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Summary

Aim: To compare the radiation dose of cervical spine clearance and body CT in a
cohort of unconscious, major trauma patients for three different protocols, compar-
ing spiral to multislice CT. To quantify the radiation exposure effect of the protocols
on the lifetime cancer risk.
Method: The hospital trauma database was used to find the unconscious (GCS < 9),
severely injured (Injury Severity Score >15) from 1 January 2001 to 31 December
2003, excluding isolated head injuries. The protocols used for imaging the brain and
cervical spine were, including the radiographs performed as a mode:

(1) Three cervical radiographs (lateral, antero-posterior and open-mouth peg views)
and CT of the brain and cranio-cervical junction.

(2) CT of the brain, cranio-cervical and the cervico-dorsal junctions with two radio
graphs (lateral and antero-posterior).

(3) A lateral radiograph and CT of the brain and whole cervical spine. The dose of
the initial body CT was recorded.

The exposure factors and field of view used were put into the Monte Carlo software,
to estimate the CTand radiographic X-ray doses to the body as a whole and the dose to
the thyroid associated with each region imaged. The associated nominal additional
lifetime cancer risk was assessed.
Results: Excluding inter hospital transfers, where data was incomplete, 87 patients
survived to be admitted and fulfilled the criteria. In 30 cases, the CT films were
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missing, the exposure factors were not recorded or no imaging was performed. In a
further 21 cases, the X-ray packets were missing. Three patients had brain and
cervico-dorsal CT imaging only, leaving 33 cases for evaluation.
The effective radiation dose for a spiral CTof the brain using the Toshiba Xpress GX CT
scanner was 3.8 mSv. The total effective doses for imaging the brain and cervical
spine using the three protocols with the same CTscanner were (S.D. as % ofmean): (1)
4.4 mSv (5%), (2) 7.1 mSv (10%) and (3) 8.2 mSv (15%). The corresponding mean
thyroid doseswere: (1) 8.5 mGy (25%), (2) 48.9 mGy (20%) and (3) 66.5 mSv (20%). The
resultant nominal lifetime cancer risks were: (1) 1:4500, (2) 1:2800 and (3) 1:2400.
For the Siemens Sensation 16 multislice CTscanner, the total effective doses (S.D. as
% of mean) were: (1) 2.3 mSv (10%), (2) 4.3 mSv (25%) and (3) 5.4 mSv (35%). The
mean doses to the thyroid were: (1) 5.9 mGy (30%), (2) 36.1 mGy (50%) and (3)
52.4 mGy (40%). The lifetime cancer risks were: (1) 1:8700, (2) 1:4600 and (3)
1:3700.
Using the Toshiba spiral CT scanner, the total dose and additional lifetime nominal
cancer risk associated with CTof the chest, abdomen and pelvis (CAP) as 16 mSv and
1:1250, respectively. Using the Siemens multislice CT scanner, these were 11.8 mSv
and 1:1700. The cancer risk for protocol 1 when combined with a CT scan of the
chest, abdomen and pelvis was 1:1000 for the spiral CT scanner and 1:1500 for the
multislice CT (MCT) scanner. The cancer risk for protocol 2 with CAP CTusing the MCT
was 1:1200. The cancer risk for protocol 3 when combined with a CT scan of the
chest, abdomen and pelvis was 1:1100 for the multislice CT scanner. Prior to the
introduction of the BTS guidelines for cervical clearance, 12% of cases had CTof the
body, which increased to 16% post-guidelines.
Conclusions: CT of the trunk (chest, abdomen and pelvis) is associated with the
greatest risk of inducing a fatal cancer in the severely injured patient with a GCS less
than 9. In our institution the multislice CT protocols expose the patient to less
radiation than single slice CT, which is contrary to much of the published work to
date. CT scanning the thyroid (or whole cervical spine) still has a marked effect on
the cancer risk in cervical clearance.
Many centres will relax cervical spinal precautions in unconscious trauma patients if
the cervical spine CTwith reconstructions is normal. CT of the whole cervical spine
may be justified in the unconscious, severely injured patient. In conscious trauma
patients, the additional lifetime risk may not justify CTof the whole cervical spine as
a routine practice.
# 2007 Elsevier Ltd. All rights reserved.
Aim

An observational study to compare the radiation
doses for radiological clearance of the cervical spine
for unconscious (GCS < 9), major trauma patients
from different British Trauma Society (BTS 2002)
protocols5: conventional radiographs, CT of the
brain and cranio-cervical junction; the above
together with CT of the cervico-dorsal junction or
CT of the whole cervical spine and a lateral radio-
graph. The initial CT evaluation of the chest, abdo-
men and pelvis, where performed was also
evaluated.

To evaluate the effect at this centre of changing
from helical or spiral single slice imaging to multi-
slice CT (MCT) technology.

To quantify the radiation exposure effect of dif-
fering imaging protocols on the nominal lifetime
cancer risk.
Background

Advanced trauma Life Support transformed theman-
agement of patients, but the multiply injured still
have a high mortality.2 In England andWales, survival
to leave hospital improved on average 6% per year
from 1989 to 1994 according to the Trauma Audit
Research Network (TARN), but suggests little
improvement across the country since then up to
2000.32 Multiply injured patients have high Injury
Severity Scores (ISS)8 and a high mortality, despite
the increasing input of more senior doctors in A&E.33

In Leeds, the survival of a patient with an ISS of over
15 improved from 52% to 76% between 1988 and
1993.9 The overall incidence of cervical spine injury
in multiply injured in level I trauma centres is
low.11,14,16,3,1 However, those with head injuries
are at increased risk of such injury,34,35 inversely
proportionate to their level of consciousness.14
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Radiation to the neck is not without risk, because the
thyroid is particularly sensitive to radiation. Back-
ground radiation remains the largest source to an
individual overall (although this is only an average for
the UK population, and individuals may have more
radiation from artificial sources than from back-
ground exposure). The rapid expansion in imaging,30

particularlymultislice CT,12,6means that the lifetime
risk of inducing a cancer is also increasing rapidly.17

CT is useful for imaging the cranio-cervical and cer-
vico-dorsal junctions,18,21 which are difficult to view
adequately with plain radiographs. The use of brain
CT has doubled following the introduction of NICE
guidelines, but has halved the admission rate (9—4%)
in teaching hospitals.20 The limitations of plain chest
radiographs (e.g. missing anterior pneumothoraces)
and abdominal ultrasound (e.g. poor retroperitoneal
visualisation) have led to an increase in requests for
chest, abdominal and pelvic CTscans. The justifiable
popularity of conservative management of intra-
abdominal trauma especially hepatic and splenic
injury particularly in children, relies on accurate
CT diagnosis. Although initial cervical clearance pro-
tocols appeared incomplete,36 it is now commonly
accepted to perform a CTscan of the base of skull to
C3,when the brain is scanned in the unconscious,38,47

but there has been a move to CT the entire cervical
spine and reduce plain radiography, with little regard
to the radiation doses involved. Theoretical average
radiation dose data obtained from standard CT pro-
tocols46 (Appendix A) have been reported previously.
In the current study, an assessment is made of radia-
tion doses using exposure details from actual patient
examinations and consequent nominal cancer induc-
tion risk producedbydifferent imaging protocols that
have been used to clear radiologically the cervical
spine in unconscious major trauma patients.
Method

A set of unconsciousmajor traumapatients identified
from 1 January 2001 to 31 December 2003, in a
previous study,45 looking at the effect on cervical
spine imaging after the introduction of the British
Trauma Society guidelines for cervical clearance
which was in our institution, when submitted for
publication 23 September 2002.5 The CT and radio-
graphy exposure data were obtained for the brain,
body and three cervical spine protocols used: (1)
cervical radiography and CT scanning of the brain
and upper cervical spine or odontoid process; (2) an
antero-posterior and lateral cervical spine radio-
graph and CT of the brain down to C3 together with
the cervico-dorsal junction; (3) a lateral radiograph
and CT of the entire cervical spine to the second
dorsal vertebra and CT of the brain. This allowed
measurements from the spiral CT (Toshiba Xpress GX,
Toshiba Medical Systems, Manor Court, Manor Royal,
Crawley,West Sussex, RH10 2PX) of radiation doses of
the different protocols actually undertaken on our
cohort of patients, using the old technology (helical
or spiral). For CT examinations, this used the
recorded exposure details (mA, kV, field of view,
individual slice thickness) for each patient and for
plain radiography dose average exposures were
devised from the Trusts’s published exposure factor
audit data.42 The total doses for the protocols were
then calculated for the current 16 multislice CT (Sie-
mens Sensation 16 slice, Siemens House, Oldbury,
Bracknell, RG12 8FZ), and the doses compared.

Estimation of CT doses

The total effective dose and the dose to the thyroid
gland were estimated for CT examinations of the
body, brain and cervical spine for multiple trauma
patients who underwent CT scans using the Toshiba
Xpress GX (Toshiba Medical Systems, Manor Court,
Manor Royal, Crawley, West Sussex, RH10 2PX) at the
University Hospital of North Staffordshire between
the dates of 1 January 2001 to 31 December 2003.
Organ doses were estimated using the Monte Carlo
techniques29 and a software package designed for CT
dosimetry (CT patient dosimetry Excel spreadsheet,
version 0.99w, 2005. The CT dose index values Avail-
able from http://www.impactscan.org/).25 Informa-
tion required for the Monte Carlo simulation to be
undertaken includes the exposure factors and field of
view used and the Computed Tomography Dose Index
(CTDI) for the CTscanner concerned.57 The results of
the simulation yield estimations of organ doses and
effective dose. The Computed Tomography Dose
Index (CTDI) values were taken from direct measure-
ments made on the CT scanners and corrections
applied for the slice thickness used. The films from
the original CT scans for the patients allowed the
length of the neck scanned or the field of view to be
measured, for our cohort. The doses were calculated
using individual exposure data for spiral CTexamina-
tions on the Toshiba scanner and each dose estima-
tion was repeated for the Siemens Sensation 16
scanner using our current standard exposure factors
employed on this scanner. This allowed evaluation of
the same protocol on modern technology. The mean
effective dose to the patient and the dose to the
thyroid were calculated for each region imaged.

Estimation of plain radiography doses

The effective dose and dose to the thyroid gland was
calculated for each radiographic projection using

http://www.impactscan.org/
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Figure 1 Mean effective dose in mSv for a group of patients undergoing three protocols on radiographic equipment and
the Toshiba Xpress GX CTscanner. Rounded coefficient of variation (S.D. as a % of the mean) values are shown in brackets.
The contribution to effective dose for the CT brain scan, and CTcervical spine on the Toshiba scanner and the radiographic
examinations are shown separately. The effective dose is also estimated for the 16-slice Siemens CT scanner.
Monte Carlo techniques and a software package
designed to model any plain radiographic expo-
sure.54 The exposure factors used were taken from
standard exposure charts for the Accident and
Emergency X-ray unit used. The effective dose
and thyroid dose received by each patient for radio-
graphic exposures were taken to be the number of
exposures for each projection multiplied by the
calculated standard dose for that projection and
summed over all projections undertaken. (The
record of rejected films was incomplete, so could
not be formally included in the evaluation.)

Total dose

The total effective dose and dose to the thyroid
received from both CT and radiographic exposures
was calculated for each patient. The mean effective
dose and the dose to the thyroid for each of the
three cervical clearance protocols were computed.
Results

From 1 January 2001 to 31 December 2003, 87
unconscious, major trauma patients (ISS > 15) sur-
vived to be admitted to the UHNS (excluding inter-
hospital transfers) and 66 patient film packets were
Figure 2 Mean effective dose to the body on the spiral
Toshiba Xpress GX.
found (76%). Thirty either did not have a CT or did
not contain the CT films or some films did not show
the exposure factors used; there were all excluded.
Three patients only had CT of the cervico-dorsal
junction and are reported separately, leaving 33
complete data sets for analysis. Figs. 1—4 show
the results of the estimation of effective dose and
dose to the thyroid. Standard deviation (S.D.) values
express the variation in the mean values due to
random errors in the means. These do not include
systematic errors in dose calculations such as cali-
bration errors, drift in output from the X-ray gen-
erator and uncertainties in the Monte Carlo
simulations. These systematic errors however will
not significantly change the difference in estimated
effective dose or thyroid dose between the three
protocols or the two CT scanners.

All the brain CTeffective doses were 3.8 mSv. The
CT dose for the cranio-cervical junction was low
(0.43 mSv), increasing to 3.2 mSv for protocol 2.
This is more than for protocol 1 as the cervico-dorsal
junction requires more X-rays to penetrate the
thicker body region, as well as the peg.

The smallest contribution to effective dose and
thyroid dose comes from the radiographic exposures
which also show the widest dose variation between
patients. The wide variation in dose between
patients is due to the variation in the number of
Figure 3 Mean thyroid dose from the spiral Toshiba
Xpress GX.
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Figure 4 Mean dose to the thyroid in mGy for a group of patients undergoing three protocols on radiographic
equipment and the Toshiba Xpress GX CTscanner. Rounded coefficient of variation (S.D. as a % of the mean) values are
shown in brackets. The contribution to thyroid dose for the CT brain scan and CTcervical spine on the Toshiba scanner
and the radiographic examinations are shown separately. The thyroid dose is also estimated for the 16-slice Siemens CT
scanner.
radiographic projections actually performed on
each patient from the previous observational
study.45
Protocol
1: 3.3.3.1.1.3.0.3.1.3.3.3.3.3.4
NB: one patient
did not have
a lateral view
Protocol
2: 0.2.2.2.1.2.2.1
(not a lateral) 2
NB: two patients
did not have
a lateral
Protocol
3: 3.2.1.3.1.1.1.3.2
NB: all include
a lateral
The contribution from the CT brain scans is the
same for all protocols, but the contribution from
CT of the cervical spine examination varies con-
siderably between protocols. The mean effective
dose for the Toshiba CTspine spiral scans only (part
of protocol 1) was 90% less and 25% less for protocol
2 when compared with protocol 3 (see Fig. 1). The
differences became slightly greater for the thyroid
dose. When compared with CT of the whole cervi-
cal spine only as part of protocol 3, protocol 1 was
94% less and protocol 2 was 28%. Protocol 3 gives
nearly double the dose compared to 1 for both
helical & MCT or an eightfold increase to the
thyroid from the spiral scanner or ninefold from
MCT. The thyroid dose was much greater for pro-
tocol 3 than 1, as the whole thyroid is in the main X-
ray beam for protocol 3 and the thyroid is just
outside the main beam for protocol 1. The thyroid
is partially in the beam for protocol 2. Prior to the
BTS guidelines5 12% of our unconscious, major
trauma patients had CT of the chest, abdomen
and pelvis, but this increased to 16% for the sub-
sequent cohort.45
Cancer induction risk factors

It is generally assumed that the risk of cancer
induction increases in proportion to radiation dose.
The International Commission on Radiological
Protection (IRCP) have supplied figures which
may be used for the purpose of risk estimation.23

The assessment of risk is based on long term
follow up of populations exposed to acute doses
such as people exposed to the atomic bomb explo-
sions in Japan. It has been suggested that uncer-
tainties in cancer risk estimates may be about
twofold higher or lower for acute doses and a
further factor of two higher or lower for the
projection of these risks to low doses and low dose
rates. It should therefore be recognised that there
are large uncertainties in the assessment of risk
when using the nominal risk figures employed in this
work.24

The effective dose values in Fig. 1 for a helical
scanner provide an indication of relative doses and
relative associated risks for the three protocols. The
IRCP estimate the lifetime risk of fatal cancer induc-
tion in an adult population following exposure to
low doses of radiation to be in the region of
5.0 � 10�2 Sv�1. Taking a risk coefficient of
5.0 � 10�2 Sv�1,23 the lifetime risk of fatal cancer
induction can be estimated as 2.2 � 10�4 (1 in
4500), 3.5 � 10�4 (1 in 2800) and 4 � 10�4 (1 in
2400) for protocols 1, 2 and 3, respectively, for
the helical Toshiba Xpress GX. For multislice CT
the lifetime cancer risk was 1:8700, 1:4600 and
1:3700 for protocols 1, 2 and 3, respectively. A
typical helical (Toshiba) effective dose for CT of
the chest, abdomen and pelvis is 16 mSv and
11.8 mSv for the multislice (Siemens Sensation
16). Risk increases linearly with effective dose,39

whichmeans that the CTexposure risk from the body
CT scanning is summated with rest of the protocols
exposures (see Fig. 5).

The three patients who just had radiographs,
brain and cervico-dorsal junction CT had a mean
effective dose from the helical Toshiba of 6.1 mSv
and Siemens 4.1 mSv. This gave a nominal risk
for the Toshiba at 1 in 3300, and the Siemens 1 in
4900.
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Figure 5 Comparison of effective doses in mSv for a helical and a multislice CT scanner of different protocols, also
including body CT, with the associated additional lifetime risk of inducing a fatal cancer.
Discussion

Radiographs at the cranio-cervical and cervico-dor-
sal junction are often technically inadequate or
incomplete.40,58,15 Reconstructions (coronal and
sagittal of the peg),53 and thin slices (2 mm or
less),59 are needed for good quality CT scans with
a high diagnostic impact.19,43 Multislice CT (MCT)
shows clear improvements in terms of speed and
image quality over conventional CT41 and is increas-
ingly used in the unconscious7,48,51 and severely
injured patients.50 There is a large literature sug-
gesting that isolated ligamentous injury is rare,11,22

but there are few studies of only obtunded patients.
In a large series of obtunded trauma patients with a
normal multislice CT of the cervical spine, subse-
quent MRI showed no ligamentous injury in 98.9%
(362/366). Four had stable one column injuries,
three disc abnormalities and few (1.9%) had SCI-
WORA (Spinal Cord Injury Without Radiographic
Abnormality).22

The conventional five film radiographic series has
a very low total radiation dose, even with repeats.
The multislice CT dose may be less than conven-
tional CT depending on the protocol and scanner,
but the temptation to produce perfect thin slice
images over more of the patient (Field of View)
increase the total doses.56 The larger area scanned
may negate dose saving from the improved tech-
nologies including optimising exposures, better lin-
ear collimation and improved software. There are
wide variations in doses delivered by individual CT
scanners with effective doses varying between scan-
ners of different makes by up to a factor of 10 for a
group of commonly performed examinations in a
recent survey of CT doses,52 and also variation
between the same model.31 There are also marked
radiation doses from different multislice scanners
(dual or quad).6 Clinicians have a very poor under-
standing of the actual radiation doses of procedures
and the associated risks.28,44 In addition, if the
threshold for the use of body MCT drops and it
proliferates at the expense of body US for the more
minor cases, the final doses could be significantly
higher than current practice, at an ever increasing
total body dose of radiation. Fortunately only a
relatively small number (12—16%) of our cases
needed brain, cervical spine and body CT,45 with
the body CT contributing most of the dose. There
appears to be a linear, cumulative and proportional
risk of causing cancers over one’s life time, and not a
threshold effect as once thought.4 It is important
that we understand the effect of the radiation dose
and how it changes with the exact technique of
spine imaging used. The beam energy (kV), tube
current and the time for which it is applied (mAs)
and the film to focal difference need to be known to
allow comparison of radiography doses between
institutions (Appendix A). Similarly for CT the kV,
mAs, slice width, overlap (pitch) and table feed all
have an effect on the radiation exposure
(Appendix A). Larger patients generally need higher
tube currents.

The imaging quality of MCT is often much higher
than is needed for confident clinical diagnosis. Thus,
the use of ‘‘near’’, rather than true isotropic imaging
is helpful in minimising the dose with no perceptible
difference in image quality. Although the CT dose
values vary between centres, doses can be optimised
by collaborating between radiologists,12,30 and/or
medical physicists,31 reducing doses by a factor of
7 for some examinations as reported from our institu-
tion. A pitch less than 1 causes overlap of the slices
irradiated during a rotation and this overlap is
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reduced, then eliminated as pitch increases.12,13

Differing body regions need varying techniques so
for body scans a pitch of 1.5 and tube potential of
120 kV is ideal, whereas higher resolution is needed
for brain scans so a pitch of 1.0 and a higher energy
beam (140 kV) is used.12 Areas with high inherent
contrast (chest, spine and renal calculi) need lower
mAs or tubecurrent, allowinga reduction in thedose.
Automated exposure control is the automated sen-
sing of the exposure and appropriate adaptation
depending on the body density, between rotations
of the CT X-ray tube, altering the current (mA)
depending on the patient’s size. The cervical spine
CT protocols require large radiation doses and still
miss ligamentous injuries, so CT cannot be regarded
as a gold standard for imaging in unconscious
patients, and concerns about the radiation dose
remain.27 The average UK background radiation is
2.2 mSv per annum, and diagnostic X-rays have
been calculated to make up between 0.6% (UK) to
1.8% in Europe and 3.2% in Japan of the cumulative
risk of cancer to age 75, estimated from the Hir-
oshima bomb exposures,17 accepting that these sur-
vivors were exposed to all types of radiation,
including radionuclides. Thus, cervical clearance
protocols can involve many years of background
radiation but this is relatively small compared to
body CT, at the initial stages of conventional CT
assessmentalone.Wehavenot evaluated thenumber
and doses of the follow up CT scans, which may be
considerable.

Taking a snapshot with the Siemens Sensation 16,
set up with the parameters in this Trust
(Appendix A), delivers thyroid and effective doses
approximately 50% less than the Toshiba Xpress GX,
where the Toshiba had a relatively high dose for
helical scanners, and the physicists have helped us
to reduce the does at our institution.31 Over the
study period the use of body CT increased from 12 to
16%.45 Figs. 1 and 5 compare doses for two individual
scanners operating at this hospital only and there-
fore only illustrate the change in dose at this centre,
where the new technology reduced the dose to the
patient. National52 and regional surveys of CT
doses60,52 have shown that, as a broad trend doses
appear on average to be LOWER from single slice
scanner than multislice scanners of 4 or more slices,
although further survey data are required in order to
clarify trends in dose due to changing technology.
The same result was seen in a German survey.6 The
requirement to optimise the protection of patients
and to set and review diagnostic reference
levels26,27 has led to a greater emphasis on efforts
to reduce patient dose without compromising image
quality. National reference doses have been recom-
mended in the UK52 for a limited number of CT
examinations and continuous review is essential
due to rapidly developing technology.55 The close
involvement of our physicists may explain why our
MCT thyroid dose of the whole spine is relatively
low (30 mGy versus 62 mGy helical). Chan et al.
reported that CT of the whole cervical spine from
helical scanners is 24.76 mGy to the thyroid and
MCT 75.8 mGy from phantom data.10 That is MCT
increased the thyroid dose threefold over spiral (or
helical) CT. In whole cervical spine CT the thyroid,
which is particularly vulnerable to radiation,
experiences a 14-fold increase in radiation dose
compared to a three film X-ray series.49 Our work
shows considerable variation in doses according to
the protocol used: radiographs, with CT of the peg
and brain have a minimal effect on the lifetime risk
of additional fatal cancers (1:4500), but this
almost doubles for a lateral cervical radiograph
with CTof the brain and whole cervical spine to D2
(1:2400).

The CT dose from examining the chest, abdomen
and pelvis is the largest contribution, whilst CT of
the base of skull to C3 is relatively small. In our
institution changing from the helical (Toshiba) to the
Siemens sensation 16 multislice reduced the total
dose for protocol one from 20.4 to 14.1 mSv result-
ing in a reduction in cancer risk from 1 in 1000 to 1 in
1500. The Toshiba was a relatively high dose
machine, compared to its contempories. In our
institution we have around two hundred major
trauma cases a year, so spine protocol 3 on our
MCT would cause one tumour every 15 years
(1:3700). If the body CTwas added to every patient’s
dose then the MCTwould cause a tumour every 5½
years (1:1100).

There needs to be a debate about risks and, cost
benefits for each protocol option. The radiation
dose even with repeated plain films is minimal from
radiographs, but that from conventional spiral CT is
so high that it is doubtful that whole neck CTcan be
justified in the conscious patient, but with the poor
survival of unconscious patients45 probably means
that the risk for CT’ing the whole cervical spine is
acceptable as so many die of their injuries. Modern
MCT reduces the total dose for the whole body
evaluation required for the multiply injured from
16 to 11.8 mSv (figures for this centre), but this
remains the largest component in evaluation of
the unconscious multiply injured initial assessment.
The previously reported outcome in our unconscious
major trauma patients showed that less than a
quarter required CT of the chest, abdomen and
pelvis.45 This is fortuitous and may mean that CT
of the whole spine is the most expeditious and
appropriate protocol, potentially saving time in
the golden hour.
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This is the first paper to evaluate radiation doses
of differing imaging protocols used for multiply
injured, unconscious patients, and the effect on
lifetime cancer risk, including the brain, spine and
body scanning. These patients are among the most
widely imaged of all groups, and particularly
include young adults. It would have been better
to have collected all the X-ray doses prospectively,
so that we would have known exactly how many
reject films there were and how long the studies
took. We know that radiation doses for CT vary
greatly in different units,31 making guesstimates
on standard protocols an inexact science and our
work is a snapshot from our unit. We have not
performed a formal risk/benefit analysis. On the
other hand the literature in this field is
sparse,10,37,49,55 whilst CT use is increasing inexor-
ably with little radiation data to guide decision
making.
Conclusions

Knowing that the prognosis of unconscious major
trauma patients is poor with few also needing
body CT45, and that the incidence of isolated cord
and ligamentous injury is very low,22 it appears
justified to clear the cervical spine radiologically
if the multislice CT is normal. This accepts that
there is a small risk, probably around 1%, of
missing a significant injury. In this group concerns
about inducing thyroid tumours are relatively
minor. However, in those who are conscious or
GCS 9—12, the clinical evaluation is more likely
to be helpful, the survival is good and the high risk
of inducing a thyroid malignancy in a young cohort
does not justify multislice CT of the base of skull
to D1.
Appendix A

The dose calculations are undertaken using dosimet
Toshiba spiral CT scanner.46 All the doses supplied are
delivered to an average patient attending some of our

Typical exposure factors

Cervical spine radiographs
AP (+grid) 70 kV, 12.5 mAs, 100 cm FFD
Lateral 70 kV, 12.5 mAs, 180 cm FFD
Peg 70 kV, 12.5 mAs, 100 cm FFD
Oblique 62 kV, 10 mAs, 100 cm FFD
Swimmer’s view 76 kV, 65 mAs, 100 cm FFD

Lumbar spine radiographs
AP 75 kV, 29 mAs, 100 cm FFD
Lateral 86 kV, 54 mAs, 100 cm FFD
Recommendations

Combining the findings of a recent observational
study45 and this paper we suggest the following:
(1) M
ry d
est
X-r
ultislice CT of the base of skull to D4 is used
in the unconscious major trauma patient to
clear the cervical spine radiologically at the
time of the brain CT. Cervical CT acquired at
2 mm and 1.5 pitch on a bony algorithm, with
sagittal and coronal images of the cervical spine
should be reconstructed from the data at 1 mm.
This protocol may rarely miss isolated ligamen-
tous injuries. Then revaluate the patient clini-
cally when conscious.
(2) In
 the major trauma patients with mild to mod-
erate alteration in consciousness (GCS 14—9),
with a negative clinical examination of the
cervical spine, an AP and lateral radiograph of
the neck should be performed. Then CT of the
brain down to C3 and any other poorly seen
areas. Thus, if the cervico-dorsal area is not
seen well on X-ray, then the brain SCOUTshould
continue down to D4 to allow accurate counting
of the levels scanned by the CT.
(3) D
o not forget to clear the whole spine, i.e.
dorsal and lumbar in multiple trauma cases.
The abdominal CT if performed at 5 mm can
be re-processed down to 1mm and reconstruc-
tions made on a bony algorithm of the dorsal and
lumbar spine in sagittal and coronal planes,
similarly the bony pelvis. This should obviate
the need for return trips to CT.
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ata for the North Staffordshire royal Infirmary,
imates of dose using the factors and the dose
ay rooms.42

Entrance surface
dose (mGy)

Estimated effective
dose (mSv)

0.8 mGy 0.05 mSv
0.2 mGy 0.006 mSv
0.9 mGy 0.005 mSv
0.44 mGy 0.02 mSv
7 mGy 0.2—0.3 mSv

3.4 mGy 0.3 mSv
12.6 mGy 0.3 mSv
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Appendix A (Continued )

Typical exposure factors Entrance surface
dose (mGy)

Estimated effective
dose (mSv)

Conventional spiral CT (Toshiba Xpress)
C0—C3 120 kV, 150 mAs; pitch 1; 2 or 3 mm slices 0.34 mSv
C5—D2 120 kV, 150 mAs; 2 or 3 mm slices 2.2 mSv
C0—D2 120 kV, 150 mAs; 3 mm slices 4.3 mSv
Brain 130 kV, 300 mAs, 200 mA; 3 and 7 mm

contiguous slice widths
3.8 mSv

Chest 120 kV, 130 mAs; 7 mm slice width pitch 1.5 mm 6 mSv
Abdomen
and pelvis

120 kV, 130 mAs; 7 mm slice width pitch 1.5 mm 10 mSv

Multislice CT (Siemens Sensation 16)
C0—C3 120 kV, 130 mAs (NB: may require up to 150 mAs);

pitch 1 coll. 0.75 mm, 9 mm irradiated slice width
0.17 mSv

C5—D2 120 kV, 130 mAs (NB: may require up to 150 mAs);
pitch 1 coll. 0.75 mm, 9 mm irradiated slice width

1.1 mSv

C0—D2 120 kV, 130 mAs (NB: may require up to 150 mAs);
pitch 1 coll. 0.75 mm, 9 mm irradiated slice width

2.1 mSv

Brain 120 kV, 320 mAs; scan time 1 s; contiguous slices 6 mm
(and 3 mm) imaged slice width coll. 1.5 mm
(and 0.75 mm), 18 mm (and 9 mm) irradiated slice width

2 mSv

Chest 120 kV, 100 mAs; 6 mm slices width 1.5 mm collimation
18 mm irradiated slice width 30 mm feed approximately
36 slices above the diaphragm

1.8 mSv

Abdomen
and pelvis

120 kV, 140 mAs; 5 mm slice width collimation 1.5 mm
irradiated slice width 24 mm feed/rotation 24 mm
approximately 92 slices below diaphragm

10 mSv
References

1. Airey CM, Franks AJ. Major traumaworkload within an English
health region. Injury 1995;26(1):25—31.

2. Anderson ID, Anderson IWR, Clifford P, Gentleman D, Law LH,
Ryan J, Stoneham J. Advanced trauma life support in the UK:
8 years on. British Journal of Hospital Medicine 1997;
57(6):272—3.

3. Better Care for the Severely Injured. A Joint Report from The
Royal College of Surgeons of England and the British Ortho-
paedic Association; July 2000.

4. Brenner DJ, Doll R, Goodland DT, et al. Cancer Risk attribu-
table to low doses of ionising radiation: assessing what we
really know. PNAS 2003;100(24):13761—6.

5. British Trauma Society. Guidelines for initial management
and assessment of spinal injury. Injury 2003;34:405—25.

6. Brix G, Nagel HD, Stamm G, et al. Radiation exposure in
multi-slice versus single-slice CT: results of a nationwide
survey. Eur Radiol 2003;13:1979—91.

7. Brohi K, Healy M, Fotheringham T, et al. Helical computed
tomographic scanning for the evaluation of the cervical spine
in the unconscious, intubated trauma patient. J Trauma
2005;58:892—990.

8. Bull JP. The injury severity score of road traffic casualties in
relation to mortality, time of death, hospital treatment time
and disability. Accid Anal Prev 1975;7:249—55.

9. Burdett-Smith P, Airey M, Franks A. Improvements in trauma
survival in Leeds. Injury 1995;26(7):455—8.

10. Chan PN, Antonio GE, Griffith JF, et al. Computed tomography
for cervical spine trauma. The impact of MDCT on fracture
detection and dose deposition. Emerg Radiol 2005;11:286—
90.

11. Chiu WC, Haan JM, Cushing BM, et al. Ligamentous injuries of
the cervical spine in unreliable blunt trauma patients: inci-
dence, evaluation, and outcome. J Trauma Injury Infection
Critical Care 2001;50(3):457—64.

12. Crawley MT, Booth A, Wainwright A. A practical approach to
the first iteration in the optimization of radiation dose and
image quality in CT: estimates of the collective dose savings
achieved. Br J Radiol 2001;74:607—14.

13. Dawson P, Lees WR. Multi-slice technology in computed
tomography. Clin Radiol 2001;56:302—9.

14. Demetriades D, Charalambides K, Chahwan S, et al. Non-
skeletal cervical spine injuries: epidemiology and diagnostic
pitfalls. J Trauma Injury Infection Critical Care
2000;48(4):724—7.

15. DiGiacomo C, Frankel HL, Rotondo MF. Clearing the cervical
spine in victims of blunt trauma. Mil Med 2002;167(5):
398—401.

16. Goldberg W, et al. Distribution and patterns of blunt trau-
matic cervical spine injury. Ann Emerg Med 2001;38(1):
17—21.

17. Gonzalez A, Darby S. Risk of cancer from diagnostic X-rays:
estimates for the UK and 14 other countries. Lancet
2004;363:345—51.

18. Griffen MM, Frykberg ER, Kerwin AJ, et al. Radiographic
clearance of blunt cervical spine injury: plain radiograph
of computed tomography scan. J Trauma 2003;55:222—7.

19. Hanson JA, Blackmore CC, Mann FA, Wilson AJ. Cervical spine
injury: accuracy of helical CTused as a screening technique.
Emerg Radiol 2000;7(1):31—5.



356 P.J. Richards et al.
20. Hassan Z, Smith M, Littlewood. et al. Head injuries: a study
evaluating the impact of the NICE head injury guidelines. J
Emerg Med 2005;22:845—9.

21. Hoffman JR, Wolfson AS, Todd K, Mower WR. Selected cervi-
cal spine radiography in blunt trauma: methodology of the
NEXUS study. Ann Emerg Med 1998;32:461—9.

22. Hogan GJ, Mirvis SE, Shanmuganathan K, Scalea TM. Exclu-
sion of unstable cervical spine injury in obtunded patients
with blunt trauma: is MR imaging needed when multi-detec-
tor row CT findings are normal? Radiology 2005;237:106—13.

23. ICRP, 1990 recommendations of the international commission
on radiological protection, ICRP publication 60, vol 21, no
1—3, Pergamon Press Oxford; 1991, ISSN 0146-6453.

24. ICRP. Draft recommendations of the international commission
on radiological protection, posted on http://www.icrp.org;
June 2006.

25. ImPACT. CT patient dosimetry Excel spreadsheet (version
0.99w, 2005) The Computed Tomography Dose Index (CTDI)
values. Available from http://www.impactscan.org/; 2005

26. IPEM. Guidance on the establishment and use of diagnostic
reference levels for medical X-ray examinations. IPEM report
no 88. York, Institute of Physics and Engineering in Medicine;
2004.

27. IRMER. The ionising radiation (medical exposure) regulations
2000.SI (2000) No 1059. TSO, London; 2000.

28. Jacob K, Vivian G, Steel JR. X-ray dose training: are we
exposed to enough. Clin Radiol 2004;59:928—34.

29. Jones DG, Shrimpton PC. Normalised organ doses for X-ray
computed tomography calculated using Monte Carlo techni-
ques. Chilton 1993, NRPB-SR250.

30. Kalra MK, Maher MM, Toth TL, et al. Strategies for CT radia-
tion dose optimization. Radiology 2004;230:619—28.

31. Koller CJ, Eatough JP, Bettridge A. Variations in radiation
dose between the same model of multislice CT scanner at
different hospitals. BJR 2003;76:798—802.

32. Lecky FE, Woodford M, Bouamra O, Yates DW. Lack of change
in trauma care in England and Wales since 1994. J Emerg Med
2002;19:0—3.

33. Lecky FE, Woodford M, Yates DW. Trends in trauma care in
England and Wales 1989—1997. Lancet 2000;355:1771—5.

34. Link TM, Schuierer G, Hufendiek A, et al. Substantial head
trauma: value of routine CT examination of the cervicocra-
nium. Radiology 1995;196:741—5.

35. Malomo AO, Shokunbi MT, Adeloye A. Evaluation of the use of
plain cervical spine radiography in patients with head injury.
East Afr Med J 1995;72:186—8.

36. Marion D, Domeier R, Dunham CM, et al. Practice manage-
ment guidelines for identifying cervical spine injuries follow-
ing trauma, east practice parameter workgroup for cervical
spine clearance. EAST 1998;1—10.

37. Molen van der AJ, Geleijns J. Quantification of over scanning
and relative contribution to scan length and effective does in
16 slice CT. AJR 2004;182(4):27.

38. NICE (National Institute for Clinical Excellence). Head injury:
triage, assessment, investigation and early management of
head injury in infants, children and adults. Clinical guideline;
June 4, 2003.

39. NRPB radiation exposure of the UK Population from medical
and dental X-ray examinations. NRPB-W4. NRPB Didcot;
2001.

40. Nunez DB, Zuluaga A, Fuentes-Bernardo DA, et al. Cervical
spine trauma: how much more do we learn by routinely using
helical CT? Radiographics 1996;16:1307—18.
41. Obernauer S, Alamo L, Herold T, et al. Imaging skeletal
anatomy of injured cervical spine specimens: comparison
of single-slice vs. multi-slice helical CT. Eur Radiol
2002;12:2107—11.

42. Plain film radiographic X-ray doses assessed from standard
exposure charts. Audit review June 2003. University Hospital
of North Staffordshire NHS Trust [Internal Document].

43. Ptak T, Kihiczak D, Lawrason JN, et al. Screening for cervical
spine trauma with helical CT: experience with 676 cases.
Emerg Radiol 2001;8:315—9.

44. Ratnapalan S, Bona N, Chandra K, Koren G. Physicians’
perceptions of teratogenic risk associated with radiography
and CT during early pregnancy. AJR 2004;182:1107—9.

45. Richards PJ, Hamid A, Belcher J, Oakely P. Cervical clearance
in unconscious major trauma patients: a UK level 1 centre
submitted Annals of the Royal Society of Medicine.

46. Richards PJ. Cervical spine clearance: a review. Injury
2005;36:248—69.

47. Royal College of Radiologists. Making the best use of a
department of clinical radiology. Guidelines for Doctors
5th ed.; 2003.

48. Rybicki FJ, Knoll B, McKenney K, et al. Imaging of cervical
spine trauma: are the anteroposterior and odontoid radio-
graphs neededwhen CTof the entire cervical spine is routine?
Emerg Radiol 2000;7:352—5.

49. Rybicki F, Nawfel RD, Judy PF, et al. Skin and thyroid dosi-
metry in cervical spine screening: two methods for evalua-
tion and a comparison between a helical CTand radiographic
trauma series. AJR 2002;179:933—7.

50. Sampson MA, Colquhoun KBM, Hennessy NLM. Computed
tomography whole body imaging in multi-trauma: 7 years
experience. Clin Radiol 2006;61:365—9.

51. Sanchez B,Waxman K, Jones T, et al. Cervical spine clearance
in blunt trauma: evaluation of a computed tomography-
based protocol. J Trauma 2005;59:179—83.

52. Shrimpton PC, Hillier MC, Lewis, MA, Dunn, M. Doses from
computed tomography (T) examinations in the UK–—2003
review. NRPB-W67, Didcot; 2005.

53. Sweeney JF, Rosemurgy AS, Gill S, Albrink MH. Is the cervical
spine clear? Undetected cervical fractures diagnosed only at
autopsy. Ann Emerg Med 1992;21:1288—90.

54. Tapiovarra M, Lakkisto M, Servomaa A. PCXMC A PC based
Monte Carlo program for calculating patient doses in medical
X-ray examinations (STUK-A139). Helsinki 1997.

55. Tsapaki V, Aldrich JE, Sharma R, et al. Dose reduction in CT
whilemaintaining diagnostic confidence: diagnostic reference
levels at routine head, chest, and abdominal CT–—IAEA coor-
dinated research project. Radiology 2006;240(3):828—34.

56. Van der Molen AJ, Geleijns J. Quantification of overscanning
and relative contribution to scan length and effective dose in
16-slice multislice CT. Scientific Session 12 General and
Emergency Radiology 104th Supplement to the American
Journal of Roentgenology 2004;182(4):27.

57. Wall BF. Radiation protection dosimetry for diagnostic radi-
ology patients. Radiat Prot Dosim 2004;109(4):409—19.

58. Woodring JH, Lee C. Limitations of cervical radiography in the
evaluation of cervical trauma. J Trauma 1993;34(1):32—9.

59. Woodring JH, Lee C. The role and limitations of computed
tomographic scanning in the evaluation of cervical trauma. J
Trauma 1992;33(5):698—708.

60. Yates SJ, Pike LC, Goldstone KE. Effect of multislice scanners
on patient dose from routine CTexaminations in East Anglia.
Br J Radiol 2004;77:472—8.

http://www.icrp.org/
http://www.icrp.org/
http://www.impactscan.org/

	Major trauma &amp; cervical clearance radiation �doses &amp; cancer induction
	Aim
	Background
	Method
	Estimation of CT doses
	Estimation of plain radiography doses
	Total dose

	Results
	Cancer induction risk factors
	Discussion
	Conclusions
	Recommendations
	Acknowledgement
	Appendix A
	References


