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Abstract
BACKGROUND
Traumatic internal carotid artery dissection (TICAD) is rare and can result in severe neurological disability and even death. No consensus regarding its diagnostic screening and management has been established.

AIM
To investigate the clinical presentation, imaging features, diagnostic workup, and treatment of TICAD.

METHODS
In this retrospective case series, emergency admissions for TICAD due to closed head injury were analyzed. The demographic, clinical, and radiographic data were retrieved from patient charts and the picture archiving and communication system.

RESULTS
Six patients (five males and one female, age range of 43-62 years, mean age of 52.67 years) presented with TICAD. Traffic accidents (4/6) were the most frequent cause of TICAD. The clinical presentation was always related to brain hypoperfusion. Imaging examination revealed dissection of the affected artery and corresponding brain infarction. All the patients were definitively diagnosed with TICAD. One patient was treated conservatively, one patient underwent anticoagulant therapy, two patients were given both antiplatelet and anticoagulant drugs, and two patients underwent decompressive craniectomy. One patient fully recovered, while three patients were disabled at follow-up. Two patients died of refractory brain infarction.

CONCLUSION
TICAD can cause catastrophic outcomes and even refractory brain hernia. Early and efficient diagnosis of TICAD is essential for initiating appropriate treatment. The treatment of TICAD is challenging and variable and is based on clinician discretion on a case-by-case basis.
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Core Tip: Traumatic internal carotid artery dissection is a rare and acute condition. Early diagnosis and intervention can improve the prognosis and quality of life of patients. Case presentations and a literature review may provide insight into the pathology, clinical manifestations, imaging features, diagnosis, and treatment. 

INTRODUCTION
Traumatic internal carotid artery dissection (TICAD) at an extracranial or intracranial location is rare but can result in severe neurological disability or death and is often secondary to motor vehicle accidents, sports accidents, amusement park activities, and cervical chiropractic manipulation[1-5]. The morbidity rate associated with TICAD ranges from 23%-28%, and 48%-58% of survivors have significant neurological complications[6,7]. 
However, only 6% of blunt TICAD cases are diagnosed at the time of initial presentation and medical evaluation[8]. Therefore, screening of asymptomatic TICAD patients after traumatic accidents is recommended as timely recognition and appropriate treatment are vital to avoid fatal brain infarction[9,10]. 
Currently, the diagnosis and treatment of TICAD are incompletely understood. As TICAD is uncommon, studies of this entity are limited to case reports, and few studies have depicted the clinical and radiologic course of TICAD. In the present study, we describe six patients who were diagnosed with TICAD and provide a literature review of TICAD.

MATERIALS AND METHODS
Data collection
All patients included in the study sustained different types of traumatic injury and were confirmed to have TICAD at the First Hospital of Jilin University between July 2013 and April 2018. The study protocol was approved by the Institutional Review Board of the First Hospital of Jilin University. Informed consent for publication of these cases was obtained from the patients or their relatives. 
Data were retrospectively collected from the patients’ medical files, treatment reports, and follow-up notes. The Glasgow Coma Scale was used to evaluate the patients’ neurologic status[11]. The patients’ age, sex, symptoms, and onset time after injury were recorded, and their imaging data were obtained.
Follow-up was performed based on a clinical consultation or telephone interview. The Glasgow Outcome Scale (GOS) was used to assess prognosis, where GOS 1 indicated death, 2 indicated a persistent vegetative state, 3 indicated severe disability, 4 indicated moderate disability, and 5 indicated a good recovery[12].

Literature collection
Eligible English-language articles (case reports, case series, and studies investigating TICAD) were identified by searching PubMed publications (the last search date was April 2020). The search algorithm used the terms “Traumatic internal carotid artery dissection” as the key word. The reference lists of the identified articles were also manually searched for additional studies. The resulting flowchart is depicted in Figure 1.
The inclusion criteria were as follows: (1) The full text was available; (2) clinical data were complete; and (3) all the cases in the articles were TICAD cases. Studies without sufficient descriptions of TICAD were excluded. After a review of the obtained literature, the current status of TICAD was discussed in terms of clinical features, radiological features, treatment, and prognosis.

RESULTS
Patient demographics
Six patients with closed head injuries were enrolled in the current study. Of these 6 patients (5 males and 1 female, age range of 43-62 years, mean age of 52.67 years), four were involved in traffic accidents, including car accidents (n = 2) and motorcycle accidents (n = 2), one patient fell from a height, and one patient suffered an amusement park injury.

Initial syndrome
The six patients had no symptoms immediately after the traumatic incidents; the interval from injury to symptom onset was 4-45 h, and the mean interval was 15 h. The initial symptoms included paralysis (n = 2), disturbance of consciousness (drowsiness or confusion) (n = 2), headache (n = 1), and neck pain (n = 1). Four patients had a Glasgow Coma Scale score of 15, and two patients had scores of 14 and 13.

Imaging examination
Computed tomography (CT), CT angiography (CTA), duplex ultrasonography (DU), digital subtraction angiography (DSA), magnetic resonance imaging (MRI), and transcranial doppler (TCD) were selectively performed in these six patients, which revealed TICAD, cerebral infarction, and insufficient intracranial blood flow. CT and CTA were performed in three cases. CT, CTA, and MRI were performed in one case. CT, CTA, MRI, DU, and DSA were performed in one case. CT, CTA, MRI, DU, and TCD were performed in one case.
In all six patients, CT demonstrated varying degrees of cerebral infarction. A hyperdense middle cerebral artery (MCA) sign on CT was visible in one CT scan. CTA, DU, DSA, and MRI revealed an intimal flap (n = 2), tapering stenosis (n = 5), and the appearance of an intramural hematoma (n = 2). 
In case 1, CTA and DSA clearly showed a rat tail sign at the beginning of the right internal carotid artery (ICA) (Figure 2B-F), and DU revealed that the true ICA lumen opened and shunted in synchrony with the vessel’s pulse (i.e. the “open and close sign”) (Figure 2E). MRI demonstrated a continuous crescentic high signal in the right ICA and an elongated, round high signal in the right MCA (Figure 2C and D), indicating the probable diagnosis of subacute dissection extending from the origin of the right ICA to the intracranial artery. Regarding case 2, a hyperdense MCA sign may be a predictor of rapidly progressive malignant lethal cerebral infarction. A later CT scan detected cerebral infarction (Figure 3B) and brain contusion (Figure 3A). Concomitant polytraumatic injuries (such as mandibular fracture) were also observed (Figure 3D). In cases 1 and 3, the left ICA was completely occluded (Figures 2B-F and Figure 4C), but the patients did not experience catastrophic cerebral infarction. CTA (Figures 2B and Figure 4B) and TCD (Figure 4E) indicated the presence of blood supply in the left MCA. The carotid compression test revealed the openness of the anterior communicating artery (Figure 4G), and in case 3, a cervical vertebra fracture was also revealed (Figure 4C). In case 5, MRI showed right ICA dissection manifested as a partial flow-void lumen surrounded by high-intensity signals due to an intramural hematoma (Figure 5D). In case 6, the patient exhibited deteriorating levels of consciousness, and decompressive craniectomy was performed to relieve the refractory high intracranial pressure (Figure 6).

Associated polytrauma
Five of the six patients sustained polytraumatic injuries, including clavicular fracture (n = 1), brain contusion and mandibular fracture (n = 1), skull base fracture and C6 fracture (n = 1), and skull base fracture (n = 2).

Final diagnosis
The final diagnosis in the six cases was TICAD. 

Treatment
One patient underwent anticoagulant therapy. Two patients were given both antiplatelet and anticoagulant drugs. Decompressive craniectomy was performed as a last-resort procedure to manage efficiently refractory brain infarction in two patients. One patient underwent conservative treatment (without antiplatelet or/and anticoagulant drugs or surgery). 

Outcomes and follow-up
During hospitalization, two patients died of refractory brain infarction. Outpatient follow-up (range: 1-4 years) was performed in the four surviving patients. Neurological function examinations were carried out using the GOS. The results were as follows: One patient fully recovered and had a score of 5, and three patients were disabled (one patient had a score of 4, and two patients had a score of 3). The clinical data are summarized in Table 1. 

DISCUSSION
TICADs are markedly different from spontaneous dissections or dissections occurring in everyday life (cough, nose blowing, rapid head turning, or rapid neck extension)[13-15]. TICAD frequently occurs when high-speed traumatic cerebrovascular injuries are sustained, such as those sustained in motor vehicle crashes, car crashes, assaults, falls, or amusement park activities or when hanging[16-18]. The overall mortality rate associated with TICAD ranges from approximately 20%-40%[19,20]. In our case series, the mortality rate was 33.3% (2/6), and these two patients died of refractory brain infarction.
In most TICAD cases, the pathological background is disruption of the intima, which causes luminal narrowing or even occlusion due to collapse of the false lumen against the true lumen and interferes with the blood flow in the primary lumen[13,21]. If dissection occurs between the media and adventitia, complete or partial transection can also occur, leading to flow-related pseudoaneurysm pouch formation[22,23]. 
Patients with TICAD present with a variety of symptoms and signs ranging from mild symptoms, such as headache, neck pain, or cranial nerve palsy, to more serious symptoms, such as stroke and even high intracranial pressure[1]. Usually, a latent period exists between the time of injury and symptom onset, which can complicate the diagnosis[24]. The average time for stroke to develop is 12-75 h post-trauma[3,5,25]. In our six cases, the asymptomatic period ranged from 4-45 h (average 15 h), which is similar to a previous report.
One of the main goals in the management of this condition is to establish an accurate diagnosis before stroke occurs[26]. Many studies have reported a correlation between TICAD and traumatic injury near the neck, especially with cervical and facial fractures[2,27,28]. The main risk factors for TICAD after severe traumatic brain injury are fracture involving the carotid canal, cervical spine injury, and thoracic trauma[16,29-31]. A recent study found that 42% of patients with polytrauma including TICAD had cervical spine fractures[16,32]. In our case series, 5/6 (83.33%) patients had multiple injuries near the ICA. 
The diagnosis of TICAD is based mainly on neuroimaging findings. When TICAD occurs, the purpose of imaging examinations is to detect the cerebral parenchyma and the corresponding supply artery. The cerebral parenchyma can easily be visualized when performing CT or MRI[33]. TICAD may be detected by conventional DSA, DU, CTA, MRI, and magnetic resonance angiography[14,34,35]. In these imaging examinations, the characteristics of TICAD may include an intimal flap, a double lumen, tapering stenosis, tandem occlusions, the appearance of an intramural hematoma, and sometimes a small pseudoaneurysm[36]. TCD can also sometimes reveal a low blood flow velocity in the affected artery[4]. Early CT scans often do not show significant abnormalities, but high-density images of the MCA may occasionally be viewed if thrombosis of the MCA occurs[37]. 
TICAD must be treated as cerebral infarction can occur several hours after traumatic injury, when most patients are outside the narrow therapeutic window for timely therapy. However, considering the complexity and difficulty of the diagnosis of TICAD, in certain circumstances, the major goals of treatment are to prevent thromboembolic and hemodynamic injury[25,38]. Thus, when TICAD is suspected, antiplatelet and anticoagulant agents are required. However, medical management may be contraindicated in some cases, such as in case 2 in our study in which the CT scan revealed brain contusion. Furthermore, to avoid an increased risk of intracranial hemorrhage, we did not use any medical therapy. As recently described, stenting of the carotid arteries by an endovascular approach may provide immediate revascularization and can improve perfusion and limit embolus formation in patients presenting with embolic or hemodynamic symptoms[38]. However, in our study, the definitive diagnosis was determined too late for our six patients to be treated with vascular recanalization. 
The prognosis of patients depends mainly on stenosis of the lumen and thrombosis of the dissected artery. Notably, in our six cases, we found that the degree of opening and compensation of the collateral circulation, such as the anterior and posterior communicating arteries, is very important for the blood supply to the brain on the injured side. Therefore, we hypothesize in some cases that the clinical presentation and prognosis of TICAD may be determined by the opening of the collateral circulation. 
We are aware of some limitations in our study (e.g., the small sample size and lack of follow-up imaging), but the various imaging techniques used revealed this traumatic arterial injury. A larger prospective randomized multicenter clinical study is required to increase the statistical power.

CONCLUSION
TICAD is referred to as arterial dissection caused by an ICA intimal tear after trauma, and thromboembolism and hypoperfusion constitute the main pathology. TICAD can result in catastrophic outcomes. When the occurrence of dissection is suspected, detailed examinations should be carried out. Early and efficient diagnosis of TICAD is essential for initiating appropriate treatment. The treatment of TICAD is challenging and is always based on clinician discretion on a case-by-case basis.

ARTICLE HIGHLIGHTS
Research background
The extracranial internal carotid artery refers to the anatomic location that reaches from the common carotid artery proximally to the skull base distally and is at considerable risk for injury. No consensus regarding its diagnostic screening and management has been established. The present study compared the outcomes of six different patients who suffered traumatic internal carotid artery dissection (TICAD). 

Research motivation
Despite a high incidence, reports of TICAD are limited to case reports or small case series. Currently, the frequency, cause, imaging changes, and influence on mortality of TICAD are not well defined. We therefore decided to conduct a retrospective study of TICAD at a tertiary medical center. The risk factors of infarction, pathophysiology, clinical and radiological features, diagnosis, treatment, and prognosis were analyzed and delineated for TICAD.

Research objectives
We performed a retrospective analysis and literature review of patients who were diagnosed as TICAD.

Research methods
In this retrospective case series, emergency admissions for TICAD due to closed head injury were analyzed. The demographic, clinical, and radiographic data were retrieved from patient charts and the picture archiving and communication system, and a literature review of TICAD was also performed.

Research results
Six patients presented with TICAD. Traffic accidents (4/6) were the most frequent cause of TICAD. The clinical presentation was always related to brain hypoperfusion. Imaging examination revealed dissection of the affected artery and corresponding brain infarction. All the patients were definitively diagnosed with TICAD. One patient was treated conservatively, one patient underwent anticoagulant therapy, two patients were given both antiplatelet and anticoagulant drugs, and two patients underwent decompressive craniectomy. One patient fully recovered, while three patients were disabled at follow-up. Two patients died of refractory brain infarction.

Research conclusions
We found that TICAD should be identified in patients presenting after blunt trauma, including classical dissection, pseudoaneurysm, and stenosis/occlusion.

Research perspectives
Early diagnosis and intervention can improve the prognosis and quality of life of patients who suffered TICAD. Based on the results of this study, future research should include prospective randomized control trial with a larger patient population so that we can better understand the diagnosis and treatment of TICAD.
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Figure 1 Flowchart showing the selection of related references.
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Figure 2 Imaging of case 1. A: Computed tomography revealed left parietal infarction (ellipse); B: Computed tomography angiography examination revealed tapering occlusion of the Internal carotid artery (ICA) suggestive of ICA dissection (arrow); C and D: Magnetic resonance imaging (T1W-VISTA sequence) demonstrated an intimal intramural hematoma extending to the intracranial section (arrows); E: Duplex ultrasonography examination revealed an intimal flap and significant narrowing of the lumen secondary to the equal-echoic mural hematoma (ellipse); F: Carotid artery digital subtraction angiography showed tapering occlusion of the left ICA just distal to the carotid bifurcation (Rat tail sign) (arrow). ACA: Anterior cerebral artery; CCA: Common carotid artery; ECA: External carotid artery; MCA: Middle cerebral artery.
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Figure 3 Imaging of case 2. A: Computed tomography (CT) showed a hyperdense right middle cerebral artery sign (arrow); B: CT revealed a large hypodense lesion with a mass effect in the frontotemporoparietal region (in the red line region) and a brain contusion in the frontal lobe (arrow); C: CT angiography examination revealed the anterior cerebral artery origin (asterisk) and middle cerebral artery (ellipse) occlusions suggestive of internal carotid artery dissection (arrow); D: A 3D-CT scan showed a mandibular fracture (ellipse). MCA: Middle cerebral artery.

[image: ]
Figure 4 Imaging of case 3. A: Computed tomography (CT) revealed left frontotemporal infarction (ellipse); B: Head CT angiography revealed a thin middle cerebral artery (arrow); C: Cervical CT angiography revealed left internal carotid artery occlusion (arrow); D: A 3D-CT scan showed a cervical spinous process fracture (ellipse); E and F: Transcranial doppler showed asymmetry between the blood flow velocities of the two middle cerebral artery caused by left traumatic internal carotid artery dissection; G: When the right internal carotid artery was subjected to a neck compression test, the velocity of the anterior communicating artery rapidly decreased to zero and recovered when the compression was released. In E-G: FVd is the diastolic blood flow velocity, FVm is the mean blood flow velocity, FVs is the systolic blood flow velocity, and PI is the pulsatility index. MCA: Middle cerebral artery.

[image: ]
Figure 5 Imaging of case 5. A and B: Computed tomography (A) and (B) magnetic resonance imaging scans showed cerebral infarction in the territory of the right middle cerebral artery (ellipses); C: Computed tomography angiography revealed tapering occlusion of the right middle cerebral artery (ellipse), and the internal carotid artery in the cavernous sinus segment became thin and irregular (arrow); D: Magnetic resonance imaging showed right internal carotid artery dissection depicted as a partial flow-void lumen surrounded by high-intensity signals of an intramural hematoma (arrow). MCA: Middle cerebral artery.
[image: ]
Figure 6 Imaging of case 6. A: Computed tomography revealed right frontotemporal infarction (ellipse) with a mass effect on the lateral ventricle and a midline shift; B: Computed tomography angiography revealed right internal carotid artery occlusion (asterisk) and a thin middle cerebral artery (arrow); C: Computed tomography revealed the decompression craniectomy with expansion of the infarcted brain parenchyma. MCA: Middle cerebral artery.

Table 1 Characteristics of the study cohort
	No.
	Sex/age
	Cause of trauma
	Asymptomatic period in h
	Initial syndrome
	GCS
	Associated polytrauma
	Imaging
	Treatment
	Follow-up in yr
	GOS

	[bookmark: _Hlk39135665]1
	M/51
	Car crash
	4
	Confusion
	13
	Skull base fracture
	CT, CTA, MRI, DU and DSA
	Anticoagulant
	3
	5

	2
	M/52
	Motorcycle crash
	6
	Drowsiness
	14
	Brain contusion and mandibular fracture
	CT and CTA
	Conservative treatment
	NA
	1

	3
	M/62
	Car crash
	45
	Neck pain
	15
	Skull base fracture and C6 fracture 
	CT, CTA, MRI, DU and TCD
	Anticoagulant and antiplatelet
	4
	4

	4
	M/43
	Motorcycle crash
	10
	Paralysis
	15
	Clavicular fracture
	CT and CTA
	DC
	NA
	1

	5
	F/61
	Amusement park accident
	12
	Paralysis
	15
	None
	CT, CTA and MRI
	Anticoagulant and antiplatelet
	3
	3

	6
	M/47
	Fall from height
	13
	Headache
	15
	Skull base fracture
	CT and CTA 
	DC
	1
	3


[bookmark: _Hlk39138461]CT: Computed tomography; CTA: Computed tomography angiography; DC: Decompressive craniectomy; DSA: Digital subtraction angiography; DU: Duplex ultrasonography; F: Female; GCS: Glasgow Coma Scale; GOS: Glasgow Outcome Scale; M: Male; MRI: Magnetic resonance imaging; NA: Not applicable; TCD: Transcranial Doppler.
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