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Abstract
Objective  This study aims to evaluate the utility of computed tomography angiography (CTA) signs of vascular injury in 
the differentiation of vessel transection from pure thrombosis with intact vessel wall.
Methods  Retrospective analysis was done on 146 consecutive patients who had undergone CTA and surgical exploration 
from January 2015 to September 2019. Twelve imaging parameters were assessed. Chi-square was used to test the difference 
between groups. In addition, a scoring system was devised where one point each was added for the presence of 5 signs and 
absence of 3 signs. ROC analysis was done for the variables which had shown significant difference between groups and for 
the composite score.
Results  On surgical exploration, 87 patients had transection of vessel, while 59 had thrombosis. Significant difference 
was found among the two groups in non-opacification, pseudoaneurysm, extravasation (p = 0.04 each), thrombosed cord 
(p < 0.001), collaterals (p = 0.001) and hematoma (p = 0.002), while other signs did not show significant difference. The AUC 
value for each of these variables was < 0.650, while for the score, AUC was .843(.773–.913). A cut-off value of ≥ 1.5 gave 
83.1% sensitivity and 70% specificity for diagnosing transection.
Conclusion  CTA is a useful tool to classify the nature of vascular injury. It is advisable to use a composite score for maxi-
mum diagnostic value.
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Introduction

Computed tomography angiography (CTA) has been vir-
tually established as the diagnostic modality of choice for 
both blunt and penetrating vascular injuries of the extremi-
ties [1–3]. The classic signs of vascular injury on CTA can 
be classified as ‘direct’ or ‘indirect’. Direct signs are those 
which relate to vessel wall per se such as active extravasa-
tion, pseudoaneurysm, lack of opacification of a vessel or 
segment, abrupt change in calibre or early venous opacifica-
tion. Indirect signs, on the other hand, relate to changes in 

the surrounding soft tissue such as perivascular hematoma 
or the presence of foreign body [4, 5]. Earlier authors have 
extensively studied both the sensitivity and specificity of 
multidetector CT (MDCT) in blunt as well as penetrating 
trauma and established sensitivity level of 90–95.1% and 
specificity of approximately 98.7–100% for the detection of 
extremity vascular injury [6–9].

The anatomic classification of nature of vascular injury 
is complex. A five-category system comprising intimal inju-
ries, complete wall defects, complete transections, arterio-
venous fistulas and spasm is currently followed [10]. How-
ever, this is predominantly an operative classification with 
the lack of information about their imaging correlates. An 
earlier study had attempted lesion characterisation at MDCT, 
though on a small subset of patients. The authors categorised 
the imaging pattern into stenosis, rupture and spasm and 
then graded diagnostic confidence, which showed promising 
results [11]. Since then, this question remains largely unad-
dressed in literature.
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The management algorithm proposed by the Western 
Trauma Association outlines an approach more easily 
adopted in the emergency setting. The decisions in this algo-
rithm are based on the urgency of intervention and nature of 
injury, where the foremost concern is vessel wall disruption 
with the potential to cause torrential, life-threatening haem-
orrhage [12]. On the other hand, in case of intact vessel wall 
where life-threatening exsanguination is not the risk, deci-
sion is based on clinical judgement of acute or impending 
limb ischemia. In this setting, not only detection of injury 
but characterisation assumes importance. While all centres 
may not be equipped with the advanced interventional radi-
ology expertise to perform stent graft procedures required in 
patients with vessel wall discontinuity in the emergency set-
ting, intra-arterial thrombolytic or vasodilator administration 
is a simpler procedure which may be performed by several 
of these centres and has been shown to improve limb sal-
vage rates in occlusions [13, 14]. To this end, a recent study 
adopts the use of ‘soft’ signs of vascular injury to clini-
cally differentiate arterial transection from arterial occlusion 
[15]. Haemorrhagic signs were associated with transection 
in 67.76% cases, while ischemic signs were associated with 
occlusion in 26.36%, and the difference among both groups 
was statistically significant (p < 0.0001).

In extension of this hypothesis, we performed this study 
to characterise the difference in imaging appearance of the 
two major groups of vascular injury, i.e. vessel wall disrup-
tion versus intact vessel wall. We used the described direct 
and indirect signs on MDCT to enable this differentiation. 
In addition, we also devised a composite scoring system 
based on these signs and tested its diagnostic accuracy in 
characterising vessel injury patterns.

Materials and methods

Study population

This was a retrospective study undertaken after approval by 
the Institutional Review Board at our apex trauma centre. 
Informed consent was waived off for this study. Three hun-
dred and two patients who underwent surgery for extremity 
vascular injury between January 2015 and September 2019 
were recruited from the surgical database. Of these, 140 
patients had shown hard signs of vascular injury on clini-
cal examination (pulsatile bleeding, expanding hematoma, 
thrill/bruit, any of the 5 P’s of arterial occlusion). These 
patients did not undergo pre-operative CTA.

A total of 162 patients had undergone pre-operative 
MDCT angiography. It was done in cases where the physical 
examination was abnormal or pulses could not be assessed 
due to excessive swelling in the extremity after consultation 
with the treating surgeon and the radiologist. Of these, we 

excluded the following patients from our study group — 3 
patients with only venous injury, 2 patients who had under-
gone prior procedures, 1 with injury to vascular grafts, 1 
with remote history of trauma and 1 patient who had nor-
mal vessels intra-operatively. We further excluded another 8 
patients who showed pseudo-aneurysms of size > 1.5 cm as 
they were obvious cases of vessel wall injury. The remaining 
146 patients were included in the final analysis of which 131 
were male and 15 female with age range 3–65 years (median 
27 years). The patient recruitment process is summarised in 
Supplementary Fig. 1.

Image acquisition

Helical CT angiography was performed on either of the 
two scanners — Somatom Definition AS (64 slice scanner, 
Siemens Healthineers, Erlangen, Germany) or Somatom 
Definition Edge (128 slice scanner, Siemens Healthineers, 
Erlangen, Germany).

The patient was kept in supine position with arms by 
the side of the body for lower limb and proximal upper 
limb angiography. For those patients who had sustained 
injury to the distal half of the upper limb, the arms were 
raised above the head. The affected limb was tied with 
surgical bandage for immobilisation. The scanned area 
included the arch of aorta to the hand in cases of upper 
limb, while in cases of the lower limb, it extended from 
the level of L2–L3 vertebra (abdominal aorta just proxi-
mal to bifurcation) till the foot. The tube voltage was 
between 120 and 140 kVp depending on the body part, 
while automatic modulation of tube current (CARE dose) 
was used. The collimation was between 1 and 1.5 mm, 
and the reconstruction interval was also the same to 
obtain contiguous slices. Standard soft tissue and bone 
reconstruction kernels were used.

Non-ionic iodinated contrast (iodine concentration 
300 mg/ml) was injected at a rate of 3.5–4 ml/s. It was 
injected through a 16/18G intravenous access in peripheral 
limb other than the site of suspected injury. The contrast 
dose was 80–120 ml based on the following formula:

Contrast dose = f low rate × (scan time + scan delay)  
Bolus tracking technique was used. The ROI was placed 

in the aortic arch for the upper limb and the abdominal aorta 
for lower limb angiography. The threshold attenuation was 
set to 100 HU, at which level scanning was automatically 
initiated.

Image analysis

Retrospective analysis was done by two radiologists (DB 
and AK with 4 years and 18 years of experience respec-
tively) who were blinded to the clinical and surgical 
details. The datasets were evaluated on PACS workstation 
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running the SyngoVia software. Base axial images were 
initially evaluated. In addition, multiplanar reconstructions 
and maximum intensity projection (MIP) and volume ren-
dered image sets were evaluated.

The mechanism of injury was classified into blunt, pen-
etrating, fracture/dislocation or degloving. The imaging 
parameters assessed are described. The vessel affected 
and laterality were recorded. In case of multifocality in 
the same limb, only the proximal vessel was recorded as 
distal opacification is a factor of proximal vessel status. 
Primarily, the status of vessel was assessed. It was clas-
sified as non-opacification, narrowing (abrupt/smooth) 
or normal opacification. Following this, the length of 
involvement was recorded in terms of absolute length. 
This was then classified into intervals as < 5 cm, 5–9.9 cm, 
10–14.9 cm, ≥ 15 cm. Distal vessels were categorised into 
absent (in cases of non-opacification), attenuated (> 25% 
reduction in calibre compared to contralateral side), nor-
mal (< 25% difference in calibre compared to contralateral 
side).

The presence of pseudoaneurysm (PA) (defined con-
trast filled outpouching from a vessel wall), active contrast 
extravasation (ACE) (ill-defined contrast leak from vessel 
wall), dissection (flap in vessel lumen) and early venous 
opacification (venous opacification in arterial phase images) 
was recorded. In addition, the presence of collaterals and 
soft tissue hematoma was also recorded. Thrombosed cord 
sign was taken positive when cord-like hyperattenuation was 
seen along with the maintained vessel course. Wavy artery 
sign was taken positive when the vessel proximal to site of 
injury showed an undulating course with loss of distal ves-
sel alignment.

Following this, a scoring system was devised as a com-
posite of multiple imaging markers, henceforth known as 
score 1. The details are provided in Supplementary Table 1.

Thus, any injured vessel which on MDCT angiography 
showed the presence of PA, ACE, early venous opacifica-
tion with a wavy proximal artery and soft tissue hema-
toma would score five points on the score. In addition, 
if the vessel was opacified with contrast (versus non-
opacification), no thrombosed cord or collateral supply 
to the distal circulation could be delineated, three addi-
tional points would be added to the score, and it became 
a perfect eight. If any of these latter three signs were 
present, zero points were given for that sign.

We also wanted to check whether the length of involve-
ment had any impact on our imaging diagnosis. Hence, we 
added the additional parameter of length of involvement to 
the above score 1 to derive a second scoring system (hence-
forth known as score 2). The length was scored based on 
its position on the ordinal scale, i.e. zero points for less 
than 5 cm involvement, one point for greater than 5 and 
less than 10 cm and two points for greater than 10 and less 

than 15 cm, while three points were awarded for greater 
than 15 cm involvement, respectively. With the addition of 
maximum possible 3 points over score 1, the highest score 
that could be obtained as per score 2 was 11 points.

Standards of reference

The standard of reference for all patients was surgical explo-
ration. The intra-operative details of the type of injury and 
the vessel affected as well as procedure performed were 
obtained from the digital surgical database.

Statistical analysis

The nominal variables (presence/absence of pseudoa-
neursym, extravasation, thrombosed cord, collaterals etc.) 
and ordinal variables (distal opacification, length intervals 
etc.) were assessed between the two groups using chi-square 
tests as appropriate. Continuous variables such as length of 
involvement were analysed by the independent samples t 
test.

Receiver operating characteristic (ROC) curve analysis 
was done for each of the variables as well as the composite 
scoring systems and area under the curve (AUC) as well as 
significance was compared. Coordinates of the curve for best 
diagnostic accuracy were derived.

Analysis was done using the International Business 
Machines (IBM) Statistical Package for Social Sciences 
(SPSS) version 26.

Results

A total of 157 ar terial injuries in 146 limbs were 
detected.  Only the proximal injured vessel  was 
included in the analysis in the 11 patients with multi-
focal injuries in the same limb. No bilateral injuries 
were recorded. The 146 injuries were confirmed on 
surgical exploration and included 78 arterial transec-
tions, 47 thrombosis, 9 contusion without thrombus, 
another 9 of transection with thrombus and 3 patients 
with arterial spasm. Eighty-two patients (56.2%) had 
upper limb involvement, while 64 patients (43.8%) 
had lower limb involvement. The distribution of ves-
sel injury in our study population is shown in Sup-
plementary Table 2.

Mechanism of injury

The most common mechanism of vascular injury was bony 
injury, i.e. fractures or joint dislocations, seen in 83 patients 
(45 with wall disruption). Penetrating or projectile injury 
was present in another 33 patients (26 with wall disruption). 
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Other mechanisms included degloving injury, seen in 14 (8 
with wall disruption), and other blunt trauma such as crush 
injury and vehicle run over seen in 15 patients (8 with wall 
disruption). No significant difference was found in the nature 
of arterial injury with regard to the mechanisms of trauma 
(p = 0.099).

Imaging signs

The predominant CT finding was non-opacification of 
affected vessel, which was seen in 136 of 146 affected limbs. 
The distribution of CT signs among the two groups of vas-
cular injury is detailed in Table 1.

Additional venous injury was detected in 2 patients — 
one each with venous transection and thrombosis — both 
showed non-opacification of vein. However, thrombosed 
cord sign was positive in the limb with venous thrombosis.

When assessing the relationship between the extent of 
vessel involvement and distal circulation, it was observed 
that there is a significant impact of length of vessel involve-
ment on distal opacification (p = 0.000).

Accuracy testing

On ROC curve analysis, the diagnostic value for each 
of the imaging signs which showed a significant differ-
ence between the categories of arterial injury was deter-
mined. Table 2 depicts the AUC values along with 95% 
confidence intervals for each variable and their statistical 
significance.

Using the ROC curve, cut-off values for the score were 
obtained. The cut-off values along with sensitivity and speci-
ficity at the value are detailed in Table 3.

Discussion

This study was performed with a view to predict the 
nature of vascular injury, i.e. intact vessel wall versus 
wall disruption, based upon imaging features on MDCT 
angiography. Of the twelve imaging signs assessed, six 
showed significant difference between the two groups. 
These included the presence of PA (p = 0.039), ACE 
(p = 0.042), soft tissue hematoma (p = 0.002), vessel 

Table 1   Frequency of CT imaging signs detected in both groups with 
their statistical significance

Group A
(n = 59)

Group B
(n = 87)

P value

Non-opacification 58 (98.3%) 78 (89.7%) 0.042
Narrowing 3 (5.1%) 2 (2.3%) 0.476
Length
  a) Mean 6.88(+ / − 3.60) 7.73(+ / − 3.40) 0.157
  b) < 5 cm 19 (32.2%) 16 (18.4%) 0.323
  c) 5–9 cm 19 (32.2%) 29 (33.3%)
  d) 10–14 cm 20 (33.9%) 37 (42.5%)
  e) ≥ 15 cm 1 (1.7%) 2 (2.3%)

Distal circulation
  a) Normal 17 (28.8%) 30 (34.5%) 0.059
  b) Attenuated 38 (64.4%) 40 (46%)
  c) Absent 3 (5.1%) 16 (18.4%)

PA 0 6 (6.9%) 0.039
ACE 1 (1.7%) 9 (10.3%) 0.042
Dissection 0 2 (2.3%) 0.241
Early venous opacifica-

tion
0 1 (1.1%) 0.409

Wavy artery sign 0 2 (2.3%) 0.241
Thrombosed cord 37 (62.7%) 6 (6.9%) 0.000
Collaterals 33 (55.9%) 22 (25.3%) 0.001
Hematoma 12 (20.3%) 39 (44.8%) 0.002
Score 1 0.000
Range 0–3 1–6
  a. 0 22 (37.3%) Nil
  b. 1 21 (35.6%) 12 (13.8%)
  c. 2 13 (22.0%) 31 (35.6%)
  d. 3 3 (5.1%) 30 (34.5%)
  e. 4 Nil 7 (8.0%)
  f. 5 Nil 6 (6.9%)
  g. 6 Nil 1 (1.1%)

Score 2 0.000
Range 0–5 1–7
  a. 0 11 (18.6%) Nil
  b. 1 9 (15.3%) 2 (23.0%)
  c. 2 17 (28.8%) 13 (14.9%)
  d. 3 13 (22.0%) 19 (21.8%)
  e. 4 7 (11.9%) 28 (32.2%)
  f. 5 Nil 17 (19.5%)
  g. 6 Nil 7 (8.0%)
  h. 7 Nil 1 (1.1%)

Table 2   Area under the receiver operating characteristic curve along 
with 95% confidence intervals and statistical significance for each 
imaging parameter

Variable AUC​ 95% confidence 
interval

P value

Non-opacification .457 .363–.551 .376
Pseudoaneurysm .544 .438–.650 .422
Contrast extravasation .541 .435–.647 .458
Thrombosed cord sign .189 .101–.277 .000
Hematoma .644 .542–.746 .009
Collaterals .367 .263–.472 .016
Score 1 .843 .773–.913 .000
Score 2 .803 .725–.882 .000
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non-opacification (p = 0.042), thrombosed cord sign 
(p < 0.001) and collaterals (p = 0.001). Of these, the for-
mer three (PA, ACE and hematoma) favoured a diagnosis 
of vessel transection, while the latter three (non-opacifi-
cation, thrombosed cord and collaterals) favoured a diag-
nosis of vessel occlusion. On independent ROC analysis 
of each of these signs, it was seen that they showed poor 
discriminatory value, as denoted by the AUC of the curve 
(AUC 0.189–0.644).

On the other hand, both the composite scores combin-
ing these imaging signs provided excellent discrimina-
tory value for differentiation of vessel wall disruption, 
of which best performance was seen for score 1 (AUC 
0.843 (0.773–0.913)). Score 2 showed a slightly lower 
discriminatory performance (AUC 0.804 (0.725–0.884), 
suggesting no additional value of length information in 
the discrimination. As per the coordinates of the ROC 
curve for score 1, a value of 2 or more indicated a vascu-
lar transection (sensitivity 83.1%, specificity 70%). The 
score values in our study population ranged between nil to 
three points in patients with intact vessel walls, with ~ 73% 
scans scoring either zero or one point (Fig. 1, Supplemen-
tary Fig. 2). On the other hand, in patients with wall dis-
ruption, the score values ranged from one to six, and ~ 70% 
patients scored either two or three points (Fig. 2, Supple-
mentary Fig. 3). This corresponds to the coordinates of 
the curve which suggest that a cut-off value of > 1.5 points 
would yield an optimal sensitivity of ~ 83% and specificity 
of ~ 70%.

As mentioned above, previous investigators also 
attempted to classify vascular lesions at initial assessment 

Table 3   Cut-off values obtained from ROC curve analysis for both 
scoring systems with the sensitivity and specificity at these values

Cut-off value Sensitivity Specificity

Score 1
 > 1.5 83.1% 70%
 > 0.5 100% 34%
Score 2
 > 2.5 81.7% 62%
 > 3.5 60.6% 84%

Fig. 1   A 15-year-old male 
patient with penetrating injury 
to the right thigh. a Two seg-
ments of non-opacification 
(arrow) are seen in the femoral 
artery. Small tortuous collater-
als are also noted (solid arrow). 
Distal opacification is intact. 
This patient scored one point 
on the score. b On explora-
tion, ~ 1 cm contusion of the 
distal femoral artery was seen 
(arrow). Resection of the con-
tused segment and anastomosis 
of cut ends were performed
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into categories such as pseudoaneurysm, arteriovenous fis-
tula, occlusion or stenosis with good results on a small sub-
set of patients [11]. However, in our experience, we have 
most often encountered vascular non-opacification regard-
less of vessel wall status (Fig. 3). The same was reflected 
in our study, with 93.2% affected limbs showing vascular 
non-opacification. In such a setting, direct classification of 
nature of vascular injury proves challenging to the report-
ing radiologist. Thus, we attempted to combine a multitude 
of direct and indirect signs to provide a comprehensive 
assessment of whether vessel continuity was maintained 
or disrupted.

Management protocols of the Western Trauma Asso-
ciation also similarly dictate emergent surgical manage-
ment in the presence of wall defect that can be proven by 
extravasation, pseudoaneurysm, arteriovenous fistula; or 
occlusion in the upper limb or thigh arteries (with the 
exception of profunda femoris) [10, 16]. The same may 
be managed by embolisation in case of smaller arteries 
in the leg or the foot [17]. Patients with arterial spasm 
may be treated with intra-arterial heparin and vasodilators, 
unless limb threating in situ thrombosis or compartment 
syndrome has developed [18–20]. The therapeutic options 

then include surgical retrieval of thrombus with Fogarty 
catheter, arterial repair or fasciotomy as appropriate [21]. 
An MDCT-based triage is critical to this algorithm and 
must be brought into routine practice at trauma centres 
worldwide.

There were certain limitations to our study. We suf-
fered from a small sample size, although to the best of our 
knowledge, our series is the largest reporting injury char-
acterisation in literature. Another limitation was the retro-
spective nature of our study. Our categorisation, particu-
larly use of the scoring system, would require prospective 
validation on larger patient subsets by multiple observers 
before it could be incorporated into the reporting protocol 
for MDCTA in extremity vascular injury. A comparison of 
patient outcomes with the proposed classification would 
also be desirable. It is also of note to mention that the use 
of high iodine concentration contrast agents (350–400 mg/
ml) would have provided higher contrast resolution in CTA 
among our patients, though it is unlikely to alter the results 
of the study.

To conclude, MDCT angiography aids in accurate prog-
nostication and classification of nature of vascular injury 
using a composite score of described imaging signs.

Fig. 2   A 34-year-old male with gunshot injury to the left thigh. a 
Maximum intensity projection (MIP) coronal MDCTA shows a long 
segment of non-opacification in the superficial femoral artery (solid 
arrow), accompanied by venous opacification in the arterial phase 
(arrow). A bullet shrapnel is seen lodged in the thigh (*). b Wide 
window setting shows the clear muscular plane with no hematoma 
(solid arrow) and absence of collaterals in the gap between proximal 

and distal segment (arrow). This patient scored three points on the 
score and was classified into group B (vessel wall disruption). c Intra-
operatively, the patient was found to have a ~ 6-cm-long transection of 
the femoral artery (arrow). d Repair of the artery was done by placing 
a PTFE graft across the defect (arrow). The bullet seen on CTA was 
retrieved from the wound (inset)
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