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A B S T R A C T

Introduction: Time is critical in the trauma setting. Emergency computed tomography (CT) scans are usually
interpreted by the attending doctor and plans to manage the patient are implemented before the formal radi-
ological report is available. This study aims to investigate the discrepancy in interpretation of emergency whole
body CT scans in trauma patients by the trauma surgeon and radiologist and to determine if the difference in
trauma surgeon and radiologist interpretation of emergency trauma CT scans has an impact on patient man-
agement.
Method: This prospective observational comparative study was conducted over a 6 month period (01 April–30
September 2016) at the Inkosi Albert Luthuli Central Hospital which has a level 1 trauma department. The study
population comprised 62 polytrauma patients who underwent a multiphase whole body CT scans as per the
trauma imaging protocol. The trauma surgeons' initial interpretation of the CT scan and radiological report were
compared. All CT scans reported by the radiology registrar were reviewed by a consultant radiologist. The time
from completion of the CT scan and completion of the radiological report was analysed.
Results: Since the trauma surgeon accompanied the patient to radiology and reviewed the images as soon as the
scan was complete, the initial interpretation of the CT was performed within 15–30 min. The median time
between the CT scan completion and reporting turnaround time was 75 (16–218) min. Critical findings were
missed by the trauma surgeon in 4.8% of patients (bronchial transection, abdominal aortic intimal tear and
cervical spine fracture) and non-critical/incidental findings in 41.94%. The trauma surgeon correctly detected
and graded visceral injury in all cases.
Conclusion: There was no significant discrepancy in the critical findings on interpretation of whole body CT
scans in polytrauma patients by the trauma surgeon and radiologist and therefore no negative impact on patient
management from missed injury or misdiagnosis.

The turnaround time for the radiology report does not allow for timeous management of the trauma patient.

African relevance

• Trauma remains a major disease burden in Africa and imaging
modalities are becoming more available across the continent.

• Resource restriction is a major concern for major trauma care in
low- and middle-income countries and time is of the essence in
managing the trauma patient.

• There is a worldwide shortage of radiologists, particularly in Africa,
thus the clinician must be proficient in assessing the available
imaging for time-critical patients.

Introduction

Trauma is a leading cause of death worldwide, with a higher in-
cidence in low- and middle-income countries than in high-income
countries [1]. There are more deaths from trauma in sub-Saharan Africa
than anywhere else in the world [2]. South Africa is regarded as one of
the trauma capitals of the world. Almost three decades ago trauma in
South Africa (SA) was likened to a malignant epidemic [3].

The overall trauma rate in the South African province of KwaZulu-
Natal is 17 per 1000 population [4]. The high burden of trauma in
public hospitals in KwaZulu-Natal has been analysed previously [5–7].
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In KwaZulu-Natal pedestrian-motor vehicle collisions (PMVCs) are the
commonest cause of trauma followed by interpersonal violence (IPV)
namely stabs and gunshot wounds (GSW) [8].

Computed Tomography (CT) scanning is utilised as an important
diagnostic tool in the assessment of trauma patients and CT scan of the
head is one of the most commonly performed radiological investiga-
tions worldwide [9]. The urgent nature of trauma necessitates accuracy
and speed in diagnosis and management.

Emergency CT scans are usually interpreted by the attending doctor
and plans to manage the patient are implemented before the formal
radiological report is available [9]. This is particularly true in the case
of trauma patients where time is of the essence and the surgeon has to
make a decision to operate. Furthermore, the workload of radiology
departments has increased in recent years and the availability of radi-
ologists is inadequate worldwide, particularly in developing countries
[10–12]. In 2016, there were just 913 radiologists registered with the
Health Professions Council of South Africa [13]. Shortage of radi-
ologists result in delays in imaging reporting and hence patient man-
agement [14]. This is the local scenario as several institutions with CT
scanners in the province do not have radiologists or after hour radi-
ological cover. Even when the radiologist is on site, the formal radi-
ological report may be delayed. For example, the radiologist may be
reporting other emergency CT scans or busy with an ultrasound in ICU.
Hence, the emergency clinician is the primary interpreter of the
emergency CT scan and makes management decisions based on his/her
interpretation [15,16].

The aim of the study was to investigate the discrepancy in inter-
pretation of emergency whole body CT scans in trauma patients by the
trauma surgeon and radiologist and to determine if the difference in
trauma surgeon and radiologist interpretation of emergency trauma CT
scans has an impact on patient management. The degree and extent of
inter-observer agreement between the radiology registrar and con-
sultant radiologist was also investigated.

Methods

Ethics approval was obtained from the Biomedical Research Ethics
Committee, College of Health Sciences, University of KwaZulu-Natal
(BE488/15). This prospective cross-sectional comparative study was
conducted over a 6-month period (01 April–30 September 2016) at the
Inkosi Albert Luthuli Central Hospital (IALCH), an academic tertiary
hospital in Durban, South Africa. IALCH has a level 1 trauma depart-
ment which accepts patients directly from the scene and from any
health facility throughout KwaZulu-Natal Province.

The study population comprised all acute polytrauma patients
(adults and children) admitted to the trauma department who under-
went multiphase whole body multidetector CT scans as per the poly-
trauma imaging protocol (Table 1). The CT scans were performed on
the Siemens Somatom Definition AS 128 slice CT scanner or Siemens

Somatom Definition Flash Dual Source CT Scanner (Siemens AG, Wit-
telsbacherplatz, Germany).

The trauma surgeons' initial interpretation of the CT scan and
radiological report were compared. The trauma surgeons interpreting
the scans in this study were consultant surgeons who were sub-
specialising or had already subspecialised in trauma. The trauma sur-
geons' interpretation of the CT scan abnormalities were made in clinical
notes in the electronic patient record on the IALCH Hospital
Information System. All CT scans were reported by the radiology re-
gistrar (minimum of 3 years of training), irrespective of the time of day,
on the IALCH Radiology Information System.

The trauma surgeon telephonically requests the CT scan from the
radiology registrar and thereafter liaises directly with the radio-
graphers. There is no further communication with the radiology regis-
trar until the formal report is issued. This has been the standard oper-
ating procedure at IALCH owing to a historic shortage of staff when
radiology registrars were not on site and were on call at multiple hos-
pitals simultaneously until the last few years. Furthermore, the radi-
ology registrar is usually in the main radiology reporting suite at the
opposite end of the department. He or she may also be busy with ul-
trasounds or fluoroscopy. The trauma surgeon accompanies the patient
to the CT scanner and reviews the images as soon as the scan is com-
plete, usually on the workstation in the CT scan department. An urgent
clinical management decision is usually made, the trauma surgeon then
returns to the trauma department with the patient. There is no com-
munication with the radiologist until the radiology report is issued.

The scan was reviewed by a consultant radiologist (minimum of
5 years of experience) on the same day if performed during normal
working hours or the next working day if performed after hours. The
consultant radiologist report was the gold standard. If any errors were
detected by the consultant radiologist in the report issued by the re-
gistrar, the clinician was informed and the report amended. The radi-
ology registrars interpreting the CT scans were in the penultimate or
final year of training and considered senior. Patient management and
outcome was accessed from the clinical notes in the electronic patient
record on the IALCH Hospital Information System. The time from
completion of the CT scan and completion of the radiological report was
also analysed.

After compiling the data, statistical analyses were performed using
SPSS (SPSS version 21.0, IBM, Chicago, Illinois). By considering the
trauma surgeon's report and consultant radiologist report as the gold
standard, inter-rater reliability was assessed by calculating sensitivity,
positive predictive value (PPV), concordance rate and accuracy. A p-
value of< 0.05 and 95% confidence intervals were used to indicate the
statistical significance and prevision of the estimates.

Results

Multiphase whole body CT scans were performed on a total of 69
patients. Seven patients were excluded owing to missing/incomplete
data and suboptimal CT scan images (motion artefact/incorrect contrast
enhancement phase).

Of the 62 patients, 12 were female and 50 were males. The majority
of patients were in the 18–30-year age group (Fig. 1).

Considering the mechanisms of trauma, the majority were caused by
PMVC. This comprised 20 (32.26%) patients involved in motor vehicle
collisions (including 3 motorbike accidents) and 31 (50.00%) pedes-
trians struck by vehicles (Fig. 2). Other mechanisms of injury accounted
for 17.74% of the total.

There were no normal CT scans. The trauma surgeon correctly
identified all critical findings in 59 of 62 cases (95.16%) compared to
the consultant radiologist as the gold standard. Visceral injury was
correctly identified and graded in all cases as per American Association
for the Surgery of Trauma (AAST) criteria. Sensitivity was 95.38%
(95%CI 87.10–99.04) and PPV 100%. Concordance analysis revealed a
concordance rate of 95.38% (95% CI 87.10–99.04%) between the

Table 1
Polytrauma imaging protocol.

Polytrauma imaging protocol

Unenhanced head and neck
Arterial angiogram phase (utilising pre-monitoring) from base of neck to pubic
symphysis - approximately 30 seconds post intravenous contrast injection
Portal venous phase of the abdomen and pelvis (80 seconds post intravenous contrast
injection)
Additional phases tailored to case:

- CT intravenous pyelogram (IVP) for renal injury (8 minutes post intravenous
contrast injection)

- CT cystogram if bladder rupture suspected
Reconstructions with appropriate window settings and multiplanar reformats
performed for CT head, CT facial bones, CT cervical, thoracic and lumbar spine, CT
chest, CT abdomen and pelvis.
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trauma surgeon and radiologist. Percentage agreement was 95.16%
(95% CI 89.82–100.50%).

Critical findings were missed by the trauma surgeon in 3 (4.84%)
patients (left mainstem bronchial transection, abdominal aortic intimal
tear and cervical spine fracture). This discrepancy was not statistically
significant at p < 0.05 but are of clinical significance. Missed injuries,
whether serious or minor, may not always contribute to the patient's
clinical course and outcome, as with the patients in our study. However,
missed critical findings are potentially clinically significant factors for
patient morbidity and mortality, if not acted upon in survivors.

The patients with missed critical findings (bronchial transection and
aortic intimal tear) demised a few hours after admission as they had
multiple other severe injuries and were haemodynamically unstable.
The patient with the aortic intimal tear was a 23 year old male mo-
torbike crash victim. He sustained a profunda femoris artery injury,
grade 5 splenic injury, grade 3 pancreatic injury, bilateral hae-
mopneumothoraces, vertebral and rib fractures. The patient with the
bronchial transection sustained multiple gunshot wounds and pre-
dominantly sustained chest trauma with bilateral haemopneu-
mothoraces, pulmonary contusions, rib and thoracic spine fractures.
The outcome or patient management would not have altered had the
findings been picked up by the trauma surgeon, as the intimal tear
would have had endovascular management only once the patient was
stable. The patient with the bronchial transection had chest tubes in situ
and died prior to any opportunity for thoracotomy. With regards to the
missed cervical spine fracture by the trauma surgeon, no adverse out-
come was noted as the patient was in a neck collar, the fracture was
stable and the radiology report was issued within an hour. The patient
was down-referred after 10 nights in hospital following surgery for long
bone fractures.

Non-critical/incidental findings were missed or not mentioned by
the trauma surgeon in 26 (41.94%) out of the 62 patients. These find-
ings are described in Table 2. Percentage agreement in the interpreta-
tion of non-critical/incidental findings was 58.06% (95% CI
44.85–70.49%) between the trauma surgeon and radiologist. Although
this discrepancy was significant at p < 0.05, there was no impact on

the timeous management of the patient nor did this affect patient
outcome.

Incidental findings reported by the trauma surgeon were blood
within the stomach, bladder schistosomiasis and neurocysticercosis.

Two critical findings (3.23%) were missed by the radiology regis-
trar. This discrepancy was not significant at p < 0.05. These were a
subarachnoid haemorrhage and coeliac axis thrombus in another pa-
tient. The trauma surgeon had correctly identified these injuries and
there was no negative impact on patient care.

Of the 62 polytrauma patients:

• head injuries were identified in 29, which necessitated urgent neu-
rosurgical referral

• vascular injuries were noted in 7

• vascular and neurosurgical injuries were identified in 3

• 14 demised

Since the trauma surgeon accompanied the patient to radiology and
viewed the images as soon as the scan was complete, (often at the
workstation in radiology) the initial interpretation of the CT was per-
formed within 15–30 min. The median time between the CT scan
completion and reporting turnaround time was 75 (16–218) min.

Discussion

The trauma surgeon's interpretation of a CT scan where time is of
the essence is important; given the high trauma burden and scarcity of
radiologists in Africa. To our knowledge, there has been no study
comparing the evaluation of CT scans between radiologists and non-
radiologists in South Africa. There have also been only a few studies
internationally comparing the interpretation of body CT scans between
surgeons and radiologists.

Studies have examined emergency physicians' skills in reading dif-
ferent radiologic studies. The majority of these studies have focused on
plain X-rays and a few on CT brain scan interpretation by attending
emergency physicians [17]. Discrepancy rates in radiograph inter-
pretation of emergency physicians versus radiologists has been reported
to be between 0.95% and 16.8% in different studies [18,19]. A sig-
nificant discrepancy rate of 13.05% in the evaluation of trauma x rays
(cervical spine, chest and pelvis) between on duty surgeons in the
emergency room and radiologists was reported by Nasr et al. [20].

In 1995, Alfaro et al. reported a 38.7% non-concordance between
EP and radiologists with potentially significant misinterpretations in
24.1% of cranial CT scans [15]. Since the advent of MDCT and avail-
ability of 3D multiplanar reformats, this has reduced. Studies have
concluded that senior general surgical residents can accurately interpret
trauma radiographs and CT brain [21]. There has been a study evalu-
ating surgical resident interpretation of CT head, chest, abdomen and
pelvis in acute injury. The surgical resident was accurate in 96% of CT
head interpretation, 67% CT chest and 94% CT abdomen and pelvis
[22].
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Table 2
Non critical or incidental findings missed or omitted by the trauma surgeon.

Non critical/incidental findings

Surgical emphysema in 7 patients
Soft tissue haematomas in 4 patients
Full extent of facial bone fractures in 3 patients
Bifid cervical spinous process
Limbus vertebra of cervical spine
Aspiration in 5 patients
Fibrocavitatory changes in apex
Tuberculosis
Focal fatty infiltration of liver
Renal cyst
Adrenal incidentaloma
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This study demonstrates that the trauma surgeon can identify the
majority of critical findings on an emergency polytrauma CT scan with
a discrepancy rate of 4.84%. Although this discrepancy was clinically
but not statistically significant, the outcome or patient management
would not have altered had the findings been picked up by the trauma
surgeon. Studies show that more injuries are clinically and radi-
ologically missed in polytrauma patients. Patients with head injury, a
Glasgow Coma Scale score of eight or lower and a high Injury Severity
Score are more likely to have missed injuries or delayed diagnoses
[23,24]. In a retrospective study of more than 2000 patients, Banaste
et al. identified factors leading to missed injury in whole body CT in
patients with multiple trauma [25]. More than two injured body parts,
age older than 30 years, or an initial clinical severity class of 1 were
associated with missed injury at whole body CT.

A study at a level two trauma centre revealed overall moderate
agreement between radiologists and surgical residents' interpretation of
CT scans of the head, facial bones, cervical spine, thoracic spine, lumbar
spine, chest, abdomen and pelvis as well as chest and abdominal
radiographs. Interestingly, maxillofacial CT scans had a 50% accuracy.
No change in patient outcome or management was required [26].

The overall agreement between the trauma surgeon and consultant
radiologist for the non-critical/incidental findings was 58.06% which is
comparable to other studies. It is not known whether the trauma sur-
geon observed the surgical emphysema, aspiration and soft tissue
haematomas but omitted documentation as this would not impact on
immediate patient management. Furthermore, radiologists report all
normal variants (bifid cervical spinous, process, limbus vertebra) and
incidental findings (focal fatty infiltration of the liver, renal cyst,
adrenal incidentaloma). The non-critical incidental findings had no
impact on the emergency management of the trauma patient. The full
description of facial bone fractures, tuberculosis and fibrocavitatory
disease would have been available in the radiology report within a few
hours and the patient managed accordingly, if required. Patient out-
come was not adversely affected by the trauma surgeons' missing non-
critical/incidental findings.

Wong et al. found a low error rate in surgical resident interpretation
of after hour CT scans of the head and abdomen in trauma with no
impact on patient management or outcome [9]. This was in line with
our study. The trauma surgeons interpreting the scans in this study
were consultant surgeons who were subspecialising or had already
subspecialised in trauma hence the low discrepancy rate. Furthermore,
they had the benefit of having evaluated the patient clinically prior to
the CT scan.

This study revealed a 3.23% discrepancy between the radiology
registrar and consultant radiologist for critical findings. Fortunately
these (subarachnoid haemorrhage and coeliac axis thrombus) were
identified by the trauma surgeon with no negative impact on patient
management. Discrepancy rates in radiology resident interpretation of
emergency CT scans (non-traumatic and traumatic) vary from 0.9 to
25.9% [27–31]. For body CT evaluation, there was a 5.4% rate of minor
discrepancies and a 1.0% rate of major discrepancies between radiology
registrar and consultant body imaging radiologist at a level 1 trauma
centre [32]. Another study found a 2% discrepancy rate between
radiology residents and radiologists in torso CT at a level 1 trauma
centre [33]. A 2.0% overall rate of clinically significant discrepancies
(those that would potentially alter the patient's clinical course prior to
issue of the final report) was reported by Walls et al. [34]. The major
discrepancy rates for abdominal/pelvic, chest, cervical spine and head
CT were 4.1%, 2.5%, 1.0% and 0.7%, respectively. Polytrauma CT scan
reporting after hours by radiology registrars is safe [27]. This consistent
with the findings in our study.

The median time between the CT scan completion and reporting
turnaround time at IALCH was 75 (16–218) min. In a level 1 trauma
department at a South African hospital in another province, the median
report turnaround time for trauma CT scans was 86 (53–146) min [35].
Our findings are fairly similar.

The sample size was a limitation to the study. The Hawthorne effect
was a further limitation but was minimised as the majority of the
trauma surgeons and radiologists were unaware of the methods of
evaluation and details of the study. Another limitation was that the
patient outcome was restricted to the inpatient at IALCH and further
longitudinal follow-up was not possible. However, most patients had a
5–10 day stay and most occult injuries would have been revealed in this
timeframe.

Conclusion

In the current study, there was no significant discrepancy in the
critical findings on interpretation of whole body CT scans in polytrauma
patients by the trauma surgeon and radiologist and therefore no ne-
gative impact on patient management from missed injury or mis-
diagnosis. Although a significant discrepancy exists in the interpreta-
tion of non-critical findings, this also did not impact patient outcome.
The turnaround time for the formal radiology report does not allow for
timeous management of the trauma patient.

Dissemination of results

The initial results were presented at the Cape Town Trauma
Congress in November 2017.
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