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Abstract

Introduction: Mycotic subclavian artery aneurysms (SAAs) are a very rare disorder.

Aim: To provide an overview of current knowledge on clinical features, management strategies and outcome evaluations of
mycotic SAAs.

Material and methods: The study materials were based on comprehensive literature retrieval of publications of mycotic SAAs
published between 2000 and 2023.

Results: Contaminated mechanical injuries and abscess erosions of the arterial walls are mechanisms of mycotic SAAs. The
diagnosis relies on detection of pathogenic microorganisms by cultures or microbiological investigations of blood, other fluids and
infected tissues as well as medical imaging visualization. The indications for an interventional therapy were poor general condition,
high surgical risk, and rescue exclusion for a ruptured pseudoaneurysm. Three (9.1%) pre-treatment deaths were a result of sudden
rupture of the mycotic SAAs and thus they lost the opportunity of treatment. All post-treatment deaths occurred in the interven-
tional patient group, whereas the causes of death seemed to be unrelated to mycotic SAAs per se or to treatments of choice. Patient
outcome evaluations revealed no significant difference between different treatments of choice. No significant predictive risk factors
were responsible for patient outcomes.

Conclusions: Once a diagnosis of mycotic SAA is made, sensitive antibacterial drugs are applied immediately to control the
infection and control aneurysmal progression. Early treatment is conducted as soon as possible to avoid aneurysmal rupture. A deci-
sion on treatment of choice is made based on the patient’s specific condition. Antibacterial drug use is continued for about 6 weeks

after surgical or interventional therapy.
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Introduction

Subclavian artery aneurysms (SAAs) are very rare,
representing about 1% of peripheral arterial aneurysms
[1]. The underlying etiologies of SAA formation include
atherosclerosis, thoracic outlet syndrome, collagen disor-
ders, infection [2] and iatrogenic or traumatic injuries [3].
Most true SAAs are caused by atherosclerosis and thorac-
ic outlet syndrome, whereas trauma is a more common
etiology for pseudoaneurysms of the subclavian artery.

Mycotic SAAs are a very rare disorder [4]. A mycotic
aneurysm is an infection of the vessel wall, which can
be bacterial, fungal, or viral in origin [5]. It can affect any
arteries of the body and it may cause fetal consequenc-
es, such as aneurysmal expansion, aneurysmal rupture,
infection relapse and even deterioration, etc. [6]. It poses
challenges with regard to the diagnosis and treatment of

choice. In the literature, information on clinical features,
diagnosis, management and outcomes of this disorder
is limited.

Aim

This article aims to give an overview of current knowl-
edge on clinical features, diagnostic and management
strategies, and outcome evaluations of mycotic SAAs.

Material and methods

Comprehensive literature was retrieved from the
PubMed, Google Scholar and “Baidu” Scholar for articles
published from 2000 to 2023. The Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
statement guidelines were followed in this review. The

» o«

used search terms included “subclavian artery”, “aber-
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rant subclavian artery”, “lusorian artery”, “arteria lu-
soria”, “subclavian artery aneurysms”, “endovascular
interventional treatment”, “stent graft”, “coil emboliza-
tion”, “hybrid”, “surgical operation”, “hemoptysis”, and
“mycotic”, etc., in the literature search. The inclusion cri-
teria were prospective or retrospective studies, case se-
ries and case reports. The primary exclusion criteria were
publications: SAA of a non-mycotic cause (n = 4), my-
cotic aortic aneurysm (n = 2), subclavian stent infection
(n = 1), hybrid aortic arch repair (n = 1), mycotic pseu-
doaneurysm at the origin of the arterial brachiocephalic
trunk (n = 1), intra-lung-parenchymal mycotic pseudo-
aneurysm (n = 1), and lack of information of the SAA
patient (n = 1). As a result, a total of 31 articles were
included and 11 articles were excluded. The inclusion and
exclusion of literature retrieval are shown in Figure 1.

Statistical analysis

IBM SPSS statistics version 26.0 software was applied
for statistical analysis. The measurement data were ex-
pressed as mean * standard deviation and were com-
pared by the independent t test, while the categorical
data were expressed as numbers and percentages. Logis-
tic regression analysis was conducted to determine the
predictive factors of the outcomes of patients with an
SAA. P < 0.05 was considered of statistical significance.

Results

A total of 31 articles [7-37] were included, with 25
(80.6%) case reports and 6 (19.4%) small case series
[13, 22, 24, 25, 31, 35]. Unfortunately, no retrospective
or prospective research articles were available from the
literature.

Titles and abstracts identified and screened
(n=42)

Y
Full copies retrieved and assessed for eligibility
(n=42)

Excluded (n = 11):

» SAA of a non-mycotic cause (n = 4)

* Mycotic aortic aneurysm (n = 2)

« Subclavian stent infection (n = 1)

* Hybrid aortic arch repair (n = 1)

* Mycotic pseudoaneurysm at the origin of the
arterial brachiocephalic trunk (n = 1)

¢ Intra-lung-parenchymal mycotic pseudoaneu-
rysm (n=1)

« Lack of information of the SAA patient (n = 1)

Y

Y

Publications included in the review (n = 31)

Figure 1. Inclusion and exclusion of literature re-
trieval

SAA = subclavian artery aneurysm.
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There were in total 33 patients: 32 patients had a sin-
gle SAA, and 1 patient had multiple SAAs but the num-
ber of aneurysms of this patient was not given; however,
only one aneurysm of her multiple SAAs required inter-
ventional therapy [25]. Moreover, 2 patients with a sin-
gle SAA developed a recurrent aneurysm after the initial
interventional therapy [30, 33]. Thus, in total 35 SAAs of
33 patients were analyzed.

Patients were at the age of 49.7 +23.3 (range: 6-89;
median: 58) years (n = 33). There were 18 (54.5%) male
and 15 (45.5%) female patients. The etiologies of SAAs

Table I. Etiology of mycotic subclavian artery
aneurysms

Etiology n (%)
Non-abscess infection: 22 (75.9)

Pulmonary infection: 6 (27.3)
Pulmonary aspergillosis [9, 27, 34, 32] 4 (66.7)
Lung infection [12] 1(16.7)
Mycobacterium tuberculosis [36] 1(16.7)

Local infection [22]: 5(22.7)
Infection of the subclavian artery stent and 1(20)
axillofemoral graft [22]

Nasal cellulitis [10] 1(20)
Pyrogenic spondylitis [26] 1(20)
Syphilitic arteritis [21] 1(20)
Wound infection [25] 1(20)

Systemic infection: 4(18.2)
Bloodstream and thoracic infections [31] 1(25)
Endocarditis [18] 1(25)
Sepsis [11] 1(25)
Septicemia [24] 1(25)

Local and systemic infections: 1(4.5)
Clavicular infection and bacteremia [17] 1 (100)

Local, lung and systemic infections: 1(4.5)
Methicillin-resistant Staphylococcus aureus 1(100)
(MRSA) pneumonia, mediastinitis and sepsis
[23]

Other possible infection: 5(22.7)
Intravenous drug use [14, 20, 35, 35] 4 (80)
Intra-arterial drug injection [13] 1(20)

Abscess: 5(17.2)

Local abscess: 4 (80)
Sternum and left rib[19] 1(25)
Back [29] 1(25)
Mediastinal and sternoclavicular joint abscess [8] 1 (25)
Paravertebral and mediastinal [16] 1(25)

Pulmonary abscess: 1(20)
Pulmonary abscess [25] 1 (100)

Abscess and non-abscess infection: 2(6.9)

Pulmonary aspergillosis + liver and splenic abscess- 1(50)

es [37]

Retrosternal abscess + left sternoclavicular septic 1(50)

arthritis [28]
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were unknown in 4 patients [7, 15, 30, 33]. In the remain-
ing 29 patients, non-abscess infections and abscesses
were the principle causes leading to the formation of
SAAs (Table I).

Detection of pathogenic microorganisms was not
mentioned for 5 patients in 5 reports [13, 14, 18-20]. In
the remaining 28 patients, the cultures of blood and (or)
sputum were negative in 2 patients [7, 36], and positive
results of microbiology were obtained in 26 patients by
30 detections with 15 kinds of microorganisms detect-
ed in 25 patients and polymicrobial growth was found in
1 patient. The most common microorganisms were As-
pergillus and methicillin-sensitive Staphylococcus aureus.
The investigations included 29 (29/37, 78.4%) cultures
and 2 (2/37, 5.4%) microbiological analyses. Meanwhile,
investigative methods for the microorganisms were un-
known for 6 (6/37, 16.2%) detections of 6 patients. In
general, 37 specimens were sent for investigations of the
microorganisms. The specimens for cultures were blood
(n = 11), wound tissues (n = 6), surgical specimens (n = 3),
pus (n = 3), sputum (n = 2), pleural effusion (n = 1),
Hickman line tip (n = 1), urine (n = 1) and an unknown
specimen (n = 1). Microbiological analysis was done for
2 patients with pus in 1 patient and a surgical specimen
in another. In the 6 patients in whom the detection meth-

Shi-Min Yuan et al. Mycotic subclavian artery aneurysms: review

ods were not reported, the specimens for investigations
were bronchial wash and brushings in 1 patient whereas
the specimens were not mentioned for the other 5 pa-
tients (Table I1).

There were in total 73 clinical symptoms in all 33 pa-
tients including 69 (94.5%) symptoms for patients with
a primary SAA and 4 (5.5%) symptoms for the 2 patients
at the time of aneurysmal recurrence. Fever was the most
common symptom (n = 20, 27.4%), followed by a pulsa-
tile/painful mass (n = 10, 13.7%), local pains (in the arm,
hand, neck, back, shoulder, chest or periscapular region)
(n = 10, 13.7%) and hemoptysis (n = 9, 12.3%). In the
9 patients with hemoptysis, the causes of hemoptysis
were lung infection in 5 (55.6%) patients (pulmonary
abscess [25], pulmonary erosive fungal infection [32],
pneumonia of the right middle lobe [35], and pulmonary
aspergillosis [27, 37], aneurysmal rupture in 3 (33.3%)
patients [12, 20, 34], and acute expansion of the pseudo-
aneurysm in 1 (11.1%) patient [26]. Horner’s syndrome
was present in 1 patient [20].

Initial antimicrobial therapy was mentioned for
18 patients [7-9, 12, 16, 18, 19, 21, 23, 24, 26, 29, 31-33,
35, 37]. The antibacterial drugs were antibacterial agents
(cefotaxime, ceftazidime, cephalexin, meropenem, or
vancomycin) for 14 (77.8%) patients, both antibacterial

Table IIl. Microorganisms causing mycotic subclavian artery aneurysms

Microorganism n (%) Culture (n) Microbiological Detection method unknown (n)
analysis (n)
Aspergillus 6 Pleural effusion (1) [31] Bronchial wash and brushings (1) [27]
[9, 27, 31, 32, 34, 37] Unknown (4) [9, 32, 34, 37]
Methicillin sensitive staphy- 6 Blood (4) [11, 17, 22, 28] Surgical speci-
lococcus aureus (8, 11, 17, 22, Hickman line tip (1) [11] men (1) [17]
28, 30] Pus (1) [22]
Surgical specimen (1) [30]
Unknown (1) [8]
Wound tissue (1) [28]
Escherichia coli 16, 24] 2 Blood (1) [24] Pus (1) [16]
Urine (1) [24]
Methicillin-resistant staphylo- 2 Blood (1) [23]
coccus aureus 23, 25] Wound tissue (1) [25]
Staphylococcus aureus [35] 2 Blood (1) [35]
Wound tissue (2) [35]
Streptococcus viridans [15, 35] 2 Blood (1) [15]
Wound tissue (1) [35]
Streptococcus pneumoniae [10] 2 Pus (1) [29]
Surgical specimens (1) [10]
Burkholderia pseudomallei [33] 1 Blood (1) [33]
Surgical specimen (1) [33]
Enterobacter cloacae [26] 1 Blood (1) [26]
Polymicrobial growth [31] 1 Blood (1) [31]
Salmonella group B [12] 1 Sputum (1) [12]
Veillonella [35] 1 Wound tissue (1) [35]
Prevotella species [29] 1 Pus (1) [29]
Syphilis [21] 1 Unknown (1) [21]
Xanthomonas maltophilia [25] 1 Sputum (1) [25]
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and antifungal agents (amphotericin B) for 3 (16.7%)
patients and only an antifungal agent for 1 (5.6%) pa-
tient. Postoperative antibacterial drug use was reported
for 18 patients [10-12, 14, 16, 17, 22-24, 26-29, 33, 35,
37] with a duration of 7.5+5.1 (range: 2-20; median: 6)
months (n = 13).

The white blood cell count was mentioned for
16 patients [7, 9, 10, 14, 15, 18, 19, 23-29, 33, 37]. In
3 patients, it was described as “increased” or “normal”,
and in the remaining 13 patients, a concrete value was
given. A normal white blood cell count was noted in
4 (25%) patients [9, 15, 18, 29], leukopenia was present in
2 (12.5%) patients [24, 37], and leukocytosis was present
in 10 (62.5%) patients [7, 10, 14, 19, 23, 25-28, 33]. The
mean white blood cell count was 11.2 +6.3 (range: 0.8—
21.5; median: 12.8) x 10%/ (n = 13). C-reactive protein
(CRP) was mentioned for 9 patients [7, 18, 19, 23, 24, 26,
29, 32, 36]. Normal CRP was noted in 3 (33.3%) patients
[18, 19, 29], and elevated CRP was observed in 6 (66.7%)
patients [7, 23, 24, 26, 32, 36]. The mean CRP was 24.0
+23.9 (range: 5.4-70; median: 19.0) mg/dl (n = 5).

The aneurysmal dimension was reported for 22 an-
eurysms of 21 patients with a mean of 5.1 +4.2 (range:
1.4-21; median: 3.8) cm (n = 22) [7, 8, 10-12, 16-19, 23,
25, 26, 28-30, 33-35, 371].

A total of 52 diagnostic methods for SAA were used
for 34 aneurysms of 32 patients, including, computed to-
mography (n = 18, 34.6%) [7-11, 15, 19, 20, 24, 26, 28,
29, 31-33, 35, 37], computed tomographic angiogram
(n = 15, 28.8%) [9-12, 14, 16, 17, 19, 22, 23, 28, 30, 34,
36], angiogram/arteriogram (n = 11, 21.1%) [8, 18, 19,
21, 25, 27, 32, 33, 35], echocardiography/ultrasonogra-
phy (n = 5, 9.6%) [15, 18, 21, 35], magnetic resonance
imaging (n = 2, 3.8%) [7, 18], and magnetic resonance
angiogram (n =1, 1.9%) [21].

The aneurysmal formation time (the time from the
impact of the etiology to its formation) was reported for
19 patients with a mean of 41 +10.8 (range: 0.3—48; me-
dian: 1.2) months [8-10, 12, 14, 15, 19, 20, 24, 25, 28-30,
32-35, 37]. The formation time was much longer in intra-
venous drug users than in patients with an abscess (in-
travenous drug user: 16.2 +27.6 months vs. abscess: 1.3
+0.6 months, p = 0.002) or lung infection (intravenous
drug user: 16.2 £27.6 months vs. lung infection: 1.9 +1.4
months, p = 0.002).

The dimension of the SAA was reported for 22 an-
eurysms of 22 patients with a mean of 5.1 +4.2 (range:
1.4-21; median: 3.5) cm [7, 8, 10-12, 16-19, 23, 25, 26,
28-30, 33-35, 37]. The location of the SAA was not men-
tioned for 1 patients. In the remaining 32 patients, the
aneurysms were derived from the left subclavian artery
in 14 (43.8%) patients [9, 10, 12, 15, 19, 21, 24, 25, 28,
29, 32, 36, 37], and from the right in 18 (56.3%) patients
[7, 8, 11, 14, 16-18, 20, 22, 23, 26, 27, 30, 31, 33-35]
(one of which was from the right aberrant subclavian ar-
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tery [7]). In the case of two aneurysms, their extra- or
intrathoracic positions were not mentioned. As regards
the remaining 33 aneurysms, 12 (36.4%) were extratho-
racic [7, 10, 14, 18, 21, 23, 25, 30, 31, 35, 36] and 21
(63.6%) (including 1 recurrent one) were intrathoracic
(8, 9, 11, 12, 15-17, 19, 20, 22, 24-29, 32, 33, 35, 37].
33 aneurysms (including 31 primary and 2 recurrent)
were pseudoaneurysms [8-16, 18-37], whereas 2 were
true aneurysms [7, 17]. In 5 (15.2%) patients, the aneu-
rysms were ruptured [12, 14, 20, 30, 34].

Local abscess formation was observed in 7 (21.2%)
patients [10, 14, 16, 19, 22, 24, 28], aneurysmal throm-
bus in 7 (21.2%) patients [8, 9, 11, 16, 18, 24, 31], and
aneurysmal expansion in 9 (27.3%) patients [9, 11, 23,
25, 26, 28, 30, 33, 36].

Associated aneurysms of other arteries/aorta were
found in 4 (12.1%) patients: they were descending aorta
and popliteal aneurysms [8], descending aorta aneurysm
[24], descending thoracic and thoracoabdominal aortic
aneurysm [29] and coronary artery aneurysms [33].

The interventional indications were described for
9 patients: poor general condition [23, 25], high surgi-
cal risk [12, 25], rescue exclusion for a ruptured pseu-
doaneurysm [14, 34], aneurysmal rupture tendency [18,
26], aneurysm expansion [23, 26], wound infection [25],
poor surgical access to the lesion [12] and need of che-
motherapy with no time of recovery from open surgery
[32]. The indications for hybrid procedures were previous
sternotomy and sternal debridement [8], SAA originating
very close to the innominate and common carotid arter-
ies [11], concomitant mycotic aneurysms including a rup-
ture [29] and requiring innominate artery ligation and
extra-anatomic bypass in redo operation [30]. The sur-
gical indications for open surgery were rapid growth of
the aneurysm and substantial risk of aneurysmal rupture
[28, 33]. The indication for conservative treatment was
described as “due to the vascular co-morbidities” [24].

Overall outcome estimation revealed that 14 (42.4%)
patients recovered, 1 (3.0%) improved, 9 (27.3%) expe-
rienced complications (2 required reinterventions and
1 died later), 4 (12.1%) had recurrence after the initial
interventions (1 failed interventional case was classified
as recurrent) (4 required an reintervention and 1 of them
died later), 6 (18.2%) had reinterventions and 9 (27.3%)
patients died. The 9 deaths included 4 pre-treatment
deaths and 5 post-treatment deaths. The 4 pre-treatment
deaths were due to rupture of the pseudoaneurysm in
3 and after long-term hospice care in 1 patient, and the
5 post-treatment deaths were unrelated to the surgical
or interventional procedures (massive pulmonary bleed-
ing, brain edema and relapse of leukemia in 1 patient
each and unknown causes in 2 patients).

No treatment was given to 4 patients due to preoper-
ative sudden death in 3 patients [9, 15, 20] and hospice
care in 1 patient who also died later [31]. In the remain-
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ing 29 patients, interventional, hybrid, open surgical pro-
cedures and conservative treatment were performed in
12 (41.4%), 4 (13.8%), 15 (51.7%) (including 3 reinterven-
tions) and 1 (3.4%) patient. An urgent intervention/oper-
ation was needed in 6 (6/31, 19.4%) procedures [26, 30,
33-35]. Patients were on a follow-up of 15.8 +19 (range:
1.8-84; median, 10) months (n = 22). Mortality only oc-
curred in the interventional group with a mortality rate
of 41.7%. The causes of death were brain edema, pul-
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monary bleeding and relapse of leukemia in 1 patient
each and unknown in 2 patients. Endoleak occurred in
2 (2/12, 16.7%) patients in the interventional and in
1 (1/4, 25%) patient in the hybrid group. The recovery
rates of 4 groups were 25%, 50%, 60% and 100%, re-
spectively (Table Ill). The outcomes of the treatment of
cases are shown in Figure 2.

Logistic regression analysis revealed that none of the
following variables were significant predictive factors of

Table Ill. Outcomes of patients receiving different treatments

Management Procedure n (%) Outcome (R/I/C/R&R/D), n (%)

Interventional: 12 (41.4)  3(25)/0 (0)/4 (33.3)*/2 (16.7)/5 (41.7)
Stenting 5 (41.7) 0 (0)/0 (0)/2 (40)/0 (0)/3 (60)
Coils 5(41.7) 2 (40)/0 (0)/1 (20)*/2 (40)**/2 (40)
Stenting + coils 2 (16.7) 1(50)/0 (0)/1 (50)/0 (0)/0 (0)

Hybrid Extra-anatomical bypass + stenting x 3, right brachial cutdown, 4 (13.8) 2 (50)/1 (25)/0 (0)/1 (25)/0 (0)
stenting and dilation of the right subclavian artery x 1

Surgical: 15 (517 9 (60)/1 (6.7)/4 (26.7)/1 (6.7)/0 (0)
Resection 8 (53.3) 5 (62.5)/0 (0)/2 (25)/1 (12.5)/0 (0)
Ligation 4(26.7) 3 (75)/0 (0)/1 (25)/0 (0)/0 (0)
Plication 1(6.7) 0 (0)/1 (100)/0 (0)/0 (0)/0 (0)
Bilateral subclavian transposition 1(6.7) 1 (100)/0 (0)/0 (0)/0 (0)/0 (0)
Explantation of infected stent 1(6.7) 0 (0)/0 (0)/1 (100)/0 (0)/0 (0)

Conservative 1(3.4) 1 (100)/0 (0)/0 (0)/0 (0)/0 (0)

*One patient was complicated and died later, **1 patient died after reintervention,

R&R — recurrent and reintervention, D — died.

sk

including 3 reinterventions. R — recovered, | — improved, C — complicated,

PATIENT Mycotic SAA (n = 33)
Y Y } Y Y
INDICATION « Sudden death « Poor general * Previous sternot- « Rapid growth of « Vascular comor-
*» Hospice care condition omy and sternal aneurysm bidities
« High surgical risk debridement « Risk of aneurysmal
« Rescue exclusion » SAA very close to rupture
for a ruptured SAA the INA and CCA
» Concomitant my-
cotic aneurysms
Y Y A Y Y
TREATMENT No treatment Interventional Hybrid Open surgical Conservative
(n=4) (n=12) (n=4) (including 3 reinter- (n=1)
ventions) (n = 15)
Y Y A Y Y
OUTCOME Died (n = 4) » Recovered (n = 3) » Recovered (n = 2) « Recovered (n =9) Recovered (n = 1)
» Complicated * Improved (n = 1) « Improved (n =1)
(hn=4%  Recurrent and » Complicated
» Recurrent and reintervention (n=4)
reintervention (n=1 « Recurrent and
(n=4) reintervention
* Died (n =5) (n=1)

Figure 2. Diagram showing outcomes of treatment of cases
*One patient was complicated and died later, CCA — common carotid artery, INA — innominate artery, SAA — subclavian artery aneurysm.
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the outcomes of patients with an SAA: gender (p = 0.86),
age (p = 0.16), etiology (p = 0.89), fever (p = 0.72), hemop-
tysis (p = 0.69), laterality of SAA (p = 0.74), true or false
aneurysm (p = 0.49), aneurysmal rupture (p = 0.36), intra-
or extrathoracic location (p = 0.42), abscess formation
(p = 0.74), a thrombosed aneurysm (p = 0.76), aneurysm
expansion (p = 0.56), and treatment of choice (p = 0.41).

Discussion

The contaminated arterial injuries and the arterial
wall erosion from an existing abscess formation are the
two main mechanisms of SAA formation [14]. Moreover,
both primary and secondary immunodeficiencies can be
risk factors leading to the development of mycotic SAAs.
Primary immunodeficiency diseases are a group of genet-
ic disorders affecting distinct components of the innate
and adaptive immune system [38]. The primary immu-
nodeficiency diseases were described as “well-defined
syndromes with immunodeficiency” or “combined immu-
nodeficiencies” by Al-Herz et al. [39] in their classification
article. However, patients with a primary immunodefi-
ciency were not found in the present patient cohort. Sec-
ondary immunodeficiencies include infectious diseases
(including HIV), environmental stress, age extremes (pre-
maturity and old age), surgery and trauma, immunosup-
pressive drugs, and genetic and metabolic disease [40]. All
patients of this patient cohort had a history of common
infection. In addition, 1 patient had HIV infection [20]. To
put aside the infection and history of surgery, but to fo-
cus on the drug-induced secondary immunodeficiencies
while talking about the risk factors responsible for the
development of the SAAs, we noted that 8 (24.2%, 8/33)
cases of drug-induced secondary immunodeficiencies in-
cluding 6 (75%, 6/8) cases of chemotherapy (for acute
leukemias (n = 4) [9, 25, 32, 37], for diffuse large B cell
lymphoma (n = 1) [31], or for carcinoma of the uterine
cervix with liver and bone metastasis (n = 1) [25]), and
2 (25%, 2/8) cases of anti-rejection therapy (for kidney
transplantation (n = 1) [16] and for allogenic peripheral
blood stem cell transplantation (n = 1) [34]).

Patients with an SAA can be asymptomatic and found
by incidental work-ups. In symptomatic patients, pains
in the chest or shoulder, and a painful pulsatile mass in
the supraclavicular region are the common symptoms.
Secondary complications, such as rupture, thrombosis,
or embolization, are rare events. Aneurysms of other ar-
teries were reported to be found in 33-47% of patients
with an SAA at the time of diagnosis [41]. In comparison,
in the present patient cohort, associated aneurysms of
other arteries/aorta were found in 12.1% of patients with
a mycotic SAA.

Vierhout et al. [2] classified the symptoms of SAA pa-
tients into 5 groups: local signs (pulsating mass, shoul-
der or chest pains), rupture (hemoptysis, hemothorax,
open rupture and hemorrhage), compression (dysphagia,
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dyspnea, brachial plexopathy, Horner’s syndrome and
hoarseness), thrombosis (ischemic arm) and emboliza-
tion (numb or cyanotic fingers, and cerebral infarction).
This cohort of patients exhibited all the above-mentioned
symptoms except for dyspnea, hemothorax and brachial
plexopathy. Moreover, cough [9, 17], weight loss [15, 25,
27, 36] and mental status alteration [23, 28, 33] could
be alternative symptoms of patients with a mycotic SAA.

Diagnoses of mycotic SAAs can be established based
on microorganism isolations from the human fluids such
as blood, urine and sputum, as well as cultures of the
infected tissues. However, some cultures may show neg-
ative results due to early empirical therapy. Chest X-ray
could show a mass lesion in the left retroclavicular re-
gion even though it would not lead to a definite diagno-
sis [12]. Other medical imaging methods including ultra-
sound, angiogram, computed tomography and magnetic
resonance imaging are helpful in demonstrating the con-
figuration of the aneurysm of the left subclavian artery
and in judgement of the possible mechanisms of aneu-
rysmal formation [32].

The treatment of SAAs is usually surgical due to the
possibility of rupture, embolism, or thrombosis if untreat-
ed. A high mortality rate due to rupture, irrespective of
the aneurysmal size, has been reported. Aneurysms in
the second or third portion of the artery may be accessed
through a supraclavicular incision. However, intrathorac-
ic aneurysms usually require a medial sternotomy. Davi-
dovit et al. [13] reported a series of 14 patients with SAA
treated with a supraclavicular or transsternal approach,
depending on the locations of the aneurysms: a supra-
clavicular approach in 12 and a combined transsternal
and supraclavicular approach in 2 patients. A median
sternotomy was the preferred approach for right-sided
intrathoracic SAAs, while a left thoracotomy is suitable
for left-sided intrathoracic SAAs [13]. When the SAA is
proximal and involves the vertebral artery, a transsternal
approach is more convenient [42]. Stent graft deploy-
ment into the subclavian artery would not be practical
if the SAA is at the bifurcation of the innominate artery,
and an extra-anatomic bypass would be required if the
right vertebral artery originated from the aneurysm. An
open surgical approach to access an aneurysm at the bi-
furcation of the innominate artery would require a par-
tial transsternal approach [42]. Cardiopulmonary bypass
was once used for the resection of a subclavian artery
pseudoaneurysm [33]. Open surgical repair of SAA was
often associated with increased mortality and morbidity
despite continuous improvement of surgical techniques
[43]. The postoperative complication rate could be
high up to 46% as reported by Salo et al. [44] in a series
of 13 patients with open surgery for SAAs.

The difficulty of the surgical approach and of the sur-
gical field exposure, intraoperative trauma and significant
complications associated with open surgery make people
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recognize the advantages and necessity of endovascular
interventional treatment [45]. A subclavian stent graft for
a subclavian artery injury was first reported in 1991 [46].
The endovascular treatment of subclavian artery lesions
is less invasive than open surgical repair with a low rate
of complications [47]. However, endovascular exclusion
of the aneurysm with a stent was not possible in true
aneurysms as the aneurysm lacks a neck for the deploy-
ment of a stent graft [48]. In extremely friable and thin-
walled SAAs, a stent graft is often impractical. Thus, a hy-
brid approach becomes necessary in this situation. Artery
continuity can be reestablished by interposition grafting,
primary reanastomosis, or extra-anatomic bypass pro-
cedures. Conservative management was described for
patients who were contraindicated for an interventional
or surgical procedure, but patients carry higher risks of
aneurysmal rupture [2].

The lack of data was the primary drawback of this
study. As an extremely rare disease, the small sample
size of patients resulted in a lack of accuracy in statistical
analysis. Due to the lack of data and small samples, the
t-test to evaluate the aneurysmal formation time caused
by different pathogenic factors was not accurate enough,
and the recovery rate of conservative management was
the highest among the four treatment options. The ex-
pected count of some cells was less than 5, making the
x? test to evaluate the effectiveness of treatment strat-
egies fruitless. These results have to be reevaluated in
the future on the basis of more abundant patient infor-
mation.

Conclusions

Mycotic SAAs are rare but can be sometimes fatal.
Once a diagnosis of mycotic SAA is made, sensitive an-
tibacterial drugs are applied immediately to control the
infection and control aneurysmal progression. Early
treatment is conducted as soon as possible to avoid an-
eurysmal rupture. A decision of treatment of choice is
made based on the patient’s specific situation. Antibac-
terial drug use is continued for about 6 weeks after surgi-
cal or interventional therapy.

Conflict of interest
The authors declare no conflict of interest.

References

1. Riley JT. Right subclavian artery aneurysm: an incidental finding.
J Diagn Med Sonogr 2009; 25: 255-8.

2. Vierhout BR Zeebregts CJ, van den Dungen JJ, et al. Changing
profiles of diagnostic and treatment options in subclavian artery
aneurysms. Eur J Vasc Endovasc Surg 2010; 40: 27-34.

3. Schoder M, Cejna M, Holzenbein T, et al. Elective and emergent
endovascular treatment of subclavian artery aneurysms and in-
juries. ) Endovasc Ther 2003; 10: 58-65.

Advances in Interventional Cardiology 2023; 19, 4 (74)

1L

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

Shi-Min Yuan et al. Mycotic subclavian artery aneurysms: review

. Naz |, Zia-ur-Rehman, Aziz M, et al. Subclavian artery aneu-

rysms: management implications in a resource-limited setting.
Vascular 2012; 20: 301-5.

. Kumar MB, Varada L, Abuji K, et al. Mycotic aneurysm by Bac-

teroides fragilis presenting as fever of unknown origin. Indian
J Med Microbiol 2023; 41: 53-4.

. Fukuchi T, Kawasaki S, Hayashi H, et al. Mycotic aneurysm

caused by bacteroides fragilis in an elderly immunosuppressed
patient. Intern Med 2016; 55: 3535-8.

. Alozie A, Ince H, Liebold A, et al. Single-stage hybrid repair of a my-

cotic lusorian artery aneurysm. Ann Thorac Surg 2011; 91: el2.

. Asai M, Van Houtte O, Sullivan TR, et al. Endovascular repair

of three concurrent mycotic pseudoaneurysms. Vasc Endovasc
Surg 2018; 52: 473-7.

. Bansal RR Gupta B Sharma LM. Giant intrathoracic mycotic an-

eurysm of left subclavian artery. Indian J Med Paediatr Oncol
2010; 31: 83-5.

. Blebea CA, Constantinou C, Blebea J. Subclavian artery mycotic

aneurysm associated with congenital cervical rib. J Surg Radiol
2011; 2: 146-58.

Chan DY, Chong TT. Carotid subclavian bypass and stent graft-
ing for mycotic pseudoaneurysm of right subclavian artery. Ann
Vasc Surg 2015; 29: 1448.e11-4.

Chen YF, Su CS, Liu TJ, et al. Endovascular treatment of a non-
traumatic left subclavian artery pseudoaneurysm. J Chin Med
Assoc 2012; 75: 474-8.

Davidovi¢ LB, Markovi¢ DM, Pejki¢ SD, et al. Subclavian artery
aneurysms. Asian J Surg 2003; 26: 7-11.

Delaveridou E, Simichanidou A, Galanis S, et al. Life threaten-
ing, subclavian artery mycotic aneurysm rupture into a gigantic
supraclavicular abscess in an intravenous drug user. Clin Med
2023; 23: 267-9.

Deng MD, Wei X, Zhang W, et al. Mycotic aneurysm of the root of
left subclavian artery associated with aortic coarctation discov-
ered by echocardiography. Echocardiography 2017; 34: 1742-3.
Diab N, Pingpoh C, Siepe M, et al. Emergency repair of a perfo-
rated mycotic aneurysm with a self-made pericardial tube-graft.
Thorac Cardiovasc Surg Rep 2018; 7: 9-11.

Fatula L, Fleming T, Jones B, et al. Mycotic right subclavian artery
aneurysm: a rare and challenging pathology. J Vasc Surg Cases
Innov Tech 2020; 6: 547-9.

Kische S, Ince H, Peuster M. Coil occlusion of a subclavian my-
cotic aneurysm. Catheter Cardiovasc Interv 2010; 75: 1116-20.
Koseoglu K, Cildag B, Sen S, et al. Endovascular treatment of
a mycotic subclavian artery aneurysm using stent-graft. EJVES
Extra 2006; 11: 97-101.

Lee SK, Zainal A. Rare cause of Horner’s syndrome: pseudoaneu-
rysm of right subclavian artery in an intravenous drug user. Med
J Malaysia 2004; 59: 115-7.

Lin CM. Left subclavian artery aneurysm secondary to syphilitic
arteritis presenting with a right ischemic cerebellar infarction.
Neurol India 2009; 57: 344-6.

Lin M, Drucker C, Gu J, et al. Autogenous femoral vein for sec-
ondary repair of subclavian arteries: a salvage solution for com-
plex clinical scenarios. Ann Vasc Surg 2020; 67: 566.e5-9.
Matsuyama S, Yamashita Y, Matsumoto T, et al. Endovascular
repair of a mycotic right subclavian artery pseudoaneurysm. Jpn
J Vasc Surg 2015; 24: 87-90.

McCann JF, Fareed A, Reddy S, et al. Multi-resistant Escherichia
coli and mycotic aneurysm: two case reports. ] Med Case Rep
2009; 3: 6453.

309



Shi-

25.

26

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Min Yuan et al. Mycotic subclavian artery aneurysms: review

Mori K, Saida Y, Kuramoto K, et al. Transcatheter embolization of
mycotic aneurysm of the subclavian artery with metallic coils.
J Cardiovasc Surg (Torino) 2000; 41: 463-7.

. Mukaihara K, Yamamoto H, Arata K, et al. Emergent rescue

operation for expanding mycotic pseudoaneurysm causing he-
moptysis, originating from right subclavian artery. Ann Vasc Dis
2015; 8: 62-5.

Nathani A, Ghamande S, Sanchez JF, et al. Subclavian artery an-
eurysm: a rare cause of massive haemoptysis. BMJ Case Rep
2021; 14: e241225.

Obisesan A, Manchester D, Lin M, et al. Carotid-axillary bypass
and debridement for a mycotic aneurysm of the left subclavian
artery. Vasc Endovasc Surg 2022; 56: 312-5.

Perera AH, Kashef E, Gibbs RG. Staged open, endovascular, and
hybrid repair of concomitant mycotic aneurysms. Ann Vasc Surg
2014; 28: 1031.e7-10.

Robinson JN, Marturano MN, Calarese A, et al. Omental free flap
coverage for extracavitary vascular bypass graft salvage. Plast
Reconstr Surg Glob Open 2021; 9: e3646.

Rowe SP, Chu LC, Zimmerman SL, et al. 3D CT cinematic render-
ing of mycotic aneurysms. Emerg Radiol 2018; 25: 723-8.
Sanada J, Matsui O, Terayama N, et al. Stent-graft repair of a my-
cotic left subclavian artery pseudoaneurysm. J Endovasc Ther
2003; 10: 66-70.

Schindler N, Calligaro KD, Dougherty MJ, et al. Melioidosis pre-
senting as an infected intrathoracic subclavian artery pseudo-
aneurysm treated with femoral vein interposition graft. J Vasc
Surg 2002; 35: 569-72.

Steger A, Bollwein C, Geith T, et al. Endovascular rescue-stenting
of a ruptured mycotic subclavian pseudoaneurysm caused by
pulmonary aspergillosis. Eur Heart J 2019; 40: 2520.

Tsao JW, Marder SR, Goldstone J, et al. Presentation, diagnosis,
and management of arterial mycotic pseudoaneurysms in injec-
tion drug users. Ann Vasc Surg 2002; 16: 652-62.

Vinojan S, Bandara G, Gunaratne T, et al. Subclavian pseudo-
aneurysm in a young patient: rare cause to think. Eur J Vasc
Endovasc Surg 2019; 58: €379-80.

Visrutaratna B Charoenkwan B, Saeteng S. Mycotic aneurysm of
the left subclavian artery: CT findings. Singapore Med ) 2006;
47:77-9.

Notarangelo LD. Primary immunodeficiencies. J Allergy Clin Im-
munol 2010; 125 (2 Suppl 2): S182-94.

Al-Herz W, Bousfiha A, Casanova JL, et al. Primary immunode-
ficiency diseases: an update on the Classification from the In-
ternational Union of Immunological Societies Expert Committee
for Primary Immunodeficiency. J Clin Immunol 2011; 2: 696-726.
Chinen J, Shearer WT. Secondary immunodeficiencies, includ-
ing HIV infection. J Allergy Clin Immunol 2010; 125 (2 Supp! 2):
$195-203.

Gillen J, Tse L, Berg A, et al. Hybrid repair of an intrathoracic
bi-lobed subclavian artery aneurysm. Ann Vasc Surg 2019; 59:
312.e11-4.

Resch TA, Lyden SR Gavin TJ, et al. Combined open and endovas-
cular treatment of a right subclavian artery aneurysm: a case
report. J Vasc Surg 2005; 42: 1206-9.

Niino T, Unosawa S, Shimura K. Intrathoracic left subclavian ar-
tery aneurysm: report of a case. Ann Vasc Dis 2012; 5: 82e4.
Salo JA, Ala-Kulju K, Heikkinen L, et al. Diagnosis and treatment
of subclavian artery aneurysms. Eur J Vasc Surg 1990; 4: 271-4.

310

45.

46.

47.

48.

Xiaolong Z, Chengjian S, Wei Z, et al. Interventional treatment
of iatrogenic false aneurysm of subclavian artery combine with
arteriovenous malformation. Int J Sci 2017; 3: 25-30.

Becker GJ, Benenati JF, Zemel G, et al. Percutaneous placement of
a balloon-expandable intraluminal graft for life-threatening sub-
clavian arterial hemorrhage. J Vasc Interv Radiol 1991; 2: 225-9.

Amor M, Eid-Lidt G, Chati Z, et al. Endovascular treatment of the
subclavian artery: stent implantation with or without predilata-
tion. Catheter Cardiovasc Interv 2004; 63: 364-70.

Van Leemput A, Maleux G, Heye S, et al. Combined open and
endovascular repair of a true right subclavian artery aneurysm
without proximal neck. Interact Cardiovasc Thorac Surg 2007;
6: 406-8.

Advances in Interventional Cardiology 2023; 19, 4 (74)



