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Alternative access for peripheral vascular interventions
Andrea G. Alonso, MD, Anna Kobzeva-Herzog, MD, and Jeffrey J. Siracuse, MD, MBA, Boston, MA
ABSTRACT
Percutaneous endovascular interventions for advanced lower extremity peripheral arterial disease are becoming
increasingly used, often as first-line treatment of chronic limb threatening ischemia. Advancements in endovascular
techniques have provided safe and effective alternative revascularization options, especially for high-risk surgical patients.
Although the classic transfemoral approach results in high technical success and patency rates, an estimated 20% of
lesions remain challenging to access via an antegrade approach. As such, alternative access sites are important in the
endovascular armamentarium for the management of chronic limb threatening ischemia. The goal of this review is to
discuss alternative access sites, specifically the transradial, transpopliteal, and transpedal approaches, in addition to
transbrachial and transaxillary access, and their outcomes in peripheral arterial disease and limb salvage. (J Vasc Surg
Cases Innov Tech 2023;9:101232.)

Keywords: Peripheral artery disease; Peripheral vascular intervention; Transpedal access; Transpopliteal access; Trans-
radial access
An increase has occurred in the prevalence of periph-
eral arterial disease (PAD), correlating with an aging pop-
ulation with chronic disease. More than 230 million
people live with PAD worldwide.1,2 In the United States,
8 to 10 million Americans have a known diagnosis of
PAD with an estimated prevalence of 12%.3 Up to 1 in
10 patients with PAD have the most severe form of the
disease, chronic limb threatening ischemia (CLTI).
Approximately 5% to 10% of those with asymptomatic
PAD or intermittent claudication will progress to CLTI af-
ter 5 years.4 The treatment of CLTI includes medical ther-
apy and timely revascularization.
Although infrainguinal bypass remains the gold stan-

dard treatment of CLTI when an adequate conduit is
available, advancements in minimally invasive tech-
niques have made endovascular revascularization a safe
and effective option for complex and multilevel infrain-
guinal occlusive disease. This minimally invasive option
is especially favorable for patients with high surgical
risk, a limited life expectancy, poor autogenous vein con-
duits, limited occlusive disease, and/or the lack of a suit-
able bypass target vessel.5 In many institutions,
endovascular revascularization is used as first-line
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treatment of CLTI, given the reasonable patency and
limb salvage rates.6 In addition, the BEST CLI (best endo-
vascular vs best surgical therapy in patients with CLTI)
trial, an international randomized controlled trial evalu-
ating the outcomes between surgical bypass and endo-
vascular therapy for CLTI, found no difference in the
incidence of major adverse limb events or death for pa-
tients with an inadequate saphenous vein conduit be-
tween the surgical bypass group and the endovascular
revascularization group.7 However, in those with an
adequate saphenous vein conduit, surgical bypass
resulted in a significantly lower incidence of major
adverse limb events or death.7 As such, it is important
to consider all revascularization options and their appro-
priate usage for each patient.
Peripheral vascular interventions (PVIs) for infrainguinal

disease are traditionally conducted via the common
femoral artery (CFA), either antegrade on the ipsilateral
limb or retrograde via the contralateral limb.8 However,
femoral artery access has several limitations, including
limited push-ability for infrapopliteal lesions and chal-
lenging access in total complete occlusions of the CFA.
Previously repaired femoral disease, either from prior sur-
gery or stenting, also poses challenging access. It has
been reported that #20% of infrainguinal lesions cannot
be traversed through the classical antegrade transfe-
moral approach owing to an inability to traverse the
true lumen.9 Therefore, the use of safe and effective alter-
native access sites for PVI is crucial in the management
of PAD and for limb salvage. The most commonly used
alternative access sites are the transradial, transpopliteal,
and transpedal approaches. Other options include trans-
brachial and transaxillary access sites.

TRANSRADIAL ACCESS
Transradial access was first used in coronary angiog-

raphy, with the earliest reports of this technique in
1989. These studies reported that the advantage of radial
1
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artery (RA) access over CFA access was not only closer
proximity to coronary vessels, but also reduced access
site complications.10 In the RIVAL (radial vs femoral ac-
cess for coronary intervention) trial, a randomized
controlled study assessing transfemoral vs transradial ac-
cess for coronary intervention, no difference was found in
the 30-day composite of death, myocardial infarction,
stroke, and nonecoronary artery bypass grafting-related
major bleeding.11 The outcomes of that large study sug-
gested that radial access is both safe and effective for
coronary intervention. Furthermore, it found that local
rates of vascular complications were lower with the
radial approach.11 Thus, the transradial approach has
largely replaced the transfemoral approach for coronary
interventions. This “radial-first” strategy has been
endorsed by the American and European cardiology so-
cieties.12,13 Although the use of transradial access instead
of femoral access has been adopted more slowly in the
United States, compared with Europe, the trend from
2013 to 2017 revealed an increase in transradial percuta-
neous interventions from 25.9% to 45.2%.14

In PVIs for lower extremity disease, this approach has
become increasingly used for patients as an alternative
access site when femoral artery (FA) access is not
possible because of factors such as prior surgery, body
habitus, prior endovascular treatment on the CFA, or se-
vere CFA disease.15 In addition to its low access site com-
plications, the transradial approach also avoids
postoperative immobility. RA access is most often used
for aortoiliac disease, followed by femoropopliteal dis-
ease, and least often for infrapopliteal disease.16 The dis-
advantages of this approach for PVIs, in contrast to its use
for coronary interventions, include decreased push-
ability and torque-ability for long distance lesions. Other
disadvantages include arterial vasospasms and the pres-
ence of tortuous subclavian arteries and aortic arches
that increase the risk of cerebrovascular accident in the
setting of atherosclerotic disease in these vessels, in addi-
tion to longer learning curves for interventionalists.17 This
method is also particularly more challenging for taller
patients in whom the passage of devices to target long
distance vessels becomes more difficult.
Slender sheaths, primarily 5F and 6F sheaths, are used

for the transradial approach given the smaller arterial
diameter.15,17 The guidewire lengths are typically
300 cm, and both self-expanding stents and balloon-
expandable stents can be used. Hemostasis is achieved
by manual compression, bandaging, or the use of a
compression device.10 The left transradial artery
approach is reported to provide a direct route to the
descending aorta and theoretically reduces the risk of
stroke, although other studies have found no differences
in the incidence of periprocedural stroke after the trans-
radial approach for cardiac catheterizations.18-20 Vasodi-
lators are used to help prevent RA spasm. Although
standard agents have not been identified, verapamil at
a dose of 5 mg, combined with nitroglycerin at both
100 mg (4%) and 200 mg (2%), has been found to be
the most effecting combination in reducing RA spasm.21

The technical success rates of the transradial approach
for PVIs is reported to be 91% overall, 63% for occlusive
disease, 98% for stenotic disease, 91% for suprainguinal
disease, and 90% for infrainguinal disease.22 In a meta-
analysis that included 19 studies comparing transradial
access and transfemoral access for the treatment of le-
sions from the aortic bifurcation down to the popliteal
artery, no difference was found in the technical success
rates for either approach.23 The rate of conversion to
the transfemoral approach was 9.9%, with complications
reported to be low at 1.9% with the transradial
approach.23 The most common reason for technical fail-
ure with the transradial approach was the inability to
cross a lesion.23 The length of stay was also found to be
nonsignificant between the two access site groups.23

Although RA access has reportedly resulted in fewer ac-
cess site complications compared with FA access, a ma-
jor complication with this technique is RA occlusion. This
poses a theoretical risk of severe hand symptoms and
permanent arterial occlusion.24 Although RA occlusion
is not routinely screened for in the postoperative period,
this complication is reported to occur <1% of the time,13

and studies evaluating functional outcomes after the
transradial approach reported no patients with symp-
tomatic RA occlusion.22 The use of an increased intrapro-
cedural dosage of heparin (5000 U) has been suggested
as an effective measure for preventing RA occlusion.21

Other rare complications include hematoma (<5%),
repeat interventions (<1%), and pseudoaneurysms
(PSAs; 1%).16 The rate of these complications is signifi-
cantly increased with the use of larger diameter sheaths.
TRANSPOPLITEAL RETROGRADE ACCESS
First described by Tønnesen et al25 in 1988, the retro-

grade transpopliteal approach has been shown to be
an effective alternative access site for popliteal artery
and superficial FA (SFA) disease when the CFA remains
inaccessible.25 Initial data on transpopliteal retrograde
access showed high rates of complications, such as
dissection, arterial rupture, arteriovenous fistula, PSA,
bleeding, and hematoma, that made this an unpopular
approach. The rate of these complications significantly
improved with the use of ultrasound, smaller diameter
instruments, and low-profile angioplasty devices. From
the popliteal artery, the shorter distance to the targeted
lesions allows for improved push-ability and torque-
ability. Historical disadvantages to the popliteal
approach include prone positioning of the patient,
although the retrograde popliteal approach with the pa-
tient in the supine position and the knee gently flexed
and medially rotated has been found to be a safe and
effective method to recanalize the SFA.26 Other
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disadvantages might include accessing a flexed leg and
vessel compression after sheath removal.
Because the retrograde transpopliteal approach is

often used for limb salvage in the presence of difficult
lesions, the transpopliteal approach has been observed
to be significantly more likely to be used for TASC (Inter-
Society Consensus for the Management of Peripheral
Arterial Disease) II class D lesions compared with trans-
femoral access.27 The technical success rate is reported
to range from 82% to 100% from multiple, single-center
studies, with significantly lower success and patency
rates at 6 months compared with the transfemoral
antegrade approach.27 However, no difference was
found in amputation-free survival, survival at 6 months,
or major adverse limb events. Also, no differences were
found in 30-day mortality, arterial dissection, distal
embolization, or access site hematoma.27

Although the current studies do not have sufficient po-
wer to detect the variables associated with the unsuc-
cessful transpopliteal approach, some factors observed
with unsuccessful revascularization include target lesion
lengths farther away from the access site, a greater lesion
length, and claudication distance in the first 50 me-
ters.28,29 In a small cohort study, the complications asso-
ciated with this access site included hematoma from the
popliteal artery, reported to occur at a rate of 4.8%.29

Small studies also reported low rates of PSA, arteriove-
nous fistula, and arterial dissection.30,31

A retrospective study evaluated the technical success
and complication rates of transpopliteal vs upper ex-
tremity access (UEA) for isolated SFA occlusive disease
and found no difference in their success rates.32

Although they did not explicitly state whether the cases
using UEA and transpopliteal access were initial at-
tempts, they did exclude patients who had required
multiple access sites. The study also reported that the
transpopliteal approach was used to treat more TASC II
class D lesions.32 Technical failure was associated with
TASC II class D lesions and severe calcifications. Report-
edly, significantly more access site complications
occurred in the UEA group than in the transpopliteal
group. However, within the UEA group, the brachial ar-
tery (BA) access subgroup had a higher rate of complica-
tions compared with the transradial approach.32

TRANSPEDAL RETROGRADE ACCESS
The transpedal approach can be considered as an alter-

native access site for challenging infrapopliteal lesions.
First reported in 1990 by Iyer et al,32 this technique was
first described as a cutdown on the posterior tibial artery
to facilitate endovascular revascularization of occluded
tibial arteries for which conventional antegrade tech-
niques had failed.33 Since then, this approach has been
reproduced in multiple small studies.34,35 The major indi-
cation for this approach is treatment of tibial occlusive le-
sions and is primarily used when standard endovascular
techniques fail, although some would use it as a first-line
approach.36,37 A large prospective cohort study evalu-
ating the outcomes after a transpedal retrograde
approach for infrainguinal disease demonstrated that
technical success did not differ significantly between
those with prior failed antegrade attempts and those
with a primary tibiopedal attempt.38

Advantages of transpedal access include increased
push-ability and torque-ability owing to the smaller diam-
eter of the tibial vessels and closer proximity to the lesions.
The distal cap of an infrapopliteal lesion is generally softer
than its proximal segment. Additionally, because collat-
eral vessels usually arise in a caudal angle, wires traveling
cranially are less likely to enter side branches through a
retrograde approach.38 Given the smaller diameter of
the pedal arteries, calcium channel blockers and nitro-
glycerin can also be used to reduce the risk of
vasospasm.37,38

Retrograde pedal access can be performed using a 4F
micropuncture coaxial introducer catheter to obtain
sheathless access using a 0.014-in. or 0.018-in. bareback
wire to support balloon angioplasty catheters to cross
and treat tibial chronic total occlusions. The use of extra
support wires that are exchange length is suggested to
allow for treatment with retrograde balloons or for snar-
ing the retrograde wire through an antegrade
approach.37 Alternatively, a 4F sheath or 6F Glidesheath
Slender (Terumo Interventional Systems) can be used
for stenting from the transpedal approach.39 To avoid
vasospasm, verapamil and nitroglycerin in heparinized
saline can be used to flush the microcatheter access
every 10 to 15 minutes. A proposed mixture includes
2.5 mg of verapamil hydrochloride, 100 mg of nitroglyc-
erin, and 2500 U of heparin in 50 mL of 0.9% normal sa-
line.38 In a prospective, multicenter observational trial,
the anterior tibial artery (25.9%) and posterior tibial artery
(35%) were the most commonly accessed, followed by
the dorsalis pedis artery (22.3%). Access via the peroneal
artery is reportedly attempted <10% of the time. Imaging
modalities used to guide or confirm access include angi-
ography (33.5%) or ultrasound (36%), or both (29.4%).37

Antegrade access can be used to treat lesions requiring
stent placement after a retrograde wire is snared and
brought through the antegrade guiding catheter.38 The SA-
FARI (subintimal arterial flossing with antegrade-
retrograde intervention) technique can be used when sub-
intimal angioplasty fails during recanalization attempts of
chronic total occlusions to reenter the true lumen.34,39,40

This technique requires both antegrade and retrograde ac-
cess, with retrograde subintimal recanalization up to the
antegrade subintimal space. The retrograde wire is then
snared into an antegrade catheter, creating a “flossing-
type” wire access.40 This facilitates tracking of an angio-
plasty balloon catheter across a chronic total occlusion.40

The technical success of this approach has been re-
ported to be between 69% and 93%.10,32,33 Technical
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success is reported as the ability to achieve percutaneous
entry into a tibiopedal artery and deliver the guide wire
to facilitate introduction of a catheter. In a small cohort
study, technical failures resulted from an inability to cross
the chronic total occlusions in patients for whom ante-
grade access had failed.38 A study with a mean follow-
up of 17 months found that the limb salvage rate was
77% for patients who underwent transpedal access after
antegrade access had failed.38

Compared with transfemoral access, transpedal access
has not resulted in differences in technical failure rates,
and complications with this approach are rare. It has
been observed that the rate of minor access site-
related complications, including pain, infection, ecchy-
mosis, bleeding, and acute vessel dissection, is <2%.
However, one study reported a significant increase in
major adverse cardiac events in patients who underwent
retrograde pedal access compared with femoral access
but had comparable amputation-free survival at
1 year.41 However, the patients in this retrospective study
who underwent pedal access were older and a greater
proportion of patients had tibial peroneal disease and,
therefore, likely had more advanced arterial disease.41

Debate has ensued regarding the safety of tibiopedal
access given the concern for injury or thrombotic occlu-
sion of a pedal vessel in patients with single runoff artery
to the foot. Although this could theoretically lead to loss
of a distal bypass target or limb loss, this outcome has
only rarely been reported.33,39 Only a single pedal occlu-
sion was described in a patient in whom pedal access
was deemed the only viable route for SFA disease, with
limb salvage ultimately achieved.37 Techniques to pre-
serve accessed tibial arteries include accessing the ves-
sels with ultrasound imaging, using lower profile
endovascular devices, avoiding multiple attempts that
could lead to vasospasm and potential thrombotic oc-
clusion, and frequently flushing the pedal vessels with
calcium channel inhibitors and direct vasodilators.
Completion angiography can be performed at the end
of the procedure to evaluate the accessed tibial arteries
and treat any iatrogenic injuries identified.42

Although larger prospective studies are needed to
assess the safety, efficacy, and long-term outcomes of
the transpedal approach, the current literature suggests
it is a safe and effective alternative access option with
acceptable limb salvage rates for patients in whom ante-
grade intervention has failed andmight bemore liberally
used as a first-line intervention given its low rate of com-
plications, high technical success rates, and the
improved tools for this technique.

OTHER ALTERNATIVE ACCESS SITES: TRANS-
BRACHIAL AND TRANSAXILLARY ACCESS
Other upper extremity percutaneous access sites

include BA access and axillary artery access. Alternative
access sites in the upper extremities are particularly
useful when targeting bilateral lower extremity lesions.
A 10-year, single-center review evaluating BA access to
treat peripheral vascular lesions reported a success rate
for access of 98.9%.43 The average sheath size ranged
from 4F to 7F. Themost commonly performed procedure
was balloon angioplasty. Most of the interventions via this
approach were for lesions in the SFA or profunda FA, fol-
lowed by iliofemoral lesions. These extended to the tibial
lesions. In only six cases, constituting 2.7% of the inter-
ventions, could the target lesion not be reached owing
to the catheter length. The complication rate for this ac-
cess site was 3.8% and included, in order of frequency,
hematoma formation (1.9%), PSA (1.5%), and bleeding
(0.38%).43

Complications from BA access sites have otherwise
been reported to be as high as 6% to 11%, with the
most common complications being PSA, hematoma,
and thrombosis.44,45 When comparing the safety profiles
of BA access to those of the transradial and transfemoral
approach, the BA access approach was observed to have
significantly more access site complications, defined as
those requiring treatment, compared with the transra-
dial and transfemoral approaches. These complications
were not different between the transradial and transfe-
moral approaches.46 Overall, studies have reported that
BA access has high success rates, but also higher compli-
cation rates, compared with transradial and transfemoral
access. However, given its closer proximity to the FA than
to the RA, its use is of value when device length is an
issue.
The axillary access site is a less commonly used, but

useful, alternative access site. Historically, this site has
been avoided, given the theoretical risk to the brachial
plexus and difficulty achieving hemostasis in this area.47

However, this access site has been increasingly used,
especially as an alternative access site for transcatheter
aortic valve implantation.48 Similar to other alternative
access site indications, the axillary artery is accessed
when the anatomy is favorable and when challenging
aortoiliac disease or preexisting aortoiliac stents or grafts
is present.
The axillary artery is typically accessed with the arm

adducted to the site, and the artery is visualized with ul-
trasound guidance. A single-center, retrospective study
evaluation of BA access noted successful access entry
for 98.3% of cases. This site was often used to address le-
sions in the SFA (15%), popliteal artery (12.7%), external
iliac artery (11.2%), common iliac artery (11.2%), and CFA
(9.7%). Differences in the incidence of minor and major
complications between axillary access and CFA access
were insignificant statistically; however, the total proced-
ure time and fluoroscopy time were significantly longer
statistically in the axillary access group. The benefit of
axillary artery access over RA access includes a larger
caliber vessel size and shorter distance to the target
vessels.49



Table. Alternative access sites: technical advantages and
disadvantages

Access site Advantages Disadvantages

Transradial

Local rates of access
site complications
lower than
transfemoral
approach; avoids
accessing
challenging or
inaccessible CFA; no
postoperative
immobility

Decreased push-
ability and torque-
ability for long
distance lesions; can
be challenging to
reach popliteal or
infrapopliteal lesions;
arterial vasospasm
and RAO; tortuous
subclavian arteries
and aortic arch,
introducing an
increased risk of CVA;
small caliber sheaths
for interventions;
challenging for tall
patients

Transpopliteal

Increased push-
ability and torque-
ability primarily for
SFA or popliteal
lesions; avoids
accessing
challenging or
inaccessible CFA;
larger diameter
lumen compared
with transpedal
approach

Could require prone
patient position;
more likely to require
knee flexion; difficult
vessel compression
following sheath
removal

Transpedal or
tibial

Increases push-ability
and torque-ability
primarily for
infrapopliteal, and
infrainguinal lesions;
distal cap of
infrapopliteal lesions
generally softer than
proximal segment;
wire is less likely to
enter side branches
via retrograde
approach; avoids
accessing
challenging or
inaccessible CFA

Arterial spasm; risk of
occlusion and/or
iatrogenic injury to
tibial-peroneal single
vessel runoff to
extremity; small
caliber sheaths for
interventions

CFA, Common femoral artery; CVA, cerebrovascular accident; RAO,
radial artery occlusion; SFA, superficial femoral artery.
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CONCLUSIONS
In patients with CLTI deemed likely to benefit from

endovascular revascularization over surgical bypass,
expanding the interventionalists’ armamentarium of ac-
cess site options facilitates access to complex lesions.
These are notably advantageous for patients with a
severely diseased CFA or previously treated FAs resulting
in challenging antegrade or retrograde transfemoral ac-
cess. The three main types of alternative access sites dis-
cussed in the present review, including transradial,
transpopliteal, and transpedal access, have specific tech-
nical advantages and disadvantages compared with the
transfemoral approach, summarized in the Table. All
have longer learning curves. Depending on user prefer-
ence and familiarity with these techniques, alternative
access sites can be used judiciously as either first-line ap-
proaches for infrainguinal disease or additional strategies
for limb salvage. Although additional studies are needed
to evaluate the long-term patency rates and outcomes
for transradial, transpopliteal, and transpedal access,
the current literature reports acceptable technical suc-
cess, amputation-free survival, and low access site com-
plications with these techniques for the management
of CLTI.
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