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Background 
In a Nordic questionnaire study in 2014, all Swedish hospitals were asked about present 
routines for computed tomography in trauma patients (WBCT-T) [1]. The study revealed 
obvious differences in how the examination was performed, and a large majority was saw a 
need for, and was positive towards, national guidelines. Indications for WBCT-T vary [2]. 

Within a Swedish trauma care improvement project, a decision has been taken to develop 
national guidelines for WBCT-T, with the aim to provide as safe a care as possible. The 
authors, coming from different disciplines, have been asked to develop guidelines that are as 
evidence-based as possible, but also, when evidence is missing or weak, develop guidelines 
based on experience and best practice. 

We have in these guidelines chosen to use the term WBCT-T for a whole-body examination 
with computed tomography in trauma patients. As technical equipment differs widely in 
Swedish hospitals, we have judged it impossible to provide detailed technical 
recommendations. Instead, we have developed quality measures that can be used as 
references for locally adjusted protocols. Thus, we provide proposals for protocols, which 
may need local adaptation, but have also cooperated with manufacturers of CT scanners so 
that in a near future, ready-made protocols will be available for installation on most CT-
installations. 

This document provides recommendations for how CT is best used for examination of 
trauma patients. The document states today´s best practice for a Swedish setting but has no 
legal status. Neither the authors, nor NORDTER, can in any way be held legally responsible 
for the content. 
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General comments 

• Radiological diagnostics must never delay life-saving measures and actions 
• When a decision is taken to perform a WBCT-T, there is no indication for additional 

imaging, i.e. e-FAST and/or conventional X-rays 
• Radiology staff should be included in hospital trauma alerts 
• It is advantageous if radiology staff is present in the trauma bay already when injured 

patients arrive 
• CT equipment should be located as close to the trauma bay as possible 
• Transfer of seriously injured patients from the trauma bay to the CT should be done 

with a minimum of disconnection and reconnection of equipment and medical gases 
 

Preparations, transfer and exercises 

• The routines of the hospital should include patient monitoring during transfer to and 
from the CT room and during examination. The quality of the monitoring should be 
the same as in the trauma bay 

• The trauma committee should include representatives of the radiology department 
• Radiology should regularly be part of trauma exercises, including transfer to and from 

the CT room, and a scenario where a patient deteriorates in the scanner 
• Equipment for prehospital spinal motion restriction should be replaced with an 

intrahospital trauma mattress (Traumatransfer®) before WBCT-T, this to reduce 
radiation dose and improve image quality [3]. 

• Metal items should if possible be removed from the patient before WBCT-T 
• Penetrating injuries should be indicated with radiopaque skin markers such as 

paperclips, ECG-electrodes, vitamin E-capsules or dedicated arrows on tape. 
• Intravenous access, preferably 20G or larger in the right arm, should be secured 

before examination  
• An intraosseous needle may be used for injection of contrast media [4] 

 

Indications for WBCT-T 
A large, prospective and randomized study could not detect lower mortality when WBCT-T 
was compared to targeted CT-examinations [5], however, several retrospective studies show 
benefits with WBCT-T as compared to targeted CT-examination(s) [6]. 

Indications to perform a WBCT-T include: 

• Clinical findings and/or patient history indicating serious injuries in multiple body 
regions 

• There is suspected or definitive serious trauma with altered level of consciousness in 
combination with affected circulation and/or breathing [7 – 9]. Patients fulfilling criteria 
for Level 1 alert in the Swedish National Trauma Alert Criteria normally belong to this 
category 

• Compromised circulation is not a definitive contraindication for WBCT-T, but a CT-
examination must never delay emergency surgery [10 – 12] 

 
If the patient does not display signs of serious injury in more than one body region, continued 
monitoring, surveillance and repeated clinical examinations are recommended. If radiological 
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examination is needed, targeted CT-examinations could be performed, rather than WBCT-T. 
In mass casualty situations, wider indications for WBCT-T could be used, this to enhance 
patient flow. 
 

Main considerations behind protocols 
These guidelines describe 3 protocols, 2 for adults and 1 for children. The protocols should: 

• Identify serious injuries 
• Be simple enough to permit use 24/7 in all hospitals receiving trauma patients 
• Be optimized as regards image quality and radiation dose 
• WBCT-T can later be supplemented by targeted CT-examinations for assessment 

of potential specific injuries, such as perforation of intestines, pseudoaneurysm in 
the spleen or urinary bladder injury 

 

Adult protocol 1 is uncomplicated, robust and gives a lower radiation dose. It can be used 
both in newer and older CT scanners. The protocol uses slow injection of intravenous 
contrast media, which allows for use of peripheral or central venous access and intraosseous 
access. It is also less sensitive to timing between when injection of contrast media begins, 
and imaging starts. 

Adult protocol 2 is optimized for seriously injured patients. It requires better CT and 
experienced radiology staff. The protocol gives optimal imaging of arteries from head to feet, 
and potential pseudoaneurysms in the spleen. The radiation dose is higher, as some parts of 
the body are examined twice. 

Pseudoaneurysms and arterio-venous fistulas are best imaged with protocol 2. Cervical and 
lower extremity arteries are routinely examined in protocol 2, but in protocol 1 only if 
requested. The facial skeleton is included in both protocols, as are proximal thighs. 

The pediatric protocol is uncomplicated and robust. It clearly specifies how intravenous 
contrast media should be given to children of different age and size. 

 

Contrast media 

• WBCT-T without intravenous contrast media should not be performed [13]. Targeted 
examinations are instead recommended in this situation 

• Oral or rectal contrast media have no place in seriously wounded patients undergoing 
WBCT-T 

• In a situation where clear and obvious indications for WBCT-T exist, there is no need 
to take the risk of contrast media nephropathy or contrast media allergy into 
consideration, as these risks are minimal compared to benefits of performing the 
WBCT-T. 

 

Positioning of the patient 

• The patient should be placed feet first into the CT apparatus, this to simplify handling 
of iv lines, catheters and endotracheal/chest tubes and giving optimal access to the 
patient [14]. 
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• Arms should be positioned:  
o In adult protocol 1 along the body during examination of head and neck. 

Thereafter they are moved up towards the head during the contrast media 
phase. If this is not possible, the whole examination should be done with the 
arms positioned on a cushion ventral to the thorax, or where they are. It is 
advantageous with one arm over the head in contrast to having both arms in 
the radiation field [15] 

o In adult protocol 2 positioned on a cushion ventral to the thorax or the trunk. 
 

 
Arms in front of thorax 

 

Arms in front of thorax/abdomen 
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Radiation dose 

• During scout imaging, the arms should be positioned in the same position as during 
the actual examination, as the scout images controls the automatic radiation dose 
modulation 

• Techniques to decrease the radiation dose with intact image quality should be used 
• The radiation dose should be adjusted to the patient and kV-optimized 
• Use of CT with dual energy has not shown significant improvement of diagnosing in 

trauma as compared to single energy. Dual energy may, however, improve diagnosis 
of certain injuries and may also decrease the radiation dose [14, 16]. 

 

Evaluation/reports 

• Standardized reports are of large value 
• Grading of injuries should be done according to national/international guidelines 
• Initial report WBCT-T 

o An initial report, focusing on life-threatening/serious injuries should be ready 
and conveyed to the physician in charge as soon as possible, see example 

• Preliminary report WBCT-T 
o Should be ready at the latest within 1 hour 

• Definitive report WBCT-T 
o An experienced radiologist should read the examination as soon as possible, 

and a definitive answer should be ready within 16 hours and at the latest 
08.00 the following morning 

o Grading of injuries should be done according to national/international 
guidelines 

o Double reading (reading of the study by 2 radiologists) is of most importance 
in examinations with injuries in two or more body regions, patients older than 
30 years, and in patients with serious organ injuries [17]. It is advantageous to 
double read large examinations written under time pressure, such as WBCT-
T. It is therefore recommended that the whole examination is double read, 
even if a certified radiologist has written the definitive answer and signed it off 
[18] 

• The hospital should have routines that assures that the report reaches the physician 
in charge. This must hold true also for corrections of reports. 

 

Examples of report and reading templates 
At the end of this document, examples of report templates with various degree of detail and 
layout are presented. These could serve as guidelines for development of regional- or 
hospital specific templates. 

Furthermore, an example of a reading template is presented, that may give guidance in 
which injuries should be looked for and reported in the different types of answers. 

 

Pregnant trauma patients 

• The mother’s life and health have priority over radiation dose to the fetus 
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• Abdominal CT cannot be replaced by abdominal ultrasound 
• Plain pelvic x-rays should not replace CT of the pelvis 
• Eventual deviations from the protocol should be done in cooperation between the 

trauma team leader and the radiologist 
• Consider targeted CT-examination instead of WBCT-T 

 

Kidney function and allergy 

• Decreased kidney function does not contra-indicate a WBCT-T 
• Previous reactions to intravenous contrast media are not an absolute contra-

indication for intravenous contrast media in a seriously injured patient 
 

Image reconstruction 
We recommend that thin sections (<1 mm in thickness) (with soft and bone algorithms) are 
sent to PACS, which allows individually suited reconstructions and 4 mm ax-cor-sag 
reconstructions of the injured body region for quick assessment. 

Possible reconstructions are: 

• Axial, coronal and sagittal reconstructions of brain, facial skeleton, cervical spine, 
spine with numbering of vertebrae, thorax, abdomen and pelvis 

• 3D-reconstruction of costae with numbering of costae 
• 3D-reconstruction of cervical arteries and intracranial vessels 

 

Quality parameters for local assessment 

• Radiation dose: mean value <20 mSv or total DLP <2 200  
• Contrast enhancement: 

– Aortic arch, femoral artery  >200 HU 
– Liver, spleen   >100 HU 

• Optimization of radiation dose should be done locally [19]. 
 

Over/underdiagnosis 
This document does not address over- or underdiagnosis because of WBCT-T, a risk that 
always is present in every examination. Focus in reading a WBCT-T should primarily be on 
quick finding or exclusion of serious injuries, thus a certain risk for (initial) misclassification of 
minor or less serious injuries must be accepted and handled. The table ”Example of template 
for reading of WBCT-T” gives guidance in which injuries that should have priority in 
respective phase of reading (initial report, preliminary report and definitive report). 
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WBCT-T, Adult protocol no 1 (standard protocol) 
Position: Supine, feet first into the CT 

• Native phase 
o arms positioned along body 
o brain  
o cervical spine including facial skeleton and mandibula 

• Contrast media phase 
o arms over head or on a cushion ventral to the thorax  
o intravenous contrast media 320 – 350 mg iodine/ml, 125 ml injected at 2,5 

ml/s. Thereafter, 50 ml 0.9 % sodium chloride solution is injected at same rate 
as contrast media 

o if a routine for split-bolus technique exists, this can be used [8, 20 – 22] 
o combined arterio-venous phase: thorax-abdomen-mid-thigh 

 IF INDICATED 
• Extend scan to include lower extremities if suspicion of skeletal 

or vascular injury 
• CT-angio of the cervical spine and brain 

- Add extra serie with new contrast injection 
- Directly or later depending on clinical situation 

Radiation dose: individualized and kV-adjusted 
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WBCT-T, Adult protocol 2 (Critical protocol)  
Position: Supine, feet first into the CT, arms on a cushion ventral to the thorax/trunk 

• Native phase 
o brain 

• Contrast media phase  
o Arterial phase (one injection 2 scan series)[22 – 24] 

• CTA neck-brain 
o Images for angio, c-spine and facial bones 

• CTA thorax-abdomen-lower extremities 
o Images for soft tissue and skeleton 

• (if a routine for single scan head-toe exists, this may be 
used; faster but lower image quality) 

o Venous phase 
 Abdomen: diaphragm to symphysis 

• Soft tissue images 
 
 

o Intravenous contrast media 320 – 350 mg iodine/ml, 125 ml injected at 5 ml/s. 
Thereafter, 50 ml 0.9 % sodium chloride solution is injected at same rate as 
contrast media. Bolus tracking in aorta (arcus or proximal descending part) 

o Radiation dose: individualized and kV-adjusted 

If lower extremities clinically free from suspicion of injury, the examination could stop at mid-
thigh 
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WBCT-T, pediatric protocol 
The main principle is restraint with WBCT-T in children, as there is no support in the literature 
for this examination diminishing mortality when compared to targeted CT [25]. Children are 
more sensitive to radiation exposure and has a long life-expectancy and are therefore more 
prone to radiation-induced malignancies [26]. 

Position: Supine, head or feet first depending on body size. Arms along the body when head 
and neck is examined, arms over head (if possible) when thorax/abdomen/pelvis is 
examined. 

Protocol: based on body weight 0 – 16 years; this governs CTDIvol (radiation dose) as well as 
volume of intravenous contrast media. 

• Native phase, separate series 
o brain 
o cervical spine 

• Venous contrast media phase 
o thorax/abdomen to symphysis (lower extremities as adjunct) 

• Arterial contrast media phase only when vessel injury is suspected 
 

Contrast media: 

• Circa 500 mg iodine/kg body weight 
• Volume contrast media dependent on concentration of iodine 

o 2 ml/kg if iodine concentration circa 250 mg iodine/ml 
o 1,5 ml/kg if iodine concentration circa 350 mg iodine/ml 

 

Injection of contrast media: 

Intravenous peripheral venous catheter in right arm: 

o 24 G: up to 1,5 ml/s 
o 22 G: 1,5 – 3 ml/s 
o 20 G: 3 – 5 ml/s 

 

Injection rate with CT power contrast injector (pressure limit PSI <300): 

Body weight, kg Injection rate, ml/s Flush, ml NaCl 

< 5 0,5 10 

6 – 10 1 20 

11 – 15 1,5 30 

16 – 30 2 40 

31 – 40 3 40 

41 – 60 4 40 
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Contrast media could as an alternative be injected manually in peripheral or central venous 
catheter. It is however difficult to give general rules for injection rate, as the size and position 
of the child affects potential rate. If contrast media is injected in an intraosseous needle, 
maximum injection rate is 5 ml/s. 

 

Imaging: 

• Arterial phase: imaging begins 5 s after completed injection of contrast media 
• Venous phase: imaging begins 70 s after start of injection of contrast media and at 

least 30 s after completed injection 
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Examples of templates for standardized reports 
 

Template for report of initial reading WBCT-T, Akademiska sjukhuset, Uppsala, Sweden. 
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Template for report of initial radiologic assessment of WBCT-T, Sahlgrenska 
Universitetssjukhuset, Göteborg, Sweden. 

Used in paper-form with a copy that is scanned to the computerized medical record, the 
original follows the patient. 
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Emergency report form for screening whole body computed tomography in multitrauma, 
Nordter 
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Example of template for reading of WBCT-T 
 

Organ Initial report (directly) Preliminary report (within 1h) Definitive report (within 
16h) 

Brain • Bleeding 
• Midline shift 
• Projectile 

• Bleeding – type and size 
• Edema 
• Midline shift 
• Contusion 
• Impression fracture 
• Projectile 

• Contusion 
• Fracture – type 
• Reass. of earlier findings  
• 3D-reconstructions of 

combined facial- and skull 
fractures 

Facial 
skeleton 
 

• Obvious fracture 
• Projectile 

• Impression fracture 
• Retrobulbar hematoma 
• Herniation of eye bulb muscles 
• Projectile 

• Fracture – type and grade 
(LeFort) 

• Reass. of earlier findings 
• 3D-reconstructions of 

complex facial fractures 
Cervical 
spine 

• Obvious airway injury 
• Obvious cervical spine 

injury 
• Projectile 

• Larynx fracture 
• Cervikal spine fracture – type 
• Projectile 

• Reass. of earlier findings 

Cervical 
vessel 
angiography 

• Vessel injury with 
extravasation 

• Projectile 

• Vessel injury with extravasation/ 
dissection 

• Projectile 

• Reass. of earlier findings 

Thorax • Pneumothorax 
• Hemothorax 
• Pericardial effusion 
• Large vessel injury/ 

extravasation 
• Abnormal position of 

endotracheal tube 
and/or chest tube 

• Projectile 

• Mediastinum and vessels: 
pericardial effusion, heart, aorta 

• Lungs: pneumothorax, hemo-
thorax, contusion, laceration 

• Chest wall: fractures 
• Diaphragm 
• Abnormal position of 

endotracheal tube and/or chest 
tube 

• Projectile 

• Fracture(s) in sternum, 
costae, scapulae and 
clavicula – number, type 
 

• Reass. of earlier findings 
 
• 3D-reconstructions of 

extensive thoracic injuries 

Abdomen-
pelvis 

• Free gas/fluid 
• Organ injury 
• Large vessel injury/ 

extravasation 
• Pelvic fracture 
• Projectile 

• Free gas/fluid 
• Organ injury – grading of spleen 

injury (AAST-OIS) 
• Intestines / bowel 
• Urinary bladder 
• Large vessel injury/ 

extravasation 
• Retroperitoneal bleeding 
• Pelvic fracture 
• Projectile 

• Organ injury – grading of 
liver, kidney and pancreas 
injuries (AAST-OIS) 

 
• Reass. of earlier findings 
 
• 3D-reconstructions of 

pelvic a/o acetabular 
fractures 

Spine • Obvious spinal fracture 
• Projectile 

• Fracture 
• Projectile 

• Fracture – type 
• Reass. of earlier findings 

Pelvic-lower 
extremity 
angiography 

• Vessel injury with 
extravasation 

• Obvious fracture 
• Projectile 

• Vessel injury with extravasation 
• Vessel injury with dissection 
• Fracture – type 
• Projectile 

• Reass. of earlier findings 

 


