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Retrospective Comparative Analysis of Clinical and Imaging Features of Craniocervical Artery Dissection: Spontaneous CAD vs. Minor Traumatic CAD
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Background and Objectives: Craniocervical artery dissection (CAD) is the most common cause of ischemic stroke in young adults. The etiologies of CAD can be classified into three types, such as spontaneous (sCAD), minor traumatic (mtCAD), and genetic origin. Recent studies indicated that clinical presentations and imaging features could guide management and inform prognosis. This retrospective analysis sought to compare the clinical and imaging features of sCAD vs. mtCAD in providing evidence-based advice on medical treatment, functional rehabilitation, secondary stroke prevention, and prognosis, ultimately formulating clinical guidelines in managing CAD.

Methods: In total, 148 patients with CAD were identified from the medical records database and subdivided into sCAD and mtCAD based on the clinical presentations and imaging features. A retrospective comparative analysis was performed according to their clinical presentations and imaging features.

Results: Patients with mtCAD are significantly younger than sCAD with 120 cases of sCAD average aged 43.61 ± 12.75, while 28 cases of mtCAD average aged 35.68 ± 14.54. Patients with mtCAD had more cases of neck pain compared to sCAD. Patients with mtCAD had more cases of CAD at extracranial locations compared to sCAD. Patients with mtCAD had more cases of multiple site dissection compared to sCAD. Double lumen and intramural haematoma are the most common imaging findings with mtCAD patients having statistical significantly more cases of intramural haematoma and long tapering stenosis.

Conclusion: Patients with mtCAD were presented at a much younger age with symptoms of neck pain compared to sCAD. Patients with mtCAD predominantly presented at extracranial sites with more prominent features of multiple site dissection, intramural haematoma, and long tapering stenosis. These clinical and imaging features can translate into clinical practice guidelines for patients with CAD to improve the optimal functional outcome and reduce both morbidity and mortality.
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INTRODUCTION

Craniocervical artery dissection (CAD) is characterized by the tearing of either the intimal, medial, or adventitial layers of the walls of the internal carotid or vertebral arteries, accounting for up to 10–25% of ischaemic stroke in young- to middle-aged individuals under aged 45 during the fourth and fifth decades (1). CAD in the traditional literature is often considered to present as spontaneously type with an annual incidence of 2.5–3:10,000 (2).

Craniocervical artery dissection is the second most common large-artery cerebrovascular disease after atherosclerosis with average onset age of 51 in vertebral artery dissection and 43 in carotid dissections. CAD is considered to be either spontaneous or traumatic or genetic in origin. Although a significant number of spontaneous dissections are idiopathic or actually genetic, underlying pathologies possibly, such as hypertension, atherosclerosis, fibromuscular dysplasia, type IV Ehlers-Danlos syndrome, Marfan syndrome, type I osteogenesis imperfecta, alfa-1-antitrypsin deficiency, cystic medial necrosis, autosomal dominant polycystic renal disease, medial mucoid degeneration, polyarteritis nodosa, Behçet's disease, migraine, transient postinfectious arteriopathy, and long styloid process, may be identified as the causes or associated risk factors (3, 4). A recent research suggested that infection could precipitate dissection, probably associated with seasonal variation of spontaneous CAD (sCAD), demonstrating a peak in autumn and winter (5). sCAD has also been reported to be preceded by trivial trauma, such as the possibilities of coughing, vomiting, sneezing, fast head turning, neck massage, in a susceptible individual with an underlying arteriopathy (1, 6, 7). The more recent study of Cervical Artery Dissection and Ischemic Stroke Patients (CADISP) analyzed 982 patients with cervical artery dissection in terms of trauma severity. Severe trauma accounts for 4.5% of carotid artery dissection and 5.6% of vertebral artery dissection, while minor trauma accounts for 29.2% of carotid artery dissection and 36.5% of vertebral artery dissection (8). A statement from American Stroke Association indicated the need for risk discussion of minor traumatic CAD (mtCAD) by cervical massage and manipulation (7). It is clear that mtCAD presented more commonly with difficulty in differentiating from sCAD because of limited understanding of mtCAD risk factors, clinical and imaging features to guide management. Our study is aimed to compare and analyse the clinical and imaging features of sCAD vs. mtCAD with the subsequent formulation of the evidence-based guideline on medical treatment, functional rehabilitation, secondary stroke prevention, and prognosis advice.



METHODS


Participants

This retrospective study was approved by the Institutional Review Board of The First Affiliated Hospital of Sun Yat-sen University with written informed consent regarding data use for research purposes being obtained from each of 148 participants. In total, 148 participants diagnosed with CAD were selected via the medical record system of The First Affiliated Hospital of Sun Yat-sen University, between January 2010 and January 2020 with the diagnosis of CAD being confirmed by two stroke neurologists and a neuro-radiologist. The diagnostic confirmation of CAD was defined by the following criteria: intramural hematoma, intimal flap, double lumen, long tapering stenosis, artery occlusion that recanalised in an irregular aneurysmal dilation or stenosis, or irregular aneurysmal dilation with associated filiform and irregular stenosis on MRI and angiography (MRA), or CT angiography (CTA), or digital subtraction angiography (DSA) (1, 9). Two typical cases are illustrated in Figure 1.
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FIGURE 1. A 58-year-old man presented with sudden-onset left hemiparesis and paraesthesia. (a) Coronal view of the high-resolution MRI T1 SPACE images showed an intramural hematoma at the C1 segment of the right internal carotid artery [(a); arrow]. (b) T2 images demonstrated intimal flap and double lumen in the corresponding vessel wall [(b); arrow]. (c) Digital subtraction angiography in the same patient showed long tapering stenosis at the C1 segment of the right internal carotid artery [(c); arrow]; (d) Diffusion-weighted imaging demonstrated an acute infarct in the territory of the right internal carotid artery [(d); arrow]. Another 30-year-old man presented with vertigo and vomiting after cervical manipulation. (e, f) The high-resolution MRI T1 SPACE images showed the intramural hematoma at the left internal carotid artery and vertebral artery [(e, f); arrows]. (g) Digital subtraction angiography displayed irregular long tapering stenosis at the C1 segment of the left internal carotid artery and V2 segment of the left vertebral artery [(g, h); arrow].




Inclusions and Exclusions

Patients were included as eligible participants by their clinical and imaging features of CAD based on the above-mentioned diagnostic criteria. Patients were excluded if they had other occlusive vascular diseases such as atherosclerosis and vasculitis, or if they had CAD from severe trauma and iatrogenic causes, or if medical records were incomplete.



Data Collection

All participants during their hospitalization were provided with a set of evidence-based standardized questionnaires recording activities of abrupt cervical movements, cervical manipulation, sporting activities involving head and neck movement, impact injury of the head and neck within 1 month before the onset of artery dissection (10).

All participants' demographic data and lifestyle risk factors were extracted from the medical records, such as age, sex, hypertension, diabetes, alcohol drinking, smoking, cervical massage, and head or cervical trauma. Total cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and blood glucose levels were also collected. Hypertension was defined as a history of systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg, or if the patient was taking antihypertensive drugs. Diabetes was defined by a history of fasting blood glucose ≥7.0 mmol/L, 2 h postprandial ≥11.1 mmol/L, or the use of hypoglycaemic therapy. All data were measured within 48 h of hospitalization. We defined current smokers as individuals who smoked any tobacco in the past 12 months and included those who had quit within the past year. Alcohol consumption was recorded as past or present drinking (more than 1 drink per month) (11). The definition of mtCAD is based on trauma by direct or indirect impact to the head and neck and any mechanism spuriously raising intra-thoracic pressure, such as whiplash, violent coughing, abrupt neck movement, and head and neck manipulation within 1 month prior to the CAD (6, 7). After reviewing the questionnaires in the medical record, two authors discussed and decided whether the patients were mtCAD or sCAD. The severity of stroke associated with any functional impairment at admission was evaluated using the National Institutes of Health Stroke Scale (NIHSS) and modified Rankin Scale Score (MRS), respectively. The NIHSS and MRS were reassessed on discharge with follow-up at 6 and 12 months after the onset of symptoms.



Statistical Analysis

The demographic data, clinical and imaging features were analyzed between the sCAD and mtCAD groups. Quantitative data of normal distribution were expressed as mean ± SD and analyzed using Student's t-test. Quantitative data of skewed distribution were presented as median and quartile and analyzed using the Wilcoxon rank-sum test. Qualitative data were expressed as frequency and percentage (%), and the chi-square test or Fisher's exact test was used for statistical difference analysis. All data were analyzed using GraphPad Prism Version 8.0 software (Graph Pad Software Inc., San Diego, CA, USA). A p of < 0.05 was considered statistically significant.




RESULTS


Demographic Data and Clinical Features

In total, 148 patients (Table 1) were included with 120 patients with sCAD (95 men and 25 women, average aged 43.61 ± 12.75, median age 44.50) and 28 patients with mtCAD (20 men and 8 women, average aged 35.68 ± 14.54, median age 35.50) accounting for 18.9% of all patients with CAD. In terms of the age of onset with CAD, patients with mtCAD were significantly younger than sCAD patients (p = 0.0045). In total, 28.57% of the patients with mtCAD were presented with neck pain, compared to 5.83% of the patients with sCAD (p = 0.0003). There were no statistically significant differences between mtCAD and sCAD patients in terms of gender and the associated risk factors of hypertension, diabetes, smoking, alcohol consumption, headache, total cholesterol, triglycerides, LDL-C, HDL-C, and C-reactive protein (Table 1).


Table 1. Demographic data and clinical features.
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Imaging Features

Among the 148 patients with CAD, 75 patients had an internal carotid artery dissection and 54 patients had a vertebral artery dissection. No statistical significance was observed between mtCAD and sCAD patients in terms of the frequencies of dissections in the internal carotid artery, vertebral artery, middle cerebral artery, and basilar artery (Table 2). Among all patients with CAD, 91 patients had extra-cranial CAD with 57 patients with intracranial CAD. Of the mtCAD patients, 22 patients (78.57%) had extra-cranial dissection and 6 patients (21.43%) with intracranial dissections, while 69 sCAD patients (57.5%) had extra-cranial dissections and 51 sCAD patients (42.5%) with intracranial dissections. In statistical terms, patients with mtCAD had significantly more extra-cranial dissections in contrast with patients with sCAD having significantly more intracranial dissections, representing a statistically significant difference (p = 0.0391). In terms of CAD in multiple arteries, 19 patients had multiple CADs, such as 7 patients with mtCAD (25%) having significantly more dissections compared to patients with sCAD (p = 0.0326). The two most common imaging features of CAD include “double lumen” (31.75%) and intramural haematoma (26.35%). The two most striking imaging features of dissections were “string sign” and “intramural haematoma” in the 148 patients with CAD. In terms of the imaging feature of “string sign,” mtCAD appeared in 10 patients (35.71%) and was statistically different compared to 19 sCAD patients (15.83%) with “string sign” (p = 0.017). With respect to the imaging feature of “intramural haematoma,” 12 patients with mtCAD (42.86%) had imaging feature of “intramural haematoma” in contrast to 27 patients with sCAD (22.50%) with imaging feature of “intracranial haematoma,” reaching statistical significance (p = 0.0277). However, imaging features of “double lumen,” “lumen irregular stenosis,” “dissecting aneurysms,” and “intimal flap” did not show a statistical difference between mtCAD and sCAD patients (Table 2).


Table 2. Imaging features.
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Intervention

Among the 6 patients who underwent thrombolysis treatment, there were 5 sCAD and 1 mtCAD patients. In total, 15 sCAD and 2 mtCAD patients had vascular angioplasty procedures as interventions. Both interventions did not demonstrate any statistical significance of functional improvements with evaluation by NIHSS at discharge in both sCAD and mtCAD patients (Table 3). In addition, 74.17% of sCAD and 67.86% of mtCAD patients had a favorable outcome when MRS is less or equal to 2 (MRS ≤ 2) at admission. During the follow-up, 17 sCAD and 4 mtCAD patients were lost due to the change of telephone number. Nevertheless, the proportion of patients with a favorable functional outcome was reached 82.52 and 91.67% in sCAD and mtCAD at 12 months, respectively. No significant difference was found in terms of functional outcome in sCAD and mtCAD patients by applying different interventions (Table 3).


Table 3. Intervention and outcomes.
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DISCUSSION

With the technological advancement of modern imaging, CAD has been increasingly recognized as a major cause of ischemic stroke in young adults (12, 13). In this study, the mean age of 148 patients was below 50 years with patients with sCAD and mtCAD averaged age being 43 and 35 years, respectively, which were consistent with previous reports (8, 10). Patients with mtCAD were significantly younger than patients with sCAD, pointing to the fact of increased prevalence of minor trauma associated with the more active lifestyle in younger patients (10). The Cervical Artery Dissection in Ischaemic Stroke Patients (CADSIP) study and an earlier study indicated that most CAD cases were of men (8, 14). Our study showed similar findings of male-predominant CAD with no significant difference between sCAD and mtCAD patients. It is speculated that genetic factors, hormones, and the difference in neck muscles strength and cervical spine stability may play a critical role (14). In contrast, vascular risk factors, such as hypertension, diabetes, hypercholesterolemia, smoking, and alcohol consumption, did not differ between the two groups of sCAD and mtCAD patients, consistent with the CADSIP study (8).

The typical clinical features of CAD patients include craniocervical pain, stroke symptoms, and Horner signs (15). A small group of CAD patients presents only with craniocervical pain without stroke symptoms (15). Craniocervical pain has been reported to be the commonest clinical feature associated with up to 57.8% of patients with mtCAD (10). Our study reported 28.57% of mtCAD patients with clinical features of craniocervical pain, less than previously reported, however, significantly more common than that of patients with sCAD (10). Craniocervical pain may be more likely to be the precipitating or prewarning symptoms for triggering a valuable and urgent presentation (10). Horner signs is another typical clinical feature of CAD with recent research reporting Horner signs as complications in 38.5% of internal carotid arterial dissections and 13.4% of vertebral artery dissection in a pool of 765 patients with CAD (16). Horner signs have been reported to be associated with a more favorable prognosis (16). In our study, there were 13 patients complicated with Horner signs, which was less prevalent compared to what was reported in the literature. Overall, there was no significant difference between sCAD and mtCAD patients in terms of clinical features of Horner signs and stroke symptoms.

Our study reported 28 patients with mtCAD, accounting for 18.9% of all patients with CAD in line with previous studies showing 12–36.5% of patients with CAD associated with mtCAD (8, 17). Recent study from the CADISP group analyzed 966 patients with CAD and found 35.6% of patients with CAD had minor trauma prior to the event, while significantly less association with minor trauma in the control group patients (10). As most of the minor trauma appeared to have minimal impact on daily life, the CADISP group defined “minor trauma” with a more clinically appropriate term “mechanical trigger events.” Cervical spine manipulation, such as gentle neck massage, is usually classified as mechanical trigger events and was reported to precipitate or trigger CADs in up to 30% of the cases (10). However, there is longstanding controversy regarding the association between manipulation and neurovascular complications, mainly because it is clinically impossible to ascertain that we can attribute the minor-trauma-equivalent manipulation to the rare adverse event of CAD if the patients with CAD initially present with head and neck pain for manipulation treatment (18). Our study identified 11 mtCAD patients with a history of cervical spine manipulation, accounting for 39% of the total number of patients with mtCAD. A study of 983 CAD patients suggested that cervical spine manipulation was associated with increased risks of multiple artery dissection (19). Another recent study found that traumatic CAD was more likely to be associated with multiple artery dissection compared to sCAD, (9) consistent with our study results. The mechanism underlying this multiple artery dissection has been suggested in recent study (19) to be precipitated by mechanical traction or twisted force on craniocervical and cerebral arteries. In comparison with sCAD, our study identified that mtCAD was more likely in extra-cranial locations being consistent with another recent study, (20) owing to the greater flexibility of extra-cranial arteries. Furthermore, other studies pointed out that mtCAD in intracranial locations often occurred in the flexible part of the internal carotid and vertebral arteries (7). The underlying mechanism of mtCAD occurring more often extra-cranially rather than intra-cranially has been proposed by another study (21) indicating the more likely direct impact on extra-cranial arteries by surrounding bones, ligaments, and contracting muscles. Extra-cranial arteries were demonstrated to be prone to sustain endothelial injuries during neck movements, such as traction, flexion, and extension, through direct or indirect impact from the surrounding soft tissues, (7) while intracranial arteries tend to avoid these impacts owing to being inside the cranial bony structure.

Digital subtraction angiography is well-regarded as the gold standard for the precise diagnosis of CAD, as it can directly display diagnostic features of dissection, such as intimal flaps, string signs, intravascular stenosis, and occlusion (7, 22). However, DSA has its limitation for clinical application due to its invasive nature with potential complications. In contrast, imaging with CTA and MRA are three-dimensional and non-invasive approaches to be used in detecting most CADs, (9) albeit with their limited capability to detect intramural hematoma. Thus, T1-weighted axial MRI scan with the fat-suppression technique has high sensitivity and specificity for the diagnosis of CAD, in combination with MRA, to visualize both the arterial lumen and arterial wall deficits (1). The innovative high-resolution MRI and three-dimensional acquisition of fat-suppressed sequences with black-blood effects have further improved the precision of CAD diagnosis with the ability to differentiate intimal flap, true or false lumen, and intramural haematoma (23). This sequence uses the double inversion-recovery technique to minimize blood signals, thereby, providing a linear image of the arterial wall (23–25). In our study, all CADs were diagnosed using T1-weighted and T2-weighted contrasted MRI in conjunction with MRA, CTA, or DSA. The two most common imaging features were double lumen (31.75% of patients with CAD) and intramural haematoma (26.35% of CAD patients), respectively. Intramural haematoma has been reported by two other studies (8, 26) with a similar incidence as an imaging diagnostic feature among patients with CAD. In our study, string signs and intramural haematoma were however more commonly presented in patients with mtCAD compared to those of patients with sCAD, while the previous report suggested that intimal flap was the more commonly presented feature among traumatic CAD in comparison to that of sCAD (9). The discrepancy between our study and a previous study was due to the different definitions of mtCAD with a majority of the traumatic CAD patients in the previous study (9) sustaining severe trauma. Moreover, there were no statistical significances comparing mtCAD and sCAD patients in terms of other imaging diagnostic features that include double lumen and dissecting aneurysm, being consistent with other studies.

The majority of CAD patients in our study had only a mild-to-moderate stroke, as indicated by relatively low NIHSS scores (Table 3). These results have been consistent with most of the other studies to imply a favorable outcome with the majority of CAD patients (4, 8, 27, 28). In line with the literature, our study showed no difference between mtCAD and sCAD in terms of stroke severity, while another study demonstrated that mtCAD usually sustained fewer stroke symptoms and functional impairment in comparison to those of sCAD patients. Further study in a large cohort is required to investigate this difference.

The limitations of this study include two aspects with the retrospective design based on a single center and lack of control. Firstly, asymptomatic or mtCAD patients could have been under-diagnosed in the present study with a referral. Secondly, our results suggest that most of the CAD patients have a favorable outcome at 12 months and loss of follow-up occurs in 14.1% of patients. Consequently, long-term favorable functional outcomes could be overestimated.



CONCLUSION AND FUTURE PERSPECTIVES

Our results have identified the different demographic, clinical, and imaging features between mtCAD and sCAD in terms of age, neck pain as presentation, multiple arterial dissection, extra-cranial locations, and intramural haematoma. Patients with mtCAD presented at a much younger age with symptoms of neck pain compared to patients with sCAD. In terms of image features, patients with mtCAD predominantly presented at extracranial sites with more prominent features of multiple site dissection, intramural haematoma, and long tapering stenosis. These unique clinical and imaging features will potentially translate into clinical practice guidelines, such as pharmacological intervention of antiplatelet vs. anticoagulation and duration of these treatments and provide advice on whether immediate surgical intervention is needed in the correct therapeutic window to improve the optimal functional outcome, hence reducing both morbidity and mortality. Future studies with a multi-center design should be planned to continue to expand the current CAD cohort nationally in China and internationally in other continents to obtain long-term functional outcomes and rates of recurrent CAD and stroke. Ultimately, the outcome of the study can be incorporated into internationally accepted clinical guidelines in managing CAD.
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