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Abstract
Objectives To develop a structured reporting (SR) template for whole-body CT examinations of polytrauma patients, based 
on the consensus of a panel of emergency radiology experts from the Italian Society of Medical and Interventional Radiology.
Methods A multi-round Delphi method was used to quantify inter-panelist agreement for all SR sections. Internal consistency 
for each section and quality analysis in terms of average inter-item correlation were evaluated by means of the Cronbach’s 
alpha (Cα) correlation coefficient.
Results The final SR form included 118 items (6 in the “Patient Clinical Data” section, 4 in the “Clinical Evaluation” section, 
9 in the “Imaging Protocol” section, and 99 in the “Report” section). The experts’ overall mean score and sum of scores were 
4.77 (range 1–5) and 257.56 (range 206–270) in the first Delphi round, and 4.96 (range 4–5) and 208.44 (range 200–210) 
in the second round, respectively.
In the second Delphi round, the experts’ overall mean score was higher than in the first round, and standard deviation was 
lower (3.11 in the second round vs 19.71 in the first round), reflecting a higher expert agreement in the second round. Moreo-
ver, Cα was higher in the second round than in the first round (0.97 vs 0.87).
Conclusions Our SR template for whole-body CT examinations of polytrauma patients is based on a strong agreement 
among panel experts in emergency radiology and could improve communication between radiologists and the trauma team.
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Introduction

Trauma is the main cause of death for patients younger than 
45 years old in Western Countries [1, 2], with a considerable 
proportion of all polytrauma due to car crashes. The number 
of casualties continues to rise, and according to the World 
Health Organization, every year the lives of approximately 
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1.3 million people are cut short because of a road traffic 
crash [3].

The optimal management of polytrauma patients requires 
a national trauma organization, which should define every 
level of the system, including all units of the trauma team 
[3, 4].

The suitable management of polytrauma patients can be 
challenging, and an efficient treatment requires that it begins 
at the accident site and should be maintained in all treat-
ment phases. Therefore, treatment should be operated by 
a multidisciplinary team directed by a trauma surgeon to 
adequately manage severe injuries [4]. The multidisciplinary 
team should recognize as soon as possible life-threatening 
injuries or hemodynamically unstable patients according to 
vital parameters and classify them as polytrauma or non-
polytrauma [5].

A decisive feature in the evolution of polytraumatized 
patient treatment is the possibility to obtain a rapid diag-
nosis, thanks to the opportunity to perform a whole-body 
computed tomography (CT) examination [5–7]. However, 
regarding which diagnostic tool to employ in polytrauma 
patients, the tenth edition of the Advanced Trauma Life Sup-
port (ATLS) suggests CT only if indicated, not by default, 
and only to assess specific body regions [8]. In contrast, the 
newest guidelines of the European Society of Emergency 
Radiology (ESER) endorse the approach proposed by ATLS 
in non-polytrauma patients and suggest whole-body CT as 
the diagnostic tool to use in polytrauma patients [9].

Currently, the optimal CT study protocol for polytrauma 
is a matter of debate [10–18]. Another critical issue is an 
efficient communication of imaging data to the trauma team, 
given the need to report trauma-related injuries as soon as 
possible [19–25]. The tool utilized to communicate radio-
logical data to the trauma team is the radiological report. 
Traditionally, radiology reports are free text reports (FTR) 
based on descriptive communication, which could lead to 
confusion or even improper patient management if the report 
is unclear and difficult to understand for style and content 
[26–32]. This can be especially true in the emergency set-
ting, where time is crucial and life-threatening conditions 
are usually dealt with, highlighting the need to organize FTR 
into structured reports (SR) [33–36]. SR allows to employ a 
checklist where all relevant items for a particular disease are 
reported, to avoid missing crucial data [37–44]. This struc-
ture can improve communication with referring clinicians by 
favoring quality and standardization of radiological reports. 
In this context, several radiological societies [including 
the Radiological Society of North America (RSNA) and 
the Italian Society of Medical and Interventional Radiol-
ogy (SIRM)] have promoted the use and diffusion of SR in 
clinical practice [45, 46].

The aim of our study is to develop a SR template for 
whole-body CT imaging of polytrauma patients.

Methods

Expert panel

We performed a multi-round consensus-building Delphi 
exercise to create a complete SR template based on whole-
body CT examinations for the assessment of polytrauma 
patients.

Following extensive debate within a working team of 
seven SIRM radiologist members experienced in emer-
gency radiology, a first draft of the SR template for the 
reporting of polytrauma CT examinations was created.

A panel of 18 experts was set up, including members 
from the Italian College of Emergency Radiologists and 
the Imaging Informatics Chapter of SIRM. The panelists 
revised the initial draft iteratively to obtain a final con-
sensus on SR.

Selection of the Delphi domains and items

The panelists evaluated literature data on the main sci-
entific databases, including PubMed, Scopus and Google 
Scholar, to assess papers published from December 2000 
to June 2022 on: (a) polytrauma, (b) CT protocols in emer-
gency settings, and (c) Structured Radiology Reports. In 
addition, they assessed the latest guidelines on the man-
agement of traumatized patients and on trauma classifica-
tion by major scientific societies [47, 48]. Each panelist 
developed and shared the list of Delphi items via emails 
and/or teleconferences.

The working group divided the SR into four sections: 
(a) Patient Clinical Data, (b) Clinical Evaluation, (c) Imag-
ing Protocol and (d) Report. The Report section included 
the template and a sub-section, where it was possible to 
add the most significant (key) images.

Two Delphi rounds were carried out. During the first 
round, each panelist independently contributed to refin-
ing the SR draft by means of online meetings or email 
exchanges. The level of panelists’ agreement for each SR 
model was tested in the second Delphi through a Google 
 Forms® questionnaire shared by email. Each expert 
expressed individual comments for each specific template 
section by using a five-point Likert scale (1 = strongly 
disagree, 2 = slightly disagree, 3 = slightly agree, 4 = gen-
erally agree, 5 = strongly agree).

After the second Delphi round, the last version of the 
SR was generated on the dedicated RSNA website (www. 
radre port. org) by using a T-Rex template format, in line 
with IHE (Integrating Healthcare Enterprise) and the 
MRRT (Management of Radiology Report Templates) pro-
files, accessible as open source software, with the technical 
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support of  Exprivia® (Exprivia SpA, Bari, Italy). These 
determine both the format of radiology report templates 
using version 5 of Hypertext Markup Language (HTML5) 
and the transporting mechanism to request, retrieve and 
stock these schedules. The radiology report was structured 
by using a series of “codified queries” integrated in the 
preselected sections of the T-Rex editor [49].

Statistical analysis

The responses of each panel member were exported in 
Microsoft  Excel® format to facilitate data collection and 
statistical analysis.

All panel member ratings for each section were analyzed 
with descriptive statistics measuring the mean score, stand-
ard deviation, and sum of scores. An average score of 3 was 
considered good and a score of 4 excellent.

To measure the internal consistency of panel member rat-
ings for each section of the report, a quality analysis based 
on the mean correlation between items with Cronbach's cor-
relation coefficient alpha (Cα) was performed [50, 51]. Cα 
provides a measure of the internal consistency of a test or 
scale and is expressed as a number between 0 and 1. Internal 
consistency describes the extent to which all items in a test 
measure the same concept. Cα was determined after each 
round.

The closer the coefficient Cα to 1.0, the greater the inter-
nal consistency of the elements of the scale. A coefficient 
alpha (α) > 0.9 was considered excellent, α > 0.8 good, 
α > 0.7 acceptable, α > 0.6 questionable, α > 0.5 poor, and 
α < 0.5 unacceptable. However, in the iterations an α of 0.8 
was considered a reasonable target for internal reliability.

Data analysis was performed using Matlab Statistics 
 Toolbox® (The MathWorks Inc., Natick, MA, USA).

Results

Structured report

The final SR form (Appendix 1) included 118 items, of 
which 6 in the “Patient Clinical Data” section, 4 in the 
“Clinical Evaluation” section, 9 in the “Imaging Protocol” 
section, and 99 in the “Report” section.

The “Patient Clinical Data” section should be automati-
cally imported from the HIS/RIS and includes anthropomet-
ric data (such as weight, height, BMI, BSA, and age class).

The “Clinical Evaluation” section should also be auto-
matically imported from the HIS/RIS and includes data 
on the type of trauma (such as road trauma, precipita-
tion, burn). In addition, this section comprises data on 

pathophysiological criteria (e.g., GCS < 13, systolic arte-
rial pressure < 90 mmHg, respiratory rate > 29/min, oxy-
gen saturation in room air < 90%) and anatomical criteria 
(e.g., sensory/motor deficit, chest trauma with mobile 
parietal flap, penetrating injury, proximal fracture of 2 or 
more long bones, amputation proximal to elbow or knee).

The “Imaging Protocol” section consists of data on CT 
brand and model, contrast study protocol (including data 
on post-contrast acquisitions), contrast medium (active 
principle, commercial name, volume, flow rate, iodine 
concentration), and ongoing adverse events.

The “Report” section was created for vascular, thorax 
and abdominal lesions, according to the latest version 
of the American Association for the Surgery of Trauma 
(AAST) injury scoring scales [47], with the goal to pro-
vide an injury grade that reflects severity, guides manage-
ment and aids in prognosis assessment. Regarding spinal 
trauma, the AO Spine Thoracolumbar and Subaxial Injury 
Classification systems [48], which are the result of a sys-
tematic assessment and revision of the Magerl classifica-
tion [52], were used. This section includes all possible 
trauma-related findings and the injury grade. In addition, 
data on the type of vascular trauma (dissection, throm-
bosis, pseudoaneurysm, active bleeding) were included, 
as well as data on pleural effusion, pneumothorax, pneu-
momediastinum, pericardial effusion, peritoneal effusion, 
pneumoperitoneum, and other findings (fat embolism, 
foreign bodies, or incidental trauma-unrelated findings).

Consensus agreement

Table 1 reports the single scores and the sum of scores of 
panel experts for the SR in the first Delphi round, whereas 
Table 2 reports their single scores and sum of scores for 
the SR in the second round.

In both Delphi rounds, all sections received more than 
a good rating. In the first round, the overall mean score 
of the experts (n = 18) and the sum of scores for SR were 
4.77 (range 1–5) and 257.56 (range 206–270), respectively 
(Table 1). In the second round, the overall mean score of 
the experts (n = 18) and the sum of scores for SR were 
4.96 (range 4–5) and 208.44 (range 200–210), respectively 
(Table 2).

The experts’ overall mean score in the second Delphi 
round was higher than the overall mean score of the first 
round, along with a lower standard deviation value (19.71 
in the first round versus 3.11 in the second round), high-
lighting the higher expert agreement on SR reached in the 
second round.

Cα was 0.87 in the first Delphi round and increased to 
0.97 in the second round.
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Discussion

To the best of our knowledge, this is the first compre-
hensive SR template proposed for the evaluation of pol-
ytrauma patients based on whole-body CT imaging. This 
template is currently the only one developed following the 
latest version of the AAST injury scoring scales [47] and 
the AO Spine Thoracolumbar and Subaxial Injury Classifi-
cation systems [48]. The idea of using standardized scores 
(as per AAST and AO classifications) allows not only to 
use a common and easily understandable lexicon in the 
multidisciplinary team, but also to grade the level of injury 
and facilitate patient management.

Although the RSNA has proposed several SR templates 
for trauma, only the “CT Facial Bones—Trauma template 
[45] was reported on the RSNA website at the time of writ-
ing (7 January 2023) and is not based on internationally 
established classifications.

Our final template was divided into four sections, 
amounting to a total of as many as 118 items. Although 
this SR model may seem very long and prone to slowing 
down the reporting, it has been broadly demonstrated that 
SR can facilitate radiologist workflow by reducing report-
ing time [53]. Jorg et al. [53] found that SR for whole-body 
trauma CT examinations can add clinical value compared 
to FTR by reducing reporting time and increasing the level 
of detail for trauma CT studies. However, no data on how 
this model was built were provided [53].

Our template was established based on a multi-round 
Delphi method following in-depth discussion between 
expert radiologists in emergency imaging, leading to 
higher expert scores and internal consistency in the sec-
ond Delphi round than in the first one. The panel experts 
showed a greater disagreement on the “Patient Clinical 
Data” and “Clinical Evaluation” sections, because of the 
opinion that in the emergency setting, time is critical and 
there may be no possibility to have all patient data avail-
able at the time of reporting [54–61]. However, after call 
conferences and once the option to fill in SR section fields 
partially had been clarified, all panelists expressed their 
agreement on this point.

The expert panel expressed a greater agreement on the 
“Imaging Protocol” and “Report” sections. Theoretically, 
the dissemination and sharing of the study protocol (includ-
ing post-contrast phases) should ease the standardization 
and optimization of CT protocols in the emergency setting. 
Although each patient is different from another (especially 
in terms of hemodynamic stability and in relation to his/her 
anthropometric characteristics), the ability to act according 
to the rules of good conduct in the emergency setting could 
improve the quality of CT examinations and facilitate the 
interpretation of the results [62–74].
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Regarding the “Report” section, the Delphi method has 
made it possible not only to collect key information based 
on established classifications, but also to address poten-
tially critical issues. For instance, the information for the 
heart injury assessment (which, according to the AAST 
classification, also requires knowledge of data based on 
the electrocardiogram) may be unavailable at the time of 
the CT scan, so we decided to simplify the reporting of 
heart injury.

The chance of employing SR can assist the radiolo-
gist in the imaging assessment, allowing to detect imaging 
findings that might go unnoticed with FTR due to distrac-
tion [75–82]. On the other hand, a SR template allows 
a systematic search pattern that should avoid diagnostic 
errors. A retrospective analysis of 3,000 MRI studies 
using a checklist-template permitted to detect extraspinal 
findings in 28.5% of patients, which were not reported in 
the original FTR [75]. Similarly, the use of SR showed to 
increase the rate of identification of trauma-unrelated find-
ings on cervical CT examinations [76]. Dendl et al. [77] 
showed that by using a SR template for major trauma CT 
examinations, radiology residents reached a higher diag-
nostic accuracy in the study setting than radiologists with 
3 and 7 years of experience after board certification, high-
lighting the usefulness of SR as a guide for learning to 
correctly interpret and report imaging examinations.

The present SR has several strengths, as it is based on 
standardized terminology and structures, and according to 
Weiss et al. [78], it is a third-level SR. Furthermore, it has 
been validated by expert emergency radiologists by using a 
multi-round consensus-building Delphi exercise, and it has 
been built following the latest version of the AAST injury 
scoring scales and the AO Spine Thoracolumbar and Sub-
axial Injury Classification systems, with the goal to utilize a 
standardized language and improve communication within 
the trauma team.

This study has several limitations. Firstly, the same 
nationality of the panelists reduces the possibility of a 
wider view that could increase the consistency of the SR. 
Secondly, this SR template does not arise from a multidis-
ciplinary evaluation, but only from a panel of radiologists. 
Thirdly, we did not test the clinical impact of this SR in a 
real-life emergency setting, and we did not assess the actual 
turnaround time of polytrauma CT examinations using this 
SR template, which is quite lengthy due to the complex 
nature of polytrauma CT reporting and could therefore be 
rather time-consuming. However, the highly modular and 
standardized structure of this SR from head to toe could be 
expected to keep reporting times within acceptable limits 
after a proper learning period, and in the extreme, it could 
lend itself as a conceptual framework for the development 
of more streamlined SR models based on the same rigorous 
semantics.

Conclusion

We developed a comprehensive SR model for whole-body 
CT examinations of polytrauma patients, based on a multi-
round Delphi consensus of emergency radiology experts 
and following current AAST and AO Spine criteria. It could 
be expected that this SR will set a standard for improving 
the quality of radiological reports and the communication 
between all physicians involved in the trauma team.
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