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Abstract

Introduction: Computed Tomography (CT) produces high quality diagnostic images at the expense of increased
radiation dose compared to routine radiographic examinations. The dose from the CT examinations can be reduced
by controlling certain scanning parameters and optimising the employed practices. In this study a patient dose-
tracking software was utilised for the management of the CT doses and the optimisation of the scanning protocols.

Material and Methods: DoseWatch from GE® Healthcare is a software for monitoring the radiation dose of
patients undergoing CT examinations. It tracks simultaneously relevant technical and patient data. DoseWatch was
used for the assessment of the scanning protocols of a Philips Brilliance 64 CT scanner during a period of three
months in a large public general hospital of Athens in Greece. The dose dataset was compared with the CT
Diagnostic Reference Levels (DRLs) available from the Greek Atomic Energy Commission (GAEC).

Results and Conclusion: DoseWatch was deemed as a quick and effective tool for tracking and optimising the
doses in CT examinations. It can be utilised as well for the improvement of the related scanning protocols. Through
this suitable software, patients were identified with CT doses higher than the corresponding CT DRLs. The scanning
parameters of the investigated cases were modified accordingly to achieve reduction of the corresponding CT
doses.

Keywords: Computed tomography; Dose management; Dose
tracking; Scanning protocol optimisation

Introduction
Computed tomography (CT) is widely used in radiology to obtain

high quality diagnostic images, however, at the expense of high
medical radiation exposure. The effective dose for the most typical CT
examinations is between 1 mSv and 10 mSv [1], and it can be
significantly increased, up to three times, in situations were more scans
are required. Due to the high radiation doses, which are associated
with CT examinations, it is necessary to track patient dose data and
CT protocol scanning practices, and also to apply system's
optimisation and dose reduction techniques. It is worth to note, that
when organ specific cancer risk is adjusted for current levels of CT
usage, it can be deduced that 1.5-2% of cancers may eventually be
caused by the ionising radiation used in CT [2], although considerable
debate exists regarding these assumptions. Note, that the effective dose
of 10 mSv is associated with an increased risk of fatal cancer [3].

Up-to-date, the advancements in CT technology have focused on
minimising the exposure of the patients undergoing CT examinations,
while retaining the image quality at high standards. To attain this, and
therefore maintain the balance between dose and image quality, a wide
variety of image analysis software and image reconstruction algorithms
have been developed along with special mechanical and electronic

components, that modify and improve the beam quality and
irradiation procedure. Dose reduction in Computed Tomography
examinations is achieved through the use of the automated mA and kV
modulation technology, the iterative reconstruction algorithms and the
optimisation of the scanning parameters [4-7]. An effective method for
the reduction of the related CT doses has been reported to be the
systematic monitoring of the radiological procedures and the doses
calculated at the sites [8,9].

To reduce the radiation to patients from CT examinations and to
facilitate the standardisation of CT dose levels, diagnostic reference
levels (DRLs) for the most typical examinations have been
recommended in many countries. The Greek Atomic Energy
Commission (GAEC) is the responsible Greek Authority which
established the corresponding limits on Greek territory. In general, the
dose to the patients undergoing CT examinations is usually calculated
through two indexes, viz., the CTDIvol (Computed Tomography Dose
Index volume) and the DLP (Dose Length Product) values. The
establishment of national DRLs in Greece has led to the modification
of scanning protocols of many CT scanners in order to keep the
CTDIvol and DLP indexes below the corresponding values specified by
the established DRLs. Despite however that the GAEC's
recommendations provide certain DRL values for the typical CT
examinations and the normal sized patients, the meta-analysis of the
CT examination data in Greece shows a wide variance between the
different CT units. This can be attributed to (a) the variable hardware
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characteristics among several CT modalities; (b) the differentiations in
the practices followed by technologists during operation; (c) the
practical use of more than one protocols for some anatomical regions.
The main feature included in the previous points that has a significant
role in the observed variance is the Tube Current Modulation (TCM).
TCM takes into account variations in x, y and z directions and adjusts
accordingly the mAs to maintain a predefined image quality or noise
level. The data from the scanogram/scout/surview option are used to
properly apply this method, which is typically based on attenuation
calculations derived from a CT planning radiograph. TCM is
important when adjustment for patient size is needed. In fact, TCM
adjusts the mAs value for cross section size and shape of the body
under examination. This reduces the value of the mAs to be used to
small patients but may increase it to large patients, a change that
reduces or increases accordingly the CTDIvol and DLP values.

As mentioned before for the estimation of dose to patients from CT,
the CTDIvol and DLP values are used. The CTDIvol represents the dose
from a single slice and is based on measurements on acrylic phantoms.
The DLP is irrelevant of the object scanned and is calculated by
multiplying the CTDIvol with the scan length. In order to translate
these parameters to dose weighting factors have been introduced to
calculate effective doses.

In general, the standardisation and optimisation of the various
utilised CT protocols in Greece with the prospect of achieving efficient
reduction of the related CT doses, necessitates the analysis of the
system's capabilities and the differentiations of the protocol's
implementation together with the constant monitoring and evaluation
of the followed practices. Until some years ago, the analysis and
assessment of all these data were time consuming, complex and tedious
tasks that required extensive statistics and long hours of analysis. This
is more severe in large hospitals, where a considerable number of
examinations are performed. The introduction, however, during the
last years of the automated dose tracking softwares, enabled the
convenient monitoring and recording of all the scanning information
of every CT examination. In this consensus, this paper focused on the
assessment of the utilised CT scanning protocols in Greece and the
analysis of the CTDIvol and DLP values of several CT examinations in
a modern CT scanner in Greece equipped with the patient dose
tracking software DoseWatch of GE® Healthcare.

Methods

Data collection and auditing
A total of 2077 patients and 2451 CT examination scans were

included in the study. The scans were obtained via 44 different
scanning protocols in a Philips Brilliance 64 CT scanner. The scanner
was installed in the Konstantopoulio General Hospital in Athens,
Greece, which is one of the biggest hospitals of the capital area. The
dose data (information of CTDIvol and DLP values, mAs etc. that are
contained in the dose report) of all the included scans were tracked by
the DoseWatch software connected on-line to the Philips CT scanner.
It is significant to note that the 44 scanning protocols were dedicated
to 16 different anatomical regions with the related parameters being
adjusted according to the examination needs and the circumstances,
e.g., contrast on or off, patient setting discrepancies during scans etc.

The DoseWatch software used in this study provided a very friendly
user-interface that enabled the convenient discern of the examination
dose data, as it offered the possibility of producing comparison

diagrams between the calculated CTDIvol and DLP values with the
mean values of all the tracked examinations of the same type. The
software allowed also the user to monitor these values during
preselected periods of time, a feature which can be very useful when
trying to identify and track unexpected variations or to observe how
they are affected by changes in the scanning protocols or scanning
practices. It allowed as well, the determination of dose alarm levels so
as to track any excess CTDIvol and DLP values easily and insert
informative comments to the examination data where needed. Another
characteristic was the ability to output the examination data to an
ASCII file for further processing.

As can be audited, the whole set-up allowed the convenient and
reliable collection and management of the dose data. The data were
then used to assess the overall variations of the CTDIvol and DLP
values and to credit the competence of the scanning protocols.

Specific CT dose tracking information
To calculate and compare CT doses to patients the CTDIvol and

DLP values are needed. This data was collected from the software and
its accuracy was verified by manual measurements. The phantom size
used for the CT system CTDIvol value calculation for all scanning
protocols was also determined with the measurements performed. The
DRLs in Greece are reported for a 16 cm diameter phantom for the
Head, Inner Ear and Sinus examinations and for a 32 cm diameter
phantom for the Abdomen, Thorax and Lumbar Spine examinations.
Therefore it was necessary to confirm that the units used for the
analysis and comparison represented the same values.

Note, that in principle, a CTDIvol value provides an estimation of
the absorbed dose received by the patient during a single axial slice (it
is measured in mGy) while the DLP value gives an estimation of
absorbed dose received by the patient during the whole scan (it is
measured in mGy*cm). It has to be considered though that the
CTDIvol and DLP values are calculated from measurements using 32
cm and 16 cm diameter cylindrical phantoms, which, on the one hand,
simulate the body and head region adequately, on the other hand, they
are not patient-specific. Therefore, at least in certain cases, the CTDIvol
and DLP values may not represent the actual absorbed doses delivered
but rather provide rough estimations of these. However, even in these
cases, they could be useful since they can serve as a pathway to outline
the exposure of the patient. Surely, the reduction of CTDIvol and DLP
values renders the decrease of patient dose.

In order to keep the DLP at low levels, the scan range should be
restrained to the anatomic region examined and the CTDIvol should
have a low value. The main scanning protocol parameters that affect
CTDIvol and are easy to change are: a) the X-ray tube current in mAs;
b) the detector collimation; c) the Field of View (FOV). Since these
parameters are of importance, they were recorded and analysed further
to gain useful information for an efficient patient dose monitoring.
Most of this information was retrieved by the dose reports that are
automatically generated at the end of each examination. These dose
reports recorded additionally the number of the acquisitions
performed, the scan name and the data from the scanogram/scout/
surview and the bolus tracking (if used). Note that these reports
represent the CTDIvol and DLP values per acquisition. All data in the
dose reports were further processed so as to credit the competence of
the scanning protocols, namely to evaluate the results.

It should be mentioned here that the manual tracking of the CT
dose data by recordings of the generated dose reports, can help the
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review of the CT examinations dose levels and may also reveal
potential overexposures which need care for focused dose reduction
techniques. However, this method is not practical since monitoring all
the examinations can be difficult due to their large number. The data
acquisition process can also lead to mistakes, usually by mistyping the
information. Besides the above flaws, it can be very time consuming
and thus require, dedicated personnel just for the data acquisition and
categorisation. Furthermore, the data contained in the dose reports is
limited. Hence, for an efficient dose optimisation process a lot of data
should be collected. These difficulties can be overcome with the use of
tracking software, which can automatically collect data from the CT
examinations and present it in categorised structured data sheets ready
to be reviewed and processed. This kind of software is very helpful
since it can provide most of the data required fast and accurately.

Results and Discussion
The tracking of the CT dose data and the detection of the

overexposures (surpassed CTDIvol or DRL values), were implemented
via the available tools of DoseWatch software. The analysis of all the
recorded data revealed however several inconsistencies. In specific, in
those examinations where different patient body parts were irradiated,
the CT system failed to differentiate them correctly. As a result, the
system added the total DLP to a Head or Body scan, a fact which
rendered noteworthy amount of data to be miss-grouped and, hence,
to have to be manually corrected. Furthermore, in cases where the
technologist started the examination with a certain protocol and then
changed it for some reason, the examination was not grouped
according to the final study, but classified according to the study used
in opening. To overcome the inconsistencies, DoseWatch was properly
adjusted so as to acquire only one practice per protocol. Through this
adjustment, every examination was opened and implemented with the
proper scanning protocol. In cases of multiple regions scanning, the
system was also adjusted so as to acquire each scan with the
appropriate protocol.

The analysis revealed transfer data gaps in some recordings with
most important being the type of the examination. In this way, the
examination purpose was difficult to pinpoint for a large proportion of
the collected data. Nevertheless, since the study’s protocol name
information was among the transferred data, and along with the
information from the CT’s workstation, the examination data was
reviewed and categorised properly, with non-significant losses due to
the omitted information.

In this study data from single phase and multiphase examinations
were recorded. However because the national DRLs refer to CTDIvol
and DLP values per scan, every scan was analysed separately whether it
belonged to single phase examination or a multiphase one.

The above facts were taken into consideration in the analysis of the
statistical tendencies and the uncertainties of the final recorded data.
To this end, the whole examination dataset was inspected in regard to
the different types of body and sex of the patients. No particular
statistical weight was identified for any of the body sizes or sex of the
patients of this study, thus, it was considered that the examination
scans were sampled from a hypothetical Gaussian distribution. Under
this view, the mean value of the recorded CTDIvol and DLP
distributions was used as the most adequate dose metric, at least for
the typical patients. However, despite the above consideration, the

standard deviation (SD) cannot be considered, respectively, as the
corresponding adequate metric for the estimation of the total
uncertainty, because the different scanning parameters and practices
that were followed by the technologists imposed a significant bias to
the examination data which could not be neglected. In particular,
among many Brain scans, just a small change in mAs value occurred as
the absorption in head did not change significantly among adults.
Furthermore, in Sinus and Inner ear examinations, the mAs value was
constant. In these cases, the discrepancy in the DLP values could be
associated with the technologists’ practices and with how close the
scanning region was kept to the region of interest. In the CT scans of
the body region as well, the deviations of the CTDIvol values could be
attributed only to the variation of patient size. In these cases, the
corresponding uncertainty of the DLP values would be further
increased due to the larger patients’ increased length. To account for
the above sources of uncertainty, the partial data per examination was
plotted versus the patient identification number, and a proper
uncertainty value band was selected in a manner to include all errors of
a typical-average patient size.

As mentioned before the 44 different scanning protocols studied
here were used for 16 different anatomical regions. Because in Greece
DRLs exist for the Brain, Sinus, Inner Ear, Thorax, Abdomen, Thorax-
Abdomen-Pelvis and Lumbar Spine examinations, only the scanning
protocols regarding these examinations were analysed. The national
DRLs refer to adult typical patients and they were derived from the
information obtained by GAEC from the 25% of total CT scanners in
Greece. The appropriate protocols were divided in 8 groups (7
anatomical regions) so as to be able to compare the CTDIvol and DLP
values taken from examinations with those proposed by GAEC. The
examinations for these 7 anatomical regions constituted the 89% of the
scans performed during the course of this study (Figure 1).

Figure 1: Percentage of the CT examinations performed and
collected during the course of the study.

The national DRL values were identified as the reference limits for
CTDIvol and DLP values of this study. This was because they are the
standard for a CT scanner to operate with license and as a first step this
was the minimum point wanted to be reached. Table 1 presents these
eight groups and contains the Mean, Minimum and Maximum
CTDIvol and DLP values from the sample along with the Greek DRLs
values.
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Index Type of value

Anatomical Region

Brain Sinus Inner Ear Abdomen Thorax
Thorax-
Abdomen-Pelvis

Lumbar
Spine

Axial Helical

CTDIvol (mGy)

National DRL 67 67 50 63 16 14 17 35

Mean 70.3 45.2 23.2 22.6 14 11 14 15

Minimum 66.5 45 No Value No Value 4 4 5 6

Maximum 71.3 45.2 No Value No Value 34 52 35 36

DLP (mGy*cm)

x10

National DRL 105.5 105.5 60.5 35.5 76 48 102 72.5

Mean 105 100 42 19 60 38 62 41

Minimum 71 50 33 14 12 6 16 20

Maximum 160 127 53 32 201 80 247 154

Table 1: National DRLs, Mean, Minimum and Maximum CTDIvol and DLP for all the investigated anatomical regions. The brain region contains
both axial and helical scans.

From Table 1 and the graphic presentation of the CTDIvol and DLP
values per scanning region, it is clearly observed that the DRL values
were surpassed during brain examinations using the axial protocol as
far as CTDIvol is concerned (Figure 2) and the abdomen examinations
as far as DLP is concerned (Figure 3). The Brain Axial and Brain
Helical protocols were not grouped together because the calculated
mean CTDIvol would be a biased result, giving falsely a value within
the accepted limits.

Figure 2: Comparison of calculated mean CTDIvol values with the
Greek National DRLs (the blue column labeled “CT” represents the
calculated mean values).

Figure 3: Comparison of calculated mean DLP values with the
Greek National DRLs (the blue column labeled “CT” represents the
calculated mean values).

As was observed from the whole dataset, the Brain CT examinations
were implemented by two different scanning protocols, one utilising
only axial slices and the other using helical CT only for special cases.
Both scanning protocols used TCM but due to the structure of the
head the mA value showed minor variations during the examination,
thus, not changing significantly the exposure between patients. The
average CTDIvol was 45.1 mGy for the Helical Brain CT and 70.3 mGy
for the Axial Brain CT. Note that the corresponding national DRL
value is 67 mGy. The DLP values for the Helical and Axial Brain CT
were 1003 and 1052 mGy*cm respectively. The national DRL value for
these cases is 1055 mGy*cm. Although the CTDIvol of the Helical brain
CT scanning protocol was found to be lower than the corresponding
Axial, the orientation of the slices was different and required extra scan
length. The latter led to similar exposures for both practices. Regarding
the CTDIvol of the Axial Brain protocol, the high number of mAs used
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was due to bad protocol creation were the DRLs value were not
considered and had no clinical or diagnostic purpose.

The examinations of sinus and inner ear showed that the CTDIvol
and DLP were kept steadily at low levels in comparison with the DRLs.
In addition, if the mA value was not changed (TCM is not used), there
was no fluctuation in the CTDIvol value. On the other hand, the DLP
value depended on the scan length, therefore it was not constant.
Regarding the body region, the mA value in all cases changed greatly
due to the large variance of the weight and size of the patients. The
CTDIvol and DLP values reached twice the DRL value in certain cases.
This can be attributed to the volumetric data of the patients, namely
for large patients the mA value has to be increased in order to keep the
noise in predefined levels retaining image quality as needed. These
cases were not classified as overexposures because the corresponding
DRL values were for the typical weights and sizes. However, during
these examinations the dose alert signal was ‘ON’ since the system
does not take into account patient size.

A number of acquisitions with small DLP values were also observed
indicating unfinished exposures. Investigation of these cases led to the
conclusion that these were not due to user mistake or machine error,
but rather due to the patient's discomfort which caused the
interruption of the acquisition process.

From the findings of the collected data with DoseWatch, it was
decided that for the brain CT examinations a larger noise threshold
has to be kept and, therefore, the protocol was modified so as the TCM
to choose lower mA values. The CTDIvol recorded after this change was
below the levels of the national DRLs without any significant loss in
image quality.

The dose data for the body region showed a great variance. As the
height and weight data of each patient were not among the transferred
data, it was decided to also track manually patient data for larger
patients separately in order to investigate if the reduction of doses
exceeding the DRLs could be made possible. Also the technologists
were informed about the recommendation of DoseWatch software to
have one practice per protocol so as the inconsistencies in the data
categorisation to be reduced. However, in occasions where certain
findings during the scan required more acquisitions to be made and
this practice was not easy to be followed, it became a practice to report
this to the medical physicist in order to review the situation properly.

Conclusion
DoseWatch was used for CT examinations scanning protocol

optimisation and dose tracking. It enabled a fast collection of the data.
Because of some incompatibility issues the data transfer to DoseWatch
was slightly incomplete and therefore some parameters could not be
monitored. Moreover examination categorisation was inconsistent due
to the differences of the DoseWatch recommended protocol structure
and the CT site protocol structure, a problem that maybe could be
alleviated with the use of a RIS system [10]. Otherwise before
installation of the program, the scanning protocols should be
developed and modified with the one practice per protocol
recommendation of DoseWatch so as to fully exploit its capabilities.

Manual process of the data fixed the inconsistencies and allowed the
scanning protocol reviewing. Analysis of the data revealed
examination types and cases where the CTDIvol and DLP values
exceeded the national DRLs. The occurrences indicating overexposure
were easily detected by the DoseWatch feature to set dose alert levels.

The data also showed that outdated protocols had been mistakenly
used.

The actions taken after the data analysis were a) the 7 old protocols
erased, b) the axial Brain scanning protocol modified so as to keep a
higher noise threshold and lower the maximum mAs value available to
this protocol and c) the continuing of dose data tracking for ‘large”
patients for the body region examinations in order to specify a
different noise threshold depending on the patient’s BMI and d) the
collaboration with the department radiologists and technologists in
order to change all the protocols and practices towards dose reduction.

Although the problems encountered in the data collection and
categorization, the use of DoseWatch for dose data tracking allowed a
fast reviewing of the examinations exposures and quick actions to be
taken to reduce patient dose. As the familiarity increases decisions
about examination doses and practices can be reached faster. It allows
also to see the different practices followed by the users and make
recommendations where needed. Moreover the ability to obtain large
amounts of data fast and easily and to be able to provide a well-
structured statistical presentation of them can enable further and
deeper investigation of the CT scanning protocols, which is also
reported by other users [11-14]. To conclude the DoseWatch dose
tracking software can help in the optimisation of CT dose and
examination practices through a dose tracking and auditing procedure
performed in any department.
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