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Abstract 
Introduction 
Evaluation of immediate total-body CT (iTBCT) scouts during primary trauma care could be clinically relevant for early detection and treatment of specific major injuries. The aim of this study was to determine the diagnostic usefulness of TBCT scouts in detecting life-threatening chest and pelvic injuries.
Methods
All patients who underwent an iTBCT during their primary trauma assessment in one trauma center between April 2011 and November 2014 were retrospectively included. Two experienced trauma surgeons and two emergency radiologists evaluated iTBCT scouts with structured questionnaires. Inter-observer agreement and diagnostic properties were calculated for endotracheal tube position and identification of pneumo- and/or hemothorax and pelvic fractures. Diagnostic properties of iTBCT scouts for indication for chest tube placement and pelvic binder application were calculated in comparison to decision based on iTBCT.
Results
In total 220 patients with a median age of 37 years (IQR 26-59) were selected with a median Injury Severity Score of 18 (IQR 9-27). There was moderate to substantial inter-observer agreement and low false positive rates for pneumo- and/or hemothorax and for severe pelvic fractures by iTBCT scouts. For 19.8% to 22.5% of the endotracheal intubated patients trauma surgeons stated that repositioning of the tube was indicated. Positive predictive value and sensitivity were respectively 100% (95%CI 52%-100%) and 50% (95%CI 22%-78%) for decisions on chest tube placement by trauma surgeon 1 and 67% (95%CI 13%-98%) and 22% (95%CI 4%-60%) for decisions by trauma surgeon 2. Only in one of 14 patients the pelvic binder was applied after iTBCT acquisition.
Conclusions
iTBCT scouts can be useful for early detection of pneumo- and/or hemothorax and severe pelvic fractures. Decision for chest tube placement based on iTBCT scouts alone is not recommended.
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Highlights
· During planning of iTBCT scanning, scouts could be used for detection of specific injuries, such as pneumo- / hemothorax and pelvic fractures.
· Further research is needed to support decisions on interventions based on iTBCT scouts alone.
· We advise to wait for the complete iTBCT scan results that follow relatively shortly after the scouts before decisions on interventions are made.


Introduction
Improvements in speed and accuracy of Computed Tomography (CT) made immediate Total Body CT (iTBCT) feasible as a diagnostic tool in the primary care for severe trauma patients. Initial trauma care for severe trauma patients can be improved when the step-up approach of conventional imaging and selective CT is omitted and an iTBCT is performed instead. iTBCT scanning is safe, shortens the time to end of imaging and does not increase direct medical costs. However, it has not been demonstrated to improve survival for patients with severe trauma [1].  
After positioning the patient the first step in obtaining a CT is acquisition of a scout. CT scouts are primarily used for the planning of scanning the body regions of interest. Additionally, it is essential for good functioning of dose modulation techniques and thus can contribute to the reduction of radiation exposure. Scout images provide an immediate overview of the body that resembles conventional radiography and could give diagnostic information while awaiting further CT scan acquisition. Assessment of CT scouts has been reported to add value to detection of musculoskeletal findings by CT only [2-4]. Several studies suggest the use of CT scouts to rule out vertebral fractures, with sensitivity ranging from 70-98.7% and specificity 99.7-100% [5-7]. However, little is known about the possibilities of detection of chest or pelvic injury by CT scouts.
Evaluation of iTBCT scouts while the trauma team waits for the complete iTBCT could be clinically relevant for early detection and associated early treatment of specific major injuries. Trauma surgeons than could decide to interrupt the acquisition of the TBCT for intervention or could perform an intervention immediately after iTBCT acquisition without prior interpretation of the other CT images. The aim of this study was to determine the diagnostic properties of iTBCT scouts for 1) detecting life-threatening chest and pelvic injuries, and 2) indications for chest tube placement and pelvic binder application in trauma patients.

Methods
Study design and patient population
The study was a retrospective cohort study on all consecutive patients who underwent an iTBCT during their primary trauma assessment in one trauma center between April 22, 2011 and November 1, 2014. After obtaining vital parameters, a physical examination and potential life-saving interventions (e.g., securing airway, chest tube placement, or hemorrhage control measures) the trauma team proceeded to CT scanning in the same or adjacent trauma resuscitation room. Prior conventional imaging (i.e., chest / pelvic radiographs and focused assessment by sonography in trauma) was omitted. iTBCT scouts consisted of a lateral scout of the head and cervical spine, and an anteroposterior scout of chest, abdomen and pelvis. Two experienced trauma surgeons (VJ and IB) and two experienced emergency radiologists (LB and SK) evaluated the anonymized images (DICOM standard, extracted from PACS) from the iTBCT scouts independently from each other and blinded for iTBCT outcome. Findings were reported using a structured web-based questionnaire for each case. The clinical reports and radiology reports of the iTBCT performed consecutively after the scout and AIS (Abbreviated Injury Score) were used as reference standard for these findings.
The structured questionnaires provided the observers with the following patient information: age, sex, trauma mechanism, in-hospital vital parameters (respiratory rate, blood pressure, pulse, Glasgow coma scale), and pre-hospital interventions (endotracheal intubation, placement of chest tube or pelvic binder). For every case the observer answered if the following major findings were present: endotracheal tube mal-placement, hemothorax or pneumothorax or a pelvic fracture. As an alternative the observer could state the quality of the imaging was insufficient to recognize these findings. When a major finding was recognized the observer had to answer if endotracheal tube repositioning, chest tube placement or application of a pelvic binder was indicated. For every case a list of other relevant findings could be checked and a free text field was available to describe other findings. Finally the observer could state if the iTBCT scout was of inferior quality and if so, for which reason. The local medical research ethics committee decided that the study was not subject to the Dutch Medical Research Involving Human Subjects Act (WMO).

Statistical analysis
Continuous data with a normal distribution are presented as means with standard deviation and non-normally distributed data are presented as medians with interquartile ranges. To measure the inter-observer agreement on presence of endotracheal tube mal-placement, hemo- or pneumothorax and pelvic fractures Fleiss' kappa were calculated for all 4 observers and Cohen’s kappa for coupled observers. Observers were coupled by profession and in simulated teams (4 combinations of two trauma surgeons and two radiologists). Fleiss' and Cohen’s kappa values were interpreted according to the categorical rating of Landis and Koch: poor agreement < 0; slight agreement, 0.00-0.20; fair agreement, 0.21-0.40; moderate agreement, 0.41-0.60; substantial agreement, 0.61-0.80; and almost perfect agreement, 0.81-1.00 [8].
The sensitivity, specificity, positive predictive value and negative predictive value for diagnosis of hemo- and/or pneumothorax and pelvic fractures with an Abbreviated Injury Scale (AIS) ≥3 by iTBCT scout were calculated in comparison to the Abbreviated Injury Scores derived from iTBCT reports. The sensitivity, specificity, positive predictive value and negative predictive value for the decision to perform an intervention based on the iTBCT scout were calculated in comparison to the actual interventions performed on iTBCT results. Interventions consisted of placement of a chest tube for pneumo- or hemothorax or application of a pelvic binder for unstable pelvic fractures. Confidence intervals for diagnostic test characteristics were calculated using Wilson procedure with correction for continuity [9].
The rate of other potential relevant findings on iTBCT scouts is presented in the appendix. Reasons for inferior quality scouts are listed in the appendix as well. Statistical analyses were performed with SPSS version 24 (IBM Corp., Armonk, NY; 2016). Binomial confidence intervals were calculated using vassarstats.net. Analyses for pooling data and confidence intervals of pooled data were performed with MedCalc Statistical Software version 18.2.1 (MedCalc Software bvba, Ostend, Belgium; 2018).

Results
In this study 220 patients with a median age of 37 years (IQR 26-59) were included. Most of them sustained blunt trauma (95.0%). Median Injury Severity Score (ISS) was 18 (IQR 9-27). In all 220 patients iTBCT was indicated and performed. In 17 patients (7.7 %) chest radiographs were done before iTBCT; pelvic radiographs in 3 patients (1.4 %) and FAST in 6 patients (2.7 %). Endotracheal intubation was performed in 102 patients (46.4%) before arrival in the trauma room or before iTBCT scanning. Chest tubes were placed in 30 patients (13.6%). In 12 patients (40.0%) chest tubes were placed before iTBCT scanning. Pelvic binders were placed in 14 patients (6.4%). Only one of these pelvic binders was applied after iTBCT scanning. See Table 1 for demographic and clinical characteristics.
Inter-observer variability of findings on iTBCT scouts is shown in Table 2. For the evaluability of endotracheal tube position there was poor, respectively slight agreement between radiologists and within simulated teams (K -0.03, 95% CI -0.05 – 0.00 and K 0.13, 95% CI 0.03 – 0.23). For diagnosing pneumo- and / or hemothorax on iTBCT scouts there was moderate agreement between radiologists (K 0.57, 95% CI 0.35-0.79) and substantial agreement within simulated teams (K 0.61, 95% CI 0.49 – 0.73). For diagnosing pelvic fractures on iTBCT scouts there was substantial agreement between radiologists and within simulated teams (K 0.73, 95% CI 0.57 – 0.90 and K 0.64, 95% CI 0.46 – 0.81).
	Sensitivity for radiologist agreement on pneumo- and / or hemothorax by iTBCT scout was 26% (95% CI 13% – 44%) and 21% (95% CI 15% – 29%) for agreement in simulated teams. Positive predictive value was 100% (95% CI 63% – 100%) for agreement between radiologists and 93% (95% CI 78% – 99%) for agreement in simulated teams. Sensitivity for radiologist agreement on severe pelvic fractures (AIS ≥3) by TBCT scout was 53% (95% CI 29% – 75%) and 56% (95% CI 43% – 68%) for agreement in simulated teams. Positive predictive value was 71% (95% CI 42% – 90%) for agreement between radiologists and 73% (95% CI 59% – 85%) for agreement in simulated teams. See Table 3 for diagnostic properties for findings by iTBCT scouts.
Within the endotracheal intubated patients for whom the position of the tube was evaluable by iTBCT scout for 19.8% to 22.5% of the patients trauma surgeons stated that repositioning of the tube was indicated. Within the observed pneumo- or hemothorax for 8.9% to 18.9% of the patients the trauma surgeons were confident to decide for chest tube placement. See Table 4 for decisions for interventions by trauma surgeons based on iTBCT scouts.
	Table 5 shows the predictive value of iTBCT scouts for the indication of chest tubes compared to the actual chest tube placement performed after iTBCT scanning. Positive predictive value was 100% (95% CI 52% – 100%) within 6 decisions for chest tube placement by trauma surgeon 1 and 67% (95% CI 13% – 98%) within 3 decisions for chest tube placement by trauma surgeon 2. Sensitivity of TBCT scout for chest tube indication was 50% (95% CI 22% – 78%) and 22% (95% CI 4 % – 60 %) within patients for whom pneumo- or hemothorax was detected by iTBCT scout assessment. Calculation of diagnostic properties of iTBCT scouts for the indication of pelvic binders was omitted because there was only one pelvic binder applied after iTBCT acquisition.

Discussion
The results of this study suggest that iTBCT scouts can be used for early detection of pneumo- and or hemothorax and pelvic fractures with moderate to substantial inter-observer agreement and low false positives compared to diagnosis by iTBCT. Our data could not support decisions for chest tube placement neither for pelvic binder application based on iTBCT scouts alone. Indication for chest tube placement remains often unclear on scouts and in only few cases trauma surgeons feel confident to act based only on the scouts. Low sensitivity for these findings implicates iTBCT scout could not be used for exclusion of pneumo- and or hemothorax and pelvic fractures. Furthermore, clinical signs should be imminent and in accordance to scout findings to support early intervention before complete CT scan acquisition.
To our knowledge this is the first study to investigate the diagnostic value of iTBCT scouts for major chest and pelvis injuries. If used for the detection of life-threatening injuries, the TBCT scout could be compared to a Lodox statscan, a low-dose x-ray of the total body [10-12]. Yang et al. performed a review on total body x-rays in acute medical emergencies. Injuries studied were pneumothorax, pelvic fractures and spine fractures. Overall sensitivity ranged from 62% to 73%, and specificity from 99% to 100% compared with CT for the evaluation of polytrauma patients. Sensitivity for pneumo- and or hemothorax ranged from 53.6% to 79.2% and specificity ranged from 99.3 % to 100.0 %. Sensitivity for pelvic fractures ranged from 64.4% to 85.7% and specificity ranged from 99.0% – 100.0% [13]. When comparing this to the results of this study, diagnostic properties for iTBCT scout seem inferior to the properties of the Lodox statscan. This might be explained by differences in resolution, the primary diagnostic purpose of the Lodox statscan and a potential learning curve for imaging assessment.
To add value to the primary trauma assessment iTBCT scouts should have high positive predictive value for indication of interventions to ensure a low false positive rate leading to futile interventions. In case of high false positive rates for interventions it is preferable to wait for the results of the iTBCT scan that follow relatively shortly.

Limitations
Several characteristics of the scout assessments did not fit current practice. The format (DICOM) of the scout and the screen on which it is presented outdo those currently available before and during iTBCT acquisition. The time pressure and demanding environment that one may experience during acute trauma care was not present during the assessments of the observers. These characteristics could decrease the actual diagnostic properties of the iTBCT scout.
Diagnostic properties of CT scouts might improve when made for diagnostic purposes instead of determination of the borders of the body regions of interest. Enhancing the quality for diagnostic purposes could consume extra time, increase radiation exposure and should therefore only be performed when it results in early treatment, which could not be demonstrated so far. A potential learning curve for scout assessment could have affected the results and underestimate the diagnostic properties as trauma surgeons and radiologists have not been trained for scout assessments.
Time intervals were not recorded in the present study. In the REACT-2 trial time to start imaging was 14 minutes (IQR 9-19) for iTBCT and 6 minutes (IQR 4-10) for the standard work-up (STWU); i.e.: chest and pelvic x-ray, FAST and selective CT scanning (unpublished REACT-2 data). Obtaining a chest and pelvic x-ray is faster than obtaining a CT scout. However, the iTBCT scout is already part of the acquisition of the iTBCT scan that provides definitive diagnosis in 50 minutes (38-68) after trauma room arrival compared to 58 minutes (42-78) for the standard work-up (p=0.001) [1].
It is recommendable to only perform immediate TBCT scanning on patients with suspected severe injuries in the trauma resuscitation room or in the adjacent room and the trauma team has direct access to the patient and has options for potential life-saving interventions any moment. In this study iTBCT was performed in the trauma resuscitation room or in the adjacent trauma resuscitation room and therefore the results of the present study will not apply to trauma centers without CT scanner in or adjacent to the trauma resuscitation room.
The structured questionnaire and internal control of the findings by iTBCT reports made the study design suitable for testing the concept of early diagnosis and treatment based on iTBCT scouts during the initial trauma assessment. The relatively low number of cases in which trauma surgeons were confident to place chest tubes after iTBCT scout assessment implies a larger study population is needed. Furthermore, a clinically relevant improvement might not be expected when iTBCT scout is of limited diagnostic value for only few patients when iTBCT results follow shortly.

Conclusion
Immediate total-body CT scouts can be useful for early detection of pneumo- and or hemothorax and severe pelvic fractures. However, further research is needed to support decisions for chest tube placement and pelvic binder application based on TBCT scouts alone. At present it is preferable to wait for the results of the iTBCT scan that follow relatively shortly before decisions on interventions are made.
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Table 1. Demographic and clinical characteristics.

	Characteristic
	 (n=220)

	
Age (years)
	
37 (26-59)

	Male sex, n (%)
	168 (76.4)

	Blunt trauma, n (%)
	209 (95.0)

	Pre-hospital / trauma room interventions, n (%)
     Endotracheal intubation
     Chest tube placement
          - Before TBCT
          - After TBCT
     Pelvic binder placement
          - Before TBCT
          - After TBCT
	
102 (46.4)
30 (13.6)
12 (40.0)
18 (60.0)
14 (6.4)
13 (92.9)
1 (7.1)

	Pneumo- and/or hemothorax, n (%)
Pelvic fracture AIS ≥3, n (%)
	48 (21.8)
22 (10.0)

	AIS ≥3, n (%)
     Head 
     Chest
     Abdomen
     Extremities
	
90 (40.9)
75 (34.1)
20 (9.1)
55 (25.0)

	Injury Severity Score (points)
Polytrauma patients, n (%)*
	18 (9-27)
129 (58.6)


Data are number (%) or median (interquartile range). 
AIS denotes Abbreviated Injury Scale.
* Polytrauma patients are defined as ISS ≥16.
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	Table 2. Inter-observer variability of findings by iTBCT scouts.
	
	
	
	
	
	

	
	
	
	

	
	
	All observers (4)
	Radiologists (2)
	Trauma surgeons (2)
	Simulated teams (4x2)

	
Characteristic
	n

	Kappa*
(95% CI)
	Absolute agreement (%)
	Kappa† 
(95% CI)
	Absolute agreement (%)
	Kappa† (95% CI)
	Absolute agreement (%)
	Pooled Kappa† (95% CI)
	Mean absolute agreement (%)

	
	
	
	
	
	
	
	
	
	

	Endotracheal tube position
	102
	0.22
(0.15-0.30)
	76.5
	-0.03
(-0.05-0.00)
	94.1
	0.58
(0.37-0.79)
	88.2
	0.13
(0.03-0.23)
	83.9

	
	
	
	
	
	
	
	
	
	

	Pneumo- or hemothorax
	208
	0.57
(0.52-0.63)
	91.3
	0.57
(0.35-0.79)
	94.2
	0.42
(0.13-0.71)
	95.2
	0.61
(0.49-0.73)
	95.7

	
	
	
	
	
	
	
	
	
	

	Pelvic fracture

	220
	0.63
(0.57-0.68)
	90.5
	0.73
(0.57-0.90)
	95.9
	0.50
(0.27-0.73)
	93.6
	0.64
(0.46-0.81)
	94.8


Data are Kappa values (95% Confidence Interval) and proportions. Not intubated patients were excluded for analysis on evaluability of endotracheal tube position (n=118). Patients with chest tubes placed before TBCT were excluded for analysis on Hemo- or pneumothorax (n=12).
* Fleiss’ kappa; † Cohen’s kappa
CI denotes Confidence interval. 



	Table 3. Diagnostic properties for findings by iTBCT scouts.
	 
	 
	 

	
	
	
	Sensitivity (%)
	
	Specificity (%)
	
	PPV (%)
	 
	NPV (%)

	
	n
	
	
	95% CI
	
	
	95% CI
	
	
	95% CI
	
	
	95% CI

	Pneumo- and / or hemothorax
   All observers
	190
	
	14
	(5 – 33)
	
	100
	(97 – 100)
	
	100
	(40 – 100)
	
	87
	(81 – 91)

	   Both radiologists
	196
	
	26
	(13 – 44)
	
	100
	(97 – 100)
	
	100
	(63 – 100)
	
	86
	(80 – 91)

	   Both trauma surgeons
	198
	
	13
	(4 – 31)
	
	100
	(97 – 100)
	
	100
	(40 – 100)
	
	86
	(80 – 90)

	   Simulated teams
	
	
	21
	(15 – 29)
	
	100
	(99 – 100)
	
	93
	(78 – 99)
	
	86
	(83 – 88)

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Pelvic fracture AIS ≥3
   All observers
	199
	
	40
	(17 – 67)
	
	99
	(97 – 100)
	
	86
	(42 – 99)
	
	95
	(91 – 98)

	   Both radiologists
	211
	
	53
	(29 – 75)
	
	98
	(94 – 99)
	
	71
	(42 – 90)
	
	95
	(91 – 98)

	   Both trauma surgeons
	206
	
	39
	(18 – 64)
	
	99
	(97 – 100)
	
	88
	(47 – 99)
	
	94
	(90 – 97)

	   Simulated teams
	
	
	56
	(43 – 68)
	
	98
	(97 – 99)
	
	73
	(59 – 85)
	
	95
	(93 – 96)


CI denotes confidence interval and AIS denotes Abbreviated Injury Scale.
Patients with chest tubes placed before TBCT were excluded (n=12).




	Table 4. Indication for interventions by trauma surgeons based on iTBCT scouts.

	
	
	
	Indicated
	
	Unclear
	
	Not indicated

	
	n
	
	n
	%
	
	n
	%
	
	n
	%

	ETT repositioning
	
	
	
	
	
	
	
	
	
	

	   Trauma surgeon 1
	81
	
	16
	19.8
	
	0
	0.0
	
	65
	80.2

	   Trauma surgeon 2
	89
	
	20
	22.5
	
	1
	1.1
	
	68
	76.4

	
	
	
	
	
	
	
	
	
	
	

	Indication chest tube
	
	
	
	
	
	
	
	
	
	

	   Trauma surgeon 1
	37
	
	7
	18.9
	
	25
	67.6
	
	5
	13.5

	   Trauma surgeon 2
	45
	
	4
	8.9
	
	33
	73.3
	
	8
	17.8


Data are number (%).
ETT denotes endotracheal tube.




	Table 5. Decision for chest tube by TBCT scout vs. actual decision by iTBCT.
	 

	
	
	
	Sensitivity (%)
	
	Specificity (%)
	
	PPV (%)
	 
	NPV (%)

	
	n
	
	
	95% CI
	
	
	95% CI
	
	
	95% CI
	
	
	95% CI

	
	
	
	
	
	
	
	
	
	
	
	
	

	Trauma surgeon 1
	36
	
	50
	(22-78)
	
	100
	(83-100)
	
	100
	(52-100)
	
	80
	(61-92)

	Trauma surgeon 2
	44
	
	22
	(4-60)
	
	97
	(83-100)
	
	67
	(13-98)
	
	83
	(67-92)


CI denotes confidence interval.
Patients with chest tubes placed before TBCT were excluded (n=12), another patient was excluded for this analysis since an infaust prognosis made the trauma team stop treatment directly after the TBCT



Appendix
	
Table 1. Relevant findings on TBCT scout documented additional to the structured questionnaire, n (%).

	Characteristic
	 (n=220)

	
Head
     Skull fracture
	

3 (1.4)

	Thorax
     Lung contusion
     Multiple rib fractures
     Subcutaneous emphysema
     Pneumomediastinum
     Suspicion of diaphragmatic rupture
     Signs of aspiration
     Lung oedema
	
72 (32.7)
43 (19.5)
18 (8.2) 
6 (2.7)
3 (1.4)
2 (0.9)
1 (0.5)

	Abdomen
     Distended stomach (indication for nasogastric tube)
	
36 (16.4)

	Spine
     Cervical vertebrae fracture
     Thoracic vertebrae fracture
	
4 (1.8)
6 (2.7)

	Upper extremities
     Clavicle fracture 
     Other fracture
     Contra-indication elevation of upper extremities
	
16 (7.3)
5 (2.3)
25 (11.4)

	Lower extremities
     Femur fracture
     Crural fracture
     Hip dislocation
	
24 (10.9)
2 (0.9)
1 (0.5)

	Other
     Bullet in situ
	
4 (1.8)


 


Appendix
	
Table 2. Reasons for inferior quality TBCT scouts, n (%).

	Characteristic
	 (n=220)

	
Scan related
     Partial imaging
     Poor image quality (resolution/stripes)
	

10 (4.5)
6 (2.7)

	Patient related
     External objects belonging to patient
     Medical equipment
     Upper extremities
     Movement during scanning
     Spine board
     Adiposity
     In situ material
	
8 (3.6)
5 (2.3)
5 (2.3) 
4 (1.8)
3 (1.4)
2 (0.9)
1 (0.5)



