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ABSTRACT

Purpose Evaluation of the diagnostic accuracy of a checklist-
style structured reporting template in the setting of whole-
body multislice computed tomography in major trauma patients
depending on the level of experience of the reporting radiolo-
gist.

Materials and Methods A total of 140 major trauma scans
with the same protocol were included in this retrospective
study. In a purely trial-intended reading, the trauma scans
were analyzed by three radiologists with different levels of
experience (resident, radiologist with 3 years of experience
after board certification, and radiologist with 7 years of
experience after board certification). The aim was to fill in
the checklist 1 template within one minute to immediately
diagnose management-altering findings. Checklist 2 was
intended for the analysis of important trauma-related find-
ings within 10 minutes. Reading times were documented.
The final radiology report and the documented injuries in the
patient’s medical record were used as gold standard.

Results The evaluation of checklist 1 showed a range of false-
negative reports between 5.0 % and 11.4 % with the resident
showing the highest accuracy. Checklist 2 showed overall
high diagnostic inaccuracy (19.3-35.0 %). The resident's diag-
nostic accuracy was statistically significantly higher compared
to the radiologist with 3 years of experience after board certi-
fication (p=0.0197) and with 7 years of experience after
board certification (p=0.0046). Shorter average reporting
time resulted in higher diagnostic inaccuracy. Most of the
missed diagnoses were fractures of the spine and ribs.
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Conclusion By using a structured reporting template in the set-
ting of major trauma computed tomography, less experienced
radiologists reach a higher diagnostic accuracy compared to
experienced readers.

Key Points:

= In the setting of a pure trial reading, the diagnostic inac-
curacy of template-based reporting of major trauma CT
examinations is high.

= Fractures in general and especially of the vertebral bodies
and ribs were the most commonly missed diagnoses.

= Inastudy setting, less experienced radiologists seem to
reach a higher diagnostic accuracy when using a structured
reporting approach.

Citation Format

= Dendl LM, Pausch AM, Hoffstetter P etal. Structured
Reporting of Whole-Body Trauma CT Scans Using Check-
lists: Diagnostic Accuracy of Reporting Radiologists De-
pending on Their Level of Experience. Fortschr RGntgenstr
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ZUSAMMENFASSUNG

Ziel Evaluation einer strukturierten Befundung der Ganzkér-
per-Multislice-Computertomografie (MSCT) bei Patienten
mit angenommener Polytraumatisierung anhand von Check-
listen beziiglich ihrer diagnostischen Genauigkeit in Abhan-
gigkeit der Berufserfahrung der auswertenden Radiologen.

Material und Methoden In einem retrospektiven Studien-
design wurden 140 konsekutive Schockraum-CT in die Studie
eingeschlossen. Diese wurden in einer Studienauswertung von
3 Radiologen (Weiterbildungsassistent im 1. Ausbildungsjahr
und 2 Radiologen mit 3 und 7 Jahren Berufserfahrung als
Facharzte) mittels Checklisten ausgewertet. Checkliste 1 soll
innerhalb von maximal einer Minute akut lebensbedrohliche
Diagnosen und Checkliste 2 innerhalb von maximal 10 Minuten
systematisch die wichtigsten Befunde erfassen. Auswertungs-
zeiten wurden dokumentiert. Als Goldstandard dienten der
schriftliche radiologische Befund und die Arztbriefe.
Ergebnisse Die Auswertung von Checkliste 1 ergab zwischen
5,0 und 11,4 % falsch negative und 0,7 und 1,4 % falsch posi-
tive Befunde. Dabei wies der am wenigsten erfahrene Auswer-
ter die hochste diagnostische Genauigkeit auf. Bei Checkliste
2 fiel eine hohe diagnostische Ungenauigkeit mit einer Falsch-
Negativ-Rate zwischen 19,3 und 35,0 % auf. Die Befundge-
nauigkeit des Weiterbildungsassistenten war im Vergleich zu
dem Facharzt seit 3 Jahren (p=0,0197) und seit 7 Jahren
(p=0,0046) statistisch signifikant hoher. Mit kiirzerer Auswer-
tungszeit stieg die Fehlerquote der Befunder deutlich an. Alle
3 Befunder ibersahen am hdufigsten Frakturen der Wirbel-
kérper und Rippen.

Schlussfolgerung Unerfahrene Befunder erzielen bei Einsatz
einer Checkliste zur Erfassung der wichtigsten Diagnosen von
Schockraum-Patienten eine signifikant bessere Befundge-
nauigkeit im Vergleich mit erfahreneren Auswertern.

Introduction

Based on data from the Trauma Registry of the German Society for
Trauma Surgery from the year 2019, over 32580 patients with
major trauma or over 17 664 patients with an ISS (injury severity
score) 216 can be expected each year in Germany [1].

The currently valid S3 polytrauma guidelines were created to
structure the complex procedures used in the care of major
trauma patients. They also serve as a template for the creation
of individual treatment algorithms in the individual hospitals
[2, 3]. Clinical pathways are based on the ATLS concept
(Advanced Trauma Life Support) [4]. The early clinical treatment
phase is determined by interdisciplinary interaction between
trauma surgery, anesthesiology, and radiology as well as further
disciplines depending on the clinical picture of the polytrauma.
The initial emergency room phase which focuses on stabilization
of the cardiovascular system is typically followed by evaluation
of the injury pattern via whole-body computed tomography [5].

Particularly in major trauma patients, performing whole-body
CT at this early time can help to significantly lower the mortality
rate [6]. Because it is necessary to immediately detect life-threa-
tening injury patterns, reliable radiology reporting is essential.
Reporting with the highest diagnostic reliability must also be
guaranteed during night and weekend shifts, which are often pri-
marily covered by residents [7-9]. In addition, the participation of
different disciplines and colleagues in the care of major trauma

patients requires reliable communication of diagnoses [5, 10].
The goal of structured reporting is to achieve the necessary struc-
ture of findings and clear communication of data in text form to
the referring physician or to physicians participating in the care
of polytrauma patients [11]. In studies, structured reporting
approaches have proven successful, particularly in complex clini-
cal settings [11-13].

A two-phase checklist for major trauma reporting was created
at our hospital (level | trauma center) on an interdisciplinary basis
(trauma surgery, anesthesiology, neurosurgery, visceral surgery,
and radiology) for structured reporting in the setting of whole-
body CT examinations. The principle of two-phase reporting is
also recommended in the currently valid trauma radiology recom-
mendations of the Royal College of Radiologists (RCR, United
Kingdom) [14]. The goal of this interdisciplinary checklist is to
optimize information exchange, while improving the processes
and accuracy of complex major trauma reporting, particularly in
the case of professional novices.

To evaluate the clinical value of a checklist for physicians with
varying levels of education as part of structured reporting, we
examined the quality of the results of checklist reports with
respect to major trauma CT examinations by three radiologists
with varying levels of professional experience (first-year resident
with 10 months of CT experience, radiologist with a total of 8 years
of professional experience, and radiologist with a total of 12 years
of professional experience).
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Materials and Methods

The present retrospective, monocentric study was performed
using anonymized CT datasets and was approved by the responsi-
ble ethics committee.

Patients

A full-text database search of the radiology information system
(RIS, Nexus.medRIS, Version 8.42, Nexus, Villingen-Schwennin-
gen, Germany) was performed to identify all patients who
underwent multidetector CT (MDCT) with a major trauma proto-
col (» Table 1) due to suspected polytraumatization or a cor-
responding trauma mechanism within a period of six months.
140 patients were retrospectively identified.

CT examination

The indication for major trauma CT examination was determined
in accordance with the recommendations of the S3 polytrauma
guidelines in all included patients [2]. The CT examination was
performed using a standardized protocol (> Table 1). In individual
cases additional reconstruction (syngo Imaging, VB36a, Siemens,
Erlangen, Germany) was performed and archived for special clini-
cal issues. The retrospective trial reading was performed on two
high-resolution monitors (Radioforce RX 220, EIZO Europe, Mon-
chengladbach, Germany).

Structured reporting

For structured reporting, two checklists were created on an inter-
disciplinary basis for fast (phase 1) and comprehensive (phase 2)
evaluation of major trauma CT examinations. The treating disci-
plines (anesthesiology, trauma surgery, visceral surgery, neuro-
surgery, otorhinolaryngology, oral and maxillofacial surgery, and
ophthalmology) were actively involved in the creation of these
two checklists under the direction of radiology. This resulted in
the creation of two major trauma CT checklists that meet the
clinical requirements of a certified national level | trauma cen-
ter. Reporting times of 1 minute for the phase 1 checklist and
10 minutes for the phase 2 checklist were defined on an interdis-
ciplinary basis at our hospital as optimal for the established work-
flows of major trauma care. In the clinical routine, the phase 2
checklist is not a replacement for the final radiology report.

Phase 1 checklist (60 seconds)

The phase 1 checklist is used to record acute life-threatening
trauma to the head, chest and abdomen, and pelvis as well as to
check the position of an endotracheal tube (> Fig. 1). Reporting
by the responsible radiologist should be performed within the first
60 seconds at the CT scanner using the already acquired axial
scans. The primary injuries should be identified so that the opti-
mal diagnostic and therapeutic approach can be determined
without delay. In the study, readers had access to transverse scans
with a slice thickness of 5mm in the soft tissue kernel and win-
dow. Readers were able to adjust the window settings, and medi-
cal-grade displays were used for the evaluation. CT scout images
were not used to complete the phase 1 checklist.

» Table 1 Standardized polytrauma CT protocol (technique, acquisi-
tion, and reformatting).

technique

CT scanner 2 x128-slice spiral CT scanner (Somatom Definition
Flash, Siemens, Erlangen, Germany)

preparation positioning of the arms on the body

examination = native CCT

region = contrast-enhanced scan from skull to pelvis (in

the case of clinical suspicion of fractures of the
extremities, particularly of the upper and lower
leg, expansion of the scan region)

contrast medium = 120 ml Accupaque 350i.v.
Delivery rate of 3 ml/s
Delay 55

acquisition of contrast-enhanced scans

scan mode spiral CT
slice collimation 128 x0.75mm
pitch 0.6

automatic dose automatic modulation
control = tube voltage (Care kV; ref. 120 kV)
= tube current (Care Dose; ref. 30 mAs)

reconstructions

native CCT axial (based on the base of the skull) with a 5-mm
slice thickness and soft tissue kernel (H20's soft)

total scan axial with a 5-mm slice thickness in the soft tissue
kernel (kernel B31f medium soft)

CTA head and axial with a 1-mm slice thickness

neck

thorax additionally, axial with 5-mm slice thickness with a
hard kernel (B60f sharp)

secondary = cervical spine: multiplanar reconstruction (MPR)

reconstructions sagittal with a 2-mm slice thickness with a hard
kernel (B60f sharp)

thoracic spine and lumbar spine: MPR sagittal
with a 3-mm slice thickness with a hard kernel
(B60f sharp)

CTA head and neck: Maximum intensity projec-
tion (MIPs) axial, sagittal, and coronal with a
10-mm slice thickness, 5-mm slice interval in the
soft tissue kernel (D20f soft)

Phase 2 checklist (10 minutes)

The maximum time needed to complete the phase 2 checklist
should be less than 10 minutes. At this time, important diagnoses
should be made so that the further treatment plan can be
defined. When creating this checklist, the focus was on clinically
relevant pathologies in polytrauma patients that directly affect
the further course of action (> Fig.2). The checklist is not inten-
ded to replace the comprehensive report. In the clinical routine,
a comprehensive report that is available in the radiology informa-
tion system (RIS) is still generated.

The checklist is structured by organ region from cranial to cau-
dal with the intention of achieving the greatest possible clarity for
the reader and for those treating the patient. The side of the
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» Fig. 1 Checklist phase 1, which should be performed within one
minute using the initial transverse series of the major trauma CT

scan.
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injury was reported in the case of sites with a direct effect on fur-
ther treatment, e. g., in the case of placement of a chest drain for
a pneumothorax. Vertebral body fractures are classified based on
severity (“vertebral body fracture”, “involvement of the posterior
edge”, “constriction of the spinal canal”, or “luxation fracture”),
with the level of the fractured vertebral body being documented.
The checklist also addresses the extremities and differentiates
between the upper arm, lower arm, and wrist or hand and the
upper leg, lower leg, and foot. However, it only records the pre-
sence of fractures and traumatic blood vessel ruptures. Written
notes can be added for any organ region as needed. Possible
secondary findings are intentionally not included in the checklists.

In the retrospective trial reading, the datasets and reconstruc-
tions in » Table 1 were available for phase 2 checklist reporting.
These correspond to the datasets and reconstructions archived
on a standard basis in the PACS at our institute.

Oa Om Ou Oa
Oc Oz O Ocz
Oc Om™3 OB Oc
Oca Oma OLa Oca

Ou Oa O Ou Oa
Oz Oc Oz O o
Ou O Oma O oa
Owu Oca O Tha O Oca

Oes  Oms  0Ois Oes Ol Ocs Oms 0Ois Ocs
Ocs  Ome Ocs Oce O The Ocs
dcr O oer ocr o (ul=)
Omhs OTha
Ot OTha
CIThio [ Thio
OThil O Thil
1 Thi2 O Thiz
Erfasst  Extremitiiten Frakturen GefiRabriss/  Dissektion
la la Ja
O Oberarm O6i. Ore. | Oli. Ore.
5 O Unterarm O Ore. | Oli. Ore.
E [m] Handgelenk Oli. Ore. | Oli. Ore.
- O Hand O Ore. | Ol Ore.
,E O Oberschenkel Oti. Ore. | Oli. Ore,
[ m| Unterschenkel Oli. Ore. | O Ore.
|| Ful Oli. Ore. | Oli. Ore.

> Fig.2 a Checklist phase 2, which should be performed within 10 minutes. b Checklist phase 2, which should be performed within 10 minutes.
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Evaluation of the checklists

Based on the phase 1 and phase 2 checklists (» Fig. 1, 2), the CT
examinations of 140 patients with suspected polytraumatization
were evaluated by three radiologists with different levels of edu-
cation in a retrospective trial reading. The readers were blinded
to the type of trauma, the trauma mechanism, and the results of
the initial physical examination. The trial reading was performed
over a period of 4 weeks on workstations. The radiologists were
able to choose the time point to perform reporting.

Reader 1 was a first-year radiology resident with 10 months of
CT experience. Reader 2 was a board-certified radiologist with
3 years of experience after board certification. Reader 3 was a
board-certified radiologist with 7 years of experience after board
certification and clinical specialization in musculoskeletal
imaging.

All 3 readers were presented with the anonymized CT datasets
for the 140 polytrauma patients along with the phase 1 and phase
2 checklists. The readers were asked to complete the two check-
lists within the specified time of 60 seconds and 10 minutes,
respectively, under study conditions and to document the time
needed in seconds. However, the process was not stopped if the
defined reading times were exceeded.

The checklist results were evaluated after electronic transfer to
a spreadsheet (Excel for Mac 2016, Microsoft; Redmont, WA,
USA). Based on the data in the hospital information system (HIS;
SAP-R/ 3 IS-H i.s.h.med), the sex and age of each patient, the
trauma cause, and the ISS noted in the medical report were addi-
tionally recorded. To evaluate the correctness and accuracy of the
trial reading, the final radiology report and the injuries documen-
ted in the transfer report from the emergency room and in other
medical reports during hospitalization were used as the gold
standard.

The phase 1 checklist was evaluated to determine whether
findings were missed (false negative) or overdiagnosed (false
positive) compared to the gold standard.

In the evaluation of the phase 2 checklist, the finding was cate-
gorized as (A) correct or (B) missed or incorrectly interpreted
(» Table 2). In the case of discrepant findings (B), they were clas-
sified either as findings relevant for treatment and patient man-
agement (1) or findings not relevant for treatment (11). In constel-
lation BI (missed diagnosis with high relevance for treatment and
patient management), further classification was performed: (1)
Diagnosis with high clinical relevance, (2) redundant finding
(e.g., a vertebral body fracture was correctly diagnosed but an
adjacent fracture was not described), and (3) missed diagnoses
with minimal effect on further treatment not requiring any pri-
mary further intervention. For example, undiagnosed vertebral
body fractures, a lacerated spleen, and malpositioning of an
endotracheal tube were classified as BI1. Contralateral rib frac-
tures in already diagnosed unilateral rib fractures was classified
as BI2. A minor pneumothorax in the case of already diagnosed
serial rib fracture was classified as BI3. In contrast, a missed mini-
mal pulmonary contusion was classified as BIl. The present study
focused on treatment-relevant diagnoses and particularly on
diagnoses with high clinical relevance.

» Table 2 Classification of the evaluation of the accuracy of the
checklist reports in comparison to the final radiology and medical
reports (gold standard) for the phase 2 checklist.

A correct diagnosis
missed diagnosis (false negative)

| treatment-relevant

1 high therapeutic relevance
2 redundant finding
3 low therapeutic relevance

Il not treatment-relevant

The spreadsheet software (Excel for Mac 2016, Microsoft; Red-
mont, WA, USA) and the GraphPad software (GraphPad Quick-
Calcs (47)) were used for the statistical tests. The Chi-squared
test was used for statistical evaluation. A p-value of <0.05 was
considered statistically significant.

Results

Patients

All 140 identified patients were able to be included in the study.
40 of the 140 patients were female (28.6 %) and 100 were male
(71.4%). The median age of the patients was 38 years, and the
average age was 43 years (range 2-93 years). The cause of trauma
was a car accident in 40 % of patients. Motorcycle accidents
(5.7 %), bicycle accidents (5.7 %), and pedestrian accidents
(5.7 %) were documented as further types of traffic accident. A
fall from a significant height (>3 m) was the reason for the major
trauma CT examination in 10 % of cases and a fall from a minimal
height (<3 m)in 19.3 % of cases. A suicide attempt was suspected
in 3.6 % of patients.

CT did not reveal any relevant trauma injury in 17 patients
(12.1%). 62 patients (44.3 %) required surgical intervention, and
12 patients (9 %) died during hospitalization. The average ISS was
16.7 (range: 0-75).

Evaluation of the phase 1 checklist

On average, the radiology resident (reader 1) needed 51 seconds
to complete the phase 1 checklist. 7 diagnoses were missed (false
negative) in 7 of 140 patients (5.0 % of the patients) and there was
1 misdiagnosis (false positive (cerebellar tonsillar herniation)) in
1 patient (0.7 %) (» Table 3). The false-negative findings include
diagnosis of a hematothorax/chest bleeding (n = 3), an intracereb-
ral hemorrhage (n=2), a bilateral pneumothorax (n=1), and a
contralateral pneumothorax (n=1).

On average, reader 2 needed 35 seconds to complete the
phase 1 checklist with 16 false-positive findings in 16 patients
(11.4 %) and 2 false-positive findings (pelvic fracture as well as sus-
picion of intracerebral hemorrhage) in 2 patients (1.4 %). The mis-
sed diagnoses include the following in descending order: Pelvic
fracture (n=4), chest bleeding (n=4), lacerated spleen (n=2),
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pneumothorax (n=2), ICB (n=2), free fluid in the upper abdomen
(n=1), and lacerated liver (n=1).

The most experienced reader (reader 3) needed an average of
62 seconds to complete the checklist, missed 9 diagnoses in
9 patients (6.4 %), and incorrectly diagnosed (false positive)
2 injuries in 2 patients (1.4 %) (suspicion of intracerebral hemor-
rhage or chest bleeding). The diagnoses of pneumothorax
(n=3), chest bleeding (n=2), pelvic fracture (n=2), lacerated
spleen (n=1), and free fluid in the upper abdomen (n=1) were
classified as false-negative findings.

Evaluation of the phase 2 checklist

Reader 1 (resident) needed an average of 6 minutes and
19 seconds to complete the phase 2 checklist. In total, 34 find-
ings in 27 patients were missed, corresponding to a false-nega-
tive rate of 19.3% of the examinations (> Table4). 18 cases
(52.9 %) were classified as treatment-relevant (BI). Discrepancies
in 10 cases were classified as BI1 (highly relevant for the further
course of treatment). An occipital condyle fracture (> Fig.3), a
vertebral body fracture, and a serial rib fracture were missed
(» Table5).

Reader 2 needed an average time of 2 minutes and 45 seconds
to complete the phase 2 checklist. The false-negative rate com-

pared to the gold standard was 32.1 % with a total of 60 missed
diagnoses in 45 patients (> Table4). 55 findings (91.7 %) were
classified as Bl, i. e., treatment-relevant, including 13 cases of mis-
sed vertebral body fractures and 5 undiagnosed cases of serial rib
fracture.

Reader 3 required on average 5 minutes and 37 seconds to
complete the phase 2 checklist. In total, 67 findings in 49 patients
were missed (35.0% false-negative rate). 61 of these cases
(91.0%) were classified as treatment-relevant (> Table 3). Verteb-
ral body fractures in 11 cases and serial rib fracture in 9 cases were
also the main missed diagnoses here (> Fig. 4).

Further examples of false-negative findings in category BI1
include lacerated liver and spleen, pulmonary embolism, intes-
tinal ischemia, midfacial fracture, and malpositioning of an endo-
tracheal tube. However, these diagnoses were only missed inn=1
for all readers.

The difference in result quality was statistically compared
using the Pearson's Chi-squared test. The difference in diagnostic
accuracy for the resident compared to the radiologist with 3 years
of experience after board certification (p=0.0197) and compared
to the radiologist with 7 years of experience after board certifica-
tion (p=0.0046) was statistically significant.

» Table 3 Evaluation of the phase 1 checklist of the first-year resident and the two board-certified radiologists with 3 and 7 years of experience after
board certification with documentation of average reporting time and false-positive and false-negative rates. Percentage of patients with false-
positive and false-negative results in relation to the study population of 140 patients.

phase 1 (<605) in n=140 patients reader 1
(resident)
average reading time 51s
(Range) (30-1005)
missed diagnoses (false negative) 7 (5.0%)
misdiagnosis (false positive) 1(0.7 %)

reader 2 reader 3

(radiologist with 3 years of (radiologist with 7 years of
experience after board experience after board
certification) certification)

35s 62s

(21-705) (25-1205)

16 (11.4%) 9 (6.4%)
2(1.4%) 2(1.4%)

» Table4 Evaluation of the phase 2 checklist of the first-year resident and the two board-certified radiologists with 3 and 7 years of experience after
board certification with documentation of the average reading time and analysis of missed diagnoses regarding their therapeutic consequences

(as defined in the classification of » Table 2).

phase 2 (<10 min.) reader 1 reader 2 reader 3

in n=140 patients (resident) (radiologist with 3 years of (radiologist with 7 years of
experience after board experience after board
certification) certification)

average reading time 6min 19s 2min45s 5min 37s

(Range) (3min 1sto 15min 105s) (1 min 30s to 5min 415) (3min 10s to 10 min 205s)

missed diagnoses (false negative) 34 60 67

BI1 (important missed diagnoses) 10 38 45

BI2 (redundant findings) 2 5 3

BI3 (low therapeutic relevance) 6 12 13

Bll (not treatment-relevant) 16 5 6
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The missed diagnoses in category BI2 were subdural hema-
toma, vertebral body fractures, serial rib fracture, and large pul-
monary contusion, provided that these pathologies were already
diagnosed on the opposite side or in the close proximity in the
case of vertebral body fractures. In addition, a fracture of the
lower arm was not diagnosed in n=1. The most common diag-
noses in category BI3 were pneumothorax (in the case of diag-
nosed serial rib fracture), pulmonary contusion (in the case of
diagnosed serial rib fracture), serial rib fracture (in the case of

» Fig. 3 Sagittal reformation of the cervical spine displayed in bone
window of a 22-year-old polytraumatized male patient who was
involved in a car accident. The image shows the slightly dislocated
fracture of the right occipital condyle (white arrow), which was
missed in the trial reading and classified as highly treatment-rele-
vant (BI1).

diagnosed hematothorax), petrous bone fracture (in the case of
diagnosed calvarial and basal skull fracture), and fractures of
multiple vertebral processes. The most common BIl finding was
minor intracranial bleeding in the case of intracranial hemor-
rhage already diagnosed in close proximity.

Discussion

The goal of the present study was to evaluate the diagnostic accu-
racy of structured reporting based on two checklists for initial
evaluation of major trauma CT scans and to check for possible dif-
ferences depending on the level of education and experience of
the reader.

Missed, i. e., false-negative, findings were most common in the
case of the phase 1 checklist. These missed diagnoses were prima-
rily pathologies of the thorax, such as pneumothorax and hemato-
thorax. The frequency of undiagnosed trauma injuries (5% for
reader 1) and (11.4 % for reader 2) can be partly explained by the
very short reading times. On average, reader 2 spent 35 seconds

» Fig.4 Axial CT of the chest displayed in bone window of a 66-year-
old male trauma patient. The patient experienced a fall from a height
of 2 meters. Slightly dislocated fractures of the 3rd-6th left ribs
(white arrows) were missed and classified as a treatment-relevant
diagnosis of high clinical significance (BI1).

» Table5 Overview of the most commonly missed diagnoses in the phase 2 checklist with high therapeutic relevance (category BI1; see » Table 2)

that were missed by at least one reader.

discrepant BI1 findings reader 1
phase 2 checklist in n=140 (resident)
vertebral body fracture 2

serial rib fracture 2

calvarial fracture 1

basal skull fracture -

femoral fracture 1

humerus fracture -

reader 3

(radiologist with 7 years
of experience after board
certification)

reader 2

(radiologist with 3 years
of experience after board
certification)

13 11
5 9
3 3
3 3
- 4
1 2
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completing the phase 1 checklist. A further possible reason for the
results could be that only axial scans with a 5-mm slice thickness
in the soft tissue kernel were available in phase 1 in order to simu-
late the conditions of clinical application, i. e., real-time reading at
the CT scanner, to the greatest extent possible. In addition, the
discrepant findings were not further categorized with respect to
relevance in the study. Therefore, for example, an undiagnosed
pneumothorax was classified as discrepant, i. e., a false-negative
finding, regardless of size.

The high rate of missed diagnoses for all 3 readers seen in the
evaluation of the phase 2 checklist was striking. Therefore, false-
negative findings in the checklist in relation to the gold standard
were seen in 19.3% to 35.0 % of the patients. It is important to
mention that the relevance of findings was classified conserva-
tively. Therefore, for example, serial rib fracture or pneumothorax
is classified as BI1, i.e., missed trauma injury with high relevance
for treatment and patient management. A further possible expla-
nation for the high rate of false-negative findings is that the read-
ers were blinded to the clinical data. With knowledge of the
trauma mechanism and clinical presentation of the patient, the
focus can be on the most probable region of injury, particularly
during initial, fast reporting. Moreover, our trial reading was per-
formed under time pressure. In the case of the maximum reading
time of 10 minutes for the phase 2 checklist, diagnoses will likely
also be missed in the clinical routine. Even in the case of its plan-
ned use in the clinical routine, the checklist is not a replacement
for the final radiology report that would take significantly longer
than 10 minutes particularly in major trauma patients. The RCR
recommends a maximum of 60 minutes to write the final radio-
logy report for CT examinations of polytrauma patients [14]. In
their trial reading of trauma CT examinations, West et al. report
a 12 % error rate regarding relevant misdiagnoses [15]. The lower
error rate compared to our study could be due to the fact that
only abdominal trauma CT scans were included in the evaluation.
In their study, Hillier et al. compare the reports produced by resi-
dents in the clinical routine from a total of 331 CT examinations
with the gold standard report generated by the attending physi-
cian. This study also showed a high discrepancy rate of 21.5 %.
However, there examinations were not limited here to trauma
examinations, which may explain the lower error rate [16].

The fact that the evaluation of the phase 2 checklist in our
study only showed false-negative findings could be explained by
the fact that reading was performed under time pressure and as
a pure trial reading. Therefore, in the case of the selected study
design, the probability of perception errors in which case a finding
is missed by the radiologist is significantly higher than interpreta-
tion errors in which case a detected pathology is interpreted
incorrectly [17]. The abovementioned study by Hillier et al. also
primarily showed false-negative findings (69.0 %) [16].

With regard to the phase 2 checklist, fractures primarily of the
vertebral body and ribs were missed. Additional studies in the
emergency setting also had the same result [17, 18]. The high
number of missed fractures is probably also due to the fact that
thin-slice secondary reconstructions or targeted views of possible
fractures were not available for the trial reading.

Particularly in the case of the two experienced radiologists,
most false-negative findings were in category BI1, i.e., they were

important treatment-relevant findings. The reason for this could
be that the checklist intentionally only addressed initial trauma
care and not secondary findings. In addition, it should be noted
here that treatment-relevant findings of high clinical relevance
were classified conservatively. Therefore, mildly dislocated serial
rib fractures were already classified as BI1.

In total, the number of missed redundant findings “BI2”, e.g.,
contralateral mild intracranial bleeding, was low for all 3 readers.
This may indicate that the checklists may be able to reduce the
“satisfaction of search” effect, i.e., the phenomenon that after
one pathology is diagnosed further pathologies are often no
longer diagnosed, in relation to such redundant findings. How-
ever, the high rate of missed findings in the present trial reading
indicates that the “satisfaction of search” error is not reduced by
the checklists [19-21].

Between the 3 readers, there were statistically significant dif-
ferences regarding the reading times for the phase 2 checklists
and the diagnostic accuracy. Therefore, with an average reading
time of 2 minutes and 45 seconds, reader 2 (radiologist, 3 years
of experience after board certification) had the lowest reading
time but a high discrepancy rate of 32.1 %, while the least experi-
enced reader (first year resident) required the most time with an
average reading time of 6 minutes and 19 seconds but had the
lowest discrepancy rate compared to the gold standard (19.3 %).
Longer reading times therefore correlate with lower discrepancy
rates. However, on average, all three readers remained under the
time of 10 minutes defined for completing the phase 2 checklistin
the present study setting. The connection between increased
error rates and shorter reading times due to increasing time pres-
sure shown in other studies can only be used as an explanation on
a conditional basis [22].

It was striking that the least experienced reader, a first-year
resident, had the lower error rate. These study results show both
advantages and disadvantages of structured reporting. As Gun-
derman et al. stated in 2014, structured and thus guided report-
ing is useful primarily when learning to interpret images report
radiologic examinations [23]. The changed workflow can greatly
affect the diagnostic ability of experienced radiologists, who typi-
cally use their individual reporting patterns, particularly for re-
porting in the case of complex polytrauma CT examinations. The
rigid format of structured reporting or, in our case, checklists runs
the risk of being too different from proven reporting processes
since there is increased focus on completing the checklist, thereby
possibly making it more difficult to detect pathologies [24].
Therefore, there was also speculation that radiologists with many
years of experience may be critical of standardized reporting
approaches [13, 25]. By introducing checklist reporting of cervical
spine CT examinations, Eaton et al. were able to achieve greater
diagnostic accuracy, but the difference was not statistically signi-
ficant [26].

Our study seems to support the theory that a structured
reporting approach is advantageous particularly in the training
phase since the most inexperienced reader had the highest accu-
racy. To prove that radiology profits most from structured
reporting during training, a comparison with “conventional”
reporting would have to be performed.
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A clear limitation of our study is that reading was performed as
pure trial reading of 140 major trauma scans, resulting in the risk
of lower diagnostic accuracy compared to reporting under real
conditions. Therefore, it is conceivable, for example, that the resi-
dent wanted to perform well in the trial reading, but the experi-
enced readers had less time for the study and were interrupted
more often. It would be interesting in this context to compare
the accuracy of conventional reporting and checklist-based
reporting under identical conditions in the study setting. In addi-
tion, determination of the reasons for the sometimes very short
reading times would be informative.

A prospective study of the checklists under real reporting con-
ditions for major trauma CT scans would thus be desirable, parti-
cularly to avoid the effect of pure trial reading and the lack of inte-
gration in the clinical context.

CLINICAL RELEVANCE OF THE STUDY

= When used purely for study purposes and under time
pressure, a two-phase checklist for initial trauma CT
reporting results in high diagnostic inaccuracy, particularly
in the case of experienced radiologists.

= Less experienced radiologists can achieve higher diagnos-
tic accuracy compared to experienced readers when using
checklists for the reporting of complex examinations.
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