in
essence resulting neoplasms or genet-
ic defects) of ionising radiation. In
this way overall risks can be estimated
if the individual organ doses and their

Table I.Radiation dose estimates (after Stabin and Gelfand10) in selected target
organs for typically administered activities of swallowed Tc-99m sulphur colloid in
different paediatric age groups using calculation procedures described in the text

Age (yrs) 0 1 5 10 15

Swallowed activity (MBq) 9.3 9.3 18.5 18.5 18.5
Organ

Distal colon wall (mGy) 13 5.9 5.7 3.1 1.9
Proximal colon wall (mGy) 6.8 3.5 6.8 4.4 2.8
Small gut (mGy) 2.0 1.2 3.0 2.2 1.4
Stomach wall (mGy) 2.7 0.93 1.9 1.1 0.83
Ovaries (mGy) 1.1 0.68 1.2 0.83 0.57
Testes (mGy) 0.17 0.09 0,12 0.068 0.035

Effective dose (mSv) 2.1 1.1 1.5 0.91 0.58
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Table 10.5 Effective Dose Equivalent (EDE) for common CT examinations and the range of doses
found in the 1989 survey by NRPB21• The corresponding contributions to the collective population dose
are also tabulated

Examination Mean EDE and range (mSv) Frequency of exams, % % collective EDE

Routine head 3.49 (0.91-9.77) 34.9 23
Posterior fossa 1.22 (0.33-3.68) 8.1 1.9
Pituitary 1.1 (0.2-3.71) 2.1 0.4
lAM 0.43 (0.06-2.09) 2.2 0.2
Orbits 1.13 (0.2-5.62) 1.9 0.4
Facial bones 0.69 (0.02-3.47) 1 0.1
Cervical spine 1.94 (0.21-5.52) 1.8 0.7
Thoracic spine 7.76 (0.85-24.3) 0.7 1
Routine chest 9.13 (1.03-22) 7.9 13.7
Mediastinum 7.39 (0.58-22.9) 4 5.5
Routine abdomen 8.82 (1.86-25.2) 11.6 19.3
Liver 10.2 (2.44-28.4) 3.5 6.8
Pancreas 6.91 (0.92-22.4) 2.7 3.4
Kidneys 8.62 (2.86-41.2) 1.7 2.7
Adrenals 3.74 (0.58-14.7) 1 0.7
Lumbar spine 5.98 (1.03-20.3) 7 7.9
Routine pelvis 9.38 (1.49-32.1 ) 5.6 9.9
Others 2.3 2.4

Mean EDE (all examinations) 5.3 mSv; no. of examinations. 850000; collective EDE. 4500 man-Sv

to give an overall range of doses between different hospitals for
the same type of examination of 10-40 times.

These results are summarized in Table 10.5, which also gives
the collective Effective Dose Equivalent for the range of CT
examinations, which was obtained from data on the frequency of
the examinations found from the NRPB survey.

Typical doses from CT in the UK are large when compared with
plain film radiography, and it can be seen that CT contributes
the major component of the population dose from diagnostic
X-rays, despite its relatively infrequent use, being approximately
20% of the 20000 man-Sv total collective dose.

It is therefore important that in view of the high dose levels,
all CT referrals should be vetted by experienced radiologists as
recommended by the Royal College of Radiologists and NRPB 14.35.

The large variation in doses between hospitals also points to the
need for audit of the parameters selected for standard protocols,
and for regular quality control and dosimetry checks on the
performance of CT scanners.

TYPICAL DOSES AND ESTIMATED RISKS
FROM DIAGNOSTIC RADIOLOGY AND
NUCLEAR MEDICINE EXAMINATIONS

A summary of recently published data on Effective Doses in a
variety of typical radiological and nuclear medicine examinations
is given in Table. 10.6. Estimated risks of induced fatal cancer
or genetic effects, using the risk factors published by ICRP, are
also given. It may be seen that the examinations which give rise
to the greatest risk are those involving multiple radiographs,
fluoroscopy of the abdomen, or CT examinations of the chest or
abdomen, since these examinations give the greatest exposure and
involve irradiation of the most sensitive organs.

In comparing average patient doses it is often valuable to put
these in terms of more farniliar units. Two methods employed are
to quote the Effective Dose as a multiple of that received from a
standard chest X-ray, or in terms of the length of time in which
a similar dose would be received from natural background

Table 10.6 Typical Effective Doses to patients and calculated associated risks of fatal malignancy for various radiological examinations

Examination
Probability of radiation effect occurring (x ur6 [per million persons))

Average Effective Average Fatal somatic Fatal genetic
Dose Equivalent, fetal dose, M F M F
mSv mSv

Effects on fetus
Fatal cancers Hereditary disease

Chest 0.05 <0.01 0.27 0.47
Skull 0.15 < 0.01 1.7 1.7
Thoracic spine 0.92 <0.01 7 11
Lumbar spine 2.1 3.2 25 26 0.2 16
Abdomen . 1.4 2.6 9.4 9.5 2 11
Pelvis 1.2 1.7 3.9 3.9 24 6.3
IVU 4.4 3.2 26 37 23 19
Barium meal 3.8 2.8 26 31 0.8 9.4
Barium enema 7.7 16 37 388 5.4 26
CT skull (12 slices) 3.5 < 0.005 42 47
CT chest (24 slices) 9.1 0.06 470 630
CT abdomen (30 slices) 8.8 8 340 380

<0.3
<0.3
<0.3

95 •
77
51
96
84
480

< 0.15
1.8
240

<0.24
<0.24
<0.24

77
62
40
77
67
390

< 0.12
1.5
190



ORIGINAL ARTICLE

WR values are known. ED and EDE
values are usually similar, but their
derivations differ according to the
sizesofWR values used. They depend
on organ doses that can be calculated
using mathematical models of the
body and simulated photon interac-
tions. Their greatest use is for relative
measures rather than absolute val-
ues."

It is clear from Table I that the
highest D values are found in the large
gut and that these values fall rapidly
with age. This is due to the increasing
length of the GIT with age,hence both
transit times and distances to these
organs from sources of radiation
increase, although it must be re-
emphasised that transit times have a
large natural variation. Ovaries receive
greater irradiation than testes, due to
their location, but even this is small.

GIT radiology
Radiology most frequently gives

morphological information and is
unsurpassed in this respect, so when
anatomical abnormalities are sought,
it has no equal. Barium (Ba) studies
allow for observation of GIT motility,
but otherwise their functional assess-
ment is limited.

The principle of radiology is well
known. A collimated beam of X-rays
is directed from an external source
onto the region to be investigated and
the radiation, which traverses the
patient, is recorded. Thus a map of
local absorption variation is obtained
and such images are the study's end
products. In general, radiological
images are obtained from film expo-
sure or by digital means. Usually the
latter provides lower D values. In dig-
ital radiography final images are
affected by many more factors than in
film radiography, so it can be difficult

to estimate correct exposure."
Despite more than a century of radi-
010gy,precise determination of image
quality is still under discussion.
Physical measures are the best con-
tenders to describe such quality;" It is
therefore essential to optimise exami-
nation practice and equipment."

Radiological absorbed doses
depend on many factors (physical and
other), with very complex interrela-
tionships," A considerable trade-off
between dose restriction and image
quality is usually necessary. In gener-
al,there is a lack of data on the relation
between quality of image and D, espe-
cially with regard to paediatrics, in
both radiology and nuclear medicine.
A programme of the European Union
(EU) to address this has been set up,
with emphasis on paediatric fluo-
roscopy," Although digital fluo-
roscopy has many advantages, high
exposure can result from larger num-
bers of images recorded, consequently
the FDA recommends that the fluo-
roscopy dose be continuously dis-
played." Ionising radiation absorbed
by the patient depends on the total
irradiation time. Fluoroscopy has the
potential to result in high absorbed
radiation doses.

In GIT studies, a Ba compound is
normally swallowed for radiological
investigations. (It should be noted
that this is an unphysiological materi-
al with high density. Only those suf-
fering from pica swallow comparable
substances. In contrast, the scinti-
graphic investigation is totally physio-
logical,with a small fraction of a gram
of tracer swallowed mixed with nor-
mal food or drink.) The radiological
study can image all stages of degluti-
tion of the contrast medium, its resi-
dence in the stomach, possible GOR
and gastric emptying, by recording
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images of the contrast medium at dif-
ferent times. Quantitation of the
amount of contrast medium is not
possible, for it is effectivelyeither pres-
ent or not in images, and so a wide
range of amounts of contrast medium
cannot be recognised,

Radiological
dosimetry

There are significant differences
between irradiation in radiology and
scintigraphy. In the former the source
of the radiation is an X-ray tube out-
side the patient. The radiation is
directed in straight lines within a cone
before interacting with tissue, and the
region irradiated is usually well cir-
cumscribed. Hence compared with
nuclear medicine, biological activity
in organs and tissues does not playa
role in obtaining an absorbed dose
after a radiological study. It is the rela-
tive positions, nature and absorptive
characteristics of organs and interven-
ing tissues that are important instead.
For these reasons some different phys-
ical quantities are' needed compared
with scintigraphic dosimetry. These
include entrance skin dose (ESD), the
radiation absorbed by the skin at the
beams's entry into the patient and
kerma (the Kinetic Energy Released
per unit Mass in Air, or other materi-
als, and measured in Gy). Estimation
of organ doses, or effective doses in
radiology, is usually accomplished by
appropriate measurement.

Intracavitary detectors in all
organs of interest are clearly impracti-
cal, as is mapping a total skin dose.
Often a dose-area product (DAP)
(Gy/cm'), is measured using an ioni-
sation chamber, when all irradiation
parameters are not known." The DAP
is the product of an entrance dose at a
reference distance and the field size. It
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is independent of the X-ray source to
patient distance. Individual organ
doses can vary with many beam-asso-
ciated factors (including projection
and collimation), but the image detec-
tion process and patient characteris-
tics do playa role. A combination of
measured entry exposure (energy
transfer) and appropriate conversion
factors" allows estimation of
absorbed doses.

For many years radiological doses
were expressed in terms of measured
doses (ESD, etc.)." However, in 1996
international diagnostic reference lev-
els were published" and amplified a
year later by EU directives." These use
readily available dosimeters, depend-
ing on ESD and DAP. Yet often these
guideline levels are consciously
exceeded after clinically justified
judgements. In South Africa (E
Hering - personal communication,
2001) and many other countries, they
are not yet used.

Fluoroscopy involving image
intensifiers is often used in GIT stud-
ies to obtain real-time images. Image
contrast in fluoroscopy can be quanti-
fied" and this greatly aids the optimi-
sation of image quality. Standard flu-
oroscopy has an entry exposure limit
of 0.1 Gy/rnin, although many devices
allow this to be exceeded." A pharyn-
geal videofluoroscopy unit which
investigates swallowing dysfunction
has been shown to have a mean ED of
0.4 mSv based on a DAP measure-
ment," yet this imaging study pro-
vides only a small amount of infor-
mation compared with the total gas-
tro-intestinal scintigraphy study.
With regard to adults, an examination
of over 10 000 Ba studies showed that
a reduction of DAP of about 50% is
found when studies using digital
equipment are compared with those

using non-digital equipment," In the
USA the extent of radiographic dose
variation for studies done under com-
parable fluoroscopic conditions is
alarming. A study of 400 different
units using the same test objects found
that entrance air kerma rates varied
from 10 to 130 mGy/min.l6

After measurements are made, cal-
culations can provide D values for dif-
ferent organs." Specific calculations
have been derived for paediatric situa-
tions=" and influence of patient size
was included later," Thus conversion
coefficients for use with measured air
kerma, ESD or DAP allowed organ
equivalent dose to be obtained."
Published conversion factors obtained
from two different programmes,
PCXMC42 and a National Radiation
Protection Board (NRPB) publica-
tion," both using Monte Carlo tech-
niques, show very close agreement for
patients aged 0, 1, 10 and 15 years.
They relate air kerma to ED for a D
value in bone marrow, with values of
400 - 650 Gy/Sv for the different ages.
But in using these values individual
patient variation (e.g. thickness) must
often be considered. Apart from this,
many physical conditions of the irra-
diation procedure (e.g. field size and
position, photon spectrum, source-
film distance) can influence the result-
ing D values,"

National quality control pro-
grammes for paediatric radiology
exist only in five European countries.
However, it should be noted that in
1990 and 1991 vast variations in ESD
for abdominal studies done on infants
and 5-year-old patients were
described," with minimum to maxi-
mum ratios of 1:42 and 1:52 for these
two age groups respectively. The sub-
sequent EU directives" therefore rep-
resent an important advance in paedi-
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atric radiology. Reference values for
paediatric fluoroscopy in a Ba meal
are exposure time 2 minutes and total
DAP 0.4 Gy/cm', However, it should
be recalled that paediatric patients are
very variable, with thickness varying
up to twofold in any age band."

Quantitative considerations with
regard to radiation dosimetry in fluo-
roscopy involving paediatric patients
are beset with difficulties. These
include relatively few data available,
wide ranges in patient size and a vari-
ety of different age ranges in use, or
none," Current consenus is to take
measurements with thermolumines-
cent detectors (TLDs) and use DAP
more often in paediatric fluoroscopy.
Recent work with lithium fluoride
(LiF) TLD dosimeters has shown
them to be particularly suited for pae-
diatric dosimetry, with good resolu-
tion, lower detection limits than pre-
vious types of TLD and excellent lin-
earity."

In applying experimental data
from phantom measurements to pae-
diatric radiology," a size correction
was made first. 47 In all, 804 measure-
ments were taken in patients aged
from 0 to 15 years. This resulted in
reference values of DAP for five age
ranges, given in Table II.

Twelve randomly selected Ba swal-
lows performed at this institution, in
patients with ages ranging from 7
months to 13 years, were studied to
allow determinations of their total
exposure times and areas irradiated.
The times ranged from 1.8 to 7.0 min-
utes and the areas ranged between 264
and 4896 ern'. Hence dose levels of
resulting irradiations could be calcu-
lated from measured radiation levels
for the equipment (E Smit - person-
al communication, 2001), assuming
that typical settings of the equipment
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(which were recorded for all the stud-
ies) were providing 50% of the maxi-
mum possible dose rate. These doses
are given in Table III.

Discussion
The two study modalities under

consideration provide different and
complementary information. At
recent large nuclear medical congresses
'few papers .... dealt with dosimetry
... :48 Yetdosimetry, especially in pae-
diatrics, is of critical importance,
although relatively little has been pub-
lished on this subject, in part presum-
ably because of its complexity and the

general belief that (in nuclear medi-
cine at least) the potential damage is
far outweighed by advantages of the
study. However, there is much more
reported work on calculation and
measurement of dosimetry in scintig-
raphy than radiology. Also the scinti-
graphic mathematical models and
their application are more detailed.
This is probably because of the gener-
al public's concern whenever radioac-
tivity is encountered and the fear of
harmful consequences. Nuclear med-
icine practitioners usually deliberate
more on dosimetric considerations
than radiologists. This is probably

Table II. Reference dose levels for paediatric Ba meals and swallows (adapted
from Chapple et al; 1998)45

Dose area products (Gy/cm')

Age range (yrs) Barium meal Barium swallow

Neonate 1.082 1.191
Infants 1.561 1.714
1 - 5 2.074 2.449
6 - 10 3.290
11 - 15 5.820

Table III. Details of Ba swallow studies inpatients from the Red Cross War
Memorial Children's Hospital

Total area Duration of Irradiation DAP
Age irradiated (cm2) irradiation (min) (mGy/cm2)

7mo 264 1.8 187.3
8mo 873 1.7 585.1
8mo 1082 5.6 2389
4y 576 2.4 545.0
5y 3630 3.7 5295
5y6mo 851 1.7 570.3
5y lOmo 1136 6.7 3001
8y 1159 2.0 913.8
8y 10mo 1973 1.8 1400
9y8mo 2520 3.4 3378
llylOmo 1854 3.4 2485
13 Y 4896 7.0 13511
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because radiology has a far longer his-
tory and in the public view is consid-
ered innocuous by comparison. In
the training of radiologists there is
relatively little emphasis given to
dosimetry in contrast to nuclear med-
icine.

Although typical organ doses have
been calculated for radiological stud-
ies, these tend to be for adults" and lit-
tle comparable work has been done
on children. However, it is clear that
the resulting doses for abdominal X-
rays are about an order of magnitude
greater than for scintigraphy;'?"

It is clear that the DAP values for
the Ba swallows in our institution
(Table III) are mostly, but not all,
below those given as recommended
values (Table II). It is anticipated that
this will improve significantly when
new digital equipment is installed in
the near future. It is equally clear that
there is a great variation in the total
irradiation times (from 1.7 to 7.0
minutes) and also in the areas irradi-
ated (which depend on the patient's
sizeand the number of images record-
ed). Confirmation of the general
observation that comparable studies
using scintigraphy and radiology have
much smaller D values for the former
are certainly confirmed here for pae-
diatric values when Tables I and III are
compared.

An ultrasound study is also avail-
able to detect reflux" with a zero D
value, but it has severe limitations
compared with contrast radiography
and scintigraphy. Although a patent
gastro-oesophageal junction can be
observed and its diameter recorded
(which the other modalities cannot
do), the reflux cannot be seen after ris-
ing the first centimetre or so, hence its
height, directly related to its severity,
remains unknown.
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Conclusions
Several clear conclusions result

from this review. The two modalities,
scintigraphy and radiology, provide
different information and so comple-
ment each other with regard to
foregut studies. The nature of the
radiological examination is such that
the resulting absorbed radiation dose
can vary greatly. Even when reference
doses are in common use, which will
be in the near or midterm future, such
reference dose values will be con-
sciously exceeded when it is decided
that clinical needs so dictate. In
scintigraphy there is little variation in
D, whatever the clinical circumstances
of anyone individual patient, for a
standard dose of radiotracer is admin-
istered. Quantitative understanding
of the resulting D values is greater in
nuclear medicine than radiology
because of greater caution in using
gamma rays than X-rays, but for his-
torical rather than scientific reasons.
However, the increasing use of digital
radiology and rapidly advancing tech-
nology in image intensifiers makes it
very likely that D values in radiology
will steadily decrease in the next few
decades. Gamma camera technology
is also advancing, with sensitivity
increasing, but currently at a slower
rate than comparable radiological
innovations. Finally, the resulting D
values for scintigraphy are clearly less
than those of analogous radiological
studies and this is likelyto remain true
for some years to come.
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