
BULLETIN OF RSMU   5, 2019   VESTNIKRGMU.RU| |

ORIGINAL RESEARCH    CARDIOLOGY

72

Kalashnikova LA    , Gulevskaya TS, Sakharova AV, Chaykovskaya RP, Gubanova MV, Danilova MS, Dobrynina LA, Shabalina AA

INTERNAL CAROTID AND VERTEBRAL ARTERY DISSECTION: 
MORPHOLOGY, PATHOPHYSIOLOGY AND PROVOKING FACTORS

The causes of internal carotid  artery (ICA) and vertebral artery (VA) dissection, as well as its provoking factors, remain understudied. The aim of this paper 

was to explore morphological changes in the ICA/VA walls, factors provoking dissection, clinical signs and biomarkers of connective tissue (CT) damage. A 

total of 271 patients were examined, of whom 54% were women. The mean age of the participants was 37.0 ± 10 years. Clinical signs and biomarkers of CT 

damage (matrix metalloproteinase 9, tissue inhibitor of metalloproteinase 1, hydroxyproline, sulphated glycosaminoglycans) were analyzed in 82 patients and 

40 healthy volunteers. Histologic examination of dissected and seemingly intact arteries conducted in 5 cases revealed signs of arterial wall dysplasia similar 

to those characteristics of fibromuscular dysplasia: thinning and splitting of the internal elastic membrane, areas of fibrosis, irregular orientation of myocytes, 

and their necrosis in the tunica media. Clinical signs and biomarkers of CT dysplasia (CTD) were more pronounced in patients with arterial dissection than in 

the controls. The major provoking factors were head turns and physical activity (42%), minor head injury (10%), and acute respiratory infection in the month 

preceding arterial dissection (14%). We conclude that arterial wall dysplasia is a predisposing factor for ICA/VA dissection, both spontaneous and provoked. 

The analysis of CTD biomarkers and clinical signs suggests connective tissue pathology in patients with ICA/VA dissection. 
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ДИССЕКЦИЯ ВНУТРЕННЕЙ СОННОЙ И ПОЗВОНОЧНОЙ АРТЕРИЙ: 
МОРФОЛОГИЯ, ПАТОФИЗИОЛОГИЯ, ПРОВОЦИРУЮЩИЕ ФАКТОРЫ

Причина  и провоцирующие факторы диссекции внутренней сонной и позвоночной (ВСА/ПА) артерий остаются малоизученными. Целью работы было 

изучить морфологические изменения стенок ВСА/ПА при диссекции, провоцирующие факторы диссекции, клинические признаки и биомаркеры 

повреждения соединительной ткани (СТ). Обследован 271 больной (средний возраст — 37,0 ± 10 лет, женщины — 54%) с диссекцией ВСА/ПА. 

Провоцирующие факторы диссекции проанализированы у всех больных. Клинические признаки и биомаркеры повреждения СТ (матриксная 

металлопротеиназа 9, тканевой ингибитор металлопротеиназы, гидроксипролин, сульфатированные гликозаминогликаны) исследованы у 82 больных 

и 40 здоровых добровольцев. Гистологическое исследование расслоенных и не расслоенных артерий, проведенное в 5 случаях, обнаружило признаки 

дисплазии артериальной стенки, сходные с таковыми при фибромышечной дисплазии: истончение, расщепление внутренней эластической мембраны, 

участки фиброза, неправильной ориентировки и некроза миоцитов в медии. Клинические признаки и биомаркеры дисплазии соединительной ткани 

(ДСТ) были более выражены при диссекции, чем в контроле. Основными провоцирующими факторами диссекции были повороты головы/физическая нагрузка 

(42%), травма головы, как правило, легкая (10%), острая респираторная инфекция, перенесенная в течение предшествующего месяца (14%). Заключение:

дисплазия артериальной стенки служит причиной диссекции ВСА/ПА, которая развивается спонтанно или под действием провоцирующих факторов. 

Исследование биомаркеров и клинических признаков ДСТ указывает на наличие распространенного дефекта СТ у больных с диссекцией ВСА/ПА. 
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участники исследования подписали добровольное информированное согласие на участие в исследовании и публикацию результатов.

Cervical artery dissection (CeAD) (internal carotid artery — ICA, 
vertebral artery — VA) occurs when blood enters the arterial 
wall through an intimal tear and spreads between its layers. 
This leads to the formation of an intramural hematoma (IMH), 

less often — to a double lumen or a dissecting aneurysm [1]. 
The narrowing or occlusion of the arterial lumen by IMH is the 
main cause of cerebral ischemia. Another cause of cerebral 
ischemia is arterio-arterial embolism by blood clots formed at 
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the site of the intimal tear. In the absence of hemodynamically 
significant ICA/VA stenosis, neck pain and headache can be 
the only clinical manifestation of CeAD dissection [1, 2]. 

Until the late 20th century, ICA/VA dissection was thought 
to be extremely rare because it was mainly verified on autopsy 
in cases of fatal stroke. The latter rarely occurs in CeAD, 
which led to a misconception about the rarity of CeAD. After 
neuroimaging techniques, such as magnetic resonance 
angiography (MRA), computed tomography angiography (CTA) 
and MRI of neck arteries, were introduced into routine clinical 
practice, it became clear that ICA/VA dissection was the main 
cause of ischemic stroke in young adults and that it could be 
manifested as isolated neck pain and headache [1, 3–7].

In Russia, research of brain-supplying arteries dissection 
was pioneered by the Research Center of Neurology in the 
late 1990s, almost simultaneously with the studies conducted 
abroad. Despite the advancements in the study of clinical and 
neuroimaging features of arterial dissection, its cause remains 
poorly understood. Researchers often point to arterial wall 
weakness in brain-supplying arteries. But because autopsy 
studies are rare, the nature of arterial wall weakness remains 
unclear, although some authors report connective tissue 
disorders in the affected individuals [8, 9]. So far, no mutations 
have been detected in the collagen gene that could explain the 
weakness of the arterial wall in CeAD patients [10, 11].

The aim of this study was to analyze the following aspects 
of CeAD: 1) morphological changes in the ICA/VA wall; 2) clinical 
signs of connective tissue weakness and biomarkers of connective 
tissue damage; 3) the main provoking factors for CeAD. 

METHODS

Between 2000 and 2018, we examined 271 patents with 
CeAD (mean age — 37.0 ± 10 years, 54% women). The 
inclusion criteria were as follows: the presence of IMH and/
or characteristic angiographic CeAD signs on neuroimaging. 
Patients with traumatic CeAD and patients with a typical clinical 
picture of CeAD not verified by neuroimaging were excluded 
from the study. Before developing CeAD, all patients considered 
themselves practically healthy. Clinical manifestations of CeAD 
included ischemic stroke (63%), a transient ischemic attack 
(9%), isolated neck pain /headache (27%), or isolated caudal 
nerve palsy (1%). Localization of CeAD was as follows: ICA — 139 
patients (51%), VA — 116 patients (43%), ICA + VA — 16 patients 
(6%). Fifty-nine patients (22%) had multiple dissections involving 
both VA, both ICA or their combination. Four patients with ICA 
dissection developed a massive cerebral infarction and died. Their 
brain-supplying arteries, both dissected and non-dissected, 
were subjected to a histopathologic examination (Laboratory of 
Pathological Anatomy, Research Center of Neurology). An ICA 
fragment was obtained from one patient during reconstructive 
ICA surgery complicated by its dissection and stroke and 
subjected to a histopathologic examination. Staining of 
histological preparations was performed using hematoxylin 
and eosin, fuchselin (Weigert’s method), von Kossa’s method for 
calcium salts detection, and van Gieson’s method.

A total of 48 clinical signs of connective tissue dysplasia 
(CTD) selected from the diagnostic criteria for inherited 
connective tissue diseases were analyzed in 82 CeAD patients. 
Every sign was classified as present (1 point) or absent 
(0 points). In addition, the presence of past history headaches 
was assessed in all patients. The control group included 
40 healthy volunteers (mean age 38.5 ± 6.6 years; 62.5% 
of them were women.). The serological biomarkers of CTD, 
including matrix metalloproteinase 9 (MMP-9), tissue inhibitor 

of metalloproteinase 1 (TIMP-1), hydroxyproline, sulphated 
glycosaminoglycans, as well as fibroblast growth factor 21 
(FGF-21), were measured once using ELISA. Orosomucoid 
levels were determined in 82 patients using an automated 
Konelab 30IPrime chemistry analyzer (Thermo Fisher Scientific 
Oy; Finland). The control subgroup included 25 healthy 
volunteers (mean age — 36.9 ± 6.6 years; 60.1% of them were 
women). Provoking factors, the frequency of CeAD recurrence 
and its seasonal variability were analyzed in all patients. 

The IBM SPSS 23.0 (IBM; USA) statistics software package 
was used for statistical analysis. In this study, quantitative 
variables are presented as a mean and a standard deviation 
from the mean; qualitative and ordered categorical variables 
are presented as frequency and percentage. The normality of 
qualitative data distribution was tested with the Shapiro–Wilk 
test. Differences between the groups were assessed by the chi-
squared test or Fisher’s exact test for categorical variables and 
one-way ANOVA for continuous variables. Homoskedasticity 
of the residuals was tested using the Goldfeld–Quandt test. 
Differences were considered significant at р < 0.05. CTD signs 
relevant to dissection were identified using binary statistical 
regression: significant signs were selected stepwise from the 
entire set of all features by applying the Wald test method. 
Considering the significance of differences in CTD signs 
between the affected patients and the controls (the chi-squared 
test), additional signs were introduced in order to improve 
the quality of our model. This algorithm allowed us to identify 
CTD signs also typical of ICA and VA dissection. The model 
demonstrated its best predictive performance with 4 main 
and 2 additional signs; such combination of clinical signs was 
considered diagnostically relevant to ICA and VA dissection. 

RESULTS

Morphological changes in brain-supplying arteries

On the macroscopic examination, dissected arteries appeared 
dilated and thickened, looking similar to thrombosed blood 
vessels. The histopathologic examination of extra- and 
intracranial arteries revealed changes in the internal elastic 
membrane: thinning, splitting, lack of physiological tortuosity, 
and calcifications. Some arterial segments were totally devoid 
of the internal elastic membrane. Changes in the tunica media 
were represented by its uneven thickness with areas of severe 
thinning, a decrease in the number of myocytes, their incorrect 
orientation, necrosis, areas of fibrosis and sclerosis, a decrease 
in the number of elastic fibers. These pathologic changes were 
found in both dissected and non-dissected ICA and VA (see 
the Figure). 

Clinical signs of connective tissue dysplasia and its 
biomarkers in patients with CeAD

Clinical signs of CTD were more pronounced in the patients 
with CeAD (the average total score was 7.9 ± 3.6 points) than 
in the controls (6 ± 2.5; р = 0.0039). Besides, they were more 
pronounced in females (8.73 ± 3.0) than in males (6.4 ± 2.5;
р = 0.05). The following 8 clinical signs were observed more 
frequently in CeAD patients than in the controls: arterial 
hypotension (51% vs 20%; р < 0.012), extensive bruising (40% 
vs 10%; р = 0.011); widened atrophic scars on skin  (22.5% vs 
0%; р = 0.019); translucent  skin (28.75% vs 5%; р = 0.034); 
high-arched palate (20% vs 0%; р = 0.034); propensity to 
constipation (30% vs 10%; р = 0.05); nasal bleeding (33.75% 
vs 15%; р = 0.043); blue sclera (20% vs 5%; р = 0.05). In 
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Figure. Arterial wall dysplasia in the internal carotid and vertebral arteries. A. Thinning and splitting of the internal elastic membrane in the dissected ICA siphon 
(shown by arrows). Staining: Weigert’s elastic stain (fuchselin); x100 magnification. B. Calcium deposits on the internal elastic membrane in the dissected ICA siphon 
(shown by an arrow). Staining: von Kossa method; x200 magnification. C. Areas of fibrosis (marked by an asterisk) in the tunica media of the extracranial segment 
of the dissected ICA. Staining: van Gieson’s stain; x200 magnification. D. An area of the tunica media in the dissected ICA siphon containing irregularly oriented 
myocyts (marked by an arrow). Staining: van Gieson’s stain; x200 magnification. E. Areas of fibrosis and the decreased number of elastic fibers in the tunica media 
of the intact internal carotid artery (shown by an arrow). Staining: van Gieson’s stain; x200 magnification. F. A fragment of the internal elastic membrane is missing 
(shown by an arrow) in the intact vertebral artery. Staining: Weigert’s elastic stain (fuchselin); x200 magnification
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addition, CeAD patients suffered from headache in the past 
history more often than the controls (60% vs 35%; p = 0.02). 
Based on statistical significance, 8 CTD signs listed above and 
past history headache were divided into main (hypotension, 
extensive bruising, widened atrophic scars on skin, past history 
headache) and additional (translucent skin, nasal bleeding, 
propensity to constipation, blue sclera, high-arched palate) 
features.

Аccording to the regression model, the maximum predictive 
ability for arterial dissection (77%) was observed in the presence 
of 4 main and 2 additional clinical signs of CTD. In the presence 
of 4 main signs only, the predictive accuracy of the model was 75%.

Biological markers of connective tissue damage

Patients with CeAD had elevated MMP-9 (384 ± 69.3 ng/ml 
vs 203.1 ± 60.5 ng/ml in the controls; p < 0.0005), TIMP-1 
(393.9 ± 63.4 ng/ml vs 134.4 ± 30.8 ng/ml in the controls; 
p < 0.0005), sulphated glycosaminoglycans (6.2 ± 1.4 µg/ml vs 
4.5 ± 0.8 µg/ml in the controls; p < 0.0005), and orosomucoid 
(121.6 ± 27.8 mg/dl vs 88.8±17.4 mg/dl in the controls; 
p < 0.0005). Hydroxyproline levels were decreased in CeAD 
patients (604.9 ± 350.9 ng/ml vs 1293.6 ± 214.5 ng/ml in 
the controls; p < 0.0005) (Table 1). MMP-9 was higher in the 
patients with multiple dissections (400.5 ± 71.5 ng/ml) than in 
those with one dissected ICA (375.5 ± 71.55 ng/ml; p < 0.03) 
or one dissected VA (369.3 ± 68.6 ng/ml; p < 0.08). TIMP-1 
was also higher in the patients with multiple dissections (422.2 
± 53.8 ng/ml) than in those who had only one dissected ICA 
(378.5 ± 62.3 ng/ml; p < 0.024) or one dissected VA (373.6 ± 
60.6 ng/ml; p < 0.008). In the patients with multiple dissections, 
sulphated glycosaminoglycans were as high as 6.8 ± 1.2 µg/ml, 
while in the patients with one dissected ICA or one dissected 
VA their concentrations were lower (5.8 ± 1.3 µg/ml and 5.7 ± 
1.5 µg/ml, p < 0.029 and < 0.016, respectively). Orosomucoid 
levels were higher in the patients with multiple dissections 
(129.7 ± 34 mg/dl) than in those with one dissected artery: 
ICA (118.6 ± 25.3; p < 0.039) or VA (112.6 ± 20.6 mg/dl; 
p < 0.011) (Table 2). In the first 3 months of CeAD, orosomucoid 

and hydroxyproline levels were higher than in the late stage of 
the disease. By contrast, TIMP-1concentrations were higher in 
later stages. FGF-21, which is the biomarker of mitochondrial 
pathology [12], was increased in CeAD patients (536 ± 250 pg/ml), 
as compared to the controls (204 ± 50 pg/ml; p < 0.0005). 

Factors provoking arterial dissection

The most common provoking factors for CeAD responsible 
for 42% of the studied cases were neck movements and 
physical exertion; they were observed more often in 
VA dissection (61%) than in ICA dissection (27%; p < 0.0009). 
A minor preceding head trauma was observed in 10% of the 
patients (ICA — 14%, VA — 5%; p < 0.05). Acute respiratory 
infection in the month preceding CeAD was reported by 14% of 
the patients. Twelve percent of women were on contraceptive 
pills before dissection.  

No significant differences were observed in the incidence 
of dissections between the months of the year. The frequency 
of dissection occurrence was 9.6%, 9.3%, 8.1%, 4.2%, 8%, 
9.6%, 5.9%, 10%, 9.6%, 8.5%, 7.0%, 10.4% for January 
through December, respectively. No associations were 
found with acute respiratory infection occurring in the month 
preceding CeAD. 

Recurrences

Twelve percent of our patients developed a recurrent dissection 
usually involving the opposite eponymous artery. All recurrences 
were verified by neuroimaging. In most cases, they occurred 
in the first 35 days of dissection (7.3%), in the months that 
followed (within a year), their frequency was 1.5%. Further 
relapses developed 3.3% of the patients 5 to 10 years later.

DISCUSSION

Сlinical, laboratory and morphological examinations of CeAD 
patients revealed the presence of connective tissue pathology; 
these findings were consistent with the literature reports 
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Table 1. CTD biomarkers in the patients with ICA/VA dissections in the controls (one-way ANOVA)

Table 2. CTD biomarkers in patients with different localization of arterial dissection (one-way ANOVA and post-hoc tests + Scheffe's procedure)

Note: p — statistical significance; SD — standard deviation.

Note: p — statistical significance; ICA — internal carotid artery; VA — vertebral artery; SD — standard deviation.

Biomarkers (mean ± SD)
Arterial dissection

n = 82
Control
n = 25

p

MMP-9, ng/ml 384 ± 69.3 203.1 ± 60.5 < 0.0005

TIMP-1, ng/ml 393.9 ± 63.4 134.4 ± 30.8 < 0.0005

Orosomucoid, mg/dl 121.6 ± 27.8 88.8 ±17.4 < 0.0005

Sulphated glycosaminoglycans, µg/ml 6.2 ± 1.4 4.5 ± 0.8 < 0.0005

Hydroxyproline, ng/ml 604.9 ± 350.9 1293.6 ± 214.5 < 0.0005

Biomarker (mean ± SD)

Group 1 Group 2 Group 3

pICA dissection
n = 28

VA dissection
n = 27

Dissection of more than 1 artery 
n = 27

MMP-9, ng/ml 375.5 ± 71.5 369.3 ± 68.6 400.5 ± 71.5
Groups 1 and 3 0.03

Groups 2 and 3 0.008

TIMP-1, ng/ml 378.5 ± 62.3 373.6 ± 60.6 422.2 ± 53.8
Groups 1 and 3 0.024

Groups 2 and 3 0.008

Sulphated glycosaminoglycans, µg/ml 5.8 ± 1.3 5.7 ± 1.5 6.8 ± 1.2
Groups 1 and 3 0.029

Groups 2 and 3 0.016

Orosomucoid, mg/dl 118.6 ± 25.3 112.6 ± 20.6 129.7 ± 34
Groups 1 and 3 0.039

Groups 2 and 3 0.011

[8, 9]. The detected abnormalities were not characteristic of 
well-known inherited connective tissue disorders, such as 
Ehlers–Danlos, Marfan or joint hypermobility syndromes, 
and, in our opinion, could be classified as undifferentiated. 
The morphological examination of both dissected and non-
dissected brain-supplying arteries revealed pronounced 
dysplastic changes, which underlay arterial wall weakness 
and predisposed it to dissection [13–16]. In our opinion, the 
changes found on microscopic examination of brain-suppling 
arteries are similar to those in fibromuscular dysplasia (FMD) 
[13, 16]. Of note, FMD, whose international diagnostic criteria 
were published in 2019 [17], bears many similarities to 
CeAD dissection. FMD patients often develop dissections 
of various arteries, including ICA/VA, have cerebral aneurysms 
and tortuosity of the arteries [17], which are also typically seen 
in CeAD patients [18]. Many FMD patients [17], as well as 
CeAD patients [18], suffer from headaches. The incidence of 
hereditary burden in FMD (1.9–7.3%) [17] and CeAD (2%) [19] 
is similar. A genome-wide association study of FMD patients 
identified a common genetic risk variant: a single nucleotide 
polymorphism (SNP) rs9349379-A in the PHACTR1 locus 
(6p24) [20] also detected in CeAD patients during a multicenter 
international study conducted in 1,393 individuals, including 
our cohort of patients [21]. The adverse effect of contraceptive 
pills was observed in both patients with CeAD [1, 5, 22] and 
FMD [17]. Despite the similarity between patients with FMD and 
CeAD, the latter do not have the key diagnostic angiographic 
feature of FMD: alternating areas of stenosis and dilation (the 
so-called ‘string of beads’). Therefore, the presence of FMD 
in the absence of typical angiography findings requires further 
investigation. The possibility of FMD can be indirectly confirmed 
by a case of our patient who had 3 dissection recurrences 
involving both ICA and the right VA plus left kidney infarction 
over the course of 10 years.  CT-angiography of his renal arteries 
revealed alternating areas of narrowing and dilation — changes 
typically seen in FMD; those changes were not detected in the 
patient’s ICA and VA. According to the contemporary diagnostic 

criteria for FMD, if a patient has typical FMD changes in at least 
one artery, then dissection, tortuosity or aneurysms in other 
arteries should be considered as manifestations of FMD. This 
was the case with our patient.

The cause of arterial wall dysplasia similar to that observed 
in CeAD patients is not completely clear [23]. According 
to our hypothesis, dysplasia may be associated with 
mitochondrial disorders [24]. Elevated FGF-21, a biomarker 
of mitochondrial pathology [12], found in our CeAD patients 
indirectly confirms this assumption. The pathogenesis of FMD 
also remains unknown; some authors pinpoint the significance 
of elevated transforming growth factors β1 and β2 (TGF-β1 and 
TGF-β2) produced by fibroblasts [25].

Clinical signs of CTD were more pronounced in CeAD 
patients than in the controls, which is consistent with the 
literature reports [9]. This indicates the widespread nature 
of connective tissue damage, which agrees with electron 
microscopy findings in skin biopsies [8, 24]. The higher 
incidence of CTD signs in women, as compared to men, 
suggests that female sex hormones play a role in the 
development of dysplasia. Along with clinical CTD signs, we 
analyzed the presence of past history headaches in CeAD 
patients, since our previous studies revealed that headache 
might be associated with arterial wall dysplasia [22]; in the 
literature, such headache is usually interpreted as migraine [5]. 
The analysis of CTD signs in young patients with stroke can 
help to clarify the cause of stroke in cases when neuroimaging 
examination is not available. Statistical analysis showed that in 
the presence of four main and two additional CTD signs, the 
probability of dissection as a cause of ischemic stroke in young 
adults is as high as 77% [22].

Connective tissue damage in CeAD patients was confirmed 
by the elevated levels of CDT biomarkers (MMP-9 and sulfated 
glycosaminoglycans). Increased orosomucoid levels were 
suggestive of inflammation in the arterial wall. Laboratory 
signs of inflammation are also reported by other authors, who 
link them to a previous infection seen as a provoking factor 
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of dissection [26]. Higher levels of orosomucoid (a marker 
of inflammation) during the first 3 months of CeAD are also 
evident of inflammatory response induced by dissection. In 
our study, the levels of CTD biomarkers were higher in the 
patients with multiple dissections than in the individuals with 
one dissected artery, indicating more pronounced connective 
tissue damage in the former that led to multiple dissections. 
TIMP-1, an enzyme that blocks matrix proteinases, was higher 
in the patients examined after 3 months into dissection than in 
those examined  in the first 3 months, which apparently was 
indicative of the reparative stage.

In patients with arterial wall dysplasia, ICA/VA dissection can 
be provoked by a number of factors, including head movements, 
minor head injury, physical exertion, acute respiratory infection 
in the month preceding dissection, birth pills, elevated blood 
pressure, alcohol consumption immediately before dissection, 
weight loss pills, long and frequent plane journeys [1, 5, 22]. In 
our patients, neck movements and physical exertion were the 
most frequent provoking factors (42%), occurring more often 
in the individuals with VA dissection (61%) than in those with 
ICA dissection (27%). Some researchers suggest the provoking 
role of manual therapy [5], which some of our patients had 
received immediately before dissection, as well as the role of 
neck injuries [6, 7]. VA is especially vulnerable at the moment 
of neck movement because of its fixation inside the vertebral 
canal. Because of low elasticity of the dysplastic arterial wall, 
artery stretching during neck/head movement leads to intimal 
tears at the sites where the artery is attached to the surrounding 
structures. In our patients, minor head injury preceded ICA 
dissection more often (14%) than VA dissection (5%); this finding 
is consistent with the reports of other researchers [5]. Head 
injury causes brain displacement relative to the skull, which is 
accompanied by tension of the intracranial ICA segment and 
causes an intimal tear at the level where ICA enters the scull 
and fixed to the bones. This is a common site of IMH formation. 

Recent infection (most commonly, acute respiratory 
infection), which is considered to be a provoking CeAD 
factor, was found in 14% of our patients. In young patients 
with ischemic stroke unrelated to dissection recent infection 
is not so frequent, which confirms its provoking role in 
CeAD [27]. Infection is accompanied by elevated leukocyte 
proteolytic enzymes and increased concentrations of matrix 
metalloproteinases that induce protein degradation in the 
extracellular matrix of the arterial wall and cause endothelial 
damage [26, 27]. Elevated levels of MMT-9 and orosomucoid 
revealed in our patients confirm this mechanism of provoking 
action of infection.

Contraceptive pills as a factor provoking dissection was 
detected in 12% of female participants, which is less common 
than in European studies [6, 7]. The mechanism underlying 
the effect of contraceptives on the arterial wall is unknown; 
perhaps they aggravate dysplastic changes in the arterial wall, 
predisposing it to dissection. 

Some authors point to the role of seasonal weather 
changes because CeAD occurs in cold periods more often. 
It is hypothesized that elevated arterial pulse pressure and 
frequent respiratory infections at the cold time of the year may 
provoke arterial dissection [28, 29]. In our study we did not find 

any significant differences in the CeAD incidence between the 
months of the year and did not detect any associations with 
infections. Atmospheric instability in general and air pressure 
fluctuations in particular are common to all seasons in the 
middle part of Russia, where the majority of our patients were 
residing. Perhaps, low atmospheric pressure is a pathogenically 
important environmental factor since it causes arteries to 
dilate. In this case, an intimal tear can occur at the site of more 
severe morphological changes (defects of the internal elastic 
membrane, a thin tunica media with few elastic fibers, areas of 
fibrosis, myocyte necrosis).

Although the mechanism of action is clear for most 
provoking factors, there is still no explanation as to why CeAD 
recurrences are rare, given that these factors are very common 
in everyday life (head turns, physical exercise, respiratory 
infections, etc.) and that, according to our morphological data, 
dysplasia involves all brain suppling arteries. Recurrences 
verified by neuroimaging occurred in 12.1% of our patients, 
usually in the first 35 days of CeAD (7.3%); in the few months 
that followed (within a year) their frequency was 1.5%. Further 
relapses developed in 3.3% of patients within 5 to 10 years. 
The true recurrence rate in the first month of CeAD seems to be 
higher, since the first neuroimaging examination carried out in 
this period revealed multiple dissections in 22% of our patients. 
According to other authors, relapses occur more often in the 
first weeks of the disease, and their frequency is less than 3%. 
The late-term recurrence rate among 200 patients observed for 
7.4 years was 7% [30].

The highest recurrence rate in the first month after dissection 
and the low recurrence frequency in later follow-up periods 
allowed us to hypothesize the existence of critical periods 
when the arterial wall weakens and becomes susceptible to 
dissection.  Along with infection and hormonal changes seen 
in a number of our patients, some endogenous metabolic 
disorders leading to degradation of the extracellular matrix, 
necrosis of myocytes in media, and impairment of  fibroblast 
function, seem to be important [13]. From the standpoint of 
our concept that sees mitochondrial cytopathy as a cause of 
arterial wall dysplasia [24], a parallel can be drawn to an energy 
crisis characteristic of mitochondrial diseases, which could 
explain the low rate of late and the high rate of early dissection 
recurrences.

CONCLUSIONS

Arterial wall weakness due to its dysplasia predisposes 
patients to CeAD; the morphological changes in the arterial 
wall in CeAD are similar to those in FMD. 2. Endogenous and 
exogenous factors can severely aggravate dysplasia, which at 
a critical point can lead to spontaneous or provoked arterial 
dissection. 3. The critical period lasts about a month; this is 
when recurrences are most likely to happen. In order to prevent 
them, it is important to avoid abrupt head movements and wear 
a neck orthosis. 4. A repeated MRI scan of cervical arteries is 
recommended at the end of the first month to catch a possible 
clinically asymptomatic recurrence. 5. Further research into 
the pathogenesis of arterial wall dysplasia in CeAD  will help to 
develop  a pathogenetically based preventive treatment.
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