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 Summary
 Background: Due to great technological progress made over the last decade in computer tomography, CT has 

become a very successful tool for diagnostic imaging in polytraumatic patients. The purpose 
of this study is an optimum selection of parameters to detect all post-traumatic pathologies in 
polytraumatic patients, with the application of minimum ionizing radiation.

 Material/Methods: 131 patients with a suspected polytrauma were studied following various scanning patterns 
with a 64-slice CT of the head, neck, thorax and abdominal cavity with pelvis. The patients were 
divided into three groups in accordance with the chosen scheme. Materials were analyzed with 
the following in view: increasing the efficacy of detecting pathologies, decreasing radiation dose, 
simplifying assessment and facilitating image archiving.

 Results: The following mean numbers of serious post-traumatic pathologies were diagnosed during one 
examination: group I – 1.8, group II – 2.8, and group III – 2.1. There was a statistically significant 
reduction in the number of reconstructions performed during one examination from 11.8 in group 
I, 8.3 in group II, to 7.2 in group III. Additionally, statistically significant reductions were obtained 
in the mean values of the dose-length product (DLP): 3361 mGy × cm (group I), 2805 mGy × cm 
(group II), 2583 mGy × cm (group III).

 Conclusions: The third scanning pattern, which comprised multiple adjacent sections scanned jointly, including a 
single trunk scan following the administration of a contrast material, is best in terms of evaluation 
comfort and the lowest radiation dose absorbed by the patient. Patterns II and III are most 
effective in detecting pathologies.
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Background

Currently, trauma is thought to be the most common cause 
of death among people under the age of 45 [1,2]. Diagnostic 
imaging plays a key role in the treatment of the poly-
traumatic patient with computerized tomography as a 
leading and conclusive imaging method used to diagnose 
post-traumatic changes [2]. Contemporary MSCT provi-
des perfect imaging of the most important human organs 
in a matter of minutes [1,3–8]. Therefore, in polytraumatic 
patients the use of either conventional radiology or ultra-
sound imaging is limited [6,9–11]. Still, the importance of 

either should not be undermined as they are effective in 
rapid evaluation of pipe bone fractures, pneumothorax and 
the presence of fluid in the pleural or abdominal cavities 
[12]. Nevertheless, the sensitivity and specificity of CT, and 
especially of MSCT, makes it a top-ranking method.

One important problem of Whole-Body Computed 
Tomography (WBCT) is finding common parameters for 
imaging the whole body of the patient [7]. Polytrauma pro-
tocol scanning needs to be carried out both rapidly and effi-
ciently [2,10,13] and meet optimal quality criteria for ima-
ging. In addition, multi-surface imaging, which has higher 
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technological requirements, is necessary here. Hence, ima-
ging large regions of the body combined with minimum 
ionizing radiation must of necessity be a compromise.

After the introduction of the first multi-row CT scanner in 
1998, few papers were published concerning MSCT studies in 
patients with multitrauma, especially those related to 64-slice 
CT [1,3,5,7,8,10,14,15]. A considerable number of studies rese-
arched imaging of post-traumatic changes in isolated body 
sections [16–24]. During the scanning of isolated body sec-
tions e.g. head injury or a suspicion of aortic aneurysm vario-
us protocols are followed. The differences between them inc-
lude a set of elements affecting image quality. First of all, the 
basic technical parameters are: slice collimation (SC), pitch, 
table feed, current intensity and strength, and pump injecting 
contrast. Quality of image is also influenced by reconstruc-
tion parameters. Many types of reconstructions with various 
parameters are used in the polytrauma protocol scanning [25].

In the case of post-traumatic changes imaging, many cen-
tres apply individual CT scanning protocols based on their 
own experience. In 1997, a protocol was published in 
which a post-traumatic patient was scanned without the 
intravenous injection of a contrast medium [26]. Over the 
course of subsequent examinations, a sequential scanning 
with an intravenous contrast medium was performed on 
the patient [27]. Next, in 2000 several studies on spiral 
CT scanning of polytraumatic patients and guidelines for 
MSCT protocol were published [1]. Some of the studies that 
followed described various scanning patterns for multi-row 
device operation [3,4,7,8,10,28]. Among other things, they 
showed methods for improving image quality by, e.g., col-
limation or pitch adjustment, or a reduction of radiation 
dose [3,4,8,28]. Additionally, the authors paid attention 

to image reconstruction parameters [1,8]. The CT results 
of a polytrauma patient determine further procedures. It 
is vital that a radiologist evaluate the scan in accordance 
with set standards and follow protocol patterns [10].

Studies on MSCT optimization in multitrauma patients 
increase the effectiveness and rapidity of evaluation. This, 
in turn, speeds up the healing treatment, which directly 
translates into survival rate and future life comfort incre-
ase [15]. Therefore, the purpose of the study was to provi-
de an optimum scheme of 64-slice computed tomography 
scanning in polytrauma patients that would comprise: a 
scanning protocol, image reconstruction, protocol pattern 
and image archiving. Setting an optimum scheme aimed at 
increasing the efficacy of detecting pathologies, decreasing 
radiation dose, simplifying assessment, unifying results 
and facilitating image archiving.

Material and Methods

131 patients with clinically suspected polytrauma, 
who were transported to the emergency Department 
of the Clinical Hospital No. 1 of the Pomeranian Medical 
University between March 2006 and July 2007, were inclu-
ded in the study.

Depending on the examination protocol, the patients were 
divided into three groups (Table 1). In group I, the patients’ 
body regions were scanned separately. In groups II and III, 
scanning included adjacent body areas. Both group I and 
group II patients had their trunks scanned prior to and fol-
lowing the administration of an intravenous contrast mate-
rial. In contrast, in group III the trunk was scanned only 
after the administration of a contrast material.

Scanning pattern Outline of the scanning pattern No. of patients examined

I
Body regions scanned separately (trunk scanned prior to and following the administration of 
an intravenous contrast material) 

31

II
Multiple adjacent sections scanned jointly: head + neck, thorax + abd. cavity + pelvis (trunk 
scanned prior to and following the administration of an intravenous contrast material) 

50

III
Multiple adjacent sections scanned jointly: head + neck, thorax + abd. cavity + pelvis (trunk 
scanned only after the administration of an intravenous contrast material) 

50

Table 1. Division of patients according to the multi-slice computed tomography scanning pattern.

Group Head Neck Thorax Abdominal cavity with pelvis

I

mAs 300
kV 120

CTDIvol 41.31
SC 24×1.2 mm

pitch 0.9

mAs 150
kV 120

CTDIvol 10.12
SC 24×1.2 mm

pitch 0.9

mAs 110
kV 120

CTDIvol 7.41
SC 24×1.2mm

pitch 1.2

mAs 160
kV 120

CTDIvol 10.77
SC 24×1.2mm

pitch 1.2 

II and III 

mAs 300, kV 120
CTDIvol 46.99

SC 64×0.6mm,
pitch 0.9

mAs 160, kV 120
CTDIvol 10.77

SC 24×1.2mm,
pitch 1.2

Table 2. Technical parameters of scanning.

mAs – milliamp seconds; kV – kilo voltage; CTDIvol – volumetric CT dose index (mGy); SC – slice collimation, pitch.
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The examination was performed using a Somatom Cardiac 
Sensation (Siemens AG, Muenchen, Germany) 64-slice com-
puted tomography scanner. A contrast material (Iomeron 
400, Bracco, Altana Pharma, Konstanz, Germany) was 
administered by a Stellant SOM 700 PO (Medrad, Postbus, 
Holland) infusion pump at a rate of 3ml/second in the amo-
unt of 100–120 ml. During the procedure, all patients laid 
on an emergency board with the presence of monitoring 
equipment and sometimes even equipment for continuous 
administration of drugs or liquids. Scanning was carried 
out in the craniocaudal direction using CARE DOSE, a tech-
nique of radiation dose reduction.

CT technical parameters (slice collimation, pitch, volume-
tric CT dose index), varying in different groups of patients, 
are presented in Table 2.

The groups differed in the quantity and quality of image 
reconstruction, as well as in the method of description. 
In group I, similarly to image reformatting, description 
varied. In group II 8, and group III 7 basic image recon-
structions were performed per every examination. If a 
reconstruction of a particular body region was necessary 
it followed previous protocols e.g. petrous pyramid frac-
ture imaging. A fundamental difference in the type of 
reconstruction in groups II and III resulted from the lack 
of trunk scanning prior to the administration of a contrast 
medium in group III, which automatically reduced the 
number of reconstructions from eight to seven. A common 
pattern of description comprising a list of structures and 
organs was applied to both groups.

The study was not randomized. Due to totalling of radia-
tion dose, all protocols could not be compared during the 
scanning of a single patient – subsequent scanning proto-
cols were followed in various patients in different, subse-
quent time periods. As a result, the patients were placed in 
groups at random and no artificial patient protocol selec-
tion was involved. In order to compare group results, the 
following clinically significant, homogenous initial parame-
ters were adopted: sex, age, Glasgow Coma Scale (GCS) and 
Revised Trauma Score (RTS).

To compare the groups and select the most efficient study 
pattern some significant pathologies were determined (25 

post-traumatic pathologies, amongst them: paracerebral 
haematoma, pneumothorax, pelvis or spine fracture), and 
then pathologies in each group were counted. Moreover, 
to evaluate the efficiency of radiologists’ examinations the 
mean number of image reconstructions per one CT was 
estimated, with an assumption that the smaller the num-
ber of reconstructions per equal amount of information the 
faster the diagnostic decision. Every examination was eva-
luated by two radiologists with at least 5 years’ experience 
in accident and emergency radiology. In order to reduce the 
amount of absorbed radiation dose, the mean Dose Length 
Product (DLP) values were calculated and compared.

Results

Initial group parameters i.e. age, sex, GCS and RTS did not 
differ statistically; therefore, it was possible to compare 
groups in terms of the remaining parameters.

The mean number of detected pathologies was 2.2 (from 0 
to 9). In group I, median 1.8 pathologies, group II – 2.8, and 
group III – 2.1 were discovered, which were statistically 
insignificant.

The mean number of reconstructions performed per group 
was 9.02 (from 4 to 20). The lowest number of reconstruc-
tions (7.17) was found in group III, the highest number in 
group I (11.83) (Figure 1) – differences that were statistical-
ly significant.

The DLP index mean value was 2815 mGy × cm (range 
of 1544–5152). Values obtained in particular groups are 
displayed in Figure 2. DLP in group I is statistically signi-
ficantly higher (p<0.05). No statistically significant diffe-
rence was found in DLP between groups II and III (p=0.07).

Discussion

Over the last ten years, computed tomography has beco-
me an unquestionable “gold standard” in the treatment of 
polytraumatized patients. The introduction of multislice 
CT proved particularly useful [2]. Many research centres 
treating victims of serious accidents apply their own CT 
protocols [1,5,6,29]. All these diagnostic procedures have 
a common purpose: whole body computed tomography 
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(WBCT), which despite its name excludes limb examination 
[13].

Protocols followed during our examinations were largely 
based on radiologists’ individual experience. The first and 
smallest group of patients had separate body region scans 
and triphasic contrast-enhanced examinations of the abdo-
minal cavity.

Due to high radiation dose (mean DLP = 3361 mGy × cm), 
a significant number of reconstructions (which extended 
the time of diagnosis) and low quality imaging (disconti-
nuous scanning), pattern II, comprising two scanning 
regions: head plus neck, and thorax plus abdominal cavity 
and pelvis, was employed. A trunk was scanned prior to 
and following the administration of an intravenous con-
trast material. Some researchers claim that varying phases 
should be used in thoracic or abdominal cavity scanning. 
Linsenmaier et al. recommend thorax scanning during the 
arterial phase and abdominal scanning in the parenchy-
matous phase [1]. Nowadays, modern multi-row devices 
can be programmed to pause scanning at the level of the 
diaphragm [3,10]. A bolus of the contrast agent moves to 
parenchymatous organs and then the device resumes scan-
ning. Others suggest administering the contrast medium 
twice, which allows for a single-pass scanning and over-
lapping phases of examination [5]. The study demonstrated 
the importance of abdominal cavity parenchymatous organ 
imaging during the parenchymatous phase. Still, detecting 
significant post-traumatic pathologies of the mediastinum 
proved possible both during the arterial and parenchy-
matous phase. Hence, varying the phases was dispensed 
with in order to facilitate the examination. In the case of 
mediastinum vessel damage, a targeted scan should be per-
formed (e.g. aortic angio-CT) for a careful evaluation of 
lesions and taking measurement for a potential stent graft 
[3,30–32].

A crucial achievement of the new scanning protocol was 
a considerable, statistically significant reduction of radia-
tion dose from 3361 to 2805 mGy × cm. Comparable values 
of DLP were obtained in the studies carried out by Ptak 
et al. and Fanucci et al. – 3217 mGy × cm in the protocol 
for the scans of isolated body regions and 2671 mGy × cm 
for a single scan of the whole body [4,28]. DLP reduction 
in our research was 556 mGy × cm, whereas the studies 
referred to quoted 546 mGy × cm. Our success was con-
nected with a reduction of overlapping scanning areas and 
the absence of abdominal cavity imaging in the arterial 
phase. Radiation reduction was particularly noticeable in 
the organs of the neck, liver and adrenal glands.

Apart from a drop in radiation load, the combined scan-
ning of the head and neck, and of the thorax and abdomi-
nal cavity with pelvis enabled the introduction of novel 
reconstructions of images. For the first time the radiolo-
gists were able to assess structures, i.e. facial skeleton, 
aorta, sacral-thoracic spine or diaphragm in an uninter-
rupted mode. Owing to a thin-sliced reconstruction (1.5 
mm), a multiplanar reconstruction (MPR) imaging of the 
patient’s whole trunk was performed. So far, MPR has only 
been used for fragmentary presentations of single body 
parts. Such a change led to a more efficient evaluation of 

facial skeleton fractures, mandible in particular, rib, ster-
num or spine fractures. Joining body regions in a multislice 
tomography helped reduce misevaluations of overlapping 
regions, e.g., lower rib fractures.

The benefits of an uninterrupted imaging of the above 
mentioned organs are highlighted in the study of Fanucci et 
al. [4]. Furthermore, the authors prove that the application 
of a single-pass whole-body protocol significantly reduces 
scan time. In addition, 3-D volume rendering can be used 
more widely, which in turn facilitates cooperation with 
other health care specialists [3,33].

Standard image reconstructions applied in pattern II 
improved evaluation and increased the number of detected 
post-traumatic pathologies. Implementation of the solution 
resulted in a drop of reconstruction figures from 11.83 in 
group I to 8.34 in group II, which consequently reduced the 
number of archived images.

Growing experience in diagnosing polytrauma patients 
allowed drawing practical conclusions regarding the eva-
luation pattern and variety of detected pathologies. It appe-
ared that the native phase of the treatment (prior to con-
trast medium administration) was of little use; the radia-
tion dose still seemed high. Some studies followed proto-
cols involving no native phase [4,6,10,34,35]. In the face 
of scientific findings, non-contrast CT scans were deemed 
unnecessary. As a result, a final pattern applied to examine 
patients in group III was developed (diagram).

In the ultimate group comprising 50 patients two scanning 
ranges (likewise in group II) were performed; however, 
the trunk was scanned only after the administration of a 
contrast agent. The anticipated effect was further drop in 
radiation absorption. The mean DLP value was 2583 mGy 
× cm, whereas the mean value of the previous group was 
2805 mGy × cm (222 mGy × cm difference). Not affecting 
evaluation efficacy, the change contributed to an impro-
vement of work comfort of the radiologists. The study 
demonstrated a statistically significant reduction in the 
number of performed reconstructions from 8.34 in group 
II to 7.17 in group III. The evaluating radiologist examined 
fewer images but received the same amount of informa-
tion.

A few patients (n=6) required delayed phase. The purpose 
of this additional examination was to detect any pyelocay-
ceal system or ureter damage, which determines treatment 
of kidney trauma [24,36]. Unfortunately, it entailed a rise 
in both the DLP index and number of reconstructions. The 
delayed phase is reported to have been used on a regular 
basis in demonstrated abdominal cavity lesions [1,3]. In our 
research the phase was used for the examination of evident 
kidney damage.

To give the reader a thorough picture of the scanning tech-
nique used in every one of our cases, some rules regarding 
examination of polytrauma patients using a multislice com-
puted tomography need to be presented. Both in reference 
material as well as in our research, it was accepted that the 
head and neck are scanned without the administration of 
the contrast agent [1,4,5,8,10,34,35]. Some researchers sug-
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gest that there is a need for imaging the neck after the admi-
nistration of the contrast agent [37]; however, according to 
West and Anderson et al. in the case of clinical suspicion of 
neck vessel injury a successive dedicated study is deemed 
obligatory [3,8]. Our research did not find such a necessity.

During the examination of the trunk, the upper limbs are 
positioned along the body, slightly bent at elbows, with 
palms resting on the top of the lower abdomen [1]. The 
proposed upper limb position seems to provide a maxi-
mum reduction of bone-derived noise. Repositioning of the 
arms above the head is not applied as it carries the risk of 
soft tissue damage by any potential fragments of fractu-
red bones and increases examination time. Nevertheless, 
some researchers tried to reposition the arms when possi-
ble [15].

Taking into consideration the safety of the patient and 
the need for a rapid diagnosis no oral contrast agent was 
administered. Some suggest an infusion of a contrast agent 
dissolved in water into the bowels, which should facilitate 
bowel damage detection [1,10,38]. However, it seems that 
the solution ought not to be used due to considerable delays 
in the commencement of the treatment caused by the need 
of bowel filling and the risk of aspiration [3,36,39–41].

It is hard not to mention the purely physical parameters of 
the protocol (Table 2). All examinations were performed by 
spiral CT scanning. In the most optimum protocol version 
(III), during the examination of the head and neck a mini-
mum collimation was applied, 64×0.6 mm. Submillimetre 
slice widths allow an extraordinary precise evaluation of 
the skull and facial skeleton. In the first protocol, a 24×1.2 
mm collimation was used, which turned out to be insuf-
ficient in several cases of petrous pyramid fracture. Slice 
collimation >1 mm provides excellent opportunities for 
multislice imaging or 3D reconstructions of facial skeleton 
bones. Maxillofacial surgeons or laryngologists frequently 
use 3D images in therapeutic treatment [42–44].

Pitch values should not be <1; still, the head and neck 
were scanned with a slight overlapping of the regions in 
our study (pitch 0.9). Other researchers provided compa-
rable pitch values for these regions [45]. It seems as if we 
need to come to terms with the fact that head and neck 
imaging does not only require a low collimation but also 
needs low pitch values in order to eliminate all minor post-
traumatic lesions. Low values of both variables increase 
the ionizing radiation dose absorbed by patients but perfect 
images can be obtained in return. CARE DOSE option was 
chosen at all times as opinions regarding automatic care 
dose were always positive [3,30,45].

Apart from various aspects of protocol, special attention 
needs to be drawn to reconstruction parameters when dra-
wing up an optimum pattern of examination. Image refor-
matting capacities are directly associated with the protocol 
applied in the examination, and as previously mentioned 
we aimed at limiting the number of reconstructions. In gro-
ups II and III basic reconstructions that were performed 
proved sufficient in most cases (Figure 3). Special attention 
should be paid to the above-mentioned reconstructions of 
the sagittal reconstructions of the cervical vertebra and 
sacral-thoracic spine, as well as a thin-slice reconstruction 
of a contrast-enhanced trunk. A contemporary tomography 
allows such precise imaging in sagittal or frontal projec-
tion that these planes become basic for spine, diaphragm or 
bowel imaging [3–5,8,46,47]. Skeleton imaging was based 
on 3 mm-thick transverse and 2mm-thick sagittal planes, 
which follows multiple sources [15,17,47,48]. Then, a 3mm-
slice reconstruction named “bones and lungs”, created with 
the application of a bone window and high-resolution ker-
nel, is well-worth mentioning. It serves the purpose of a 
trunk skeleton vertical imaging, and with a slight window 
correction becomes a perfect tool for the elimination of 
post-traumatic lesions in lungs.

Both multislice and 3D images were additionally perfor-
med at the request of clinicians. Technical parameters of 

Figure 3.  Multilevel ribs fracture, the right side. Volumetric 
reconstruction.

Figure 4.  Post-traumatic aortic istmus aneurysm. Volumetric 
reconstruction. Left dorsal view.
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the examination allowed an ultimate 3D imaging of pelvis, 
facial skeleton, or ribs (Figure 4), spine fractures, or aortic 
damage (Figure 5). Protocols of groups II and III considera-
bly improved cooperation with surgeons and orthopaedists, 
whose operations were easier to plan thanks to 3D recon-
structions (Figure 6). It has been demonstrated in several 
research studies [3,4,33,48).

Joint efforts on the part of the radiologist, radiographer 
and nurse, who participate in the examination, result in a 
description and image documentation. The final result sho-
uld include a neat list of evaluated structures and serious 
pathologies. Information noise as well as chaotic descrip-
tion can result in a faulty clinical interpretation which 
may have disastrous effects. Therefore, a description pat-
tern should be used [10]. A description pattern was applied 
when reporting research findings from the last two groups, 
which facilitated description writing and arranged infor-
mation submitted to the managing doctor.

Often, a protocol-based CT scanning of a polytraumatic 
patient enables the detection of a life-threatening patho-
logy not related to the trauma, such as brain tumour, and 
becomes a point of departure for subsequent diagnostics 
and treatment which would follow a patient’s recove-
ry after the accident. It proves the unusual sensitivity of 
MSCT in detecting any kind of morphological pathologies.

Studies on establishing an optimum pattern for the exami-
nation of polytrauma patients resulted in the creation of the 
group III pattern (Figure 6). Summarizing the genesis of the 
final version it should be noted that it was developed on the 
basis of the experience of both the radiologists and clinical 
physicians as well as of scientific data. This cooperation 
resulted in designing a method that satisfies radiologists in 
terms of image quality, amount of data and ionizing radia-
tion dose. The way of providing information to physicians in 
charge of treating post-traumatic effects comprising results 
and all necessary documentation is also highly satisfying.

Due to the progressive nature of the study, including a 
constant drive for reduction of radiation absorbed by the 
patients, further evolution of the pattern is probable. 
Nevertheless, all defined objectives seem to have been 
achieved and any further corrections to the research algori-
thm might be of comparably lesser importance. The results 
demonstrated in the study are used on an everyday basis in 
the Department of Diagnostic Imaging and Interventional 
Radiology of the Pomeranian Medical University.

Conclusions

The third scanning pattern, which comprised multiple adja-
cent sections scanned jointly, including a single trunk scan 
following the administration of a contrast material, is best 
in terms of evaluation comfort and the lowest radiation dose 
absorbed by patients. Contrast-enhanced patterns II and 
III, comprising adjacent sections scanned jointly, are most 
effective in detecting pathologies. Pattern I comprising sin-
gle scans of separate body regions should not be used due to 
a considerably lower efficacy in the detection of pathologies.

Figure 5.  Right hip joint acetabulum fracture with a signifi cant 
dislocation of fragments and subsequent herniation of the 
head of the femur.

Figure 6.  The optimum examination protocol for polytrauma 
patients (Pattern III). Thickness of reconstruction slices 
provided in the brackets.
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