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Abstract

The purpose of the study was to apply European Commission (EC) Reference Dose Levels (RDL) in Computed
Tomography (CT) examinations at Onassis Cardiac Surgery Center (OCSC). These are weighted CT Dose Index
(CTDIW) for a single slice and Dose-Length Product (DLP) for a complete examination. During the period 1998-
1999, the total number of CT examinations, every type of CT examination, patient related data and technical
parameters of the examinations were recorded. The most frequent examinations were chosen for investigation
which were the head, chest, abdomen and pelvis. CTDI measurements were performed and CTDIW and DLP were
calculated. Third Quartile values of CTDIW were chosen to be 43mGy for head, 8mGy for chest, and 22mGy for
abdomen and pelvis examinations. Third Quartile values of DLP were chosen to be 740mGycm for head,
370mGycm for chest, 490mGycm for abdomen and 420mGycm for pelvis examination. Results confirm that
OCSC follows successfully the proposed RDL for the head, chest, abdomen and pelvis examinations in terms of
radiation dose.

1. Introduction

The development of Computed Tomography (CT) scanners has been one of the most
explosive phenomena in modern medicine. They were introduced in clinical practice in
1972[1]. CT provides high quality cross-sectional images and increasing application of this
modality has made a substantial impact on both patient care and population exposure from
medical X-rays. Conditions of exposure during CT examinations differ from those in
conventional X-ray procedures. National surveys on CT practice have established the
increasing importance of CT as significant source of medical exposure to X-rays [2]. The
growth of CT technology and its widespread use make CT scanners to account for around
40% of medical exposure to X-rays for the general population, while representing only 4% of
the total number of such procedures [3]. The European Council Directive 97/43/Euratom [4]
suggests that an examination should only be carried out on the basis of a justifiable clinical
indication, and exposure of the patient should always be limited to the minimum necessary to
meet clinical objectives. The optimal use of ionizing radiation involves the interaction of three
important aspects of imaging process. These are the image quality, radiation dose to the
patient, and choice of examination technique. One of the basic principles of radiation
protection is to try and keep the dose to the patient As Low As Reasonably Achievable
(ALARA) consistent with the clinical requirements. The European Commission (EC) recently
proposed certain guidelines in order to optimize the protection of patients [5]. These
guidelines suggest quality criteria in order to define a level of performance considered
necessary to produce images of standard quality for a particular anatomical region. Quality
criteria are presented for several CT examinations and apply to standard adult patients
undergoing usual application of the technique for the type of examination under consideration.
These are divided into four parts which are diagnostic requirements, criteria for radiation dose
to the patient, example of good imaging technique and clinical conditions with impact on
imaging performance.

The guidelines also introduce the concept of Diagnostic Reference Levels (RDL). These are
defined in order to facilitate optimization of protection in medical exposure and to allow
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comparison of performance. The quantities suggested by the EC are the weighted CT dose
index (CTDIW) and the dose-length product (DLP). A summary of the RDL proposed can be
seen in Table I.

Table I. Proposed European Commission (EC) Reference Dose Levels (RDL)
for routine Computed Tomography (CT) examinations

Procedure

Head
Chest
Abdomen
Pelvis

Weighted CT Dose Index
CTDIW (mGy)
60
30
35
35

Dose-Length Product
DLP (mGycm)

1050
650
800
600

CTDIW is an estimate of the average dose over a single slice (or per rotation for helical
scanning) in a CT dosimetry phantom and is given by the equation:

CTDIW = (l/3)CTDIiooc + (2/3)CTD][IOoP (mGy) (1)

CTDIiooc and CTDIioop represent dose measurements made with a 100mm pencil ionization
chamber at the center (c) and periphery (p) of a standard head or body polymethylmethacrylate
(PMMA) phantom [5].

DLP includes the volume of the patient irradiated in the course of a complete examination. It
is given by the equation:

' = Y,CTDIwTNC mGycm (2) and

DLP = Y CTDIw • TAt mGycm (3)

for serial and spiral scanning respectively. In equation (2) / represents each scan sequence
forming part of the examination and N is the number of slices of thickness T in cm. In
equation (3) i represents each helical scan sequence forming part of the examination, T is the
nominal irradiated slice thickness in cm, A is the tube current in mA, and t is the total
acquisition time in sec.

2. Methods

The present methods are based upon those proposed by the EC guidelines. Assessment of
image quality is not included in this work, which was focused on implementing the quality
criteria for radiation dose to the patient.

The CT scanner installed at the Onassis Cardiac Surgery Center (OCSC) is a Picker PQ
5000V. Spiral scanning is performed for all procedures apart from the head and face & sinuses
examinations. Every type of CT examination which was performed at OCSC during the period
1998-1999 was recorded and categorized following EC guidelines. The total number of
procedures of each type of examination was then calculated so as to decide which of them
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should be initially investigated. Then, a random sample of 10 standard-sized patients was
taken for each chosen procedure using established techniques.

Dosimetry measurements were carried out using a pencil-shaped ionization chamber (Radcal,
Model 20x5-10.3CT) connected to a radiation measuring device (Model 2025AC). CTDIC and
CTDIp were measured by placing the ionization chamber in the center and the periphery of a
head phantom for head examination and in a body phantom for body examinations. CTDIW

and DLP were then calculated according to EC guidelines, in order to check compliance with
dose criteria.

Finally third quartile values of the above quantities were calculated for every examination in
investigation and a comparison was made with the proposed RDL.

3. Results

The results of the survey revealed that the examinations that accounted for 92% of the total
procedures performed at OCSC for the period 1998-1999 were the head, chest, abdomen and
pelvis. Chest examination was found to be the most frequent type with a percentage of 34%.
This is easily explained by the fact that our hospital is a dedicated cardiac surgery center
dealing almost exclusively with patients having cardiological problems. The next most
frequent procedures were head and abdomen having a percentage of 23% each, followed by
the pelvis examination having a percentage of 12%. Table II presents the protocols used for
each type of examination.

Table II. Routine CT examinations protocols in Onassis Cardiac Surgery Center (OCSC)

Procedure
Head
Chest
Abdomen
Pelvis

kV
130
120
120
120

mA
250
225
250
250

mAs
394
144
394
394

T(mm)
4,8
8
10
10

The protocols are fixed for every standard-sized patient and are altered only for very thin or
obese patients. Therefore, CTDIW has a certain constant value for every type of examination
(Table III). The table includes also the proposed RDL so as a direct comparison can be done.
Our results are well below the proposed values and what is really encouraging is that the chest
examination which is the most frequent in our center has a CTDIW of 8.3mGy which is 3.6
times less than the EC value. The low CTDIW value of the chest examination is probably due
to the low value of mAs-product (144mAs) used, compared to the values presented by other
authors such as Clarke [6] whose mAs-product values ranged from 145mAs to 330mAs, or
Hidajat [7] who presented a value of 180 mAs.

Table III. Weighted CT Dose Index (CTDIW) values for routine examinations
at OCSC compared to EC CTDIW

Procedure
Head
Chest
Abdomen
Pelvis

CTDIW (mGy)
43.5
8.3
22.5
22.5

EC CTDIW (mGy)
60
30
35
35
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DLP was then calculated and the results are found in Table IV together with the proposed EC
values. The third quartile values which were found at OCSR are almost half the proposed EC
RDL for the body examinations. It should be noted that all these examinations are performed
using spiral scanning and that in most cases no additional scanning is performed since the
software of the scanner is able of reconstructing images at every direction inside the body of
the patient.

Table IV. Third quartile values of Dose-Length Product (DLP) for
routine examinations at OCSC compared to EC DLP

Procedure
Head
Chest
Abdomen
Pelvis

DLP(mGycm)
740
374
491
424

ECDLP(mGycm)
1050
650
800
600

Taking into consideration all the above results, it was decided that the RDL at OCSC will be
the ones found in Table V.

Table V. Reference Dose Levels for routine CT examinations at
Onassis Cardiac Surgery Center

Procedure
Head
Chest
Abdomen
Pelvis

CTDIW (mGy)
43
8
22
22

DLP (mGy cm)
740
370
490
420

4. Conclusion

The initial investigation of the state of the art of CT examinations in terms of radiation dose
revealed that OCSC CT scanner has a satisfactory dosimetric performance as far as the most
frequent protocols are used. However, it should be noted that the setting and review of RDL
should be a continuing process in order to promote continuous improvement over time. This
means that they should always be pursued to achieve further dose reduction without
compromising the diagnostic value of an individual examination.

Therefore, our study should extend, to the other parts of the EC quality criteria so as to
investigate the suitability of the proposed diagnostic requirements and the imaging techniques
and if yes to ensure that they are also fulfilled.
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