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ABSTRACT
Background: Traumatic injuries are the fourth most common cause of death in all age/race/sex groups. Computed tomography (CT) is considered to be the current gold standard when providing a quick and accurate diagnosis of multiple
injuries. However, a consensus regarding the study of chest - abdomen - pelvis (C-A-P) in polytrauma patients (PP) has
not been reached.
Aim: To present an attempt at reducing the dose of ionizing radiation from CT in an emergency setting.
Materials and methods: We reviewed the hospital’s medical records for PP who had undergone CT scans between 2011
and 2016. We evaluated CT phase sensitivity and contribution to the radiation dose and the associated oncogenic risk,
as well as the workload of a radiologist.
Results: The most common traumatic findings were blood and/or hematoma within the abdominal cavity, lung contusion, pneumothorax, parenchymal organ injury, and rib fractures. The non-enhanced phase did not supply any additional information and was inferior to contrast-enhanced phases when diagnosing parenchymal organ injury and active
hemorrhaging, meanwhile, it contributed to 19.7% of the workload and 29.5% of the radiation. The mean effective
doses (ED) of C-A-P CT and whole body CT (WBCT) were 61.2 (± 27.7) mSv and 109.4 (± 30.5) mSv accordingly. PP’
received WBCT related mean ED was associated with cancer morbidity risk of 0.5% or 1/167.
Conclusion: Non-enhanced CT scans in PP contribute to wasted resources, increased radiation doses and higher future
cancer risk, and supply no additional data when diagnosing traumatic findings.
Keywords: multiple trauma, radiation dosage, diagnostic imaging

1. INTRODUCTION
Traumatic injuries are the fourth most common
cause of death in all age/race/sex groups, and
the leading cause of death in children and young
adults below 45 years of age (1). Although there
are many defining parameters of polytrauma, the
medical community generally describes it as injuries to multiple organs or regions of the body
(2). The trauma to various systems compromises
organs and systems that were not damaged during the initial trauma. Thus polytrauma patients
(PP) are expected to be at a higher risk of mortality than the summation of expected mortality
owing to each injury (3). A fast and accurate diagnosis is essential, but the diagnostic value of
clinical evaluation is limited. Computed tomography (CT) imaging is widely utilized to establish
medical diagnoses and perform image-guided
interventions (4). Due to the advancements dur-

ing the past decade, CT has become a sensitive
and precise tool when diagnosing injuries following polytrauma (5). CT has also proven to be
fast and thus is considered to be the current gold
standard when providing a diagnosis of multiple
injuries (6). However, there is still room for improvement.
An adequate sensitivity for injury detection and
cost-effectiveness without any unjustified radiation has been the primary focus of numerous
attempts to develop optimized trauma imaging
guidelines, such as the referral guidelines for imaging of the European Commission or the American College of Radiology appropriateness criteria (7,8). In the Lithuanian University of Health
Sciences Hospital of Kaunas Clinics, Emergency
Clinic patient’s examination is based on standardized and widely accepted Advanced Trauma
Life Support (ATLS). Exams of conventional radiology, for example, chest or pelvis X-ray, Fo29
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cused Assessment with Sonography in Trauma
(FAST) are have indication defined rather clearly
by the aforementioned guidelines, while when it
comes to CT, the decision of execution and the
region of body to examine is left to the leader of
the trauma team (9). While multiple CT scanning protocols for PP have been suggested by the
medical community, a consensus regarding the
study of the thorax, abdomen, and pelvis has not
been reached (10–13). Specific authors consider the non-enhanced CT scans to be necessary
when detecting the hyperdensity that suggests
the presence of blood (14). The aforementioned
scans help to identify small mesenteric, hepatic,
splenic, renal hematomas, and the presence of
the hemoperitoneum (14). More recently, concern has been raised regarding the risk of carcinogenesis from medical radiation, with a focus
on CT (15,16).
With CT scan implementation in emergency
medicine as a necessary diagnostic tool, decreased exposure to radiation has become the
primary focus of protocol optimization. The literature describes that the average effective dose
(ED) of a single-phase CT study is 22-32 mSv,
and one single-body CT scan with a risk of death
from ionizing radiation-induced cancer is approximately 0.08% (15,17).
Multiple studies have assessed the evaluation,
frequency of injuries, and effectiveness of PP
treatment in Lithuanian hospitals, however, to
our knowledge, none had evaluated the imaging protocols or the radiation doses and correlating risks to the relatively young PP population. (18–23)
With these concerns in mind, this paper presents
an attempt at reducing the dose of ionizing radiation from CT in an emergency setting.
2. METHODS AND MATERIALS
2.1. Study design and setting
In this retrospective study, medical health records and CT scan images of patients admitted to
The Hospital of Lithuanian University of Health
Sciences Kaunas clinic between 2011 and 2016
were analyzed. Kaunas Regional Biomedical Research Ethics Committee (KRBREC) approved
the study protocol and waived informed consent.
30

2.2. PATIENT SELECTION CRITERIA AND
DATA ACQUISITION
We reviewed the hospital’s medical records for
patients who had undergone chest - abdomen pelvis (C-A-P) CT scans for suspected polytrauma between 2011 and 2016. The initial study
population (n = 103) data were acquired by analyzing medical health records for demographic
information, trauma mechanism and severity
details, and CT scan images stored in Cedara-IReach (TM).
For the evaluation of CT scan phase significance,
we selected patients (n = 62) who had undergone
C-A-P three sequential CT scans. Pathologic CT
scan findings were separated into dichotomous
groups (present/not present) and evaluated in
each phase. For this study, we documented the
following chest CT scan findings: pneumothorax, haemothorax, pneumomediastinum, haemopericardium, mediastinal hematoma, lung
contusion and laceration, active hemorrhaging
into the parenchyma, pleural cavity or mediastinum, injury of the major vessels, traumatic diaphragm or oesophageal injury and bone
fractures. Assessed abdominal organ CT scan
findings were: fluid, hematoma, the air in the abdominal cavity, parenchymal organ injury with/
without active hemorrhaging, and bone fractures. Results in non-enhanced/arterial/venous
phases were compared.
To assess the radiation doses (n = 94) of C-A-P
CT scans and separate phases, we used fixed
technical parameters. ED was calculated using
standardized dose-length product (DLP) parameters and conversion coefficient k (k = 0.015
mSv/mGy × cm): ED (mSv)=DLP (mGy x cm)
x k (mSv/mGy x cm) Additionally, we estimated the future risk for cancer among patients that
had undergone whole-body CT scans (n = 49).
To measure the workload of a radiologist, the CT
scan image count for all phases was documented
and compared between different phases.
Patients with insufficient medical record data,
poor quality or incomplete CT scans were excluded from the study.
2.3. SCANNING PARAMETERS
In each case, CT scans were performed using one
of the scanners: either GE VCT 64 or GE VCT
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16 slice CT. Images were acquired by using PP
scanning protocols: at a slice thickness of 5 mm;
pitch 0.969:1; 120 kV, 100 - 665 mA, rotation
speed 0.5 s, using an intravenous contrast agent,
which was injected at the speed of 2.5 ml/s. All
CT scan images were reviewed using the Picture
Archiving and Communication System (PACS).
2.4. STATISTICAL ANALYSIS
We analyzed all data using IBM SPSS Statistics v.
23.0 and Microsoft Office Excel 2016. Normally distributed data were expressed as the mean
value (± standard deviation) and non-normally
distributed data as the median (minimum-maximum values). We used related-samples non-parametric Qochran’s Q and McNemar tests to
evaluate the significance of differences between
different phase findings and group homogeneity using 2, one-way ANOVA and Kruskal-Wallis
tests. Values of P less than 0.05 were considered
significant.
3. RESULTS
The study population consisted of 82 (79%) male
and 21 (21%) female participants with the mean
age of 39.8 (± 15.8). (Table 1) 92.6% of traumas
were blunt, and merely 7.4% were penetrating.
The most common reasons for polytrauma in the
study population were vehicle accidents (31.2%),
and falling from a height of more than 3 meters
(24.7%). Falling from a height of more or less
than 3 meters and motorcycle accidents were
responsible for accordingly 8.6% and 10.8% of
traumas within the study sample. 63,5% (n = 54)
patients were haemodynamically stable; however, 36,5% (n = 31) emergency CT scans were
performed on patients with unstable haemodynamics.
The most prevalent traumatic findings in the
CT scans were blood and/or hematoma within
the abdominal cavity (11.8%), lung contusion

(11.2%), pneumothorax (9.5%), parenchymal
organ injury (hepatic - 5.9%; splenic - 4%, renal
and adrenal - 3% each) and rib fractures (9.5%).
(Table 2)
Within the sample of PP that had undergone
C-A-P three sequential CT scans (n = 62) statistically, significant inferiority was noted when
diagnosing parenchymal organ injury with and
without active hemorrhaging in non-enhanced
CT scans compared to arterial or venous phases
(P < 0.05). Otherwise, no statistically significant
differences were noted. (Table 3) The non-enhanced phase did not supply any additional information, however, it was useful when diagnosing
blood or air in the pleural cavity, pneumomediastinum, lung lacerations and/or contusions,
gastrointestinal trauma. Active hemorrhaging
was detected only in contrast-enhanced CT
scans. The venous phase was superior, but not
statistically significant when diagnosing blood in
the peritoneum and parenchymal organ injury.
We calculated the number of images analyzed
and concluded that by eliminating the arterial
phase from PP scanning protocols we would decrease the amount of images by 32.6%, non-enhanced - by 19.7%, both - by 52.3%. Also, several
patients’ scanning protocols included the late
venous phase, which attributed to an additional
197.0 (± 58) images. (Table 4)
The mean of the determined ED of radiation
for patients that had undergone C-A-P CT scan
was 61.2 (± 27.7) mSv, and 28.2% of the reported dose could be attributed to the radiation exposure during the arterial phase, 29.5% - to the
non-enhanced scan and 32.9% to the venous
phase. By forgoing the non-enhanced phase, the
mean ED value of C-A-P CT scan becomes statistically significantly lower (P < 0.001). Patients,
exposed to 109.4 (± 30.5) mSv (mean ED value
of the whole body CT scan) had the cancer morbidity risk of 0.5% or 1/167.

Table 1. Demographic and injury severity data of the study population.
Count (n = 103)
Male
Female
82 (79%)
21 (21%)

Injury severity score Glasgow coma scale Hospitalisation
(ISS)
(GCS)
(days)
30.17 (± 15.05)

12.72 (± 3.8)

length

19.10 (± 21.92)
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Table 2. Trauma related CT scan finding frequency.
Traumatic findings

Number of cases

Percentage

Blood the abdominal cavity

56

11.8

Lung contusion

53

11.2

Pneumothorax

45

9.5

Rib fractures

45

9.5

Spinal column fractures

37

7.8

Haemothorax

35

7.4

Liver injury

28

5.9

Pelvic bone fractures

27

5.7

Spleen injury

19

4.0

Renal injury

14

3.0

Suprarenal gland injury

14

3.0

Lung laceration

14

3.0

Active haemorrhaging in the abdominal cavity

12

2.5

Pneumomediastinum

8

1.7

Haematoma of the mediastinum

5

1.1

Gastrointestinal organ injury

4

0.8

Pancreatic injury

2

0.4

Heart/pericardium injury

2

0.4

Injury of the major vessels in the thorax

2

0.4

Air in the abdominal cavity

1

0.2

Table 3. Non-parametric test results representing the statistical significance of non-enhanced/arterial/venous phase sensitivity differences when detecting trauma related CT scan findings.
Statistically significant differences

Statistically insignificant differences

Parenchymal organ injury without active haemorrhaging: Pleural effusion, (P = 1.000)
Arterial and venous phases are superior to non-enhanced Pneumothorax and/or pneumomediastinum (P = 1.000),
(McNemar test P = 0.001 and P < 0.001 accordingly)
Lung laceration and/ or contusion (P = 1.000),
Gastrointestinal injury (P = 1.000);
Parenchymal organ injury with active haemorrhaging:
Arterial and venous phases are superior to non-enhanced Active haemorrhaging into pleural cavity or mediastinum
(P = 0.368);
(McNemar test P = 0.004 in each case)
Fluid in the abdominal cavity (P = 0.135);
Injury of the major abdominal vessels (P = 0.368)

Table 4. The contribution of each CT phase to the image count.
Chest - abdomen - pelvis CT scan image count

Minimum

Maximum

Mean (CI 95%)

In total

323

1151

631.88 ± 160.4

Non-enhanced

54

247

120.5 ± 27.5

Arterial phase

86

417

202.09 ± 51.7

Venous phase

107

498

239.37 ± 63.9

Late venous phase

82

417

197.0 ± 58
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4. DISCUSSION
In this study we observed that non-contrast-enhanced CT scan images are unnecessary when
evaluating PP, seeing as they do not supply any
additional information. Therefore, preceding
the native phase improves the PP CT scanning
protocols.
The most common CT scan findings observed in
this study were blood and/or hematoma within
the abdominal cavity (11.8%), lung contusion
(11.2%), pneumothorax (9.5%), parenchymal
organ injury (hepatic - 5.9%; splenic - 4%, renal
and adrenal - 3% each) and rib fractures (9.5%).
These findings are in correlation with the other
studies. Parenchymal organ (especially spleen
and liver) injury is observed most frequently (6). Lung parenchymal lesions, pleural effusions or pneumothorax, and rib fractures are the
most common findings following chest trauma
(24–26). Meanwhile, blunt injury to the blood
vessels is not common (27). Quick detection of
the aforementioned pathological findings ensures prompt diagnosis and treatment, which
in turn decreases mortality and the waste of the
resources.
However, with the widespread use of CT, ionizing radiation is becoming a significant concern,
prompting research into dose reduction methods. The findings of this study indicate that one
of the improvement possibilities is the elimination of non-enhanced CT scan images. We have
observed that precontrast images provide no additional information in the setting of common
polytrauma related findings, and are inferior to
contrast-enhanced images. This is in accord with
other studies that support the claim that precontrast CT scan image acquisition is superfluous
and injury diagnosis in PP is not improved by
the use of precontrast scans. Furthermore, both
studies agree that unjustified CT scans contribute to an increased radiation dose (28,29). This
consecutively suggests that the elimination of
non-enhanced images from emergency trauma
CT scanning protocols is justified by the reduction of radiation exposure without the loss of diagnostic accuracy.
Undoubtedly, multiple other optimization possibilities have been researched. A single acquisition

WBCT scan in the setting of polytrauma could
cut down both time and resource consumption
in addition to reducing ED without the impairment of diagnostic quality (13,30–32). Meanwhile, a revised triphasic injection single-pass
WBCT scan protocol was superior to conventional PP scanning protocols using 64-multidetector CT (MDCT) (33). A split bolus technique
suggested by Leung et al. offered a comparable
quality with reduced radiation dose (34). Certain studies noted the necessity of dual-phase CT
scans when detecting vascular lesions following
trauma (35,36).
Meanwhile, Błaż et al. argued that the arterial phase is necessary only for the thorax scans,
seeing as clinically significant hemorrhaging of
the abdominal arteries would be visible in the
venous phase (37). In our study, we found a
non-significant superiority of the venous phase
when diagnosing blood in the peritoneum and
parenchymal organ injury. All in all, numerous
CT scanning protocol improvement possibilities
today make the unjustifiable radiation dose and
thus carcinogenic risk to be even more illogical,
entailing an obligation to reach a consensus.
Although the radiation dose received by PP
varies greatly, we found the CT related dose to
range from 55.81 to 183.96 mSv with the mean
value being 109.4 (± 30.5) mSv. These numbers
are alarming, seeing as current data support, albeit inconclusively, the notion that doses from
5 mSv significantly increase the oncogenic risk
(38–41), while radiation doses above 100 mSv
are acknowledged by the medical community to
attribute to additional cancer instances (42). CT
scans deliver concerning amounts of radiation
and may contribute to 29 000 new cancers each
year, along with 14 500 deaths (43). To avoid unnecessary risks, exposure to radiation must be As
Low As Reasonably Achievable (ALARA) (44).
Bearing in mind that patients undergo additional follow-up CT scans, many PP exceeds the 100
mSv and consequently are at a higher risk of developing cancer.
Another important observation of this study
was that women and children make up 21% of
our study population and the mean age was 39.8
(± 15.8). Multiple factors determine the cancer
development risk following radiation exposure:
33
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genetics, age during exposure, sex of the subject,
radiation exposure rates, etc. (38). This is important to take into consideration when preparing
diagnostic protocols for PP, seeing as the majority of traumatic injuries occur to people younger than 45 years of age, including females and
children, who are at a higher risk of developing
oncologic diseases (1,38). According to our findings, the majority of the relatively young PP population is at a higher risk of developing oncologic
diseases.
Furthermore, we found that the mean amount of
CT scan images that a radiologist had to evaluate was 631.88 (± 160.4), with the highest count
reaching 1151 images per case. A high count
of images requiring evaluation increases the
probability of missed injuries and prolongs the
time to treatment (45,46). The required time for
trauma-related imaging differs depending on
scanning protocols. However, WBCT requires
approximately 12 min, while non-WBCT requires 75 min on average to scan (47). Taking
this time into consideration and factoring in the
time to evaluate all the images, time to diagnosis is prolonged. In turn, transfers and/or injury
management may be delayed, which negatively
affects survival (48–50). Moreover, the additional workload wastes resources increases mortality
and morbidity not only due to delayed treatment
but also due to misdiagnosis originating from
overworked radiologists (46). Therefore, optimization is beneficial both to the patient and the
medical community.
It is important to note that this study had some
limitations. First of all, the study population was
rather small, due to the fact only PP who had
undergone three phase C-A-P CT scans were included. This could attribute to decreased reliability of our findings, seeing as other PP may have
been excluded. Nonetheless, our results were in
agreement with the other studies (28,29). Secondly, the ED calculation was based on a standardized formula that does not take into account
the weight, height and other variable parameters
of the subject. This method of ED estimation,
however, is utilized by other studies (28,29,51).
Finally, the evaluation of CT scan findings as either present or not could have had an impact on
our conclusions, seeing as the severity of an in34

jury is also an essential factor when visualization
sensitivity and specificity are being evaluated.
In conclusion, non-enhanced C-A-P CT scans
in PP contribute to wasted resources, increased
radiation doses and oncogenic risks, and supply no additional information when diagnosing
traumatic findings. Therefore, optimization of
PP scanning protocols by non-enhanced phase
exclusion is justified and beneficial.
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