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ABSTrAcT

Aneurysms of theaortic arch branches  and vessels of the upper extremities are dangerous and there is a 
high probability of mortality due to rupture of the aneurysm or stroke. The indication is surgical treatment, 
regardless of the age and size of the aneurysms. The frequency of deaths and strokes that occurred during op-
erations for carotid artery aneurysms is about 2%, which is associated with distal embolism of intracerebral 
vessels and the contents of the aneurysm cavity.

One of the most common causes of aneurysms of the branches of the aortic arch and vessels of the upper 
extremities are atherosclerosis, nonspecific aortoarteritis and posttraumatic aneurysms.

The study included 38 patients with aneurysms of the branches of the aortic arch and arteries of the upper 
extremities operated in the vascular surgery department over the past 10 years, whose total age ranged from 
19 to 76 years. There were 84% men, 16% women. Aneurysms of the carotid arteries and its branches (tem-
poral artery) were diagnosed in 58%, subclavian arteries in 16%, arteries of the upper extremities in 26%.

The size of aneurysms of the branches of the aortic arch and arteries of the upper extremities ranged from 
2.5 cm to 10 cm. The average size is 6.3±1.8 cm.

When choosing the method of treatment of aneurysms of the branches of the aortic arch and arteries of the 
upper extremities, preference was given to performing reconstructive operations without the use of additional 
materials, which were performed in 52% cases), in 13 of these cases, excision of a false aneurysm with stitch-
ing of the defect was performed, in 6 of these cases, resections of aneurysms with end-to-end anastomosis 
were performed. In 48% cases, operations with the use of synthetic materials and autovenous plastic surgery 
were performed, and endovascular interventions were also performed in 4 cases.

The most frequent type of surgery performed is resection of an aneurysm with a lateral suture – 34% 
cases. Resection of the anastomosis aneurysm at the end of the arteries – 16%, and prosthetics – in 8% cases  
(synthetic alloprosthetics in one and with autovenous prosthetics in two cases). After resection of subcla-
vian artery aneurysm due to large diastasis of blood flow, reconstruction was performed by bypass surgery 
or prosthetics. Arterial aneurysm resection with autovenous patch was performed in 13% cases, and with 
allosunting – in 8% cases. Excision of an aneurysm of the axillary artery on the left with the restoration of 
a synthetic patch – in 5% cases. Ligation of an aneurysm in the temporal artery was performed in 2 cases 
(5%), this type of operation was performed with an aneurysm of non-main vessels, as well as in vessels with 
collateral blood flow in the distal area of the vessels. Implantation of a stentgraft into the right subclavian 
artery – in 3 cases (8%). X-ray endovascular embolization of aneurysm – in 3% case.

Positive results in the postoperative period were observed in 92% patients. One (3%) patient developed 
complications in the form of hematomas after aneurysm resection. In 5% cases - lymphorrhea after excision 
of a false aneurysm.

keywordS: . aneurysms of the aortic arch branches and artery of the upper extremities, surgical 
treatment, X-ray endovascular intervention, aneurysm embolization.
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erty M et al., 1995; Pinho Esteves F et al., 2013].
The prevalence of SCAA in some cases are 

completely asymptomatic, especially with an in-
tra-thoracic location of the aneurysmal sac. The 
most common symptoms of SCAA are chest and 
shoulder girdle pain, neurological manifestations 
in the limb due to compression of the brachial 
plexus. It is often possible to detect a triad of 
symptoms characteristic of an aneurysm: pain, the 
presence of a pulsating tumor and systolic noise. 
Differential diagnosis in SCAA is required in the 
presence of Gorner syndrome in patients with neu-
rogenic tumors of the neck and mediastinum [Pai-
rolero P et al., 1981; Bicheng Zh et al., 2010]. In-
dications for surgical interventions remain in all 
cases of aneurysms of the branches of the aortic 
arch and arteries of the upper extremities, regard-
less of its localization, this is due to the threat of 
complications threatening cute cerebrovascular ac-
cident, limb loss, bleeding or death.

The study aimed to improve the diagnosis and 
results of surgical treatment of patients with aneu-
rysms of the aortic arch branches.

mATeriAl ANd meThodS

Totally 38 patients with aneurysms of segments 
of the aortic arch branches and arteries of the upper 
extremities were operated on in the Department of 
Vascular Surgery of the National Scientific Center 
of Surgery named after A.N. Syzganov, from 2000 
to 2019. The patients were 19 to 76 years-old; the 
average age was 43±6.5. There were 32 men 
(84%), 6 women (16%) (Table 1).

Based on table 2, the most common cause of 
aneurysm development was atherosclerosis in 31 
(2%) patients, in second place – posttraumatic 
false aneurysm in 4 cases (10%) and in third place 
nonspecific aortoarteritis in 3 cases (8%). 

By localization (table 3) carotid artery aneu-
rysms (common carotid artery, extracranial ca-
rotid artery, internal carotid artery) were diag-
nosed in 20 (44%) patients, branches of the ca-
rotid artery (Temporal artery) in 2 cases (5%), 
subclavian – in 6 (17%), arteries of the upper ex-
tremities – in 10 (28%).

The size of aneurysms of the branches of the 
aortic arch and arteries of the upper extremities 
ranged from 2.5 cm to 10 cm. The average size is 
6.3±1.8 cm.

Performing reconstruction on the arteries in all 
cases of aneurysms of the branches of the artery 
arch is the only way to preserve the main circula-

iNTroducTioN

Aneurysms of the branches of the aortic arch 
are relatively less common than other peripheral 
vessels. More often, aneurysms of this localization 
have an atherosclerotic etiology, whereas degen-
erative vascular changes occur in systemic dis-
eases. Thus, the frequency of true carotid artery 
aneurysms, according to various data [El-Sabrout 
R et al., 2000; Goldstone J et al., 2005], ranges 
from 0.4 to 4% of all peripheral artery aneurysms, 
operations for which are performed in practice 
only in 0.1-2% of all carotid artery interventions 
[McCollum C et al.,1972].

Totally 37 patients with internal carotid artery 
(ICA) aneurysms were reported over a 21-year 
follow-up period – about 35 patients over 24 
years [Moreau P et al., 1994]. Moreover, both au-
thors describe the classic variant of the athero-
sclerotic etiology of the disease. In the absolute 
majority of cases, true aneurysms of the internal 
carotid artery are small and asymptomatic, as a 
result of which they can lead to a sudden acute 
violation of cerebral circulation and death. In re-
cent years, there have been reports of a combina-
tion of aneurysm with kinking of the internal ca-
rotid artery [Gaibov A et al., 2007; Arakelyan V et 
al., 2013]. Over the past three decades, endovas-
cular methods of treating aneurysms of all local-
izations, including ICA, have been actively de-
veloping, and a case of using hybrid techniques 
with an aneurysmal sac close to the bone canal 
has been described [Wong E et al., 2010].

The prevalence of subclavian artery aneurysm 
(SCAA) is also low, only a few isolated cases in the 
form of clinical observations are presented in the 
available literature. Most of them relate to SCAA of 
traumatic origin [Dent T et al., 1972]. The most ex-

tensive review is presented by M. 
Dougherty and co-authors in 1995. 
It provides information about 64 
patients in whom 70 subclavian ar-
tery aneurysms were detected. 
About 60% of them had atheroscle-
rotic etiology, 25% were caused by 
infection (15% – syphilis, 10% – 
tuberculosis). Marfan syndrome 
and cystic media necrosis ac-
counted for 10% of cases [Dough-
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tion in the area of distal localization of the aneu-
rysm, regardless of its localization, this is due to 
the threat of complications threatening cerebro-
vascular accident, limb loss, bleeding or death. 
when performing operations on brachiocephalic 
arteries, a Matass test was performed to deter-
mine the tolerance of the brain to ischemia. Re-

gardless of this result, hypothermia and a drug 
method were performed if necessary.

The most frequent type of surgery performed is 
resection of an aneurysm with a lateral suture – 13 
cases (34%) (Table 4). Resection of the anastomo-
sis aneurysm at the end of the arteries – 6 (16%), 
and prosthetics – in 3 cases (8%) (synthetic allo-
prosthetics in one and with autovenous prosthetics 
in two cases). After resection of subclavian artery 
aneurysm due to large diastasis of blood flow, re-
construction was performed by bypass surgery or 
prosthetics. Arterial aneurysm resection with auto-
venous patch was performed in 5 cases (13%), and 
with allosunting – in 3 cases (8%). Excision of an 
aneurysm of the axillary artery on the left with the 
restoration of a synthetic patch – in 2 cases (5%). 
Ligation of an aneurysm in the temporal artery was 
performed in 2 cases (5%), this type of operation 
was performed with an aneurysm of non-main ves-
sels, as well as in vessels with collateral blood 
flow in the distal area of the vessels. Implantation 
of a stentgraft into the right subclavian artery – in 
3 cases (8%). x-ray endovascular embolization of 
aneurysm – in 1 case (3%).

TABle 1
Distribution of patients depending on age

Age groups Number of Patients
19-20 1
21-30 3
31-40 4
41-50 6
51-60 12
61-76 12
Total 38

NoTe: average age 43 years

TABle 2
Distribution of patients depending on the causes 

of aneurysm development
Etiological factors Number of patients

Total Men women
n. % n % n. %

Atherosclerosis 31 82 27 71 4 10.5
Nonspecific 
aortoarteritis

3 8 1 2.5 2 5.5

Post-Traumatic 
False aneurysm

4 10 4 10.5 0 0

Total 38 100 32 84 6 16

TABle 3
Distribution of patients depending on 

localization
No Localization of aneurysm quantity %
1 Common carotid arteries 8 21
2 Temporal artery 2 5
3 External carotid arteries 3 8
4 Internal carotid arteries 9 23.5
5 Subclavian artery 6 16
6 Brachial arteries 4 10.5
7 Ulnar artery 3 8
8 Axillary artery 3 8

Total 38 100

TABle 4
Distribution of patients depending on the type 

of surgery
Type of operation quantity %

Excision of a false aneurysm with 
autovenous prosthetics 2 5

Excision of a false aneurysm 
alloprosthetics with a synthetic 
prosthesis

1 3

Excision of a false aneurysm with 
suturing of the defect 13 34

Aneurysm resection and bypass 
surgery 3 8

Excision of an aneurysm of the 
axillary artery on the left with the 
restoration of a synthetic patch

2 5

Resection of an artery aneurysm  
with an autovenous patch 5 13

Resection - with end-to-end 
anastomosis 6 16

Implantation of a stent graft into the 
subclavian 3 8

x-ray endovascular embolization of 
aneurysm 1 3

Ligation of an aneurysm in the 
temporal artery 2 5

Total 38 100
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Positive results in the postoperative period were 
observed in 5 (92%) patients. 1 (3%) patient devel-
oped complications in the form of hematomas after 
aneurysm resection. In 2 (5%) cases – lymphor-
rhea after excision of a false aneurysm.

Assessment of immediate and long-term results
we evaluated the immediate and long-term results 

of surgical treatment by preserving the main circula-
tion in the area of distal aneurysm localization.

Thus, in the long-term postoperative period, 
positive clinical results in patients after the opera-
tions performed by us were 92% (p>0.05). One pa-
tient (2.5%) developed a complication in the form 
of a hematoma after resection of an aneurysm due 
to post-traumatic aneurysm. In 2 (5.5%) cases – 
lymphorrhea after excision of a false aneurysm 
due to changes in local tissue and the size of the 
aneurysm. There were no fatal outcomes in the 
postoperative period.

Performing reconstruction on the arteries is the 
only way to preserve the main circulation in the 

area of distal localization of the aneurysm.

coNcluSioN

Surgical treatment of aneurysms of the branches 
of the aortic arch is a difficult task. The treatment 
plan is determined by a number of clinical factors 
and a strictly individual approach to each patient. 
Endovascular treatment is the main one in patients 
with ICA aneurysms, while microsurgical tech-
niques can help in complex, non-standard cases 
when endovascular treatment seems ineffective or 
technically impossible. The planning of surgical 
treatment must necessarily assume the possibility 
of a revascularization procedure, which may be-
come necessary during the intervention. It is advis-
able to treat patients with large and giant aneu-
rysms of the branches of the aortic arch in special-
ized centers that have the appropriate experience 
and technical capabilities for surgical, endovascu-
lar and combined staged treatment.

figure 1. The results of the examination of aortic arch branches and the presence of carotid artery aneurysm
(a) – angiogram of the aneurysm of the cervical portion of the internal carotid artery, measuring 5.0×4.0 centimeters; (b)– 
schematic image of intraoperative internal carotid artery, (c) – schematic representation of micropreparation of the internal 
carotid artery aneurysm, (d) – after resection of the internal carotid artery aneurysm with autovenous plastic surgery
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cliNicAl cASe 1

Patient P.Zh., 44-years-old. Complaints of pain 
and the presence of throbbing in the neck on the 
right, dizziness, headaches, hoarseness of voice, 
periodic pain during the act of swallowing.

Considers himself ill for 1 year. when the above 
complaints first appeared, she went to the poly-
clinic at her place of residence, where it was re-
garded as submandibular lymphadenitis, received 
conservative treatment without effect. In this con-
nection, she was sent to an oncologist’s consulta-
tion, where she was examined and sent to a vascu-
lar surgeon at the National Scientific Center for 
surgery named after A.N. Syzganov where the aor-
tic arch branches were examined and a carotid ar-
tery aneurysm was detected (Fig.1).

angiological status: In the area of bifurcation 
of the carotid artery on the right, a pulsating tu-
mors measuring 5x5 cm is determined. Ausculta-
tively, systolic noise is heard above it.

Operation: Resection of the internal carotid ar-
tery aneurysm with autovenous plastic surgery.

cliNicAl cASe 2

Patient S.S.S., 43-years-old. Diagnosis: Idio-
pathic saccular aneurysm of the internal carotid 
arteries on the left.

Diagnosis: Idiopathic saccular aneurysm of in-
ternal carotid arteries on the left of multi-slice spi-
ral computed tomography of the cavernous arterio-
venous malformation on the left of the internal 
carotid artery and the jugular vein. The coiling on 
the right is internal carotid artery. measuring 

2,3×2,4 cm in diameter
Operation: Resection of an aneurysm of the in-

ternal carotid arteries on the left with autovenous 
prosthetics.

Complaints about the presence of a pulsating 
tumor in the cervical region on the left, discomfort 
when turning the head. According to the patient, 
she fell ill in April 2019, the disease is associated 
with a sharp turn of the head, after which a tumor-
like tumors appeared in the cervical region on the 
left. She was examined on an outpatient basis for 
CT of the neck vessels from 30.04.2019 (Fig. 2).

conclusion: CT pattern is most characteristic of 
cavernous arteriovenous malformation of the left 
ICA and jugular vein. Coiling on the right of the 
ICA. 02.05.2019 consulted by the head of depart-
ment. vascular surgery of the National Scientific 
Center for Surgery named after Syzganov recom-
mended surgical treatment. The general condition of 
the patient is of moderate severity. The heart tones 
are muted; the rhythm is correct. Blood pressure on 
the left upper limb is not determined, on the right 
120/80 mmHg, heart rate 76 per minute.

local status: Palpation in the cervical region 
on the left shows a pulsating tumor up to 3.0 cm in 
diameter. Computed tomography from 30.04.2019: 
CT picture is most characteristic of cavernous arte-
riovenous malformation of the left ICA and jugular 
vein. Coiling on the right of the ICA. 

Ultrasound of ICA from 04/24/2019: Left: ICA 
aneurysm (2.0*3.0), partially thrombosed, with 
blood circulation in it. 

Ultrasound of lymph nodes from 22.04.2019: 
ultrasound signs of enlarged cervical lymph nodes 

figure 2. Idiopathic saccular aneurysm of internal carotid arteries on the left
 A, B - schematic image, patient S.S.S., 43-years-old

A

A B



40

The New ArmeNiAN medicAl JourNAl, Vol.16 (2022), No 1, p. 35-42Khanchi Mead et al.

on the left (differentiate with pathology of the ca-
rotid arteries, less likely). On 25.06.2019, the op-
eration was performed: Revision. Excision of an 
aneurysm of the internal carotid artery on the left. 
Carotid endarterectomy on the left. Prosthetics of 
the internal carotid artery with an autovenous 
patch from the ven saphena magna on the left.

Endovascular surgical interventions
with the advent of minimally invasive endovas-

cular techniques, such treatment methods as embo-
lization of the aneurysm cavity with its subsequent 
thrombosis, implantation of a stent graft, allowing 
to avoid open surgical interventions, began to be 
used. However, there are a number of factors that 
do not allow the use of these techniques: the con-
voluted course of the artery, the distal location of 
the aneurysm, the absence of a zone for stent im-
plantation. All these factors often force us to aban-
don minimally invasive techniques and apply the 
classic version of surgical treatment.

x-ray endovascular surgery was performed in 
4 cases. In 3 cases – the use of a stentgraft and in 
one case - x-ray endovascular embolization of 
an aneurysm.

cliNicAl cASe 3

Patient P.Zh , 59-years-old. Diagnosis: Post-
traumatic aneurysm of the right thyroid trunk 
(Fig. 3). Operation: x-ray endovascular emboli-
zation of a thyroid aneurysm complaints of the 
presence of a tumor-like pulsating tumors in the 
supraclavicular region on the right, moderate 
soreness, increased blood pressure to 220/110 
mmHg, weakness, malaise.

In June 2018, he was injured (fell at home), an 
open reposition of the right clavicle and osteosyn-
thesis of the right humerus was performed at the 

place of residence due to a fracture, 2 months later 
he noted a bulge above the place of surgery, was 
observed by a traumatologist at the place of resi-
dence, in December 2018 the metal structure was 
removed at the city hospital, was consulted by an 
angiosurgeon. On 31.01.2019, the angiosurgeon of 
the A.N. Syzganov National Research Medical 
Center consulted on the “teleconference”, The 
general condition of moderate severity due to the 
underlying disease. Clear consciousness, sitting 
position in bed. Heart rate – 78 per minute. Tongue, 
moist, normal color.

Locally: on examination, there are n/a surgical 
scars in the projection of the right clavicle and in /3 
of the humerus, a convex aneurysm measuring 7.0 x 
8.0 cm on the right above the clavicle, moderately 
painful on palpation, systolic noise with periods of 
“cat purring” on auscultation, the distal pulse above 
the radial and ulnar arteries is preserved, the pa-
tency of other main arteries is preserved.

cliNicAl cASe 4

Patient P.Zh., 43-years-old Diagnosis: Post-
traumatic aneurysm of the right subclavian artery. 
-Complaints upon admission: the presence of a 
pulsating tumors of the right supraclavicular re-
gion, periodic pain, cold, chilliness of the upper 
limb. (Fig. 4)

Operation: Implantation of a stentgraft in the 
right subclavian artery.

Course of intervention: after treatment of the 
surgical field under local anesthesia (Sol. Lido-
caini 0.5% - 2 ml), the radial artery on the left side 
of the Seldinger was punctured and catheterized. 
Next, a JR type catheter was carried out and in-
stalled in the proximal third of the subclavian ar-
tery and angiography of the left upper limb was 

figure 3. Post-traumatic aneurysm of the right thyroid trunk
(a) – Angiogram, Patient P.Zh., 59-years-old. Schematic representation of post-traumatic aneurysm of the right 
thyroid trunk, aneurysm measuring 7.0 × 8.0 cm, (b) - X-ray, endovascular embolization of an aneurysm of the thy-
roid trunk, (c) - schematic representation after endovascular embolization of a thyroid aneurysm

A B c
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performed, in which an aneurysm with a diameter 
of 11 m and a length of 57 mm was detected in the 
middle third of the subclavian artery.

An “Amplatzer Super Stiff” conductor, 0.35, 
260 cm long, was passed through the catheter. 
Next, a JR type catheter was removed and a trans-
ferical Advante stent graft 7.0 mm ×59.0 mm was 
delivered along the conductor. Positioning of the 
stent graft under the control of angiography and 
x-ray examination for the discharge of the left ver-
tebral artery. Postdilation was performed in the 
middle third under a pressure of 18.0 atm. The bal-
loon has been removed.

with control angiography, the implanted stent 
graft is completely passable. The defect of the sub-
clavian artery in the middle third is completely 
closed, the aneurysm is not contrasted.

ANeurySmS of The ArTerieS of The uPPer ex-
TremiTieS

when choosing a method of treatment with an-
eurysms of the arteries of the upper extremities, 
preference was given to performing reconstructive 
surgery to restore hemodynamics in the limbs of 
patients.

Aneurysms of the arteries of the upper extremities 
were in 10 cases. Aneurysm resection with autove-
nous brachial artery plasty was performed in 6 cases, 
and autovenous prosthetics - in 2 cases, aneurysm re-
section with end-to-end anastomosis – in 1 case.

cliNicAl cASe 5

Patient 65-year-old with a diagnosis of an aneu-

rysm of the brachial ulnar artery. The patient un-
derwent revision of the radial artery. During the 
revision, multiple arteriovenous fistulas are noted. 
Considering multiple arteriovenous fistulas, there 
is a high risk of intraoperative and postoperative 
bleeding. In this connection, it is recommended to 
conduct multi-stage surgical treatment of endovas-
cular embolization. After embolization of arterio-
venous fistulas, resection of the radial artery aneu-
rysm is recommended.

Thus, in the postoperative period, patients had 
positive clinical results after the surgery performed 
by us - 92%. 1 (2.5%) developed a complication in 
the form of a hematoma after resection of an aneu-
rysm. In 2 (5.5%) cases - lymphorrhea after exci-
sion of a false aneurysm.

Performing reconstruction on the arteries is the 
only way to preserve the main circulation in the 
area of distal localization of the aneurysm.

In 19 (53%) patients, long-term results after sur-
gical treatment were studied in terms from 6 months 
to 5 years. It was difficult to assess the long-term 
results of treatment in full, since there was a large 
migration of the population and some patients live 
in other regions of the Republic or have moved to 
other countries. According to the indications, if nec-
essary, repeated hospitalization of patients was car-
ried out to resolve the issue of surgical treatment. 
we recommend dynamic follow-up, conservative 
therapy courses, and smoking cessation to all pa-
tients after surgery. However, in many cases, the 
recommendations were not implemented.

For a more objective assessment of the results 

figure 4. Post-traumatic aneurysm of the right subclavian artery
(a) - Schematic image of angiography. patient P.Zh ,43-years-old. Diagnosis: Post-traumatic aneurysm of the right 
subclavian artery and implanted stent graft stage, subclavian artery aneurysm, with a diameter of 11 m and a length 
of 57 mm, (b) - Schematic representation of the control angiography of the implanted stent graft is completely pass-
able. The defect of the subclavian artery in the middle third is completely closed, the aneurysm is not contrasted
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of surgical treatments, the results of reconstructive 
operations on the brachiocephalic arteries and in 
the upper limb artery basin were evaluated sepa-
rately. The results of reconstructive operations on 
the carotid arteries were studied in 26 patients (a 
total of 38 were operated on). In the long-term pe-
riod after operations on the branch of the aortic 
arch, blood circulation in the operated hemisphere 
was noted in 2 patients, of which 1 patient had ep-
isodes of transient ischemic attacks, and strokes - 
in 1 patient. In the long-term results of reconstruc-
tive operations on the upper extremities, in 1 case, 
insignificant stenosis was noted, which, after a 
course of conservative treatment, blood circulation 
was restored.

coNcluSioN

Surgical treatment of aneurysms of the branches 
of the aortic arch and arteries of the upper extrem-
ities is a difficult task. The treatment plan is deter-

mined by a number of clinical factors, anatomical 
location and also requires a strictly individual ap-
proach to each patient. Endovascular treatment is 
the main treatment in patients with ICA aneurysms, 
while surgical techniques can help in complex 
non-standard cases when endovascular treatment 
seems ineffective or technically impossible. The 
planning of surgical treatment must necessarily as-
sume the possibility of a revascularization proce-
dure, which may become necessary during the in-
tervention. It is advisable to treat patients with 
large and giant aneurysms of the branches of the 
aortic arch in specialized centers that have the ap-
propriate experience and technical capabilities for 
surgical, endovascular and combined staged treat-
ment. Timely surgical intervention reduces the risk 
of disability and complications in patients with an-
eurysms of the branches of the aortic arch and ar-
teries of the upper extremities.
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