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absTraCT

objective Total-body Computed Tomography (CT) scans are increasingly used in trauma care. 

Herewith the observation of incidental findings, trauma unrelated findings, is also increased. 

The aim of this study was to evaluate the number of incidental findings in adult trauma patients.

methods All consecutive trauma patients that underwent total-body CT scanning between 

January 2009 and December 2011 were analyzed. Incidental findings were divided in three 

categories: category I (potentially severe condition, further diagnostic work-up is required), 

category II (diagnostic work-up dependent on patients’ symptoms) and category III (findings of 

minor concern, no diagnostic work-up required).

results There were 2248 trauma room presentations; 321 patients underwent a total-body CT 

scan (14.3%). In 143 patients (44.5%), 186 incidental findings were reported. There were 13 

category I findings (7%), 45 category II findings (24%) and 125 category III incidental findings 

(67%). Overall, 18 patients (5.6%) required additional diagnostic work-up. Four patients 

underwent work-up by additional radiologic imaging. Three patients required further invasive 

work-up or treatment. Three patients were transferred to another hospital, no extended follow-

up was performed. In three patients, there was no documentation of follow-up. Five patients 

deceased before diagnostic work-up of the incidental finding could start.

Conclusion Total-body CT scanning as part of the evaluation of trauma patients leads to a 

substantial amount of incidental findings. Documentation of incidental findings and their 

clinical consequences was incomplete. Therefore, the findings of this study have prompted us 

to add an item to our electronic trauma room report that obliges residents to report whether or 

not incidental findings are found during trauma imaging.
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inTroduCTion

Total-body Computed Tomography (CT) scanning is increasingly used as a diagnostic technique 

in trauma patients. The main advantage of this total-body imaging concept is a quick and 

complete overview of traumatic injuries in all relevant body regions (head to pelvis).1-3 One 

of the most important disadvantages is the associated radiation exposure.4,5 Another point of 

interest is the observation of incidental findings on total-body CT scanning. These are defined 

as findings that are totally unrelated to the clinician’s reasons for requesting the radiological 

examination.6 These incidental findings might be beneficial to patients in case of earlier detection 

of a malignancy. Conversely, it might result in increased patients’ anxiety and health care costs in 

case of additional work-up for abnormalities that ultimately might not affect patients’ health.7,8

The total amount of incidental findings on selective CT scans of one or more body regions 

in trauma patients varies between 34%9 and 45%.10,11 A recent study reported a 36% 

incidental findings rate on routine thoracoabdominal CT in trauma patients.14 Only two studies 

evaluated incidental findings in patients that underwent a total-body CT scan as part of the 

initial trauma evaluation and incidental finding numbers of 50% and 53% were found.15,16 

However, indications for a total-body CT scan were not described in both studies and the clinical 

consequences of these incidental findings were unclear.15

Therefore, the aim of this study was to evaluate the percentage of incidental findings and 

their clinical consequences in a cohort of adult trauma patients who underwent total-body CT 

scanning.

paTienTs and meTHods

patient selection 
All consecutive trauma patients admitted to our academic Level I trauma center that underwent 

total-body CT scanning between January 2009 and December 2011 were included in this study. 

All patients fulfilling the in- and exclusion criteria listed in Table 1 underwent immediate total-

body CT scanning. Prior conventional imaging was not an exclusion criterion for the present 

study. 

Total-body CT 
All patients were evaluated on a sliding gantry 64-slice CT-scanner (Sensation 64, Siemens 

Medical Solutions, Forchheim, Germany) located in our trauma resuscitation room. Total-body 

CT scanning consisted of a two-step total-body acquisition (from vertex to pubic symphysis) 

starting with Head and Neck Non-Enhanced CT with arms alongside the body. Directly after 

repositioning the arms alongside the head for the second part of the scan covering chest, 
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abdomen and pelvis, a split-bolus intravenous contrast protocol was injected (Optiray® 350 125 

ml Pre fill, Covidien Mallinckrodt, Cincinnati, USA). The reconstruction thickness was 5mm head 

and 1 mm bone kernel for the brain, 1mm bone kernel for the cervical spine and 3mm soft 

tissue and bone kernel for the torso.

Table 1 Criteria for immediate total-body CT scanning

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 Trauma 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.

data collection
All trauma room patients were registered in a prospective database. A cohort that underwent 

total-body CT scanning was selected and data were collected anonymously. 

Double-reading of radiologic imaging by the resident on call and by a senior radiologist with 

expertise in trauma is common practice in our center. By protocol, if previous radiology reports 

are present they are compared with current CT findings. The presence of incidental findings in the 

radiology report and the clinical consequences were determined by an unblinded investigator. 

Clinical consequences were defined as actions (i.e. diagnostic work-up or treatment) following 

the incidental finding. Information was extracted from computerized hospital databases 

containing admission and discharge letters, radiological reports, surgery reports and pathology 

reports. 
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The Institutional Review Board evaluated the study protocol and declared that the need for 

informed consent was waived. Data collection was done solely in our level-1 trauma center. Due 

to privacy reasons, there was no extended follow-up.

incidental finding in categories 
Incidental findings were divided in three categories: category I is an incidental finding that is 

a potentially severe condition, further diagnostic work-up is required. Work-up consisted of 

additional blood tests, consultation of other specialties, radiologic imaging or invasive diagnostic 

procedures. In category II diagnostic work-up is dependent of patients’ symptoms and category 

III are findings of minor concern for which no diagnostic work-up is required. The definitions of 

the categories were comparable to categories described in previous studies9,14,15 and combine 

the potential severity of the abnormalities found with the respective clinical consequences. 

The following incidental findings were excluded: degenerative joint diseases, stenotic 

atherosclerotic vessel disease, sinusitis, age-related brain cerebral atrophy and signs of earlier 

operation. These conditions were considered clinically known or irrelevant for the research 

question, in accordance with previous studies.9,14 CT findings which were already known from 

previous (radiological) examinations were excluded. 

statistical analysis
Descriptive statistics with SPSS software (IBM Corp. Released 2010. IBM SPSS Statistics for 

Windows, Version 19.0. Armonk, NY: IBM Corp.) was used to describe the data. For continuous 

data, mean and standard deviation (parametric data) or median and interquartile ranges (non-

parametric data) were calculated. 

resulTs

There were 2248 trauma room presentations between 2009 and 2011 of which 321 patients 

underwent a total-body CT scan (14%) during trauma survey. Patient characteristics of the 

study population are shown in Table 2. In 143 patients (45%), 186 incidental findings were 

found. Incidental findings per body region according to category are depicted in Figure 1. Most 

incidental findings were located in the abdomen. 
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Table 2 Patient characteristics

n=321

Age (years) 43.8 (21.4)*

Men 231 (71.7%)

Blunt trauma 308 (95.7%)†

Mechanism of injury

motor vehicle collision

fall from height

bicycle accident

pedestrian accident

penetrating

other 

116 (36.0%)

90 (28.0%)

42 (13.0%)

20 (6.2%)

12 (3.7%)†

43 (13.0%)

ISS 22 (IQR=10-29)

Multitrauma patients (defined as ISS ≥16) 226 (70.2%)

Hospital stay (days) 9 (IQR=2-22.3)

Data are number (%) or median (interquartile range (IQR)) unless otherwise indicated. Abbreviations: ICU= 

Intensive Care Unit; ISS= Injury severity score. 

* Mean (SD) † Two patients had combined blunt and penetrating trauma

Figure 1 Incidental findings per body region
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work-up dependent of patients’ symptoms; category III, findings of minor concern, no diagnostic work-up 
required
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Table 3 shows the incidental findings of category I (potentially severe condition, further 

diagnostic work-up required) and their respective interventions and final diagnoses (n=13). 

Three patients underwent work-up by radiologic imaging (ultrasound and CT) and one or 

more visits to a medical specialist. One patient required further invasive work-up (lymph node 

resection with a final diagnosis of disseminated non-seminoma testicular carcinoma; Figure 2) 

and two patients underwent surgery (endovascular repair of an aneurysm of the abdominal 

aorta and a laparoscopic adnex extirpation). One patient with a 2.9 cm large adrenal mass 

was, on his own request, referred to a specialist in another hospital; no further follow-up was 

obtained. Three patients deceased before diagnostic work-up and three patients were lost to 

follow-up. All patients that were lost to follow-up had category I findings with the advice for 

further diagnostic work-up in the correspondence, but there was no documentation of follow-

up in the medical chart.

Table 3 Incidental findings of Category I (potentially severe condition that requires further 
diagnostic work-up, n=13)

incidental finding intervention Final diagnosis

Pulmonary mass (n=3) Deceased before intervention (n=2)

Follow-up by CT (n=1) -

Mass decreased, no malignancy 

Mediastinal 

lymphadenopathy (n=1)

Lymph node resection Non-seminoma testicular tumor 

Liver mass (n=1) Deceased before intervention Autopsy: suspicious for HCC

Aneurysm abdominal aorta 

> 5cm (n=1)

Endovascular repair Abdominal aneurysm

Pancreatic mass suspect for 

main-duct type IPMN (n=1)

MRI was advised Lost to follow-up*

Renal mass suspect for 

malignancy (n=1)

Follow-up by CT Mass decreased, no malignancy

Hydronephrosis (n=1) Follow-up was advised Lost to follow-up†

Adrenal mass (n=2) Follow-up was advised Referral to other hospital 

Lost to follow-up‡

Ovarian cyst > 5cm (n=1) Laparoscopic adnex extirpation Epithelial cyst

Irregular aspect uterus and 

adnex (n=1)

Follow-up by ultrasonography No irregularities diagnosed

Abbreviations: HCC, hepatocellular carcinoma; IPMN, intraductal papillary mucinous neoplasm.

*In the ICU letter, a visit to the surgical outpatient clinic was advised. There was no documentation of 

follow-up in the medical chart.

† The radiologist recommended an adrenal protocol CT scan. There was no documentation of follow-up in 

the medical chart.

‡ The radiologist recommended follow-up. In the ICU letter the incidental finding was mentioned, but after 

transfer to another hospital, there was no documentation of follow-up.
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Figure 2 In a 27-year old male, right paratracheal and para aortic lymphadenopathy was found 

incidentally on a total-body CT scan that was made during trauma work-up. After lymph node 

resection, pathology showed metastasis of a non-seminoma testicular tumor.

 

Table 4 Incidental findings of Category II (diagnostic work-up dependent of patients’ symptoms, 

n=45)

Pleural plaques (n=6) Diaphragmatic hernia (n=5)

Pulmonary emphysema (n=3) Umbilical hernia (n=1)

Cardiomegaly (n=3) Renal pelvic dilatation (n=1)

Slight mediastinal lymphadenopathy (n=2) Renal atrophy (n=1)||

Calcified mediastinal lymph nodes (n=1)* Adrenal hyperplasia (n=1)

Aneurysm abdominal aorta <5cm (n=1)* Adrenal adenoma (n=2)

Fatty liver infiltration (n=4) Infrarenal aortic dissection (n=1)

Liver enlargement (n=1)† Disc herniation L5-S1 (n=1)

Hyperdense liver lesions (n=1)‡ Prostatic hypertrophy (n=1)

Cholecystolithiasis (n=6) Uterine lipoleiomyoma (n=1)

Common bile duct dilatation (n=2) 

Diagnostic or therapeutic consequences:

* Patient deceased before (diagnostic or therapeutic) intervention.

† In the ICU discharge letter the incidental finding was mentioned, follow-up by additional blood tests was 

advised and the patient was transferred to another hospital.

‡ Follow-up by MRI was advised by the radiologist. No further documentation.

|| Renal ultrasound performed. Final diagnosis: congenital renal atrophy or atrophy due to nephropathy.
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Incidental findings of category II (diagnostic work-up dependent of patients’ symptoms) are 

outlined in Table 4 (n=45). In 40 patients, no further diagnostic work-up was done. In one 

patient work-up by radiologic imaging was done (renal ultrasound). Two patients deceased 

before diagnostic work-up and two patients were lost to follow-up. In one of the patients that 

were lost to follow-up, hepatomegaly was detected. In the ICU letter the incidental finding 

was mentioned and follow-up by additional blood tests was recommended. Subsequently, the 

patient was transferred to another hospital. The other patient had liver lesions that required 

follow-up by MRI as advised by the radiologist. There was no documentation of follow-up in 

the medical chart.

 

Table 5 Incidental findings of Category III (findings of minor concern, no diagnostic work-up 

required, n=128)

brain

Brain calcifications (n=1)

Brain cysts (n=4)

Spica of sinus maxillaris and mastoid (n=1)

abdomen

Hypodense noduli liver parenchyma (n=3)

Liver cyst (n=24)

Liver hemangioma (n=7)

Hypodense splenic nodule (n=3)

Calcifications in the spleen (n=1)

Splenic hemangioma (n=1)

Accessory spleen (n=1)

Fatty changes of the pancreas (n=1)

Calcifications in the pancreas (n=2)

Diverticulosis coli (n=15)

Calcified mesenterial lymph nodes (n=1)

Follicle cyst (n=1)

Corpus luteum cyst (n=1)

Renal angiomyolipoma (n=1)

Horse-shoe kidney (n=1)

Renal cyst (n=39)

Thinning of the renal cortex (n=1)

Renal calcifications (n=2)

Adrenal cyst (n=1)

Slightly enlarged adrenal gland (n=1)

Incidentaloma adrenal gland (n=1)

Adrenal myolipoma (n=1)

neck

Thyroid nodule (n=2)

Retrosternal thymus rest (n=1)

Chest

Non-specific small pulmonary nodus (n=3)

Aortic calcification (n=2)

skeletal

Vertebral hemangioma (n=3)

Bone cyst (n=2)
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Incidental findings of category III (findings of minor concern, no diagnostic work-up required) 

are shown in Table 5 (n=125). None of the patients with incidental findings in category III 

underwent further diagnostic work-up as was expected. All incidental findings located in 

craniofacial or in the neck region were of category III.

Based on definitive diagnosis the prevalence of malignant tumors in the total trauma population 

was 0.6%.

disCussion

This study shows that the percentage of incidental findings in a cohort of adult trauma 

patients that underwent total-body CT scanning is 45%. Most incidental findings were located 

in the abdomen. Overall, 18 patients (6%) received complementary diagnostic work-up or 

therapeutic intervention because of a potentially severe condition. In three patients, there was 

no documentation of follow-up found in the medical chart despite recommendation for follow-

up of their category I incidental finding. 

Although there are several studies describing incidental findings on selective CT scans, few 

studies addressed the topic in total-body CT scanning. One study reported on incidental findings 

in a large cohort of over 3000 patients, however, consequences of the incidental findings 

were not described.15 In another study, incidental findings in 304 patients were described 

including clinical consequences.16 Strength of the present study is that a considerable amount 

of prospectively registered patients was included and that all incidental findings and their 

consequences are described.  

Strikingly, an important number of patients that required complementary diagnostic work-

up, had insufficient documentation of follow-up in their medical chart (3 out of 18 patients). 

Poor documentation has been described previously.9-13 It was shown that less than 20% of 

the patients with an incidental finding of moderate to severe concern had evidence of follow-

up.11 More recently, Paluska et al.9 found that only in 48% of the incidental findings requiring 

attention before discharge, there was chart documentation of treatment, follow-up or referral.  

Insufficient documentation of incidental findings and effectuation of diagnostics and/or follow-

up have ethical and potential legal ramifications. Therefore, the findings of this study have 

prompted us to add an item to our electronic trauma room report that obliges residents to 

report whether or not incidental findings are found during trauma imaging. Furthermore, 

which actions should be taken and by whom should also be reported on this electronic report. 

Since this information is now required to be described in the admission papers, it is therefore 

also recorded in the discharge letter to the general practitioner. We believe that this dedicated 
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protocol that is incorporated into our trauma algorithm, will make residents more aware of the 

presence of incidental findings and subsequent actions to be taken. That dedicated attention 

results in improved capture, documentation and management of incidental findings have been 

shown previously.17

The detection of a disease in an earlier stage could be a possible advantage related to incidental 

findings. A recent study showed that the number of CT scans per trauma patient has more 

than doubled over six years.18 There is a risk that more radiologic imaging is done than strictly 

needed and subsequently more incidental findings are found, while benefits for the patient 

remain uncertain. This is supported by Ekeh et al.19 who found 35% incidental findings on 

trauma abdominal CT scans, while in 75% of the patients no concomitant traumatic injuries 

were present. Munk and colleagues10 found that physicians were more likely to detect an 

incidental finding than a traumatic injury on abdominal CT scans for trauma in a general trauma 

population. 

Overdiagnosis, in terms of the detection of a condition that would otherwise not cause 

symptoms or death, might lead to further diagnostic tests that are not strictly necessary6. 

Patients might be overexposed to ionising radiation with subsequent life-time risk for developing 

cancer. Currently, medical imaging is responsible for 50% of the total radiation exposure to the 

population in the United States.20 It is estimated that approximately 29 000 future cancers every 

year could be the result of past CT scan use.21 Furthermore, invasive diagnostic procedures 

following an incidental finding have their own subsequent risks for complications and might 

increase health care costs extensively.6,8 In addition to the physical hazards, increased concern 

awaiting results of diagnostic tests might unnecessarily affect patients. Whether the advantages 

of this total-body imaging concept outweigh the disadvantages for trauma patients, is currently 

under investigation in the REACT-2 trial.22

limitations
The retrospective part of the study design is a limitation of this study. Preferably, we would have 

included information concerning all pre-existent findings that were already known by the patient 

before trauma evaluation. To reduce this problem we have checked previous documentation in 

our own hospital but this does not rule out known diseases in other institutions. Even more 

important is the verification of all clinical consequences. It is possible that we have missed 

clinical consequences, because of poor documentation and because patients were not followed 

after discharge from the hospital.  

The reason not to perform a follow-up also based on information from other institutions was 

based on our widespread (inter)national distribution of our trauma population and on former 

experiences in trauma follow-up studies.
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Third, it is possible that not all incidental findings were described in the radiological reports. 

When reviewing a total-body CT scan in trauma setting, the focus of the resident radiology 

is on possible life-threatening traumatic injuries and therefore less relevant incidental findings 

might be missed. However, the double-reading system by a senior radiologist that is applied in 

our hospital should minimize the risk for missing incidental findings.23

ConClusion

Total-body CT scanning as part of the evaluation of trauma patients leads to a substantial 

amount of incidental findings. The majority of findings does not require further diagnostic 

work-up or therapeutic intervention although some life-threatening findings were detected.  

Documentation of incidental findings and their clinical consequences was incomplete. Therefore, 

the findings of this study have prompted us to add an item to our electronic trauma room report 

that obliges residents to report whether or not incidental findings are found during trauma 

imaging. We suggest that other institutions consider doing the same.
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