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Abstract. Chronic obstructive lesions of the subclavian artery
(SCA) often result in subclavian steal syndrome, which leads
to arm claudication, transient cerebral ischemia, and other
serious complications. The lesions are classified as stenosis
and occlusion, according to the degree of obstruction. Unlike
totally occlusive lesions, including ostial occlusions, stenotic
lesions have an excellent technical success rate. In the present
study, ostial occlusions were classified into 4 types according
to their angiographic appearance. A total of 8 patients (6 male,
2 female) with SCA occlusions were treated with percutaneous
transluminal angioplasty and stenting over a 4-year period.
Mean patient age was 65.6 years (range, 60-72 years). In total,
9 self-expanding and 1 balloon-expandable stent were
implanted at the ostia of the SCA in 7 of the patients. One
female patient did not undergo stenting. Bleeding at the access
site was noted in 2 patients and was controlled by gauze
pressure. The patient that did not undergo stenting was lost
to follow-up with symptoms of a transient ischemic attack
at 3 months. The mean follow-up time for the remaining
7 patients was 15.7 months (range, 1-36 months). No ischemic
symptoms, neointimal hyperplasia, or restenosis was observed
in these patients. The transfemoral artery operation approach
is preferred for rat-tail and peak type occlusions, whereas the
dual approach involving both femoral and radial arteries is
preferred for hilly and plain type occlusions. The angiographic
morphology typing used in the present study may serve as a
reference to decide upon the interventional operation strategy
to be used for improving the technical success rate.
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Introduction

Chronic obstructive lesions of the proximal subclavian artery
(SCA) lead to retrograde blood flow in the ipsilateral vertebral
artery, which results in symptoms such as vertebrobasilar
insufficiency, upper limb claudication, and transient ischemic
attacks (1). The most common cause of such obstructive lesions
is atherosclerosis (2).

The present treatment methods for chronic obstructive
lesions of the SCA include extra-anatomic carotid-subcla-
vian bypass, percutaneous endovascular angioplasty and
stenting (1). Although open surgery has a better patency
compared with endovascular treatment (3), experienced physi-
cians generally prefer endovascular treatment as the first-line
treatment, reserving open surgical treatment for patients with
total occlusive lesions or stenotic lesions that are anatomically
unsuitable for endovascular repair (2).

SCA lesions are classified as stenosis or occlusion, according
to the severity of obstruction (4). Chronic total occlusive
lesions, particularly those located at the ostium of the SCA, are
more complicated and difficult to operate on (5). Therefore, the
technical success of surgery is excellent for stenosis, whereas
for occlusions it varies largely (1). The primary reason for this
is that in the ostium of the SCA the guiding catheter cannot be
stably fixed, and the guide wire struggles to cross the proximal
fibrous cap of the occlusive lesions (5).

Noguchi et al (6) demonstrated that the presence of
calcification, the length of the occlusion and the presence of
multi-vessel disease were independent predictors of the proce-
dural success rate for percutaneous transluminal coronary
angioplasty of chronic total occlusions.

The aim of the present study was to classify ostial occlu-
sions of the SCA according to their angiographic morphology
in order to determine the role of angiographic morphology in
SCA occlusions and investigate the interventional operation
strategy and success rate.

Patients and methods

Patients. The inclusion criteria for the present study were
as follows: Total occlusion of the SCA, occlusions located
in the proximal segment (from the ostium of the SCA to the
vertebral artery) (7), and attempted percutaneous transluminal



ZHANG et al: MORPHOLOGY TYPING OF OSTIAL OCCLUSION OF SUBCLAVIAN ARTERY

angioplasty or stenting for the occlusions. The exclusion criteria
were: SCA hemodynamically irrelevant stenosis, >2 SCA
occlusions or occlusions developed with collateral circulation.
Eventually, the present study included seven patients with
total occlusion of the left SCA (LSCA) and one patient with
total occlusion of the right SCA (RSCA), who were treated
at the Southwest Hospital or Xinqiao Hospital (Chongqing,
China) between August 2010 and April 2014. A total of 6 male
and 1 female patients with a mean age of 65.6 (range, 60-72)
years were successfully treated with percutaneous transluminal
angioplasty and stenting. One 71-year-old female patient with
RSCA occlusion did not respond to endovascular treatment
and therefore underwent medical therapy instead of stenting.
Patient demographics and clinical characteristics, including the
presence of co-morbidities, are summarized in Table I. Total
occlusion of the SCA was diagnosed in all patients via duplex
ultrasound evaluation, computed tomography angiography
(CTA) or conventional angiography. The lesions present in
7 patients were caused by atherosclerosis resulting from their
history of hypertension in conjunction with dyslipidemia or
diabetes. The RSCA occlusive lesion in the female patient
treated with stenting was attributed to her history of Takayasu
arteritis and hydrocortisone therapy. The present study was
approved by the review committee of Third Military Medical
University (Chongqing, China) and written informed consent
was obtained from all patients prior to participation in the
current study. All patients and their families were informed
about the intended use of self-expanding or balloon-expandable
stents in the SCA and the investigative nature of this procedure.

Percutaneous transluminal angioplasty. All patients were
premedicated with aspirin (100 mg/day; Bayer AG, Leverkusen,
Germany) and clopidogrel (75 mg/day; Sanofi S.A., Paris,
France) ommencing 3 days prior to the operation. All procedures
were performed under local anesthesia of 100 mg Lidocaine
(China Otsuka Pharmaceutical Co. Ltd., Tianjin, China).
Right femoral access was obtained via a standard Seldinger
puncture (8), followed by the placement of an 8 Fr introducer
sheath. Anticoagulation was preliminarily achieved with an
initial bolus of 6,000 IU intravenous heparin (Shanghai No.
1 Biochemical & Pharmaceutical Co. Ltd., Shanghai, China).
An 8 Fr guiding catheter was then advanced over the wire into
the ostium of the LSCA, and an angiogram was obtained in the
anteroposterior and left anterior oblique (45 degree) views to
confirm the location, length and degree of the lesion. According
to the angiographic morphology, the occlusions of the 8 patients
were classified as: Rat-tail, peak, hilly or plain types (Fig. 1). All
angiographic morphologies, the treatment techniques used and
follow-ups are summarized in Table II.

Rat-tail type occlusion. The angiography of Patient 1 revealed
subtotal occlusion of the LSCA with a very narrow eccentric
lumen, the outline of which resembled a rat's tail (Fig. 1A).
Using digital road mapping,a 0.014-inch Pilot 150 guiding wire
(Abbott Vascular; Abbott, Abbott Park, IL, USA) was used to
gently penetrate the lesion across the lumen, and a 4x20 mm
Sprinter Legend balloon catheter (Medtronic, Minneapolis,
MN, USA) was inflated to dilate the lesion over the wire. An
8x30 mm Precise Self-Expanding Stent (Cordis Corporation,
Hialeah, FL, USA) and a 9x20 mm Protégé Self-Expanding
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Stent (Medtronic) were procedurally navigated over the
exchange wire and mutually overlapped across the occlusive
segment of the LSCA. Extreme care was taken to ensure that
the stent covered the entire atherosclerotic lesion.

Peak type occlusion. The angiographies of 4 patients revealed
totally occlusive SCA with Thrombosis in Myocardial
Infarction (TIMI) grade O antegrade flow. This type of lesion
was classified as peak type occlusion (Fig. 1B). The occlu-
sion was crossed by a 0.014-inch guiding wire, with the wire
tip repeatedly stabbing the top of the ‘peak’. The lesion was
subsequently dilated using a Sprinter Legend or percutaneous
transluminal angioplasty (PTA) balloon catheter (Invatec
S.p-A., Roncadelle, Italy) and an appropriate stent was applied
to the lesion. In Patient 5, 1.5x20 mm and 2x20 mm Sprinter
Legend balloon catheters were introduced to dilate the occlu-
sion once the guiding wire had crossed the RSCA occlusion
via the femoral access; however, the angiography revealed
~40% residual stenosis. A 5x30 mm EV3 balloon catheter
was therefore inflated to dilate the stenosis, and a subsequent
angiography demonstrated satisfactory recanalization of the
RSCA with <10% residual stenosis. An 8x30 mm Protégé
Self-Expanding Stent was subsequently deployed at the ostium
of the LSCA.

Hilly type occlusion. The angiographies of Patient 6 and Patient
7 revealed totally occlusive ostia of the LSCAs, with TIMI
grade 0 antegrade flow. As an occlusion of this type resembles
a hill, it is referred to as a ‘hilly’ type occlusion (Fig. 1C). A
combined femoral and radial approach was used in patients
with this type of occlusion. Both the 0.018-inch guiding wire
and the 0.035-inch guiding wire failed to cross the lesions via
femoral access in Patient 6. A 0.014-inch Pilot 150 wire even-
tually succeeded in crossing the occlusion following repeated
gentle attempts from the left radial side. Subsequently, a PTA
balloon catheter was used to dilate the lesion, and 12x40 mm
and 10x20 mm Protégé Self-Expanding stents were procedur-
ally advanced coaxially over the wire and deployed across
the occlusion. A 0.014-inch stiff ChoIlCE PT Extra Support
wire (Boston Scientific, Marlborough, MA, USA) was inserted
into the LSCA ostium via the femoral access in Patient 7.
Repeated attempts to pass the wire through the occlusion
with the support of a Sprinter Legend balloon catheter were
unsuccessful. Another 0.014-inch Pilot 150 guiding wire was
then selected. An angiography following approximately 2-cm
advancement of the Pilot 150 guiding wire revealed that the
distal artery exhibited an antegrade flow; however, the wire
tip was not in the lumen with the arterial dissection forming at
the lesion. The patient and her family were informed about the
situation and the procedure was immediately aborted.

Plain type occlusion. The angiography of Patient 8 revealed an
occlusive lesion with TIMI grade 0 antegrade flow in the ostium
of the LSCA. Occlusions of this type, with a flat bottom, are
termed as ‘Plain’ type occlusions (Fig. 1D). A similar combined
femoral and radial approach is used in patients with this type of
occlusion. Both the 0.018-inch guiding wire and the 0.035-inch
guiding wire failed to cross the lesions even via the femoral
access. A 0.014-inch Pilot 150 wire successfully crossed the
occlusion from the left radial side. Subsequently, a PTA balloon
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Table I. Demographics and clinical characteristics of patients.
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Patient no./age (y)/Sex Symptoms Comorbidities
1/60/M Asymptomatic CI

2/70/M Upper limb claudication CI,HTN,DM, CHD
3/62/M Asymptomatic CHD, HL

4/68/M Upper limb claudication HTN, DM, HL
5/62/F Dizziness, upper limb claudication TIA

6/65/M Dizziness, upper limb claudication CI, DM

7/71/F Drop attack, dizziness HTN, DM, CHD
8/72/M Vertigo, upper limb claudication HTN, DM, HL

CHD, coronary heart disease; DM, diabetes mellitus; HL, hyperlipidemia; HTN, hypertension; CI, cerebral infarct; TIA, transient ischemic

attack; M, male; F, female.

catheter was used to dilate the lesion and 9x30 mm and 8x30 mm
Precise Self-Expanding stents were procedurally advanced
coaxially over the wire and deployed across the occlusion.

A final angiography was performed to evaluate the results
of stent surgery and patency of the SCA as well as its normal
antegrade flow.

Follow-up. All 8 patients were transferred to the cardiovascular
intensive care unit following the procedure and subjected to
electrocardiograph monitoring for 24 h prior to being moved to
an ordinary ward. Patients were discharged 3 days later with a
prescription of 100 mg/day aspirin for life and 75 mg/day clopi-
dogrel for 3 months, unless otherwise indicated. All patients
were evaluated by experienced physicians post-surgery and
then periodically during the follow-up period. Follow-up
Doppler ultrasound, CTA or angiography was performed every
3 months for the first 6 months, and every 6 months thereafter.

Results

Stenting and typing. A total of 9 self-expanding and
1 balloon-expandable stent were implanted in the SCA of
7 patients with totally occlusive lesions. In 3 patients, 2 stents
were used, whereas a single stent was used in a further four
patients. Final angiograms obtained at the end of the proce-
dure confirmed satisfactory recanalization of the SCA with
<10% residual stenosis and good patency of stents in all cases.
The endovascular procedure for arterial dissection via femoral
access failed in one female patient. The lesions of the eight
patients were categorized as follows according to their angio-
graphic appearance: Rat-tail, 1/8 (12.5%); peak, 4/8 (50%);
hilly type, 2/8 (25%); and plain, 1/8 (12.5%; Table II).

Complications. No major strokes or mortalities occurred
within 30 days of the procedure. However, minor bleeding
at the femoral access site was noted in 2 patients, which was
controlled by applying gauze pressure. A post-procedure
CTA of the female patient with arterial dissection revealed a
tear between the intima and the media layer at the ostium of
the LSCA. The patient was kept under close and continuous
clinical observation. During the first 3 months, the patient
still presented symptoms of transient ischemic attacks, such

Figure 1. The occlusions of 8 patients were classified into 4 types according
to the angiographic morphology. (A) Angiography of Patient 1 revealed
subtotally occlusive LSCA with TIMI grade I antegrade flow, classified as a
rat-tail type occlusion. (B) Angiography of Patient 3 revealed totally occlusive
LSCA with TIMI grade O antegrade flow, classified as a peak type occlusion.
(C) Angiography of Patient 6 revealed totally occlusive LSCA with TIMI
grade 0 antegrade flow, classified as a hilly type occlusion. (D) Angiography
of Patient 8 revealed totally occlusive LSCA with TIMI grade O antegrade
flow, classified as a plain type occlusion. LSCA, left subclavian artery; TIMI,
Thrombosis in Myocardial Infarction.

as vertebrobasilar insufficiency. However, she was lost to
follow-up after 3-months as she gave no response to attempts
at contact.

Follow-up. The 7 remaining patients attended a post-proce-
dural follow-up following discharge from hospital. The mean
follow-up time was 15.7 months (range, 1-36 months), whereas
the total follow-up time varied among patients according to
the date of their most recent Doppler ultrasound, CTA (Fig. 2),
or angiography. No ischemic symptoms, including vertebro-
basilar insufficiency, upper extremity ischemia, or transient
ischemic attacks attributable to the procedure were observed
during the follow-up period, and no evidence of neointimal
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Table II. Angiographic morphologies, treatment techniques, follow-up duration and results.
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Patient Location/Degree/ Access of Stent-craft Follow-up

no. Type of lesion approach size (mm) duration (m) Result

1 LSCA Proximal/Subtotal occlusive/Rat-tail Type Femoral (R) 8x30, 9x20 19 Patent; Recovered

(SES)

2 LSCA Proximal/Total occlusive/Peak Type Femoral (R) 9x30 (BAS) 6 Patent; Recovered

3 LSCA Proximal/Total occlusive/Peak Type Femoral (R) 8x30 (SES) 1 Patent; Recovered

4 LSCA Proximal/Total occlusive/Peak Type Femoral (R) 9x30 (SES) 36 Patent; Recovered

5 RSCA Proximal/Total occlusive/Peak Type Femoral (R) 8x30 (SES) 6 Patent; Recovered
and radial (R)

6 LSCA Proximal/Total occlusive/Hilly Type Femoral (R)  12x40, 10x20 17 Patent; Recovered
and radial (L) (SES)

7 LSCA Proximal/Total occlusive/Hilly Type Femoral (R) 3 Non-patent; TIA

8 LSCA Proximal/Total occlusive/Plain Type Femoral (R) 9x30,8x30 25 Patent; Recovered
and radial (L) (SES)

LSCA, left subclavian artery; RSCA, right subclavian artery; L, left; R, right; SES, self-expanding stent; BAS, balloon-expandable stent; TIA,

transient ischemic attack.

Figure 2. Rechecked computed tomography angiography at 6 months post-surgery reveals patency of subclavian artery and normal distal blood flow in (A) Patient

2 (Peak type occlusion) and (B) Patient 5 (Hilly type occlusion).

hyperplasia or restenosis was observed on follow-up angiog-
raphy or color duplex Doppler.

Discussion

The present treatment methods for chronic obstructive lesions
of the SCA consist of endovascular or surgical techniques (2). In
1980, Bachman and Kim (9), and Mathias et al (10) separately
reported percutaneous transluminal angioplasty as a method
for the treatment of SCA stenosis for the first time. Thereafter,
multiple studies have confirmed the safety and effectiveness
of endovascular treatment for this purpose (7,11-23). The
prevalence of endovascular treatment for SCA lesions and
the advancement of interventional techniques during the last
3 decades has led to 91-100% technical success of treatment
for SCA lesions (1). Endovascular repair has been regarded as
the primary choice for the treatment of SCA lesions as it is less
invasive, has lower intraoperative and postoperative complica-
tion rates, better patient comfort and decreased hospital stay,
particularly among patients at high risk of surgical complica-
tions (1,2,24).

SCA lesions are classified as stenosis or occlusion
according to the severity of obstruction (4). Multiple studies
have demonstrated that the endovascular technical success
for stenosis is excellent, whereas the occlusions are more
challenging to treat. The endovascular treatment success
rate with interventional techniques for stenotic lesions is
94-100% (7,12,18,23,25-33), whereas for totally occlusive
lesions it is 47-100% (7,12,18,19,23,25-34) (Table III). It
may therefore be concluded that the endovascular treatment
technique for stenotic lesions is well established, whereas
that for occlusive lesion is more difficult and controversial,
particularly when the occlusion is located at the ostium of
the SCA.

Chronically occlusive lesions in the SCA may be caused by
atherosclerosis, Takayasu arteritis, giant cell arteritis, FMD,
and radiation-induced arteriopathy; of these, atherosclerosis
is the primary cause (2). A previous study (35) investigating
the chronically occluded coronary artery reported that the
typical chronic occlusion may be classified as ‘soft’, ‘hard’,
or a mixture of both. Soft plaque consists of cholesterol-laden
cells and foam cells with loose fibrous tissue and neovascular
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Table III. Summary of the published series of PTA or stenting-PTA of total occlusions of the subclavian artery (7,12,18,19,23,25-34).

Technical success Technical success of Number Number
Author of stenotic lesion (%) occlusive lesion (%) of patients of operations Year (Refs.)
Miyakoshi 100 80 36 36 2012 (25)
Aziz 94 64 1300 2011 (26)
Sixt 100 87 107 108 2009 227)
Palchik 100 54 67 2008 @)
AbuRahma 100 92 121 121 2007 (28)
Przewlocki 100 72 75 76 2006 (29)
Woo 100 57 25 27 2006 (23)
De Vries 100 65 110 109 2005 (12)
Brountzos 98 85 47 49 2004 (18)
Gonzilez 100 9 9 2002 (19)
Henry 100 47 113 113 1999 (30)
Sueoka 100 100 7 1996 31
Criado 100 <90 26 30 1995 32)
Kumar 100 100 27 31 1995 (23)
Mathias 83 46 1993 (34)

PTA, percutaneous transluminal angioplasty.

channels. Older occlusions, defined as ‘hard plaques’, have
higher concentrations of calcium and collagen components.

The typical atherosclerotic plaque of chronic occlusions
is primarily characterized by a collagen-rich extracel-
lular matrix, intra- and extracellular lipids, smooth muscle
cells and mixed components, including a small quantity of
cholesterol, dense collagen and calcium deposits (35). The
collagen-rich fibrous tissue is particularly dense at proximal
and distal ends of the lesion, referred to as proximal and
distal fibrous caps, respectively (36). The distal fibrous cap
of a chronic occlusion is considered to be less resistant
compared with the proximal one (37,38).

Fibrous caps of the occlusion lesions caused by athero-
sclerosis are typically solid following the long-term process
of formation and calcification (35). Therefore, the present
authors suggest that successful passage of the wire through the
occlusive lesion is the key step of recanalization. In the retro-
grade approach, the catheter could be delivered over a shorter
distance and remain in the distal SCA, gaining more stability
and axial support and avoiding the more rigid proximal fibrous
cap (5). When traversing the occlusion via the femoral artery is
unsuccessful, the guiding wire may succeed using a retrograde
approach via the radial access.

On the basis of the above analysis and the findings of the
present study, chronic total occlusions at the ostia of the SCA
were classified into 4 types according to the angiographic
morphology of the proximal vessel (Fig. 1), which is important
for selecting the optimal interventional operation strategy.

Rat-tail type lesions are not completely occlusive, exhibiting
TIMI grade I antegrade flow in the angiographic appearance
(Fig. 1A). This suggests that such lesions are formed over a
short period of time, as they consist of cholesterol-laden cells
and foam cells with loose fibrous tissue and neovascular chan-
nels (35). This suggests that the true lumen, to which the tip

of the Rat-tail points, has not been totally occluded, and the
proximal fibrous cap is thin and soft, allowing the guide wire
to cross with relative ease (38).

Peak type lesions are completely occlusive and exhibit
TIMI grade O antegrade flow in angiographic appearance
(Fig. 1B). This type of occlusion forms later and mainly
consists of loose fibrous tissue with slight calcification (35).
The lumen tapers gradually from the distal end and becomes
occlusive at the proximal end (38), suggesting that the tip of the
peak points to the true lumen. When the guiding wire pierces
the dissection, it is feasible to perform PTA and stenting as
long as the guiding wire reaches the true lumen at the distal
end prior to the vertebral artery ostium.

The transfemoral artery operation approach is preferred
for rat-tail and peak type occlusive lesions as the guiding wire
is able to easily traverse to the distal lumen following repeated
gentle operative attempts.

Hilly type lesions are completely occlusive, exhibiting
TIMI grade O antegrade flow in angiographic appearance.
This type of occlusion takes a long time to form and consists
of highly calcified tissue and a dense fibrous cap (35). The
concave proximal fibrous cap does not have a specific point
(Fig. 1C). The guiding wire did not stabilize on insertion via
the femoral artery and the puncture point may not be deter-
mined; the wire always entered the dissection site instead of
the true lumen, even with repeated insertion attempts.

Plain type lesions are completely occlusive, exhibiting
TIMI grade O antegrade flow in angiographic appearance
(Fig. 1D). They have a lengthy formation time, and consist of
a dense fibrous cap with severe calcification (35). The guiding
wire did not stabilize on insertion via the femoral artery, and
the puncture point may not be determined.

In patients with hilly and plain type occlusions, both the
0.018-inch V-18 guiding wire and the 0.035-inch Amplatz
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Super Stiff guiding wire were unsuccessful in traversing
the lesions via the femoral access. The occlusion was finally
traversed successfully by a 0.014-inch Pilot 150 wire via the
radial artery.

The dual approach, which includes the femoral and radial
artery, is preferred in hilly and plain type occlusive lesions.
The catheter is inserted via the femoral artery to observe the
location, length and degree of the lesion. The guiding wire
is delivered via the radial artery to cross the occlusion and
deploy the stent (5,38). The hilly type occlusion, which is
treatable using the dual approach, was observed in Patient 6.
Attempts to traverse the occlusion via the femoral artery failed
and ultimately led to dissection, therefore the operation was
aborted. The retrograde approach via the radial artery should
be attempted to traverse the occlusion and deploy the stent
covering the dissection.

The present study had some limitations, due to the small
number of patients and the fact that all of the occlusions
included were caused by atherosclerosis.

In conclusion, the findings of the present study demonstrate
that the transfemoral artery operation approach is preferred in
rat-tail and peak type occlusions, whereas the dual approach,
including both femoral and radial arteries, is preferred for the
treatment of hilly and plain type occlusions. The angiographic
morphology typing used in the present study serves as a refer-
ence for selecting the interventional operation strategy to be
used to decrease complications and improve the technical
success rate. The endovascular treatment technique for ostial
occlusions of the SCA is challenging and warrants further
research to improve current operative methods. Further studies
involving more patients are required to confirm the advantages
and effectiveness of the angiographic morphology typing.
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