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Abstract
Objective To review knowledge of computed tomography
(CT) parameters and their influence on patient dose and image
quality amongst a cohort of clinical specialist radiographers
(CSRs) and examining radiologists.
Methods Aquestionnaire survey was devised and distributed to
a cohort of 65 examining radiologists attending the American
Board of Radiology exam in Kentucky in November 2011. The
questionnaire was later distributed by post to a matching cohort
of Irish CT CSRs. Each questionnaire contained 40 questions
concerning CT parameters and their influence on both patient
dose and image quality.
Results A response rate of 22 % (radiologists) and 32 %
(CSRs) was achieved. No difference in mean scores was
detected between either group (27.8±4 vs 28.1±4, P=0.87)
although large ranges were noted (18–36). Considerable var-
iations in understanding of CT parameters was identified,
especially regarding operation of automatic exposure control
and the influence of kilovoltage and tube current on patient
dose and image quality. Radiologists were unaware of recom-
mended diagnostic reference levels. Both cohorts were
concerned regarding CT doses in their departments.
Conclusions CT parameters were well understood by both
groups. However, a number of deficiencies were noted which
may have a considerable impact on patient doses and limit the
potential for optimisation in clinical practice.

Key points
• CT users must adapt parameters to optimise patient dose
and image quality.

• The influence of some parameters is not well understood .
• A need for ongoing education in dose optimisation is
identified .

Keywords Questionnaires . TomographyX-ray computed .

Radiation dosage . Radiation protection . Image enhancement

Introduction

Computed tomography (CT) has revolutionised modern
medicine, allowing physicians to non-invasively visualise
the internal structures of the body, thus facilitating rapid
diagnosis and monitoring of disease processes. Such an
advance has inevitably improved the standard of care for
patients and made CT the imaging modality of choice for
a host of medical indications. However, CT is also asso-
ciated with some of the highest radiation doses in diag-
nostic radiology and, given its increasing use worldwide
[1], is fast becoming the largest contributor to population
dose from medical exposures [2]. Concern is increasingly
being raised regarding the potential detriment that CT
may have on both populations [3, 4] and individuals [5, 6]
especially if used inappropriately, given its carcinogenic po-
tential [7].

Once justified, all CT examinations must obey the “as
low as reasonably achievable” (ALARA) principle,
whereby doses delivered to patients must be kept as
low as possible to ensure that the benefit to patients
always outweighs the potential risks involved [8]. Vital
to such optimisation is an astute knowledge of all the

S. J. Foley (*) : L. A. Rainford
School of Medicine and Medical Science,
University College Dublin, Dublin 4, Ireland
e-mail: shane.foley@ucd.ie

M. G. Evanoff
The American Board of Radiology, Tucson, AZ, USA

Insights Imaging (2013) 4:637–646
DOI 10.1007/s13244-013-0282-4



various parameters that control the radiation output in
CT and their impact on CT image quality, such as the
peak kilovoltage (kVp), tube current–time product
(mAs), pitch, slice thickness, etc. Image quality in CT
is directly proportional to the amount of radiation used,
therefore it is vital to use sufficient quantities to ensure
diagnostic yield, while avoiding excessive amounts
which only add to the patient’s risk. There are a vast
amount of combinations of CT parameters for users to
choose from which produce varying blends of image
quality and dose, some of which may be manufacturer
specific. However, default settings and manufacturer rec-
ommended protocols may be designed to optimise image
quality rather than patient dose [9]. To ensure optimisa-
tion, users must tailor CT parameters to match the pre-
senting indication, region being scanned and patient size,
as not all examinations require the highest level of detail.
This does, however, require a specialist understanding of
CT along with a time input which is not insignificant
within busy departments.

The literature reports large variations in dose between
sites and across countries, even for similar-sized patients
[10], which may be attributed to differences in CT
equipment and to local scan protocols. Such dose dis-
crepancies may also point to a lack of understanding or
manipulation of parameters, especially on an individual
basis. Work has already shown that up to 25 % of
radiologists are unaware of specific CT parameters used
for their routine examinations [11]. As CT technology
has undergone numerous recent advancements, there may
also be difficulties for CT users to acquaint themselves
with all the features of their particular system, especially
if operating multiple scanner models from various man-
ufacturers. The recent development of automated tube
current modulation (ATCM) has greatly assisted users
when individualising patient doses, and its success [12]
has meant that further automated systems are also being
introduced [13]. However, a concrete understanding of
such software is required to ensure correct operation and
use [14, 15]. This work sets out to examine current
knowledge amongst a select cohort of radiologists and
radiographers and to identify any potential deficits that
require attention.

Materials and methods

Ethical exemption was first obtained from the local in-
stitution. Full ethics review was not deemed necessary as
the survey population did not include any at-risk groups

and anonymity was assured to all respondents. A ques-
tionnaire was developed containing 47 questions within
two sections (Appendix). The first section collected basic
demographic information and opinions on CT doses,
while the second contained questions on specific CT scan
protocols, parameters and diagnostic reference levels.
Questions were mostly in true/false and multiple choice
tick-box format, as well as some open-ended questions.
Correct answers to the questions on specific CT param-
eters (n =40) were given a score of 1, while incorrect or
incomplete answers were given a score of 0. All ques-
tionnaires were distributed with a cover letter explaining
the survey and instructions for those completing it, with
the added assurance that all responses would be anony-
mous. The questionnaire was first piloted with three
persons: one radiologist and two university CT lecturers.
This resulted in a small number of formatting changes as
well as rewording of some questions to improve clarity
in the questionnaire.

Recruitment involved convenience sampling, initially for
a cohort of radiologists, where examining radiologists at the
November 2011, American Board of Radiology examina-
tions in Louisville, Kentucky were invited to complete the
questionnaire. Questionnaires were distributed to each radi-
ologist on the first day of examinations and collection
boxes were made available at multiple break-out rooms
over the following 3 days. A reminder request for comple-
tion was also distributed on the penultimate day of exam-
inations. It was planned to do a comparison between
American and Irish radiologists by recruiting a similar
number of Irish radiologists, but when the questionnaire
was piloted in Ireland, feedback was that Irish radiologists
had much less input or experience with specific CT scan
parameters as this tends to be under operational control of
radiographers and, in particular, the CT clinical specialist
radiographers (CSRs). To more accurately represent Irish
practices, it was therefore decided to survey the CSR
cohort instead.

There are currently 65 CT CSRs in Ireland [16] and each
was contacted in advance of distribution. Questionnaires
were then sent via post, along with stamped addressed
envelopes to encourage completion [17]. While electronic
surveys are cheaper and allow easier analysis, research has
shown that postal surveys produce higher response rates
[18] All CSRs were asked to return the questionnaire no
later than 3 weeks from date of receipt. Follow-up emails
were subsequently sent to remind all of the return date.
Answers to the questions assessing CT parameter knowl-
edge were compared with recently published CT textbooks
[19, 20].
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Statistical analysis

Statistical analysis was performed using SPSS version 18 and
a P value of <0.05 was considered significant. Descriptive
statistics were used to analyse questions and depending on
results of the Kolmogorov-Smirnov normality testing, either
Mann Whitney U test or independent samples t -tests were
used. Open-ended questions were analysed using thematic
analysis to identify common threads.

Results

In total, 65 questionnaires were distributed to both the radiol-
ogist and CSR cohort with 14 (22 %) and 21 (32 %) being
returned respectively. The radiologist cohort had a median of
greater than 25 years’ CT experience in comparison to 12–
15 years for the CSR group.

Concerns regarding CT doses

Forty percent of CSRs stated concerns about the doses within
their departments compared with over 64 % of radiologists.
While radiologists did not provide further comments, CSRs
identified individual exams of concern and mentioned “the
increased number of repeat studies, i.e. abdomen/pelvis for
collections and thorax-abdomen-pelvis examinations for on-
cology every 6 weeks, increased number of multiphase stud-
ies” as well as “higher doses involved with thin-slice scan-
ning”. Three respondents without concerns did comment on
their use of a regular audit, which provided reassurance.

CT protocols

When asked about CT protocols, 50 % of radiologists
reported that they alone decide on the routine scan proto-
cols selected, the remainder doing so in cooperation with a
physicist (14 %), a physicist and radiographer (14 %), an
applications specialist (7 %), a physicist and applications
specialist (7 %) or with a combination of all three (7 %). In
comparison, only 14 % of Irish departments reported that
the radiologist alone decides on the routine CT protocols.
Instead the majority of CSRs reported that protocols were
decided on by a combination of the radiologist and CSR
(52 %). In four departments (19 %) an applications specialist
was also involved, while in one (5%) the CSR, radiologist and
physicist all inputted.

Both groups were asked which of four options (patient size,
anatomical region, study indication and patient age) would
they alter the routine CTscanning parameters, and a difference

emerged between the two groups, with 85 % (12/14) of
radiologists varying protocols based on all four reasons, while
only 30 % of CSRs citing likewise. Instead, 19 % (4/21) of
CSRs vary protocols based on size alone, while only 43 % (9/
21) of respondents considered the anatomical region and 52%
(11/21) the study indication.

CT parameters

Respondents were asked to rate their confidence to alter
the CT parameters correctly, considering image quality
and radiation dose (1=excellent, 5=poor) and the CSR
group recorded a median value of two while the ABR
radiologists had a median of three, although this differ-
ence was not statistically significant (P =0.716) when
examined using the Mann–Whitney U test. Overall mean
scores and descriptive statistics for both groups are given
in Table 1.

Mean scores for both groups were compared using
independent samples t -test and the difference was not
significant (P =0.87). The majority of both radiologists
(79 %) and CSRs (86 %) stated that further education
in the area of optimisation of CT scan parameters would
be beneficial.

ATCM operation

Both groups were asked to indicate their agreement with a
series of questions related to automated tube current modula-
tion (ATCM) operation. Results are shown in Table 2.

Peak kilovoltage (kVp)

When asked of the effects of decreasing the tube voltage
from 120 to 100kVp, a small number of CSRs (14 %)
believe there is no reduction in patient dose, 38 % feel
that image noise does not increase, while 48 % replied that
vessel enhancement does not increase during contrast

Table 1 Comparison scores between radiologist and CSR cohorts

Overall score out of 40 protocol questions

Profession n Mean S D Minimum Maximum

ABR radiologist 14 27.85 4.180 20 34

Irish CSR 21 28.10 4.323 18 36

Total 35 28.00 4.207 18 36

SD standard deviation
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examinations. This is compared with 7 %, 21 % and 36 % of
radiologists, respectively.

Tube Current (mA)

Understanding of the relationship between tube current
and dose also showed that 60 % of radiologists and 76 %
CSRs believe that tube current has a linear relationship
with dose, while 54 % and 55 % think the tube current
has a linear relationship with noise by stating that a
reduction of 50 % of tube current results in a twofold increase
in noise.

Image noise

Respondents were all asked to indicate the CT parameters that
influenced image noise. While 93 % of radiologists believe
that kVp selection influences noise in CT, only 67 % of CSRs
did likewise. One half of radiologist respondents (7/14) felt
image noise was influenced by the window width setting and
71 % by reconstruction algorithm, compared with 62 % and
86 % of CSRs, respectively.

Awareness of diagnostic reference levels

Both groups were questioned regarding their knowledge
of national diagnostic reference levels (DRLs) and an
obvious trend was noted. For CSRs, a majority answered
that they knew of DRLs for the brain, sinus, chest,
HRCT and abdomen examinations. However, when asked
to quote the specific value a proportion of the respon-
dents in each category quoted incorrect values (Table 3).
The majority of ABR radiologists (86 %, 12/14) were
not aware of American College of Radiology (ACR)
DRLs for the three specified examinations: brain, abdo-
men and paediatric abdomen; and of the two radiologists
who reported in the positive, just one correctly quoted all
three values.

Discussion

Demographics

There was an almost twofold difference in the median number
of years of experience between the radiologists and the CSR
group, which is attributable to the radiologist cohort included
here , consisting of senior examining radiologists, rather than
a representative cross-section. Despite the gap in experience
levels, there was no statistical difference in the mean number
of questions answered correctly by both groups. The experi-
ence gap in years may potentially have been offset by the fact
that CSRs spend the majority of their time working in CT,
manipulating parameters on a daily basis, in comparison to
radiologists who may spend their time across a number of
different modalities. However there was quite a large range of
scores evident amongst both groups suggesting varying levels
of understanding of parameters. Given the stated desire for
further education amongst both cohorts in this area, a refresher
course or updates for both professionals would seem a worth-
while endeavour.

CT protocols

The ACR recommends that the lead radiologist, lead CT
technologist and medical physicist should converge to design
all new or modified protocol settings [21], to ensure both
radiation dose and image quality are appropriate. However,
it is clear from this work that compliance amongst both groups
here is low. The surveyed radiologists still perform this task
predominantly single-handedly (50 %), with only 14 % of
those surveyed reporting to be in compliance with ACR
recommendations. In Ireland, while the majority of respon-
dents report that such decisions are made by a combination of
the radiologist and CSR (55 %), only one site (5 %) also
includes physicists in this process. It would seem an obvious
benefit to include representatives from each of the three pro-
fessions during such a process to safeguard patients and also
improve quality processes.

Worryingly, a significant number of responding CSRs do
not alter CT parameters based on either anatomical region

Table 3 Number of CSRs declaring knowledge of national diagnostic
reference levels (DRLs) and number of correct DRLs given

Brain Sinus Chest HRCT Abdomen

Known 18 10 18 15 17

Correct 16 8 10 8 12

Table 2 Percentage of each group in agreement with below statements

Statement Radiologists CSRs

ATCM is affected by centring of patients
within the CT gantry

85 % 92 %

ATCM should not be used in the
presence of metallic implants

77 % 52 %

The non-contrast phase of an abdomen
scan requires the same image quality/noise
setting as the contrast phase

8 % 29 %
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(57 %) or study indication (48 %), indicating that patients may
potentially be exposed to higher doses than necessary contrary
to the ALARA principle. Varying parameters according to
study indication has already been demonstrated to permit
significant reductions in dose, especially for examinations
with high inherent contrast where high image quality is not
required, such as renal stone protocols [22, 23], lung nodule
follow-up [24] or sinus examinations [25]. Likewise each
anatomical region has differing levels of contrast between
the various organs, so naturally distinct CT protocols are
required to optimise image quality in each.

A larger proportion of the radiologists were identified as
having concerns about CT doses in comparison to Irish CSRs,
possibly as a result of recent literature and cases in the USA
where radiation incidents have gotten large academic and
public media exposure in recent years. Although no radiolo-
gist respondents commented further on this, CSRs did refer-
ence the increased use of multiple and repeat scans and higher
doses involved with use of thinner slice scanning. A number
of CSRs had no concerns regarding their doses, largely due to
recent audits that were carried out. This emphasises the value
of regular QA programmes, which can promote high stan-
dards and ensure patient safety as well as instilling confidence
in CT users.

ATCM operation

Dose reductions of between 35 and 60 % [26] have already
been reported in various studies when ATCM is used in
comparison to fixed tube current settings. However, such
reductions are dependent on operators correctly both position-
ing the patient within the gantry and selecting an appropriate
image quality metric for the examination. Encouragingly the
majority of both cohorts (85 % and 90 %) were well aware of
the fact that ATCM can be influenced by the centring of
patients within the gantry, which is reassuring, especially as
reports suggest dose variations of up to 41% can be associated
with incorrect use [14]. Image quality measures must also be
specified by operators when using ATCM, usually in the form
of either a noise index setting or quality reference tube current.
It is of concern that almost a third of CSRs here felt that the
non-contrast phase of an abdominal examination requires the
same noise setting as the contrast phase. Conducting multi-
phase studies can involve considerable patient doses [27] and
an effective method of optimising these is by reducing the
image quality requirements of non-contrast or delayed scans,
as the same level of image quality is not necessarily required
in each [28].

There was a distinct lack of consensus amongst both
groups regarding the use of ATCM in the presence of

metallic implants, with more than half of CSRs and three
quarters of radiologists surveyed believing that ATCM
should not be used in such instances. As such software
operates by measuring the patient attenuation and
adjusting the tube current accordingly, theoretically the
increased attenuation caused by implants or prostheses
could result in dramatic increases in tube current and
consequently patient doses. This may also occur despite
the fact that increasing the tube current has little if any
effect on the beam hardening and streak artefacts created
by such metal and merely contributes to additional pa-
tient dose [29]. However, studies have shown that while
the tube current may increase over the region of the
implant, overall ATCM still provides a net reduction in
tube current when compared with fixed tube current
settings [30]. Also, more recent versions of ATCM soft-
ware can recognise the presence of such implants during
the initial scanogram and disregard the increased attenuation
from the tube current calculation [31], thus avoiding
unnecessary increases altogether. However, the results here
would indicate that patients may not be fully benefitting
from ATCM technology, emphasising the importance of
CT users keeping abreast of developments in the mo-
dality to ensure doses are optimised. This is especially impor-
tant given the continued development in the area with tube
potential modulation [32] now being offered by some
manufacturers.

Peak kilovoltage (kVp)

The peak kilovoltage controls the overall energy of the X-ray
photons, so any change will influence the number of photons
penetrating the body tissue, with a resultant effect on both
radiation dose and image noise [20]. While most CT systems
operate at a standard 120 kVp, increasingly alternative values
from 80–140kVp are available. Studies [33–35] already high-
light the optimisation potential of appropriate kVp selection,
especially for patients below a certain size and also during
angiographic studies, given the added advantage of increased
vessel attenuation with lower tube voltages [36]. Almost 40%
of CSRs did not associate reductions in kVp with image noise
increases, which is of concern, although this may be due to the
belief that ATCM systems will automatically increase the tube
current to compensate for any change in kVp to ensure the
image noise is maintained at a constant level. However,
ATCM systems operate differently for each manufacturer, so
users need to be aware of their own particular system to ensure
how variations in kVp selection can affect CT image quality
[37]. Only 52 % of CSRs and 74 % of radiologist respondents
agreed that lower tube voltages result in increased vessel
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enhancement during angiographic examinations. It is this
increased vessel attenuation and contrast-to-noise ratio that
facilitates dose reduction of up to 56 % during such studies
[38] and a lack of understanding of this parameter will obvi-
ously limit the potential available for optimisation within such
studies.

Tube current (mA)

While the majority of both groups of respondents correctly
agreed that tube current has a linear relationship with dose
(71 % of radiologists and 80 % of CSRs) some confusion
existed regarding the impact of tube current on noise levels,
with a majority of both cohorts incorrectly believing that tube
current has a linear relationship with image noise, where in fact
it is approximately inversely proportional to the square root of
the tube current [19, 39]. This has considerable relevance as
noise is likely the single largest determinant of acceptable
image quality within CT and, if attempting to optimise patient
doses, users have to understand its relationship with each of the
influencing CT parameters, should they wish to maximise the
optimisation potential. Noise reduces the low contrast detect-
ability within CT images and may hence obscure important
anatomical findings [40]. Window width and reconstruction
filters [20, 40] also influence the perception of noise within
CT images, but again a considerable number from each cohort
were not in agreement. Appropriate manipulation of both of
these parameters can significantly alter the visibility of noise
within images and coupled with optimisation of the above-
mentioned CT parameters can combine to assist the lowering
of radiation doses within CT

Awareness of DRLs

All CT users need to be aware of indicators of overexposure
such as through the adoption and use of diagnostic reference
levels (DRLs). Overexposure in CT is quite difficult to recog-
nise otherwise, given the wide latitude of the modality, in
which excessive exposures do not adversely affect image
quality. Already, incidents of CT overexposure have attracted
widespread academic and media interest in recent years [5, 6]
and, given the large doses involved in CT, the importance of
DRLs cannot be stressed enough. It is clear that the majority of
radiologists here are unaware of recommended DRL values,
which increases the possibility for excessive doses to go
undetected. Although not compulsory, monitoring of patient
doses and comparisons to national values are routinely rec-
ommended [41] and perhaps mandatory reporting of CT doses
within the diagnostic report would increase the use of this
important optimisation tool. Self-reported knowledge of

DRLs amongst the CSR cohort is much higher with up to
86 % of respondents reporting that they knew specific values
for the five different examinations asked, although this higher
response rate may have been influenced by the longer time
period CSRs had to complete the questionnaire. CSRs were
most familiar with values for the brain (86 %), thorax (86 %)
and abdomen (81 %) examinations, which is important given
the current prevalence of these examinations, which constitute
approximately 80 % of the total number of CT examinations
annually in Ireland [10]. However, a sizeable proportion of
respondents when asked to quote these listed incorrect values.
This would stress the importance of having DRL values ready
to hand in all CT facilities and displayed in a prominent position
so that staff are both aware of and can utilise these regularly.

Limitations

This study suffered from a number of limitations; the principle
ones being the selective cohorts utilised and the small sample
sizes included. The response rate of 22 and 32 % from both
cohorts while low is in line with other studies and potentially
indicative of questionnaire surveys [42], especially those inves-
tigating knowledge levels. This study included lead experts in
Radiology and expert CT radiographers, so is not fully repre-
sentative of either professions, and may render the sample
over-representative in nature. Further work is encouraged to
gauge the understanding amongst cross-sections of both
professions using larger sample sizes. It could be argued that
selection bias may also be inherent within this questionnaire
as respondents who are more confident of their answers are
more likely to participate. Finally, although all participants
were asked not to refer to other information sources, such as
textbooks, internet, etc., while completing the questionnaires
this could not be guaranteed given the nature of the survey.

Whilst the findings of this questionnaire study are princi-
pally positive, the need for ongoing education focused upon
optimisation has been identified. Obvious deficiencies were
identified amongst both cohorts, especially in relation to the
influence of certain parameters on both patient dose and image
quality, as well as knowledge of specific diagnostic reference
levels. This may have a considerable impact on patient doses
and limit the optimisation potential in clinical practice.
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Appendix: Questionnaire
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Additional comments?
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