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ANNOTATION. Computed tomography (CT) of the brain and CT angiography 

(CTAG) are generally accepted radiological diagnostic methods in the examination of 

patients with suspected acute intracerebral hemorrhage (ICH) due to ruptured cerebral 

aneurysms (CAA). There are various protocols for performing CT and CTAG, in 

particular, the study area can be limited only to the brain area or include the 

brachiocephalic arteries (BCA) with the aortic arch in order to diagnose concomitant 

vascular pathology. Purpose of the study: To determine the contribution of CTAG in 

identifying the pathology of the extracranial parts of the BCA and its clinical significance 

in patients examined for acute intracerebral hemorrhages due to rupture of the ABM. 

Material and methods: The study included 275 patients treated in the neurosurgical 

department of the State Budgetary Healthcare Institution Research Institute - KKB No. 1 

named after. prof. S.V. Ochapovsky " of the Ministry of Health of the Krasnodar Territory 

for acute non-traumatic intracranial hemorrhage ( nICH ) due to rupture of the ABM, from 

September 2017 to August 2020. All patients underwent CT and CTAG. With CTAG, the 

scanning area included both intracranial and extracranial arteries (from the level of the 

aortic arch to the skin of the crown). The presence and forms of pathological changes in 

the BCA (stenoses, occlusions, pathological bends, hypoplasia) were analyzed. Results: 

Atherosclerotic lesions of the internal carotid arteries and vertebral arteries were 

diagnosed in 95 patients (34.5% of the total number of patients included in the study). In 

13 (4.7%) stenoses were hemodynamically significant. A high frequency of pathological 

bends of the BCA (122 patients, 44.3%) and hypoplasia of the vertebral arteries (59 cases, 

21.5%) was revealed. It was found that the presence of BCA stenoses and congenital 

anomalies of the vertebral (but not carotid) arteries was associated with a higher incidence 

of adverse outcomes after endovascular treatment of AGM. Conclusion: The CTAG 

protocol for acute nICH should include examination of the arteries of both the head and 

neck (up to the aortic arch). This algorithm makes it possible to identify a significant 

number of concomitant anomalies of the BCA, which are of great importance in planning 

and successful implementation of endovascular treatment of intracranial AGM. Key 

words: CT angiography, aneurysm, subarachnoid hemorrhage, atherosclerosis of the 

brachiocephalic arteries, developmental anomalies of the brachiocephalic arteries 
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Introduction. Computed tomography (CT) of the brain and CT angiography 

(CTAG) are common methods of radiological diagnosis in the examination of patients 
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with suspected acute non-traumatic intracranial hemorrhage ( nICH ) due to rupture of 

cerebral artery aneurysms (CAA) [1–17]. In practice, various protocols for performing 

CT and CTAG are used, in particular, the area of study with CT can be limited only to the 

brain area or also include the brachiocephalic arteries (BCA) with the aortic arch in order 

to diagnose concomitant vascular pathology. Until now, there has been no consensus 

regarding the optimal approach to choosing a CTAG protocol for emergency 

examinations of such patients. It is important to note that existing international and 

domestic recommendations mainly suggest performing CT and CTAG of the brain in 

AGM, without mentioning the need to study BCA in the acute period of the disease [1, 6, 

9]. At the same time, there are few studies indicating a high incidence of pathology of 

extracranial arteries in patients with ischemic and hemorrhagic strokes [10–17]. There are 

practically no studies assessing the role of CTA in identifying anomalies of the BCA in 

patients with ruptures of the AGM. Accordingly, the purpose of this work was to 

determine the contribution of CTAG in identifying the pathology of the extracranial parts 

of the BCA and assessing its clinical significance in patients examined for acute 

intracerebral hemorrhages due to rupture of cerebral aneurysms. Material and methods 

Retrospectively, the study included 275 patients (143 men, 132 women) aged from 31 to 

85 years (mean age 55 ± 8.4 years), for acute non-traumatic intracranial hemorrhage due 

to rupture of the ABM from September 2017 to August 2020 d. All patients were delivered 

to the emergency room in the acute period of ABM rupture. Upon admission, all of them 

underwent non-contrast CT of the brain. Using native CT, the fact of nICH was confirmed 

. When the diagnosis of acute hemorrhage was confirmed, all patients immediately 

(within 30 minutes) underwent combined CTAG of the cerebral arteries and extracranial 

BCA to the level of the aortic arch. Native CT was performed using standard techniques 

on 64 or 256-row tomographs from various manufacturers. The study was performed with 

the patient lying on his back, the scanning direction was craniocaudal (head towards the 

gantry ). The slice thickness was 2 mm. Reconstructions were performed using soft tissue 

and bone “cores.” CTAG of the cerebral arteries and BCA was performed on a two-tube 

256-slice Definition Flash computed tomograph (manufactured by Siemens Healthineers 

, Germany). The patient's position was chosen as during native scanning. The study area 

was planned using two digital topograms in frontal and lateral projections, from the aortic 

arch to the crown. The scanning direction is caudocranial . The contrast agent was 

administered through a peripheral venous catheter (size 16–18G) connected to an 

automatic bulbless syringe injector ( Ulrich , Germany). The rate of administration of the 

contrast agent was selected within the range of 4–5 ml/s, depending on the condition of 

the patient’s peripheral veins and the size of the installed catheter. The volume of 

administered nonionic contrast agent with a concentration of 300–350 mg/ml was 50–70 

ml. The start of the scan was controlled using an automatic bolus tracking program, the 

region of interest was located at the level of the aortic arch, and the threshold density 

increase in blood density with contrast was set at 100 HU. The slice thickness was 0.75 

mm, pitch 0.6 mm (overlap 0.15 mm). Reconstructions were built using high and low 

energies – 100 kV and 140 kV . When analyzing images, multiplanar reconstructions and 

maximum signal intensity projections with a thin layer were performed. The objectives 

of the analysis of serial sections and reconstructions obtained from CTA were: – Search 
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for arterial aneurysms (AA) or arteriovenous malformations (AVM) of the cerebral 

arteries as probable sources of intracerebral hemorrhage (ICH) or subarachnoid 

hemorrhage. 

intracranial AGMs were identified using CTA . Based on the results of radiological 

studies, aneurysm clipping using a microsurgical approach was performed in 264 patients, 

and aneurysm embolization was performed in 11 patients. According to the nature of the 

pathology identified by CTA, patients with BCA anomalies were divided into 5 groups: 

Group 1 – atherosclerotic lesions of the carotid arteries. Group 2 – atherosclerotic lesions 

of the vertebral arteries. Group 3 – pathological tortuosity of the carotid arteries. Group 

4 – pathological tortuosity of the vertebral arteries. Group 5 – hypoplasia of the vertebral 

arteries. In group 1, 34.5% of patients (n = 95) with intracranial AGM were diagnosed 

with atherosclerotic changes in the internal carotid arteries (ICA) in the form of calcified, 

mixed and soft plaques, causing significant and insignificant stenoses. Atherosclerosis of 

the extracranial segments of the ICA was more often observed in women (n = 63) aged 

from 31 to 83 years (average age 62 years), in men (n = 32) atherosclerotic plaques were 

detected at the age of 33–85 years (average age 55 years) . 

Discussion The results of the study indicate a high incidence of congenital or 

acquired pathology of the BCA in patients with acute nICH as a result of rupture of the 

AGM. Approximately one third of patients (34.5%) with nICH had atherosclerotic lesions 

of the brachiocephalic arteries, and hemodynamically significant stenoses or occlusions 

were found in 10.6%. In 21.5% of patients, variants of the development of BCA were 

identified in the form of pathological bends or hypoplasia of the vertebral arteries. The 

results of the study demonstrated the unfavorable effect of the presence of significant 

stenoses of the carotid or vertebral arteries on the outcomes of endovascular treatment of 

AGM. Hypoplasia and vascular loops of the vertebral arteries were also associated with 

a higher mortality rate in patients who underwent surgical treatment of AGM. On the 

other hand, pathological carotid tortuosity has not been shown to be associated with 

adverse treatment outcomes for AGM. Considering the fact that in all leading centers 

involved in the emergency treatment of AGM in acute nICH (including the Research 

Institute - Clinical Clinical Hospital No. 1), the main method of treatment is microsurgical 

clipping , the results of the work demonstrate that the vascular pathology of the BCA 

detected on CTAG, as a rule, is not an obstacle to emergency surgical treatment of sources 

of ICH, but the presence, type and severity of such changes must be taken into account. 

It should be noted that CTAG is highly informative in identifying and assessing the 

pathology of the BCA in patients with acute nICH - CAG was performed in rare cases to 

clarify the CTAG data. Modern scanners make it possible to simultaneously perform 

simultaneous CTAG of intracranial and extracranial arteries with high speed and quality 

[12, 13]. For this reason, we can come to a reasonable conclusion that the CTAG protocol 

for acute ICH should include both intracranial and brachiocephalic vessels. The results of 

the study are of great importance for planning and successful implementation of 

endovascular treatment of AGM [1, 6]. 

Conclusion 
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Thus, CTAG performed according to an extended protocol makes it possible to 

detect concomitant vascular pathology, avoid complications and choose the optimal type 

of surgical treatment (endovascular or surgical intervention). The results of this work 

indicate the need to use an expanded CTAG protocol when examining patients with nICH 

, which should be reflected in updated versions of clinical guidelines for the diagnosis of 

this pathology. 
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