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Introduction
In severe trauma, radiology is key to the early diagnosis and 
management of the injured patient. Computed tomography 
(CT) scanning is utilised as an important diagnostic tool 
in the assessment of trauma patients.1 CT angiography 
(CTA) is a non-invasive and rapid imaging technique with 
high sensitivity and specificity in the detection of vascular 
injuries.2 CTA is considered the initial diagnostic imaging 
examination of haemodynamically stable patients with 
suspected arterial injuries.3 The use of Duplex Doppler 
ultrasonography for diagnosis in the emergency setting has 
not been widely used where CT scanners are available as it 
has a lower sensitivity and is dependent on operator skill.4-7 
The urgent nature of trauma and in particular vascular 
injury 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.1 This is particularly true in the case of vascular 
trauma patients where time is of the essence to prevent 
catastrophic haemorrhage, critical ischaemia and its sequelae 
including amputation. 

In recent years, radiology department workloads have 
increased. Worldwide and particularly in low- and middle-
income countries (LMICs), the availability of radiologists 
is inadequate.8-11. In low-income countries, there are 1.9 
radiologists per million inhabitants.12 In South Africa in 
2016, 913 radiologists were registered with the Health 
Professions Council of South Africa and Statistics South 
Africa (Stats SA) estimated the mid-year population as 
55.91 million which equates to 16.3 radiologists per million 
people.13,14 This is in sharp contrast to the 97.9 radiologists 
per million inhabitants in high-income countries.12 

Delays in imaging reporting and possible delayed urgent 
patient management are consequences of radiologist 
shortages.15 In the local scenario, several institutions with 
CT scanners in our catchment area do not have radiologists 
or after-hours radiological cover. The formal radiological 
report may be delayed even if the radiologist is on site as 
the radiologist may be reporting other emergency CT scans 
or be out of the reporting suite performing a fluoroscopic 
procedure or an ultrasound. Thus, the clinician becomes the 
primary interpreter of the emergency CT scan and manages 
the patient on the basis of his/her interpretation.16,17

Background: This study aims to investigate any discrepancy in interpretation of computed tomography (CT) angiograms 
(CTA) in suspected traumatic arterial injury by vascular specialists and radiology specialists, and the influence of any 
discrepancies on patient outcome.
Methods: A prospective observational comparative study of 6-month duration was undertaken at a tertiary hospital in 
Durban, South Africa. Haemodynamically stable patients with suspected isolated vascular trauma admitted to a tertiary 
vascular surgery service who underwent a CTA on admission were reviewed. The interpretations of CTAs were compared 
between vascular surgeons, vascular trainees and radiology trainees with the consultant radiologist report as the gold 
standard comparator. 
Results Of 131 CTA consultant radiologist reports, the radiology registrar concurred with 89%, which was less than 
the vascular surgeon who correctly interpreted 120 out of 123 negative cases with three false positives. There were 
no false negatives or descriptive errors. A 100% sensitivity (95% CI 63.06–100) and 97.62% (95% CI 93.20–99.51) 
specificity was noted for the vascular surgeon. Overall agreement was 97.71 % with Cohen’s kappa value = 0.83 (95% CI  
0.64–1.00) indicating very good agreement. Apart from three negative direct angiograms, patient management and 
outcome were not impacted by the vascular surgeons’ errors in interpretation.
Conclusion: There is very good inter-observer agreement in the interpretation of CTAs in trauma between the vascular 
surgeon and radiologist with no negative impact on patient outcome.
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The aim of this study was to investigate if there was a 
significant discrepancy in interpretation of emergency CT 
angiograms in suspected arterial injury by the vascular 
surgeon, radiology registrar and radiologist and to deter-
mine whether any discrepancies had an impact on patient 
management. The degree and extent of inter-observer 
agreement between the radiology trainee and consultant 
radiologist was also investigated.

Material and methods
This prospective observational study was conducted over a 
6-month period (1 April–30 September 2016) at the Inkosi 
Albert Luthuli Central Hospital (IALCH), an academic 
tertiary hospital in Durban. IALCH is a Trauma Society of 
South Africa accredited level 1 trauma centre and at the time 
of the study, was the only state institution with a dedicated 
vascular surgery service in the KwaZulu-Natal Province. 

Vascular surgery in South Africa is a subspecialty 
qualification obtained by general surgeons. CTA inter-
pretation was done by the sub-specialist trainee in most 
cases. The IALCH vascular surgery department accepts 
patients from any hospital throughout the KwaZulu-Natal 
Province.

The study population comprised all patients (adults and 
children) accepted and/or admitted by the vascular surgeon 
to IALCH with suspected blunt or penetrating vascular 
trauma who underwent CTA of a single body part, namely 
chest, neck or extremity. Only patients with soft signs 
(non-expanding haematoma, diminished/unequal pulses 
and arterial proximity) were included. Patients with hard 
signs were taken directly to theatre if haemodynamically 
unstable or underwent direct angiography with a view to 
endovascular intervention by the vascular surgeon. Patients 
with concomitant head injury or polytrauma were excluded 
as they were managed by a multidisciplinary specialist team.

CTAs were performed on the relevant body part with the 
Siemens Definition Flash Dual Source Scanner (256 slice) 
or Siemens Somatom 128 slice Multidetector CT Scanner 
(Siemens AG, Wittelsbacherplatz, Germany). Intravenous 
contrast medium, Iohexol 350 mg/ml (OmnipaqueTM, 
GE Healthcare) was administered using an injector via a 
peripheral cannula to obtain precise arterial phase CT scan 
images. Post processing comprised reconstructed 3 mm 
axial, sagittal and coronal images, 3-D reformations using 
maximum intensity projections and volume rendering 
algorithms. These images were sent to the picture archiving 
and communications system (PACS).

The radiology registrar stays on site after hours and is 
responsible for the reporting of cases. 

The vascular surgeon requests the CT scan from the 
radiology registrar, who due to the heavy workload and 
logistics in radiology is rarely able to report on the CTA 
immediately. The vascular trainee reviews the images as soon 
as the scan is complete, records the findings in the patient’s 
electronic patient record on the Hospital Information System 
(HIS) and acts on their interpretation. 

All CTAs reported by the radiology trainee during normal 
and after-hours, were reviewed by a consultant radiologist 
with a minimum of 5 years of experience. The consultant 
radiologist’s interpretation of the CTA was the gold standard. 
If any errors were detected by the consultant radiologist in 
the report issued by the radiology registrar, the clinician was 
informed, and the report amended. The radiology registrars 
interpreting the CT scans were in the second, third or final 
year of training. Patient management and outcome were 
accessed from the clinical notes in the electronic patient 
record on the IALCH HIS. 

The site and type of vascular injury were described. The 
types of injury were described as: intimal tear, dissection, 
aneurysm/pseudoaneurysm, extravasation, transection, 
thrombosis and arterio-venous fistula. Descriptive errors 
were also documented. These were vicinity injuries that 
were not accurately identified anatomically. The principal 
investigator compared the initial vascular surgeon inter-
pretation of the CT scan, radiology trainee report and final 
radiological report. 

Statistical analysis was performed using SPSS (Version 
21.0. IBM, Armonk, NY). Using the consultant radiologist 
report as the gold standard, inter-rater reliability was assessed 
for the vascular surgeon and radiology registrar. Kappa 
values were calculated to measure inter-observer agreement: 
< 0.20 = poor; 0.21–0.40 = fair; 0.41–0.60 = moderate; 
0.61–0.80 = substantial/good; 0.81–1.00 = very good/almost 
perfect.18A p-value of < 0.05 and 95% confidence intervals 
(CIs) were used to indicate statistical significance.

Results
CTAs of the extremities, neck or chest were performed on 
134 patients who met the inclusion criteria. Three patients 
were excluded owing to suboptimal CT scan images. Of the 
remaining patients, 113 were male and 18 were female. The 
age demographics are depicted in Figure 1. The majority of 
patients were in the 18–30-year age group. 

Of the 131 CTAs performed, 53% were of the neck. Table 
I summarises the CTAs by site of injury. 
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Figure 1: Injury type per age group
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Table I: CT angiograms performed by injury site

CT angiogram Site of injury n patients

Neck Zone 1 22

Zone 2 11

Zone 3 14

Zone 1+2 6

Zone 2+3 6

Zone 1 bilateral 2

Zone 3 bilateral 5

All 3 zones 3

Extremity Upper limb 12

Lower limb 36

Chest 14

The interval between the completion of the scan and the 
availability of the radiology registrar’s report varied between 
23–247 minutes, with the majority (75%) of reports being 
issued within 120 minutes. 

The majority of suspected injuries were caused by stabs 
(50%) followed by gunshot wounds (GSW 34%). Motor 
vehicle collisions (MVC) and pedestrian-motor vehicle 
collisions (PMVC) accounted for 10% of the total. Two dog 
bites, an angle grinder injury and a vigilante hanging were 
the other adult aetiologies. One 3-year-old who sustained 
gunshot wounds and a 5-year-old child who had blunt 
trauma were the only children in the study cohort. Of the 
two patients older than 70 years, one sustained a fall and 
the other was involved in an MVC. Figure 1 shows the 
mechanisms of trauma by age group.

The soft sign indications for imaging were non-expanding 
haematoma in 12 patients (9.2%), diminished pulse in 27 
patients (20.6%) and arterial proximity (chest and neck) in 
92 patients (70.2%).

The consultant radiologist, as the gold standard, 
interpreted 123 (94%) out of 131 CTAs as normal and eight 
(6%) as abnormal. Of the positive CTAs, five were due to 
penetrating trauma and all cases had diminished pulses.

The vascular surgeon correctly identified 120 out of 123 
negative cases with three false positives. No false negatives 
were identified. A 100% sensitivity (95% CI 63.06–100) 
and 97.6% (95% CI 93.2–99.5) specificity was noted for the 
vascular surgeon. The false positive rate was 2.44% and the 
positive predictive value (PPV) was 72.7% (95% CI 46.6–
89.1). Concordance analysis revealed a concordance rate of 
97.76% between the vascular surgeon and the radiologist. 
The difference in interpretation was not significant at 
p < 0.05. Overall agreement was 97.7 % with Cohen’s kappa 
value =  0.83 (95% CI 0.64–1.00) indicating very good 
agreement. 

There were 109 negative cases and eight positive cases 
correctly identified by the radiology registrar, compared 
to the radiologist interpretation, resulting in 89.1% overall 
agreement. The interpretations differed in 14 out of the total 
of 131 cases (10.7%) and the difference was statistically 
significant (p < 0.01). The 14 discrepant cases comprised 
nine false positives and five cases with descriptive error. 
The false positive rate was 7.32%. No false negatives 
were identified. Considering the 14 discrepant cases, the 
concordance rate was 90.35% with a kappa value of 0.49 
(95% CI 0.27–0.71) indicating moderate overall agreement.

CTA positive findings correctly interpreted by the vascular 
surgeon and the radiology registrar were right superior 
thyroid artery contrast extravasation, intimal tear of left 
common carotid artery and occluded left vertebral artery. 

Two CTAs were incorrectly reported as positive by 
both the vascular surgeon and radiology registrar with the 
same incorrect description (left subclavian artery intimal 
tear, left axillary artery pseudoaneurysm) in patients with 
gunshot wounds due to streak artefact. Two-thirds of the 
false positive interpretations by the radiology registrar were 
reported as arteriovenous fistula (AVF). 

In the three CTAs interpreted as false positive by the 
vascular surgeon, the patients underwent urgent after-hours 
catheter-directed digital subtraction angiograms which were 
negative. 

The descriptive errors by the radiology registrar (Table II) 
did not have an impact on the management of the patient 
or outcome since these were correctly interpreted by the 
vascular surgeon. 

Table II: CT angiogram descriptive error by radiology registrar

Radiology consultant Radiology registrar

RA transection at BA bifurcation RA transection distal to BA 
bifurcation

Transection at FA trifurcation ATA transection

ATA transection only ATA and PTA transection

ATA occlusion only ATA and PTA occlusion

AD with false lumen thrombosed AD with true lumen thrombosed

ATA – anterior tibial artery, PTA – posterior tibial artery, RA – radial artery, FA 
– femoral artery, BA – brachial artery, AD – aortic dissection, SA – subclavian 
artery, AA – axillary artery 

Discussion
The high trauma burden and scarcity of radiologists in 
Africa emphasise the importance of the vascular surgeon’s 
interpretation of a CT scan. Vascular injury is particularly 
time sensitive as life or limb are often at risk. There is only 
one study detailing errors in the interpretation of CTAs and 
none comparing the evaluation of vascular trauma CTAs 
between radiologists and non-radiologists.19 There have 
also been only a few studies internationally comparing 
the interpretation of body CT scans between surgeons 
and radiologists.20,21 One study evaluated surgical resident 
interpretation of CT of the head, chest, abdomen and pelvis 
in acute injury in which the surgical resident was accurate in 
96% of CT head interpretation, 67% CT chest and 94% CT 
abdomen and pelvis.21 Studies have concluded that surgical 
residents can accurately interpret critical radiographic and 
CT brain images in the trauma setting with no change in 
clinical outcome as compared to the consultant radiologist 
interpretation.22,23 

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.1 In a study comparing radiology resident and 
attending radiologist interpretation of torso CT scans at a 
level 1 trauma centre, no adverse patient effects were directly 
attributable to discrepant interpretations.24 Discrepancy rates 
in radiology resident and consultant radiologist interpretation 
of emergency CT scans (non-traumatic and traumatic) vary 
from 0.9–26%.25-29
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This study demonstrates that the vascular surgeon can 
correctly interpret CTAs in trauma with an accuracy of 97.7%. 
The concordance rate between the vascular surgeon and the 
consultant radiologist was 97.8%. The three false positives 
by the vascular surgeon accounted for the discrepancy. This 
discrepancy was clinically but not statistically significant, 
as patient management was altered, and patients were 
subjected to conventional catheter-directed angiography 
which subsequently excluded an injury. Patient management 
was impacted, however patient outcome was not impacted 
as there were no angiographic complications, and the patient 
was discharged the next day. 

The good concordance in this study was probably due to 
the interpretation of the scans being done by surgeons who 
were subspecialist trainees in vascular surgery or qualified 
vascular surgeons who have routine experience in the 
interpretation of CTAs in the elective setting and had the 
benefit of pre-scan clinical evaluation. The CTAs incorrectly 
reported as positive by both the vascular surgeon and the 
radiology registrar with the same incorrect description in 
patients with gunshot wounds were due to streak artefact. 
False positive interpretations as AVF by the radiology 
registrar were artefactual and probably reported incorrectly 
due to radiology registrar inexperience. However, an 
over-read remains better than a missed injury and can be 
defined with additional imaging. Fortunately, all the cases 
with false positives and descriptive errors reported by the 
radiology registrar were correctly identified by the vascular 
surgeon with no negative impact on patient management. 
This discrepancy may have affected outcome had the 
vascular surgeon not examined the images in person, just 
relying on the registrar report, a common practical error 
in clinical practice. A study by Meyer et al. reported a 
13.5% discrepancy rate between interpretations by on-call 
radiology residents and attending physicians of neck CT 
angiograms but no adverse clinical outcome was detected.30 
These are consistent with the findings in this study. 

There have been non-trauma studies addressing the 
degree of agreement between radiologists and radiology 
residents’ interpretations of CT pulmonary angiograms in an 
emergency context with very good interobserver agreement 
(kappa values ranging from 0.70–0.81).31-34 Interobserver 
agreement was reported as good for CT venograms with a 
kappa of 0.66 (95% CI 0.55–0.77).31 The overall agreement 
between the radiology registrar and the consultant radiologist 
in the present study was 89.1%, with a kappa of 0.49 (95% 
CI 0.3–0.7) indicating moderate agreement.

In an observational South African study at a level 1 
trauma centre, an 11% and 5% yield of CTA was reported 
in penetrating lower extremity trauma, with soft signs and 
no clinical indication respectively.35 Another South African 
study revealed an 18% CTA yield in penetrating neck injuries, 
of which only 44% had abnormalities on catheter-directed 
angiography.36 The yield of our study was 6.1%. This is 
fairly comparable considering that the study population was 
restricted to isolated vascular injury with soft signs. 

When only soft clinical signs are present, the prevalence of 
arterial injury is lower in penetrating trauma.37 Eighty-three 
per cent of the patients in this study sustained penetrating 
injury namely stabs and GSW.

The sample size was a limitation of the study. A further 
limitation was that this study data did not quantify the 
technical quality of the CTAs, as this certainly would affect 

study interpretation and has been previously identified as 
a reason for discrepancies. The level of radiology registrar 
training was not considered in the assessments, and most 
of the false positive CT angiogram interpretations may 
have been attributable to a less experienced registrar. The 
Hawthorne effect was another limitation but was negligible 
as most of the vascular surgeons and trainee radiologists 
were unaware of the methods of evaluation and details of 
the study.

Conclusion
The shortage of radiologists in South Africa and LMICs has 
been well documented and is likely to remain. This study 
highlights that there is very good interobserver agreement 
in the interpretation of CTAs in vascular trauma between the 
vascular, subspecialist trainees and surgeons and consultant 
radiologists with no false negatives.

This study is potentially applicable to major trauma 
hospitals in the country and is important because in several 
instances immediate patient management decisions depend 
on the vascular surgeons’ interpretation of the CTAs. Further 
investigation at multiple South African centres would be 
valuable. 
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