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SUMMARY – The objective of this study was to determine the accuracy of individual radiologists 
in detection of vascular injury in patients after penetrating brain injury (PBI) based on head CT 
findings at admission. We retrospectively evaluated 54 PBI patients who underwent admission 
head CT and digital subtraction angiography (DSA), used here as a reference standard. Two rea-
ders reviewed the CT images to determine the presence or absence of the 29 CT variables of injury 
profile and quantified selected variables. Four experienced trauma radiologists and one neurora-
diologist assigned their own specific scores for each CT variable, a high score indicative of a high 
probability of artery injury. A sixth set consisted of the average score obtained from the five sets, 
generated by five experts. Receiver operating characteristic (ROC) curves were constructed for each 
set to assess the diagnostic performance of an individual radiologist in predicting an underlying 
vascular injury. The area under ROC curve (AUC) was higher for CT scores obtained from the sixth 
set (average of five sets of scores) of variable rank score 0.75 (95% CI 0.62-0.88) and for the rest of 
the data sets, the value ranged from 0.70 (95% CI 0.56-0.84) to 0.74 (95% CI 0.6-0.88). In conclu-
sion, radiologists may be able to recommend DSA with a fair accuracy rate in selected patients, 
deemed ‘high-risk’ for developing intracranial vascular injuries after PBI based on admission CT 
studies. A better approach needs to be developed to reduce the false positive rate to avoid unneces-
sary emergency DSA.
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Introduction

The incidence of intracranial vascular rup-
ture after penetrating brain injury remains 
largely unknown due to significant mortality 
caused by severe trauma before admission to a 
hospital 1-7.  In those who survive, the aim of the 
emergent diagnostic strategy is to determine 
the extent of the intracranial damage and pro-
vide crucial information for therapeutic deci-
sion-making. Detection of intracranial arterial 
injuries in patients after penetrating trauma 
is important because the ruptured artery is a 
life-threatening condition that can lead to the 

secondary brain injury and death 4.  Coexisting 
vascular injury influences the management of 
these patients, as the prevention of bleeding 
from the ruptured artery is the primary goal 
of the therapy. Most often those patients with 
suspected arterial injuries undergo diagnostic 
digital subtraction angiography (DSA) followed 
by various intravascular neurointerventional 
procedures if needed 8-10. 

Identification of patients with intracranial 
arterial injuries in emergency settings is a di-
agnostic challenge. DSA is an invasive proce-
dure, carries a risk of stroke, is inconvenient 
to patients, and can postpone required surgi-
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cal interventions 11. DSA is only justified in pa-
tients with a high probability of having an ar-
terial injury, and that probability is usually de-
termined by radiologists based on several signs 
on emergency CT scans as all patients with 
penetrating head injury undergo such a diag-
nostic study at admission. The available lit-
erature mentions various risk factors for trau-
matic intracranial aneurysms (TICA) based on 
the injury profile of the penetrating wound 2,3,5. 
It is not known how to provide weighted scores 
for each of the CT signs according to their con-
tribution to the overall risk score of having an 
underlying vascular injury. 

The objective of this study, therefore, was to 
determine the accuracy of individual radiolo-
gists in discrimination of patients with vascu-
lar injury after penetrating head injury from 
those without arterial injury based on hypo-
thetical scoring of the CT signs obtained from 
admission CT of the head.

Materials and Methods

The study was compliant with the Health 
Insurance Portability and Accountability Act 
and permission was obtained from our institu-
tional review board. The study was conducted 
at a level I trauma center. The inclusion cri-
teria for this study were (1) a history of pen-
etrating trauma to the head with a total width 
cranial fracture and bullet involvement of the 
brain parenchyma, between January 2005 and 
December 2012; (2) acquisition of brain CT at 
the time of admission and cerebral four ves-
sel angiogram (DSA) during the course of hos-
pitalization; (3) age ≥ 18 years. The following 
were exclusion criteria: (1) intracranial injuries 
without bullet penetration of the cranium; and 
(2) patients with concomitant neck vessel inju-
ries caused either by multiple entry wounds or 
extracranial trajectory of a single entry wound. 

A retrospective review of the trauma registry 
containing 6110 adult subjects with penetrating 
trauma during the study period yielded 182 pa-
tients with cerebral or neck vessel angiograms 
(DSA) performed by the interventional neuro-
radiology section. Out of the 182 patients, 54 
patients underwent DSA for suspected intrac-
ranial vascular injuries and all the patients had 
an accompanying admission CT of the brain. 
These 54 consecutive patients formed the study 
group. There were 41 men and 13 women (mean 
age 32 years; range, 18-73 years). All the initial 
CT studies were acquired at the time of admis-

sion. The mean duration between the admission 
CT and the initial DSA was 7.9 hours (range, 
90 min-18 hours). There were 25 patients with 
follow-up angiograms, all performed within 
13 days of admission (range, 2 days-13 days; 
mean, 5 days). The mechanism of injury was 
GSW in 40 patients, stab wounds in six, shot-
gun injuries in three, nail gun injuries in four 
and one patient was impaled by a piece of wood. 

Variable Construction

We analyzed the relationship of 29 study 
variables (Table 1). All the variables included 
were CT findings in patients with penetrating 
brain injury, and were deemed to be risk fac-
tors related to an underlying vascular injury. 

Variable Ranking

Variable ranking was performed independ-
ently by four experienced trauma radiologists 
and one neuroradiologist. The ranking was 
performed in such a way that the rank score 
sum for all the variables had to equal 100. By 
convention, a high score for a selected variable 
is indicative of a significant variable associated 
with a high probability of penetrating vascular 
injury. Five data sets were thus created and 
the sixth set consisted of the average score ob-
tained from the five sets. Hence, a total of six 
sets was created. The ranking pattern of the 
selected variables is shown in Table 1.

This method of variable selection might con-
tain many redundant features, since the rank-
ing score is computed independently for each 
feature, by completely ignoring its correlation 
with others. Even though variable ranking is 
not optimal, it may be preferable to other vari-
able subset selection methods because of its 
computational and statistical scalability.

Image Interpretation and Definitions

Two trauma radiologists (KS and NS) with 
20 and two years of experience reviewed the CT 
images by consensus. The readers were blinded 
to the imaging findings of DSA and CT angi-
ograms of the brain. CT images included 5mm 
axial sections. All studies were performed using 
16-, 40- or 64-MDCT scanners (Brilliance; Phil-
lips Healthcare, Andover, MA, USA). The re-
viewers assessed and recorded the presence of 
various CT findings of craniocerebral trauma. 
All the variables were given nominal scores 
based on the presence or absence of each of 
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CT variable R1 R2 R3 R4 R5 AVG

Entry site: Frontobasal- includes frontal, facial, orbital 3 5 4 3 0 3

Entry site: Temporal- pterion, temporal and parietal 7 5 3 4 0 3.8

Entry site: Occipital- includes occipital and sub-occipital 1 1 3 2 0 1.4

Penetrating injury (only entry wound) 4 1 1 3 2 2.2

Perforating injury, both entry and exit wound 3 4 3 4 3 3.4

Exit site: Frontobasal- includes frontal, facial and orbital 2 5 4 3 0 2.8

Exit site: Temporal- pterion, temporal and parietal 2 5 3 4 2 3.2

Exit site: Occipital- includes occipital and sub-occipital 0 1 3 2 1 1.4

Monohemispheric injury 2 1 2 1 1 1.4

Bihemispheric injury 4 5 4 4 2 3.8

Injury to unilateral anterior fossa 1 1 1 1 1 1

Injury to bilateral anterior fossa 2 4 4 3 2 3

Injury to unilateral middle cranial fossa 2 2 2 3 1 2

Injury to bilateral middle cranial fossa 4 5 4 5 2 4

Injury to posterior fossa: uni- or bilateral 1 1 5 1 2 2

Midline shift, any 1 1 2 2 2 1.6

Effacement of basal cisterns 1 1 2 2 1 1.4

In 2 cm proximity to the circle of Willis 8 4 5 3 3 4.6

Subarachnoid hemorrhage

Small amount in basal cistern and/or convexities (Score 1-6) 0 1 1 1 2 1

Moderate amount in basal cistern and/or convexities (Score 7-12) 1 3 4 3 4 3

Large amount in basal cistern and/or convexities (Score 13-18) 5 5 5 5 7 5.4

Intraventricular hemorrhage

Small amount (Score 1-4) 0 1 1 1 2 1

Moderate amount (Score 5-8) 1 3 4 2 4 2.8

Large amount (Score 9-12) 5 5 4 3 7 4.8

Transventricular trajectory 2 5 4 3 6 4

Presence of SDH (subdural hematoma). 1 1 1 1 3 1.4

Presence of EDH (epidural hematoma). 1 5 1 1 3 2.2

Intraparenchymal hematoma

Size: diameter 0-3 cm 1 1 1 2 4 1.8

Size: diameter 3-6 cm 2 3 3 4 8 4

Size: diameter >6 cm 8 5 3 5 14 7

Hematoma at entry site 4 2 1 3 4 2.8

Hematoma at exit site 4 2 1 3 4 2.8

Bone or bullet fragments displaced into parenchyma 5 1 4 3 1 2.8

Bone or bullet fragments crossing dural compartments 5 1 3 5 1 3

Bone or bullet fragments scattered in paths branching into various
directions 7 4 4 5 1 4.2

Total 100 100 100 100 100 100

R: radiologist; AVG: average score from the five sets.

Table 1  CT variables of injury profile and the six sets of scoring created.
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the CT findings. For subarachnoid hemorrhage 
(SAH) (Figure 1), intraventricular hemorrhage 
(IVH) (Figure 1) and parenchymal hematoma 
(Figures 1-3), quantitative analysis was per-
formed. Once these CT finding were identified, 
the maximum diameter of the parenchymal 
hematoma was measured perpendicular to the 
trajectory of the wound. SAH was quantified 
using the Hijdra scale with modifications 12,13. 
The modified scoring system is shown in Ta-
ble 2. The modification accounts for the hemor-
rhage over the cerebral hemispheres (Figure 1) 
and the posterior cranial fossa and ranges from 
0 to 18. The extent of IVH was quantified us-
ing a modified Graeb score, whereby a score 0 
(no blood), 1 (sedimentation, < 25% filled) (Fig-

ure 1), 2 (moderately filled), and 3 (completely 
filled) was given to each ventricle for a maxi-
mum possible score of 12 12,14. 

To describe the entry and exit wounds of the 
ballistics, the cranium is divided into three 
regions, frontobasal (Figure 2), which also in-
cludes orbitofacial injuries, transtemporal inju-
ries which include the pterion (Figures 1 and 
3), temporal bone, greater wing of sphenoid 
bones and third, occipital (Figure 4) or sub-
occipital injuries. The injuries are further di-
vided into perforating injuries when the profile 
includes an entry and exit wound with a tract 
through the brain parenchyma, while penetrat-
ing injuries are defined as a projectile penetrat-
ing the parenchyma without an exit wound. To 

A B

Figure 1  Gunshot injury to the head in a 73-year-old man. A) 
Axial CT image demonstrates a large parenchymal hematoma 
(arrow), subarachnoid hemorrhage (arrowhead) and intra-
ventricular blood (curved arrow) from a right pterional entry 
wound. B) DSA image demonstrates segmental irregularity 
and narrowing of the sylvian branch of right MCA caused by 
the arterial dissection.

Anatomic location Score Amount of blood in cisterns and fissures

Basal cisterns 0-3 0, none; 1, small amount; 2, moderately filled;
3, completely filledSylvian fissures 0-3 (on each side)

Hemispheres 0-3 (on each side) 0, none; 1, seen in 1-5 5 mm CT slices;
2, 6-12 slices; 3, > 12 slicesPosterior cranial fossa 0-3 (uni or bilateral)

Total score 0-18

Table 2  SAH score (Modified Hijdra scale).
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A B

C

Figure 2  Gunshot injury to the head in a 22-year-old man. 
A) Axial CT image demonstrates a parenchymal hematoma 
(arrow) in the left temporal lobe from left facio-orbital entry 
wound. B,C) Sagittal DSA images demonstrate prompt opaci-
fication of the left superior ophthalmic vein (arrowhead) from 
the middle meningeal artery (arrow) after infusion of contrast 
through the left external carotid artery.

A B

Figure 3  Gunshot injury to the head in a 47-year-old man. A) 
Axial CT image demonstrates an entry wound over the left pte-
rional region (arrowhead) with a left temporal lobe hematoma 
(curved arrow). Also seen is the trajectory extending in prox-
imity to circle of Willis. B) DSA image demonstrates a 3 mm 
TICA (arrowhead) arising from the proximal third of the left 
ophthalmic artery and irregularity of the intraorbital segment 
of the artery. 
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describe the injury pattern and location (contu-
sions, lacerations, hematomas and for describ-
ing the trajectory of the projectile), the brain 
was divided into anterior, middle and posterior 
cranial fossa. Proximity to the circle of Willis 
(Figure 3) is defined as the trajectory of the 
wound within 2 cm of the suprasellar cistern, 
which is the mean length of the M1 segment of 
the middle cerebral artery (MCA).  

The reference standard was the originally re-
ported interpretation of the DSA performed dur-
ing the hospital course. The reports were fur-
ther confirmed by direct review of the images.

For every patient, an individual sum score 
was generated by assigning scores to presenting 
signs on CT images from sets of CT scores prede-
fined by the radiologist. Scores for every patient 
can differ among radiologists as scores depended 
on relative weights assigned to each CT sign.

After obtaining the CT scores for all 54 pa-
tients, ROC curves were constructed for each 
set to assess the diagnostic performance of an 
individual radiologist in predicting an underly-
ing vascular injury.

Statistical Analysis

ROC curves, which serve as a graphic repre-
sentation of accuracy of the variable scoring sys-
tem, were generated for each radiologist and for 

C

Figure 4  Stab injury to the head in a 22-year-old man. A,B) 
Axial CT images demonstrate a right occipital penetrating in-
jury (curved arrow) with a large amount of intraventricular 
hemorrhage (arrowheads) and blood along the right cerebel-
lar trajectory (arrow). C) DSA images on the day of admis-
sion demonstrate a 1.5 mm traumatic intracranial aneurysm 
(TICA) (arrowhead) from a medullary loop of the right poste-
rior inferior cerebellar artery (PICA). 

A B
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the average score from all radiologists. The AUC 
and 95% confidence intervals (CIs) were gener-
ated. AUC were compared among the six data sets 
using statistical software (Analyse-it Software 
Method Evaluation edition edition for Micro-
soft Excel, version 2.30 [www.analyse-it.com]). 

Results

There were 21 patients with arterial injuries 
out of the total 54 patients with penetrating 
brain injury. Of these, five patients had mul-
tiple injuries. 

Two patients had three different sites of in-
juries and three patients had two sites of inju-
ries. A total of 28 arterial injuries were identi-
fied in these patients with 11 TICAs (Figures 
3 and 4), eight arterial dissections (Figure 1), 
six arterial occlusions, two carotid-cavernous 
fistulas and one middle meningeal artery to 
ophthalmic vein fistula (Figure 2). The inju-
ries were located at the middle cerebral artery 
(n=10), the internal carotid artery (ICA) (n=8), 
the anterior cerebral artery (ACA) (n=7), the 
ophthalmic artery (n=2) and posterior inferior 
cerebellar artery (n=1).

The ROC curves are shown in Figure 5. The 
AUC was higher for CT scores obtained from 
the sixth set of the variable rank score (0.75), 
which consisted of average scores from the five 
data sets from the individual radiologist. The 
AUCs for the remaining data sets ranged from 
0.70 to 0.74. The individual AUCs and 95% 
CIs are shown in Table 3. The performance 
and comparison of individual sets of scorings 

showed no statistically significant differences 
in the AUCs (p >0.05), or a trend towards im-
proved accuracy with experience of the radi-
ologists.

AUC 95% CI

R1 0.72 0.59 to 0.85

R2 0.72 0.58 to 0.87

R3 0.73 0.59 to 0.86

R4 0.74 0.60 to 0.88

R5 0.7 0.56 to 0.84

RA 0.75 0.62 to 0.88

R: individual radiologists; RA: AUC obtained from average of five 
sets of scores.

Table 3  Discriminatory ability of the individual radiologists 
and the average score of five sets shown as area under the 
ROC curves (AUC).

Discussion

Early recognition and appropriate manage-
ment of intracranial vascular injuries after 
penetrating brain injury could result in a sig-
nificant reduction in morbidity and mortality. 
Until now, these vascular injuries have tradi-
tionally been diagnosed by DSA. However, it is 
an invasive technique and is associated with 
complications. Hence, DSA is recommended in 
select patient groups, deemed ‘high-risk’ for 
developing intracranial vascular injuries. 

Our results demonstrate that radiologists 
may have a fair accuracy (AUC=0.75) in pre-
dicting the risk of vascular injuries by using 
the CT findings of injury profile after pene-
trating head injury. 

Evaluation of the individual accuracy rate 
of the radiologists did not demonstrate an im-
proved performance based on their clinical ex-
perience. 

Studies from the Iran-Iraq conflict and 
Lebanon have suggested the risk factors for 
the development of intracranial pseudo-an-
eurysms, based on entry and exit sites, pres-
ence of intracerebral hematoma, wound profile 
crossing dural compartments, presence of re-
tained fragments, absence of exit wound, pres-
ence of hematoma in the distal portion of the 
trajectory, and presence of delayed parenchy-
mal bleed or SAH 2,5. Similarly, Amirjamshidi 
et al. have suggested angiography in patients 
with missile passage through Reil’s triangle 
or transhemispheric injuries, large hematoma 
at the entry site and multiple shells and bone 

Figure 5  Comparison of discrimination ability of the individu-
al radiologists and average score by ROC curves.
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fragments scattered in paths that branch into 
various directions 3. Identification of such risk 
factors and formulating a scoring system based 
on CT findings (i.e., a high score to a valuable 
variable) can help clinicians prompt DSA in 
high-risk patient groups. 

Our study has several limitations. First, it 
is a retrospective review. Second, the variable 
ranking is performed hypothetically by the indi-
vidual radiologists without prior statistical data 
or reports. Use of two sets of patient population, 
a training set and another validation set would 
be optimal for such type of variable ranking.

Conclusions

Radiologists may be able to recommend DSA 
with a fair accuracy rate in select patients, 
deemed ‘high-risk’ for developing intracranial 
vascular injuries after penetrating traumatic 
brain injury based on admission CT studies. 
The ‘high-risk’ patients may be identified by 
the variable scoring system. However, the CT 
scoring needs to be improved to increase the 
accuracy of the system in order to become clini-
cally relevant and decrease the number of un-
necessary invasive DSA procedures.
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