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Extracranial traumatic aneurysms are found in ap-
proximately 10% of blunt traumatic cerebrovascular 
injuries (TCVIs).4 While these lesions are uncom-

mon, they have been associated with a risk of thrombo-
embolic ischemic stroke. The term “pseudoaneurysm” has 
been used to describe these lesions, suggesting that there 
is a complete disruption of the arterial wall.3,14,15 However, 
a postmortem histopathological study of traumatic carotid 
artery aneurysms found only partial disruption of the arte-
rial wall.12 In vivo data on the pathological anatomy of 
traumatic aneurysms has not been reported. Intraarterial 
optical coherence tomography (OCT) is approved in the 
US for imaging of coronary arteries. Optical coherence 
tomography is a catheter-based optical imaging technique 
that provides high-resolution cross-sectional images from 
tissue based on tissue reflectance of near-infrared or infra-
red light. Image resolution with OCT reaches 8 mm, which 
is at least 10 times greater than that of any clinically avail-
able diagnostic imaging modality.11 OCT has been used 

to image the layers of the internal carotid artery (ICA) in 
human subjects. In the present report, OCT was used to 
assess the pathological changes in the arterial wall of sac-
cular traumatic aneurysms.

case reports
Two consecutive trauma patients diagnosed with sac-

cular traumatic aneurysms of the cervical ICA per the in-
stitutional screening protocol for TCVI were studied at a 
Level I trauma center.

History and Examination
In Case 1, a 21-year-old woman presented after a motor 

vehicle collision. Neurological examination indicated that 
she had a Glasgow Coma Scale (GCS) score of 6T with 
intact cranial nerve reflexes and symmetric withdrawal 
from noxious stimuli in all 4 extremities. Computed to-
mography of the head demonstrated skull and skull base 

abbreviatioNs CTA = CT angiography; DSA = digital subtraction angiography; GCS = Glasgow Coma Scale; ICA = internal carotid artery; OCT = optical coherence 
tomography; TCVI = traumatic cerebrovascular injury.
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The pathophysiology of extracranial traumatic aneurysm formation has not been fully elucidated. Intraarterial optical 
coherence tomography (OCT), an imaging modality capable of micrometer cross-sectional resolution, was used to evalu-
ate patients presenting with saccular traumatic aneurysms of the internal carotid artery (ICA). Two consecutive trauma 
patients diagnosed with saccular traumatic aneurysms of the cervical ICA, per the institutional screening protocol for 
traumatic cerebrovascular injury, underwent digital subtraction angiography (DSA) with OCT. Optical coherence tomog-
raphy demonstrated disruption of the intima with preservation and stretching of the more peripheral layers. In 1 patient 
the traumatic aneurysm was associated with thrombus formation and a separate, more proximal dissection not visible 
on CT angiography (CTA) or DSA. Imaging with OCT indicates that saccular traumatic aneurysms may develop from 
disruption of the intima with at least partial preservation of the media and adventitia. This provides in vivo evidence that 
saccular traumatic aneurysms result from a partial arterial wall tear rather than complete disruption. Interestingly, OCT 
was also able to detect arterial injury and thrombi not visible on CTA or DSA.
http://thejns.org/doi/abs/10.3171/2015.1.JNS142840
Key words internal carotid artery; blunt trauma; dissecting aneurysm; traumatic aneurysm; pseudoaneurysm; 
traumatic cerebrovascular injury; optical coherence tomography; vascular disorders

305©AANS, 2016

Unauthenticated | Downloaded 05/23/23 11:18 PM UTC

https://vimeo.com/151941052


c. J. griessenauer et al.

fractures, pneumocephalus, and small areas of extraaxial 
hemorrhage. Other injuries included extremity fractures, 
facial lacerations and fractures, and periorbital hemato-
mas. Screening CT angiography (CTA) of the neck dem-
onstrated a saccular traumatic aneurysm of the right cer-
vical ICA. The aneurysm measured 5 mm in maximum 
depth and arose from the lateral wall of the artery. Treat-
ment with aspirin (325 mg daily) was initiated. On hos-
pital Day 5 she was taken to the endovascular suite for 
digital subtraction angiography (DSA) with OCT.

In Case 2, a 21-year-old man presented after a motor 
vehicle collision. On neurological examination he had a 
GCS score of 10T with intact cranial nerve reflexes and 
movements in all 4 extremities. Computed tomography 
of the head demonstrated skull and skull base fractures, 
facial fractures, and traumatic subarachnoid hemorrhage. 
Other injuries included pelvic fractures and multiple ex-
tremity fractures. Screening CTA of the neck demonstrat-
ed a medially projecting saccular traumatic aneurysm of 
the left cervical ICA. The aneurysm measured 13 mm in 
maximum depth. Treatment with aspirin (325 mg daily) 
was initiated. On hospital Day 9 he was taken for DSA 
with OCT.

Optical Coherence Tomography Procedure
During DSA, a 6-Fr guide catheter was placed in the 

common carotid artery. Baseline intracranial angiograms 
were obtained and 5000 units of intravenous heparin were 
administered. A 0.014-inch Synchro Standard microwire 
(Stryker Neurovascular) was advanced through the guide 
catheter, past the traumatic aneurysm, and positioned in 
the petrous segment of the ICA. Next, a 2.7-Fr Dragonfly 
OCT imaging catheter (LightLab Imaging Inc., St. Jude 
Medical) was advanced over the microwire and past the 
aneurysm. The guide catheter was then connected to a 
power injector. An OCT acquisition over 2.7 seconds was 
conducted during power-injection of contrast material to 
trigger the internalized automated “pull-back” method 
that renders catheter manipulation unnecessary during 
image acquisition, and to transiently clear red blood cells 
from the imaging area (Figs. 1 and 2).1 Image processing 
and data analysis were performed using a commercially 
available OCT system (Ilumien System, LightLab Imag-
ing Inc., St. Jude Medical). The use of OCT as an adjunct 
to DSA was performed with Institutional Review Board 
approval.

Optical Coherence Tomography Findings
Excellent visualization of the normal arterial wall 

proximal and distal to the traumatic aneurysm was ac-
quired in both cases. In Case 1, distal to the traumatic an-
eurysm, at the junction between the cervical and petrous 
ICA, there was an intramural hematoma layered between 
the preserved intima and media (Fig. 1A). At the level of 
the traumatic aneurysm there was complete disruption 
of the intima covered with a thrombus and stretching of 
media and adventitia without disruption (Fig. 1B). Proxi-
mal to the traumatic aneurysm there was evidence of in-
jury of the intima covered with a thrombus (Fig. 1C) and 
a separate dissection opposite and more proximal to the 
traumatic aneurysm not visible on CTA or DSA (Fig. 1D). 

Video 1 demonstrates the interventional procedure with 
the OCT sequence.

video 1. Clip showing the interventional procedure with OCT 
sequence in Case 1. Copyright Christoph J. Griessenauer. 
Published with permission. Click here to view with Media Player. 
Click here to view with Quicktime.
In Case 2, at the level of the traumatic aneurysm, the 

intima appeared disrupted while media and adventitia 
were stretched (Fig. 2A and B). Neither additional injury 
nor thrombus formation was visible. Visual representation 
over the entire length of the scanned arterial segment (Fig. 
2C) showed preserved architecture of the arterial wall 
proximal and distal to the aneurysm.

Postprocedural Course
Both patients tolerated the procedure well and were dis-

charged to a rehabilitation facility neurologically intact.

discussion
Intraarterial OCT is a light-based imaging modal-

ity routinely used in the coronary vasculature to provide 
detailed visualization of the layers of the coronary artery 
wall, delineate pathophysiological processes such as de-
gree of stenosis or the presence and composition of an ath-
eroma or thrombus, and assess stent opposition and vas-
cular healing.2,8 OCT technology relies on near-infrared 
light tissue reflectance and delivers the highest resolution 
among currently available vascular imaging techniques.

Despite the popularity of OCT for evaluation of the 
coronary vasculature, there have been relatively few 
published applications of OCT in the cerebrovascula-
ture.11,16,17 A recent case report described the use of OCT 
for evaluation of flow-limiting stenosis in a patient who 
developed symptoms of posterior fossa ischemia follow-
ing vertebrobasilar angioplasty and stent placement.6 Oth-
ers have applied the technology for in vivo assessment of 
arteriosclerosis and stent-artery interactions in the carotid 
artery.1,5,9,17 As compared with intravascular ultrasonogra-
phy, OCT appears to be superior in the detection of intra-
luminal thrombi and neovascularization in carotid artery 
plaques,17 and has proven useful in the evaluation of an 
intraluminal thrombus in a patient with symptomatic ICA 
stenosis who underwent carotid endarterectomy instead of 
carotid stenting in light of this finding.16

This report details the use of OCT in 2 patients with 
saccular traumatic aneurysms of the ICA in an attempt 
to further elucidate the pathophysiology of these lesions. 
Traumatic aneurysms are widely referred to as pseudoan-
eurysms, which implies a complete disruption of the arte-
rial wall with an aneurysm dome consisting primarily of 
fibrin. However, a postmortem histopathological study of 
traumatic injury to the carotid artery indicates that most 
aneurysms associated with blunt trauma result from only 
partial disruption of the arterial wall.12

In the present report, OCT was safely performed in 
awake patients with saccular traumatic aneurysms of the 
ICA. In both cases the traumatic aneurysm was clearly vi-
sualized. While complete disruption of the intima at the 
proximal level of the traumatic aneurysm was observed, 
there appeared to be only stretching of the media and ad-
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ventitia. The internal elastic lamina was not clearly visual-
ized but presumed to be disrupted. Complete arterial wall 
disruption, however, was not visualized at any point along 
the injured vessel.

In Case 1 there was an intramural hematoma identi-
fied as layered between the intima and media near the dis-
tal end of the aneurysm. The exposed layer was covered 
with a thrombus and possessed imaging characteristics 
consistent with a platelet-rich “white” thrombus. OCT has 
demonstrated the ability to distinguish between a platelet-
rich “white” thrombus and a red blood cell and fibrin-rich 
“red” thrombus. “White” thrombi have been identified as 
low-backscattering protrusions inside the lumen while 
“red” thrombi exhibit high backscattering.10 There was 
also a disruption of the intima that was visualized on the 
opposite side of the artery and more proximal to the trau-
matic aneurysm and was not identified with DSA.

OCT in Case 2 was unremarkable aside from the trau-
matic aneurysm. In this patient OCT was not performed 
until hospital Day 9 and subtle dissections may have 
healed or thrombi dissolved by that time. A limitation of 
OCT for the evaluation of aneurysms, as applied here, is 
that circumferential tissue visualization is limited to only 
5 mm from the catheter. In Case 2, the maximal extent of 
the aneurysm dome exceeded the 5-mm threshold, thus 
limiting the ability to assess the full extent of the aneu-
rysm.

Traumatic aneurysms of the extracranial carotid and 
vertebral arteries occur in approximately 10% of cases of 
TCVI and have been associated with embolic ischemic 
stroke in 15% of patients.4 Two distinct traumatic aneu-
rysm morphologies have been described (saccular and fu-
siform), and each type has unique clinical and imaging 
characterstics.4,7 Management options range from expect-

Fig. 1. Case 1. Anteroposterior projection from a digital subtraction angiogram of the right ICA shows dissection and a saccular 
traumatic aneurysm of the lateral wall, and the position of the Dragonfly OCT imaging catheter (left). White dashed circles on 
the left panel correspond to cross-sections of the OCT acquisition. Distal to the traumatic aneurysm at the junction between the 
cervical and petrous carotid artery there was an intramural hematoma layered between the preserved intima and media (a). At 
the level of the traumatic aneurysm there was complete disruption of the intima covered with a thrombus and stretching of media 
and adventitia without disruption (b). Proximal to the traumatic aneurysm there was evidence of injury of the intima covered with a 
thrombus (c) and a separate dissection not visible on CTA or DSA (d). Figure is available in color online only.
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ant management with antithrombotic therapy to endovas-
cular repair.4,13 Saccular traumatic aneurysms are more 
likely to enlarge over time and portend a greater risk of 
thromboembolic stroke as compared with fusiform trau-
matic aneurysms.4 Saccular traumatic aneurysms are 
believed to result from a tear in both the intima and the 
elastic laminae exposing subendothelial elements to cir-
culating platelets and clotting factors, leading to dilation 
of the weakened arterial wall with an increased risk of 
blood stasis and thromboembolic phenomena.4 Fusiform 
traumatic aneurysms, in contrast, may result from stretch-
ing of the intima rather than tearing, and carry a lower 
risk of thromboembolism.4 The traumatic aneurysms de-
scribed here were saccular and demonstrated complete 
disruption of the intima with preservation, but stretching, 
of media and adventitia, corroborating the aforementioned 
hypothesis. There were some characteristics of a “white” 
thrombus supporting an approach with antiplatelet agents 
as first-line treatment in Case 1. While a small subset of 
large saccular traumatic aneurysms will demonstrate con-

tinued growth necessitating endovascular treatment, the 
majority of traumatic aneurysms appear to be effectively 
managed with antiplatelet agents and serial imaging.4
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