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Abstract Patient dose is usually es-
timated for a single radiographic pro-
jection or computed tomography (CT)
series. In this study, patient dose was
calculated for predefined clinical in-
dications (24 radiography, 11 CT).
Members of the radiology staff of each
of 11 hospitals were trained in dose
measurement and calculation tech-
niques. Based on clinical indications
participants decided on imaging pro-
tocols and calculated cumulative
effective dose for a complete exami-
nation. Effective dose ranged from
<1uSv to 0.6 mSv for examinations
with radiographs and from 0.2 to

12 mSv for CT scans. Differences in
the imaging protocols contributedd to

a substantial variation in patient dose.
For mammography, average glandular
dose (AGD) was estimated for 32-,
53- and 90-mm compressed breast
thicknesses, with a median value of
0.74, 1.74 and 3.40 mGy, respectively.
The results presented here demon-
strate that a pragmatic choice of
dosimetry methods enables local staff
to estimate effective dose. The inclu-
sion of imaging protocols in the dose
surveys provided a broader view on
the variations in patient dose between
hospitals.

Keywords Average glandular dose -
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Introduction

In line with the European council directive 97/43 [1],
Dutch legislation requires that the owner of radiology
equipment “supplies the data that are needed to estimate
mean and spread of effective and equivalent dose in
radiological examinations for the general population and
relevant reference groups” [2]. For decades, the acquisition
of such data was laborious, requiring equipment and an
expertise in radiation dosimetry that were not commonly
available in a radiology department. Under those circum-
stances it would have been difficult to fulfill current legal
requirements. In recent years, however, new tools have
become available, including user-friendly PC software and
dosimetry equipment, that are more easily accessible to
radiology staff [3—6].

The main goals of the project reported here were
threefold: (1) to implement a pragmatic method for clinical
patient dosimetry, based on clinical indication; (2) to train

radiology staff to a level that they can carry out patient
dosimetry and dose calculations independently; (3) to
acquire insight in the inter- and intra-departmental spread
of patient radiation dose. To this end, data were acquired
for the period from late 2001 until early 2004. The dose
results were made available to the National Institute for
Public Health and the Environment to be incorporated in
the Dutch Information System Medical Exposures.

Materials and methods
Approach

Physicians refer patients to the radiology department
stating a medical indication, such as ‘hip fracture’,
‘pulmonary metastasis’ or ‘acute stroke’. Radiologists
then define the radiographic projections or computed
tomography (CT) series that best suit the diagnostic
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demand. Consequently, patient dose resulting from a
clinical examination is not only dependent on the radiation
dose for individual radiographs or CT-series but also on the
protocol applied. For the purposes of this study and in order
to realistically estimate the spread of radiation dose we
defined a number of medical indications (see Table 1). Care
was taken to include examinations that are performed in
high numbers or with high dose levels and which therefore
may contribute significantly to collective dose. We then
asked radiologists of the participating departments to
decide which protocol they preferred for the given
indications. Subsequently, all exposure geometries and
X-ray techniques applied were recorded. Corresponding
dose measurements and calculations were performed to
obtain the effective dose for individual exposures, while a
summation of these yielded the effective dose to the patient
for a complete examination. This approach enabled a
comparison between hospitals from a clinical perspective
and provided a broader view on the protocols commonly
practiced and the associated level and spread of patient
dose.

Participants

This was a multicenter study in which five general
hospitals, four teaching hospitals and two university

hospitals participated. Five hospitals appointed one radiog-
rapher to take part in the project, four hospitals appointed
two radiographers, and in one hospital three radiographers
were involved. In two hospitals other staff members — for
example, medical physicist and manager — were available
to support the radiographers. To provide insight on possible
difficulties, the authors performed measurements and
calculations for their own site.

Categories of examinations

Effective dose (E) is the most suitable dose quantity to
express and compare patient dose for inhomogeneous
exposures [7]. Estimation of E consists of three main
components: (1) a description of the X-ray technique
parameters and exposure geometry, followed by (2) a dose
measurement that is used as input for (3) calculating dose
distribution, organ dose in exposed tissues and effective
dose. In standard projection radiography, part of the patient
anatomy is exposed to a stationary X-ray field that is well
defined in the examination protocol. CT requires a different
approach in dosimetry because the X-ray tube rotates
around the patient while the patient travels through the
plane of the X-ray beam. Exposure conditions in mam-
mography are different from other radiological examina-
tions in the sense that risk to the patient is mainly

Table 1 Overview of examina-

tions® and clinical indications Radiography Computed tomography
for which the effective dose was  Anatomy Clinical indication Anatomy Clinical indication
estimated
Chest Rib fracture Head Acute stroke
Infiltrates Sinusitis
Pneumothorax Temporal bone,
Mobile chest Any hearing loss
Abdomen Free air Chest HRCT, bronchiectasis
Kidney stones Pulmonary angiography
Cervical spine Neck pain Pulmonary metastases
Metastases Abdomen Abscess
Thoracic spine Pathological fracture Lymphadenopathy
Lumbar spine Low back pain Liver, metastasis from primary
Metastases colon carcinoma
Hip Arthritis Urolithiasis
Fracture Spine Fracture L1
Pelvis Fracture
Skull Sinusitis
Shoulder Dislocation
Rheumatoid arthritis
Fracture
Elbow Arthritis
Radial head fracture
Knee Arthritis
Tibial plateau fracture
*For mammography, average Locking
> Ankle Fracture

glandular dose was estimated
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constituted by radiation dose to a single tissue type, the
glandular tissue in the breast. Therefore, in mammography,
patient dose is expressed as organ dose rather than as
effective dose.

Considering exposure conditions and dosimetry meth-
ods available that fit well with clinical practice, we
separated radiological examinations into three categories:
radiography, CT and mammography.

Dosimetric methods for each category

Methods for dose measurement and calculation needed to
be easily employed by radiographers while workload was
kept to an acceptable level. Hospitals were provided with
dose measurement equipment during the project. Care was
taken to use methods which are compliant to those already
implemented in modern X-ray equipment, thereby ensuring
that participating hospitals would be able to continue dose
evaluation after the conclusion of the project at a minimal
level of cost with respect to both equipment and staff.
Because diversity in protocols increased the variation in
patient dose, outliers were encountered more often. It was
therefore decided to express dose values in terms of median
dose. For a broader overview, the percentage coefficient of
variation (i.e. standard deviation/meanx100), the mini-
mum and maximum values and the ratio E,,,/E i, are also
given.

Radiography

For radiography, dose-area product (DAP) was measured.
Primarily due to variations in patient physiques, a reliable
estimation of average DAP in patients for any given
radiograph requires that an extended effort be made to
collect data on a sufficiently large population over a long
time period. It was therefore decided to perform dosimetry
on an anthropomorphic phantom (Rando man; The Phan-
tom Laboratory, Salem, N.Y.). According to specifications,
this phantom represents an average (American) male with a
length and weight of 1.75 m and 73.5 kg, respectively.
However, as the average length and weight of Dutch males
are greater than these parameters, dose measurements on
this phantom would result in an underestimation of patient
dose for males. Consequently, we considered the Dutch
population on a whole (males and females), for which the
average length is 1.74 m and the average weight is 74.9 kg
[8]. Within this framework, the Rando man can be
considered to be representative of the general adult patient.

The phantom was sent to each hospital together with a
DAP meter (Diamentor M4, PTW, Freiburg). Radiog-
raphers were asked to mimic the clinical situation with
respect to projection angle and field size of the X-ray beam.
DAP was measured with technique settings (kVp, filter,
exposure control) applied according to the clinical proto-

col. For radiographs without an automatic exposure control
(AEC) — i.e. with an X-ray technique set manually—field
size was set on an average adult volunteer while the
exposure was made without the volunteer. A light visor and
a cardboard sheet were used to record field size at the level
of the entrance point of the X-ray beam in a plane
perpendicular to the central beam. Tube voltage, total beam
filtration, focus skin distance (FSD), focus detector
distance (FDD) and film-screen or detector system were
registered.

The computer program pcxmc ver. 1.5.1 (STUK, Radi-
ation and Nuclear Safety Authority, Helsinki, Finland) was
used to calculate E from DAP. This software runs on a
personal computer and uses Monte Carlo simulations to
calculate photon tracks and organ doses in a mathematical
phantom [5]. pcxMmc generates three kinds of output files:
(1) a geometry file with data on beam size, position and
direction; (2) an energy file with data on the Monte Carlo
simulation; (3) a dose file that contains E and organ dose
for more than 20 different organs.

In addition to total E for all clinical indications,
participants were asked to submit DAP, E, technique
registration forms and pcxmc files for all radiographs. All
incoming data were screened on the level of individual
radiographs. The E/DAP ratio (mSv Gy ' ¢cm ™ ?) proved to
be a strong tool for detecting erroneous data. When
necessary, participants were contacted and measurements
or calculations repeated.

Computed tomography

All hospitals received a CT questionnaire. For each clinical
indication the protocol applied was specified, i.e. the
number of scans in the series and in each scan, the area of
the body scanned and technique settings presented
separately. Summation of E for all individual series yielded
E for a clinical indication.

CTDosimetry.xls ver. 0.99¢ developed by ImPACT [4]
was used to calculate E in CT. Dose input for CTDosimetry
is CT-dose index (DI)-free in air (CTDI,;,), which was
measured on all scanners. To optimize dose calculations,
scanner dose characteristics as incorporated in CTDosim-
etry software were adjusted to local values. To enable this,
CTDI, and CTDI,, were measured in a cylindrical perspex
phantom of 16- and 32-cm diameter for head and body CT
scans, respectively, according to international protocols
[9]. Dose measurements were performed with a Capintec
CT probe model PC-4P connected to a Keithley 35050A
dosemeter. CTDI, and CTDI,, values were measured on all
but one scanner. All CTDI measurements were performed
by local radiographers, assisted by the authors, for all
relevant kVps and collimations.

As in radiography, results were checked for outliers. The
ratio of effective dose/dose length product (E/DLP) served
as the primary tool, following which all of the applied
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techniques were assessed. In case of doubt, the participants
were contacted and measurements or calculations repeated.

Mammography

The method described by Dance et al. [10] was used for the
dose calculations in mammography. In modern mammog-
raphy equipment, the kV and anode- and beam filter
material are selected (semi-) automatically to optimize
image quality and patient dose. During this process the
height of the compressor plate over the detector is used as
the main input. We performed dose measurements on 30-,
45- and 70-mm-thick polymethyl-methacrylate (PMMA;
Perspex), which corresponds with a breast thickness of 32,
53 and 90 mm respectively [10]. To ensure a clinically
correct position of the compressor plate, we corrected for
the difference in thickness by adding a 2-, 8- or 20-mm
thickness of lightweight foam to the PMMA, respectively.
With PMMA plus foam in place, an exposure was made
using system settings according to clinical practice.

For all thicknesses, incident air kerma at the upper
surface without backscatter was measured with a Keithley
35050A electrometer connected to a 0.6-cm® NE Farmer
type ionization chamber. Radiation transmission in 99.99%
pure aluminum (filter set type: T43009.1.007-0016; PTW,
Freiburg, Germany) was also measured to enable the
calculation of half value layers (HVLs). Incident air kerma
to average glandular dose conversion factors (g-factor),
breast composition correction factor (c-factor) and spec-
trum correction factors (s-factor) were taken from Dance
[10]. To optimize the dose calculations, we adjusted the g-
and c-factors for breast thickness and HVL by linear
interpolation. The c-factors for age group 50-64 years were
applied to all calculations. Dose measurements were
performed by participants and authors together; dose
calculations were performed only by the authors.

Training

All of the participants were trained in two full-day sessions.
During day one, at the start of the project, emphasis was on
dosimetry equipment and methods and dose calculations.
The training involved hands-on dosimetry with the
anthropomorphic phantom and the use of dose calculation
software for both radiography and CT. Presentations on
practical dose levels and considerations in radiation
protection were given to broaden the perspective and for
motivation purposes. The second day of training was
organized 7 months later. Time was spent on exchanging
experiences, and analyses of received data were shown,
with special attention given to pitfalls and solutions for
problems encountered by the participants. These items
were also addressed in newsletters that were sent to
participants on a regular basis.

During the whole project the participants were free to
contact authors for support.

Results
Radiography

The 24 clinical indications under investigation rendered
dose information for 71 different radiographic projections.

Table 2 shows the imaging modalities applied. Film-
screen systems are used by four hospitals for all radio-
graphs and by two hospitals for all radiographs except
those for chests for which a digital chest system was used.
One hospital uses flat panel detectors for all imaging with
the exception of those for mobile chests where a film-
screen system is used. Four hospitals use phosphor plate
technology for all radiographs. The film-screen speed class
for extremity examinations is 100-150, although one
hospital uses a speed class of 600. For all other
examinations a speed class of 400-600 is used. Manu-
facturer data on speed class for digital systems is not
defined uniformly and therefore not compared in this study.

In classic dosimetric studies for individual radiographs, a
Eax/Emin ratio of up to a factor of 10 between hospitals is
not uncommon. Comparable values were found in this
study, as can be seen in Table 3, which gives an overview
of a typical effective dose for radiographs that were
analyzed by at least ten hospitals.

Using the clinical indication as a starting point, we found
a much larger variation in dose due to the contribution of
differences in the protocols applied. This is illustrated in
Fig. la and b, which show cumulative dose for the cervical
spine ‘neck pain’ and pelvis ‘fracture’ protocols. While the
Enax/Emin 1atio for a single anteroposterior (AP) view of
the cervical spine and pelvis was 9.9 and 7.7, respectively
(see Table 3), it was 12.9 and 23.3 for the complete
protocols (see Table 4) due to variations in both geometry

Table 2 Imaging modalities® used for radiographs

Hospital Thorax Mobile chest Other
A F/S F/S F/S
B FPD F/S FPD
C Se F/S F/S
D F/S F/S F/S
E F/S F/S F/S
F Ph Ph Ph
G Ph Ph Ph
H Ph Ph Ph

J Ph Ph Ph
K CCD F/S F/S
L F/S F/S F/S

F/S, Film/screen; FPD, flat panel detector; Se, selenium detector;
Ph, phosphor plates; CCD, charged coupled device
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Table 3 Effective dose (mSv)

. . by Radiograph Median Coefficient Maximum Minimum Maximum/
for individual radiographs . ..
of variation (%) minimum

Abdomen, AP 0.44 38 0.59 0.14 4.2
Hip, axial 0.33 60 0.57 0.09 6.2
Pelvis, AP 0.29 49 0.66 0.09 7.7
Lumbar spine, lateral 0.24 41 0.35 0.08 4.4
Thoracic spine, AP 0.18 36 0.25 0.08 34
Thoracic spine, lateral 0.12 52 0.28 0.06 4.9
Chest, lateral 0.037 53 0.078 0.014 5.7
Cervical spine, AP 0.019 64 0.046 0.005 9.9
Chest, PA 0.016 38 0.026 0.005 4.8
Skull, Waters 0.016 44 0.030 0.006 5.0
Skull, PA 0.015 42 0.023 0.004 5.8
Mobile chest 0.009 75 0.035 0.004 9.1
Cervical spine, lateral 0.005 61 0.016 0.002 8.0
Shoulder, AP 0.005 88 0.018 8.E-04 22.3
Shoulder, exo rotation 0.005 71 0.011 8.E-04 13.6
Knee, AP 2.E-04 73 6.E-04 9.E-05 6.2

*Only data for radiographs that  Ankle, AP 5.E-05 81 2.E-04 2.E-05 10.1

were analyzed by at least 10 gy Ap 5E05 68 2.E-04 2.E-05 10.2

hospitals are shown

and the number of radiographs applied. The strongest
influence of diagnostic protocol was found for abdomen
‘free air’, shown in Fig. lc. Application of a single
posteroanterior (PA) left decubitus image that covers only
the right-side one-third of the abdomen led to a E,,../Ein
>39 for diagnoses of free air.

Table 4 shows effective dose (mSv) in radiography for
all clinical indications defined in this study.

From a clinical point of view complete radiography
examinations can be divided into three categories:
Enedian<l uSv for examinations of the extremities that do
not include part of the trunk, 1 pSv<E, cq4jan<0.1 mSv for
examinations superior of the diaphragm (including head
and neck), thoracic spine excepted, and 0.1 mSv<
Eedian<l mSv for examinations of the thoracic spine and
trunk inferior of the diaphragm.

Computed tomography

All scanners included in this study were capable of spiral
acquisition, varying from single row to 16-detector row
technique.

The influence of diagnostic protocols on patient dose
was also clearly observable in CT. Figure 2 shows the
results for examinations for ‘liver metastases’. In this
example, the E../Eni, ratio for the whole abdomen and
arterial phase of the liver was 1.9 and 3.4, respectively, and
6.2 for the complete examinations. As in radiography,
variations in dose for a given clinical indication showed a
minimum E_../E ;, ratio of about 3. In radiography,
however, high E,../E i, ratios are encountered more often
than in CT, probably due to better international agreements

on imaging protocols and techniques. Table 5 shows the
effective dose for the investigated CT examinations.

Mammography

Average glandular dose (AGD) was estimated for all three
breast thicknesses on 12 mammography systems, nine
using film-screen combinations and three using phosphor
plates. Compressor plate height is of importance in systems
that automatically adjust exposure technique. For example,
on all three Siemens Mammomat 3000 systems under
investigation a molybdenum/molybdenum (Mo/Mo)
anode/filter combination was selected automatically for
the 45-mm-thick perspex phantom; however, a Mo/rho-
dium (Rh) combination was automatically selected when
8 mm of foam was added to get the compressor plate to the
corresponding breast thickness of 53 mm. Figure 3 shows
the first HVL for all techniques encountered. A tendency
towards a higher HVL with increasing atomic number of
the anode and filter material can be observed. The Mo/Mo
combination showed a higher HVL with higher kVp;
however, other anode/filter combinations do not demon-
strate this trend. This can be explained by the relatively low
number of measurements and the fact that systems of
several manufacturers are involved, and these may result in
different inherent filtration. For one system, an outlying
HVL value of 0.304 mm Al was calculated for a Mo/Rh
combination at 31 kVp. Following this result, the
mammography system was inspected, revealing that Rh
filter was missing; this result is denoted as Mo/- in Fig. 3.

Table 6 shows the AGD for 32- 53- and 90-mm
compressed breast thickness for all hospitals. No value for
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Table 4 Effective dose
(mSv) for clinical indications
in radiography

Clinical indication Median  Coefficient of Maximum Minimum  Maximum/
variation (%) minimum
Hip, fracture 0.60 39 1.18 0.32 3.6
Lumbar spine, metastases 0.51 33 0.69 0.21 33
Abdomen, kidney stones 0.50 30 0.71 0.19 3.7
Pelvis, fracture 0.49 86 2.02 0.09 23.3
Lumbar spine, low back pain ~ 0.49 32 0.69 0.25 2.8
Abdomen, free air 0.39 54 0.72 0.02 394
Thoracic spine, path. Fracture  0.31 35 0.43 0.15 29
hip, arthritis 0.29 37 0.53 0.09 6.1
Chest, rib fracture 0.065 104 0.313 0.014 23.0
Chest, pneumothorax 0.055 54 0.124 0.005 22.7
Chest, infiltrates 0.051 56 0.104 0.005 19.0
Cervical spine, neck pain 0.032 61 0.076 0.006 12.9
Skull, sinusitis 0.028 49 0.063 0.012 53
Cervical spine, metastases 0.027 70 0.076 0.006 12.9
Shoulder, fracture 0.012 65 0.028 0.002 16.9
Shoulder, dislocation 0.012 80 0.034 0.002 20.8
Mobile chest 0.009 75 0.035 0.004 9.1
Shoulder, rheumatoid arthritis  0.009 63 0.022 0.002 13.6
Knee, arthritis 6.E-04 89 2.E-03 2.E-04 15.5
Knee, tibial plateau fracture 6.E-04 92 2.E-03 2.E-04 14.3
Knee, locking 5.E-04 74 2.E-03 2.E-04 10.6
Ankle, fracture 1.E-04 85 5.E-04 4 E-05 11.3
Elbow, radial head fracture 1.E-04 67 3.E-04 3.E-05 11.0
Elbow, arthritis 9.E-05 77 3.E-04 3.E-05 11.0
Discussion

location K1, 90-mm thickness is presented because of the
missing beam filter. Values represent AGD for a single
exposure of the standard phantom with clinical technique
settings. Compared with radiography and CT, patient dose
in mammography shows the smallest variation with a
AGD,,,,/AGD,,;, ratio <3 for all three breast thicknesses.
This can be attributed to the thorough optimization of X-
ray techniques in mammography.

Fig. 2 Cumulative effective 451

dose (mSv) for clinical

indication CT abdomen, liver e

metastases from primary colon 35
carcinoma for 11 hospitals. As
in radiography both imaging 30
technique and protocol contrib- = 25
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5 4
04
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Table 5 Effective dose (mSv)

LS LT . Anat Clinical indicati
for clinical indications in CT natomy LAmcal ndication

Median Coefficient of  Maximum Minimum Maximum/

variation (%) minimum
Head Acute stroke 1.2 47 24 0.6 4.2
Sinusitis 0.2 81 0.9 0.1 12.6
Temporal bone, hearing loss 0.6 67 1.9 0.2 11.5
Chest HRCT, bronchiectasis 1.6 75 5.7 04 14.8
Pulmonary angiography 4.1 33 6.5 1.6 4.1
Pulmonary metastases 54 52 13.7 1.9 7.2
Abdomen Abscess 7.7 45 19.6 5.6 3.5
Lymphadenopathy 7.7 44 18.6 5.6 33
Urolithiasis 5.8 70 19.6 2.8 7.1
Liver, metastases from pri- 12.0 67 40.8 6.6 6.2
mary colon carcinoma
Spine Fracture L1 4.5 38 7.8 2.4 32

material that is radiologically equivalent to soft tissue, and
the lungs are represented by material that simulates a
median respiratory state. In addition the size and weight of
the phantom correspond well with those of the average
Dutch adult. It is therefore assumed that dose values are
also representative of the average Dutch adult. The
radiological representation of the anthropomorphic phan-
tom relative to the situation in vivo was beyond the scope
of this study.

The dose values reported in this study represent standard
radiological procedures — for average Dutch adults and for
given clinical indications. In clinical practice, however,
patient dose will vary with patient size, and retakes after a
bad exposure or faulty positioning may lead to higher dose
values. These factors were not taken into account in this
study, and together with the use of an anthropomorphic
phantom they may be considered to be limitations of the
study.

055
0.50 * A A
<é: 0.45 A wiRh
= o /\ Rh/Rh
0.40 —8—0
% X X © Mo/Rh
© X Mo/Mo
= 035
% O Mo/--
0.30 gé O
0.25 . . . . . . . .
24 25 26 27 28 29 30 31 32

kVp

Fig. 3 First half value layer (mm Al) for all clinical mammography
techniques encountered on 12 mammography units. Anode/filter
combinations are indicated. For explanation of Mo/-, see text

In this study, one phantom was acquired; this was
stationed at a central location and transported to a hospital
when needed as for most hospitals the cost of such a
phantom would impose too large a burden on the financial
budget. As an alternative, data can be acquired from
clinical examinations, although this will require data
collection on a sufficiently large number of patients.
Modern X-ray equipment is provided with a built-in DAP
meter. Clinical experience has taught that it is necessary to
perform calibration measurements before using a built-in
DAP meter for patient dosimetry.

A comparison of results from this study with those
published in the literature is difficult. In earlier studies,
Entrance Skin Dose or DAP were often measured for
individual X-ray projections, or DAP was used for
combinations on projections (for example, AP and lateral).
More recent studies report DAP values for the complete
examination of a given anatomical area, however, without
differentiation of clinical indication. Table 7 gives an
overview of values found in other studies [11-13] that we
consider to be the best suited for comparison with the
results of the present study.

In addition, with respect to the measurements required
for this study, the authors also analyzed in detail the
collective effective dose for radiology examinations over a
1-year period in their radiology department. We concluded

Table 6 Average glandular dose (mGy) for 32-, 53- and 90-mm
compressed breast thickness

Breast Median Coefficient of Maximum Minimum Maximum/
thickness variation (%) minimum
32mm 0.74 38 1.38 0.50 2.77
53mm 1.74 25 2.34 0.92 2.53

90 mm 3.40 34 6.34 2.23 2.85

Measurements were performed on PMMA phantoms, results are
acquired with clinical technique settings.
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Table 7 Comparison of the DAP values for complete examinations from this study with the results from studies reported in the literature

Examination Study Clinical indication DAP (mGy cm?)
Mean Minimum Maximum Median
Chest Nordic survey® 540 100 3000 470
ssr® 600
This study Infiltrates 302 27 529 238
Pneumothorax 300 27 529 249
Rib fracture 464 97 1450 435
Lumbar spine NRPB-W4° 5700
Nordic survey” 9000 390 35700 7900
ssI® 8000
This study Low back pain 2729 1010 3824 3025
Metastases 2751 1010 3824 2865
Pelvis NRPB-W4° 2600
Nordic survey® 3300 730 12400 2600
ssI® 2200
This study Pelvis, arthrosis 1446 338 3002 1210
Pelvis, fracture 3525 338 9316 1872
Hip, collum fracture 2493 844 4010 2348
Hip NRPB-W4°¢ 3100

*Nordic Survey of patient dose in diagnostic radiology [11]
®Swedish Radiation Protection Authority, report 2001-2001 [12]
“National Radiological Protection Board, publication NRPB-W4 [13]

that examinations involving the chest, thoracic spine, ing patient dose in radiography, it would therefore appear
lumbar spine, abdomen, hips or pelvis deliver 88% of the to be sufficient to restrict dose measurements to these
collective dose in radiographic examinations. For monitor- examinations to fulfill legislative demands. When the

Table 8 Comparison with previously published data on effective dose due to CT examinations

Examination Study® Mean Coefficient of Maximum Minimum Maximum/
variance (%) minimum
Routine head This study 1.4 47 2.4 0.6 4.2
United Kingdom 1.5 40
Northern Ireland 1.6 24 2.1 1.0 2.2
Italy 1.8 44 4.1 0.6 6.8
Germany 2.8
Routine chest United Kingdom 5.8
Germany 6.0
This study 6.0 52 13.7 1.9 7.2
Northern Ireland 7.6 46 14.6 38 3.8
Italy 7.9 44 16.0 2.8 5.7
Chest, HiRes United Kingdom 1.2
This study 23 75 5.7 0.4 14.8
Abdomen (abscess) United Kingdom 7.1 47
Italy 7.9 53 20.0 23 8.7
Northern Ireland 8.0 45 13.4 3.8 3.5
This study 9.9 45 19.6 5.6 3.5
Germany 16.2
Abdomen (liver metastases) United Kingdom 53 67
This study 14.5 67 40.8 6.6 6.2

“Data are cited from the United Kingdom [14], Northern Ireland [15], Ttaly [16] and Germany [17]
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department was considered as a whole, 69% of the
collective dose came from CT alone. Information from
other participants indicates that CT plays a similar major
role in patient dose in all hospitals.

Table 8 shows the results for CT compared with those
reported in the literature [14—17]. Because of a lack of
median values in these publications, Table 8 shows mean
effective dose.

Overall, results in this study are comparable to those
reported elsewhere. High mean effective dose in ‘Abdo-
men, liver metastases from primary colon carcinoma’ is a
result of the extensive protocol some hospitals apply.
However, a multi-phase liver scan, with blank, arterial
portal and late phase, is considered to be justifiable for the
indication ‘primary liver tumor” by other hospitals. In these
locations, a more basic scan routine is applied that consists
of a contrast-enhanced abdomen only. This difference in
approach results in a relatively high percentage coefficient
of variation (%CV).

The high %CV for ‘Chest, HiRes’ can be attributed to
differences in slice thickness, the number of slices imaged
(except for one, all locations apply incremental CT) and
whether one or two series, expiration and inspiration, are
executed.

As mentioned earlier, measurements in mammography
were performed by participants and authors together.
Although radiographers should be able to perform these
measurements autonomously after some additional train-
ing, dose calculations are complex and should be
performed by personnel with experience in mammography
dosimetry. The measurement results in this study led to the
discontinuation of mammography in a unit with a beam
filter missing and the replacement of intensifier screens in
another location. In 2001, Kruger and Schueler published a
comparison of compressed breast thickness and AGD
values for film-screen mammography (craniocaudal view)
[18]. The average breast thickness and AGD, and their
corresponding ranges, calculated from nine studies that
were compared, are respectively 50 (45-52) mm and 2.0
(1.3-2.8) mGy. Most of the results from our current study
for a breast thickness of 53 mm fall well within this range;
at two locations we even assessed an AGD lower than
1.3 mGy — namely 0.9 and 1.1 mGy.

For dose measurements in examinations that incorpo-
rate fluoroscopy, participants were provided with a DAP
meter to install in a fluoroscopy suite of their choice.
Participants recorded cumulative DAP per examination.
However, because of the large variation in both type of
examination and number of results for a given examina-

tion type, data were considered too heterogeneous for
publication. The data did, however, confirm our experi-
ence that dose estimation in fluoroscopy examinations is
complex [19, 20] and that it requires continuous staff
motivation and discipline to render reliable data within an
acceptable time frame.

Conclusions

When patient dose in different hospitals is compared,
clinical protocols have to be included in the analysis for
they can have a profound effect on spread in dose values. In
radiography, a difference between the lowest and highest
effective patient dose for a given clinical indication of a
factor 3-25 is not uncommon; in CT, this ratio ranges from
3 to 15. In mammography, the highest AGD is less than
threefold higher than the lowest dose found. A better
agreement on imaging techniques and protocols appears to
lead to a reduction in dose variation.

Following 2 days of training the radiology personnel in
each hospital were capable of carrying out the required
dose measurements and calculations for estimating the
effective dose in the radiography and CT examinations.
However, supervision by someone with sufficient experi-
ence in dosimetry — for example, a medical physicist — was
found to be necessary.

The involvement of local staff proved to be very efficient
for a broad survey of dose values that represent clinical
practice. Also, it provided a deeper insight into examina-
tion protocols and conditions that should be met to enable
autonomous and reliable estimation of patient dose.

Median effective dose for a complete examination with
radiographs was found to vary from <1 uSv to 0.6 mSy,
depending on the anatomy under investigation and the
protocol used. In CT, median effective dose varied from
0.2 mSv for a low-dose sinus protocol to 12 mSv for an
extensive liver examination.

By applying the methods described in this study,
radiology departments can easily meet the criteria set by
European legislation for monitoring patient dose.
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