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absTraCT

objective Total-body CT scanning in trauma patients is being increasingly used in trauma 

assessment. One of the major disadvantages of CT scanning is the amount of radiation exposure 

involved. The aim of this study was to assess the number of radiological investigations and their 

associated radiation exposure in multi trauma patients before and after the introduction of a 

total-body CT protocol as a primary diagnostic tool.

methods The Trauma Registry was used to identify trauma patients admitted to our Level-1 

trauma center in 2008 (pre-TBCT protocol) and 2010 (post-TBCT protocol). Consecutive 

patients with an Injury Severity Score of ≥16 were included. Patients aged 16 or under, referrals 

from other hospitals and patients with specific low-energy injury mechanisms were excluded. 

Subsequent effective doses were estimated from literature and from dose calculations.

results 301 patients were included, 150 patients pre- and 151 post-introduction of the TBCT 

protocol. Demographics were comparable. In 2008, 20% of severely injured patients underwent 

a total-body CT scan, compared with 46% of the patients in 2010. Trauma room radiation 

doses for conventional radiographs were significantly higher in 2008, while doses for CT-scans 

were significantly lower. The total effective dose of trauma room radiological investigations was 

16 milliSieverts (mSv) in 2008 vs. 24 mSv in 2010 (P=0.223). The overall effective dose during 

the total hospital admission was not significantly different between 2008 and 2010 (20 mSV 

vs. 24 mSV, P=0.509).

Conclusion After the introduction of a dedicated TBCT protocol the TBCT rate was more than 

doubled. Although this increased the CT induced trauma room radiation dose, the overall 

radiation dose during total hospital admission was comparable between patients in 2008 and 

2010.
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inTroduCTion

Computed tomography (CT) is a valuable tool in the assessment of trauma patients.1,2 It is a fast 

and highly accurate modality for the identification of various injuries3-5 and it enables a rapid 

response to life-threatening problems.6 Therefore, total-body CT scanning, comprising a CT 

scan of the head, neck, chest, abdomen and pelvis, is becoming increasingly popular.7 However, 

the main disadvantage of CT scanning is the considerable amount of radiation exposure.8

Several studies have compared radiation doses between pre- and post-total-body CT scan 

(TBCT) protocol cohorts.7,9 A recent study10 has shown that after the introduction of a TBCT 

scanning protocol, the risk of receiving a higher radiation dose during the trauma evaluation 

was increased. An increase in radiation exposure both during the first 24 hours in the hospital9 

as well as during the total hospital stay7 was shown. This was mainly attributed to an increase 

in the use of CT scans.7,9,11 However, in all these studies the number of multi trauma patients 

(Injury Severity Score [ISS] ≥16) was relatively low. In addition, severely injured patients will more 

often undergo a total-body CT scan and radiation exposure is higher than in patients with a 

lower ISS.12-14 

The aim of this study was to assess the amount of radiation exposure that severely injured 

patients were exposed to before and after the introduction of a dedicated total-body CT scan 

protocol. It was our hypothesis that multi trauma patients admitted during a period when a 

dedicated TBCT protocol was in force received a higher dose of radiation in the trauma room, 

but a lower total dose of radiation throughout the hospital admission period compared with the 

doses received by patients admitted before the introduction of the TBCT protocol. 

paTienTs and meTHods

Since 2009, a policy of carrying out immediate total-body CT scanning has been in force at our 

level-1 trauma center. All patients fulfilling criteria regarding life-threatening vital parameters on 

admission and who were clinically suspected of having severe injury or certain injury mechanisms 

immediately underwent a TBCT scan instead of conventional imaging supplemented by selective 

CT scanning (Table 1). Before 2009, multi trauma patients were evaluated in accordance with 

the ATLS® principles using primary conventional imaging (X-rays and ultrasonography) and 

selective CT scanning on indication. During the study period, the trauma evaluation setting, 

equipment and the imaging techniques did not differ.

data extraction
The Dutch Hospital Trauma Registry, a prospective national database of all trauma patients kept 

up to date by trained data managers, was used to identify trauma patients admitted in 2008 
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(pre-total-body CT protocol) and 2010 (post-total-body CT protocol). Patients with an Injury 

Severity Score of 16 and higher were selected for inclusion in the study. Patients aged 16 or 

under, referrals from other hospitals and patients with specific, low-energy injury mechanisms 

(i.e. drowning, carbon monoxide intoxication, water intoxication, hanging or burn injury) were 

excluded. 

The numbers and types of radiologic examination carried out were extracted retrospectively from 

computerized hospital databases. Double data entry was done independently by two authors. 

Any discrepancies in the number or type of imaging were resolved by discussion between the 

reviewers. 

Table 1 Criteria for total-body CT-scanning in trauma patients

Trauma patients with the presence of one of the following vital parameters: 

 o respiratory rate >29/min or <10/min;

 o pulse >120/min;

 o systolic blood pressure < 100 mmHg;

 o estimated exterior blood loss > 500 ml;

 o Glasgow Coma Score ≤ 13;

 o abnormal pupillary reaction on site. 

or patients with one of the following clinically suspicious diagnoses:

 o fractures from at least two long bones; 

 o flail chest, open chest or multiple rib fractures; 

 o pelvic fracture; 

 o unstable vertebral fractures;

 o spinal cord compression.

Trauma patients not receiving total-body CT scanning:

 o known age <18 years;  

 o known pregnancy;

 o referred from another hospital;

 o any patient who is judged to be too unstable to undergo a CT scan and requires (cardiopulmonary) 

resuscitation or immediate operation.

effective dose calculations 
After ascertaining the numbers and types of radiologic examination, we calculated the 

subsequent doses of radiation in accordance with standard effective doses. We assigned an 

effective dose value to every type of radiological investigation, instead of to every individual 

patient to exclude possible effect on dose estimates due to differences in patient weight and 

scan length between the cohorts. Dose catalogues published by Mettler et al.15 were used to 

determine the effective doses for X-ray examinations and interventional radiology procedures 
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(Table 2). X-rays of clavicle and shoulder were regarded as X-rays of the extremities, pelvic ala 

and obturator X-ray views were regarded as pelvic X-rays and sternum and rib X-rays were 

regarded as chest X-rays. The dose for X-rays of the thoracolumbar transition is not described 

in Mettler et al.15, and was therefore estimated as the average for a thoracic spine X-ray and a 

lumbar spine X-ray (1.25 milliSieverts (mSv)).

Table 2 Effective doses for conventional X-ray imaging

examination average effective dose (msv)

Skull 0.1

Chest 0.02

Cervical spine 0.2

Thoracic spine 1

Lumbar spine 1.5

Abdomen 0.7

Acetabulum 0.7

Pelvis 0.6

Extremity (other) 0.001

Abbreviations: mSv, milliSievert.

As average dose values for the CT protocols used in a trauma setting were not readily available 

in literature, we calculated representative radiation doses for the various CT scans based on 

optimized trauma CT protocols at our level-1 trauma center (Table 3). Doses of CT scans of the 

extremities were excluded in the analysis. To calculate effective doses, we used the ImPACT CT 

Dosimetry spreadsheet (www.impactscan.org/ctdosimetry.htm).

Fluoroscopy is excluded from the present study since those were not used for diagnostic 

examinations for treatment decision which is the scope of this paper.15
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Table 3 Effective doses for Computed Tomography procedures

examination average effective dose (msv)

Total-body 24

Brain 1.8

CTA brain 2.5

Sinuses 0.6

Mastoid 0.36

Cervical spine 3

CTA carotids 4.4

Chest 5.1

CTA chest 3.4

Thoracic spine 12

Shoulder 1

Abdomen 11

Upper abdomen 6.5

Kidney 11

Lumbar spine 12

Pelvis 4.5

Abbreviations: CTA, Computed Tomography Angiography; mSv, milliSievert.

statistical analysis
Continuous data are presented as medians and interquartile ranges (IQR). Categorical data are 

presented as frequencies and percentages. To compare dichotomous outcomes, the Chi-square 

test was used. Continuous outcomes with a skewed distribution were analyzed by means of the 

Mann-Whitney U test. A P-value < 0.05 was considered to be statistically significant. Statistical 

analyses were performed with PASW statistics for Windows (IBM Corp. Released 2010. IBM 

SPSS Statistics for Windows, Version 19.0. Armonk, NY: IBM Corp.)

resulTs

There were 301 patients who fitted the criteria for the study, 150 patients before (2008) and 151 

patients after (2010) the introduction of the TBCT scan protocol. A flowchart of the selection 

process is depicted in Figure 1. 
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Figure 1 Flowchart of the patient selection process

2010† 
ISS ≥ 16
(n=225)

Excluded:
younger than 16 years of age (n=19)

traumamechanism (n=8)
referred from another hospital (n=24)

immediate resuscitation or operation (n=2)
missing data (n=2)

Excluded:
younger than 16 years of age (n=22)

traumamechanism (n=12)
referred from another hospital (n=33)

immediate resuscitation or operation (n=7)

2008* 
ISS ≥ 16
(n=205)

Hospital Trauma Registry ISS ≥ 16 
2008 and 2010

(n=430)

patients included in analysis 2010
(n=151)

patients included in analysis 2008
(n=150)

* 2008 cohort: pre-total-body CT scan protocol

† 2010 cohort: post-total-body CT scan protocol

Patient demographics and clinical outcomes were comparable between the two groups of 

patients (Table 4). A TBCT scan was performed less in 2008 than in 2010 (20% vs. 46%, 

P<0.001).

The number of radiological examinations is presented in Table 5. More conventional radiographs 

and fewer CT scans were carried out in 2008 than in 2010, both in the trauma room and 

throughout the total hospital admission period.
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Table 4 Patient demographics

2008 

n=150

2010 

n=151

p-value

Age (years) 40.5 (29-62.3) 42 (26-62) 0.965

Sex (male) 111 (74%) 104 (68.9%) 0.325

Blunt trauma 142 (94.7%) 139 (92.1%) 0.363

Total-body CT scan 30 (20%) 70 (46.4%) <0.001

Injury Severity Score (ISS) 22 (18-27) 25 (17-29) 0.383

ISS categories 0.404

16-24 84 (56%) 73 (48.3%)

25-49 63 (42%) 75 (49.7%)

50-75 3 (2%) 3 (2%)

Body region with AIS ≥3

chest 87 (25.8%) 73 (21%) 0.135

abdomen 37 (11%) 38 (10.3%) 0.788

extremities 63 (18.7%) 64 (18.4%) 0.919

Blood transfusion 54 (36%) 53 (35.1%) 0.870

ICU stay (days) 2 (0-4) 2 (0-4) 0.506

Hospital stay (days) 10 (4-22) 9 (4-18) 0.295

Mortality rate 0.816

no mortality 134 (89.3%) 138 (91.4%)

24h 8 (5.3%) 6 (4%)

30 days 8 (5.3%) 7 (4.6%)

All data are number (%) or median (interquartile range). 

Abbreviations: AIS, Abbreviated Injury Scale; ISS, Injury Severity Score, CT, Computed Tomography; ICU, 

Intensive Care Unit.

Table 6 shows the calculated radiation doses in 2008 and 2010 for patients in the trauma room 

and during hospital admission (trauma room excluded and trauma room included). Trauma 

room doses for conventional radiographs were significantly higher in 2008 while doses for CT-

scans were significantly lower. The total amount of trauma room radiation dose did not differ 

significantly between 2008 and 2010 (16 mSv (IQR=12-25) vs. 24 mSv (IQR=12-25), P=0.223). 

The calculated amount of radiation dose during hospital admission (trauma room excluded) 

was marginally different between 2008 and 2010 (1.8 mSv (IQR=0-9) vs. 1.8 mSv (IQR=0-5), 

P=0.043). Overall, the total radiation dose during hospital admission did not differ between 

2008 and 2010 (20 mSV (IQR=13-32) vs. 24 mSV (IQR=13-30), P=0.509).
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Table 5 Number of radiological examinations performed before (2008) and after (2010) the 

introduction of a TBCT protocol

2008 

n=150

2010 

n=151

p-value

Trauma room

             X-rays

             CT scans*

8.5 (3-11)

3 (2-4)

3 (0-9)

4 (2-5)

<0.001

0.012

Hospital admission

             X-rays

             CT scans*

             Angiography†

4 (1-9.3)

0.5 (0-1)

3 (1-5)

2 (0-7)

1 (0-2)

2 (1.5-6)

0.045

0.604

0.402

Total 

             X-rays

             CT scans*

13 (8-18)

3 (2-5)

9 (2-14)

5 (3-6)

<0.001

0.016

All data are number (%) or median (interquartile range). 

*A total-body CT is calculated as 4 CT-scans (head/chest/abdomen/pelvis).

†2008 cohort: abdominal angiography n=12, head and/or neck angiography n=1, thoracic angiography of 

pulmonary artery or aorta n=5, angiography pelvis minor n=2, angiography of iliac artery n=3. 

†2010 cohort: abdominal angiography n=8, thoracic angiography of pulmonary artery or aorta n=3, 

angiography of iliac artery n=6.
 

Table 6 Radiation dose before (2008) and after (2010) the introduction of a TBCT protocol

2008 

n=150

2010 

n=151

p-value

Trauma room

             X-ray radiation dose 

             CT radiation dose 

             Total radiation dose

3.5 (0.6-8.1)

9.9 (4.8-19.1)

16.1 (12.3-24.6)

0.6 (0-6.2)

16.8 (4.8-24)

24 (11.7-24.6)

<0.001

0.005

0.223

Hospital admission

             X-ray radiation dose 

             CT radiation dose 

             Total radiation dose

0.1 (0-1.7)

0 (0-5.1)

1.8 (0-9.2)

0 (0-0.5)

0 (0-3.6)

1.8 (0-4.8)

0.011

0.838

0.043

Total radiation dose hospital admission 20.1 (12.9-31.9) 24 (12.9-29.9) 0.509

All data are medians (interquartile range). 

Radiation doses are in milliSievert.
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disCussion

In 2008, 20% of the severely injured patients underwent a total-body CT scan, compared with 

46% of these patients in 2010. Although in 2010, patients received a higher radiation dose on 

CT scanning in the trauma room, as hypothesized by the present study, the total trauma room 

radiation dose was not significantly higher. Furthermore, the total hospital admission radiation 

dose did not significantly differ between patients in 2008 and 2010. 

These findings are partially in accordance with others in the current literature. One previous 

study shows that the number of CT-scans more than doubled over six years, generating more 

radiation exposure9. However, only diagnostic imaging during the first 24 hours of hospitalization 

has been included. The outcome that radiation dose from CT scanning in the trauma room was 

higher is also shown by our study. However, our study also shows that the total amount of 

radiation dose received by our study groups during hospital admission was comparable. 

Another study in a substantial cohort of 1,280 patients shows an increase in the proportion of 

patients who received a radiation dose of more than 20 mSv after the introduction of a total-

body CT scan protocol.10 The dose of 20 mSv was based on the theoretical risk of cancer, which 

rises above one in 1,000.10 A limitation of this study was that radiological examinations in the 

trauma room were included and repeat examinations were excluded from the analysis. This 

amount of more 20 mSv was also found in the present study. However, the most important 

finding was that the overall radiation dose did not significantly differ throughout total hospital 

admission. The introduction of a dedicated TBCT protocol does not seem to increase the risk of 

radiation-induced risk of cancer. 

Although this study shows that there is no increase of total hospital admission radiation dose 

after the introduction of a dedicated TBCT protocol for trauma evaluation, we would like to 

emphasise the importance of knowledge on radiation exposure. Several studies show that this 

knowledge by non-radiologist but also by radiologists is poor. By presenting this data, we would 

like to raise awareness of radiation exposure.16,17

One potential limitation of the present study was that no differentiation was made between 

patients with a blunt and penetrating trauma. Normally, different imaging and evaluation 

strategies are used for these two populations. Since only seven patients in 2008 and 12 

patients in 2010 presented with a penetrating trauma, we felt that a separate analysis was 

not meaningful. Another limitation was that data on radiological examinations were retrieved 

retrospectively although risk of entry errors was minimized by means of double data entry by 

two independent authors. Finally, due to the retrospective study design, rather than giving 

the precise doses of radiation exposure for each individual patient, the effective doses were 
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calculated. We chose this model, because it makes data less dependent on the specific CT-

scanner settings and different approaches to scan protocols, i.e. number of passes through the 

body. In addition, if individual doses had been calculated, certain patient characteristics such 

as weight could be an unconsciously confounder as data on weight (and thus the distribution 

between 2008 and 2010) were not present in the trauma registry nor could they reliably be 

obtained at presentation.

The strengths of our study are that a considerable number of multi trauma patients with similar 

characteristics is included, double data entry was done to minimize risk of data entry errors and 

a clear and reproducible description of the effective dose estimates was given.

ConClusion

We conclude that the TBCT rate and CT-induced radiation dose during trauma room evaluation 

of multi trauma patients were higher after the introduction of a dedicated TBCT protocol. 

However, the overall radiation dose during the total hospital admission was comparable for 

these severely injured trauma patients.
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