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The incidence of peripheral arterial disease is rising thanks to increasing rates of 
obesity, diabetes, hypertension and failed attempts at controlling tobacco abuse. 
Advanced peripheral arterial disease and critical limb ischemia represent the terminal 
stages and carry high amputation and mortality rates. Evolving technology and 
understanding of the disease process have introduced newer therapeutic modalities 
and approaches to peripheral vascular interventions. Among these, retrograde tibial-
pedal access and minimally invasive retrograde interventions are gaining momentum 
as new adopters are witnessing the safety and improved outcomes (evidenced by the 
increased success rate of previously failed attempts at crossing complex occlusions via 
the traditional antegrade approach). The shift toward less invasive approaches has led 
to increased endovascular interventions and decreased amputation rates.
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Scope of the problem
Peripheral arterial disease (PAD) affects 12% 
of the adult population and up to 20% of 
individuals 70 years or older. Its incidence 
is on the rise, fueled by the epidemic caused 
by calorie-rich diets, hypertension, diabetes, 
tobacco abuse and sedentary lifestyle [1–3].

Advanced PAD refers to patients with 
symptoms of claudication with minimal 
effort who have complex anatomy consistent 
with the Rutherford III classification. Critical 
limb ischemia (CLI) represents the terminal 
stage of PAD and it occurs when the restric-
tion to arterial blood flow is so severe that the 
capillary beds are inadequately perfused and 
unable to sustain tissue viability. It is defined 
by the presence of rest pain and/or tissue loss 
for at least 2 to 4 weeks that can be attributed 
to occlusive arterial disease. The diagnosis is 
clinical in nature and refers to patients with 
pain at rest, minimal tissue loss or frank 
gangrene, consistent with Rutherford classi-
fication IV–VI [4]. The European Consensus 
Conference included the need for analgesia for 
more than 2 weeks or ischemic tissue loss with 
an ankle pressure of less than 50 mmHg as 

part of the definition [5]. Anatomically, CLI 
is characterized by multilevel and multivessel 
infrainguinal and tibial arterial stenoses and 
chronic total occlusions (CTOs) that create a 
severe imbalance between supply and demand 
of oxygen in the affected tissues, compromis-
ing its viability and threatening limb loss. 
It is estimated that 1.5 million patients in 
Europe and 2 million patients in the USA over 
50 years of age manifest symptoms of CLI. 
Although CLI encompasses <5% of all cases 
of PAD, its prognosis is poor. The 1-year mor-
tality and major amputation rates range from 
20 to 50% [6–8]. It occurs in approximately 
1–3% of all PAD cases [9–11] with an incidence 
between 500 and 1000 persons per million 
per year in Europe and the USA [12–14]. Many 
patients do not progress sequentially along 
predefined stages from claudication to CLI. 
Select longitudinal studies show that some 
patients with symptomatic PAD progressively 
develop CLI [15,16], while others have shown 
that many patients are asymptomatic prior to 
developing CLI [17,18]. In less severe circum-
stances, compensatory m echanisms such as 
angiogenesis and arteriogenesis [19] are suffi-
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cient to overcome the increased demand imposed by the 
lack of adequate tissue perfusion, however in patients 
with CLI, these mechanisms have been exhausted and/
or are defective. Inadequate perfusion of the skin and 
surrounding tissues leads to endothelial dysfunction, 
chronic inflammation [20] and muscle damage [21–23]. 
The clinical manifestations of these molecular changes 
are ischemic rest pain, non-healing ulcerations and gan-
grene. A staggering 20 to 25% of patients with CLI will 
undergo primary amputation, 50 to 60% revasculariza-
tion (surgical and/or endovascular) and 25% are treated 
medically [24]. The 5-year mortality rate is 60% [25]. 
40% of CLI patients, who do not undergo revascular-
ization, will undergo leg amputation within 6 months 
and 20% will die [20].

Therapeutic evolution
Endovascular revascularization of patients with advanced 
PAD has evolved dramatically over the past decade due 
to a better understanding of the atherosclerotic process, 
biomechanical forces and physiopathologic features that 
characterize the disease in the lower extremities, all of 
which have led to the development of disruptive tech-
nologies, designed to further endovascular interventions 
(in juxtaposition to the previously established status quo 
dictated by performance of bypass surgery) [20]. These 
technologies have been utilized with varying success and 
without a clear advantage of one device over another in 
terms of improved clinical outcomes. These include 
plain balloon angioplasty [26,27]; cryoplasty [28]; cutting 
balloon angioplasty [29]; bare metal stents [30], drug elut-
ing stents [6,31,32], directional atherectomy [33–35]; laser 
atherectomy [36], orbital atherectomy [37–39] and most 
recently, drug-coated balloons [40–42].

Peripheral vascular interventions (PVIs) have tra-
ditionally been performed via access in the contralat-
eral common femoral artery (CFA), using the ‘up and 
over’ approach. This technique has several limitations, 
which are mainly represented by:

•	 Lack of equipment that is long enough to approach 
distal tibial and pedal vessels.

•	 Inability to treat potential complications such as 
distal embolization, dissections and perforations.

•	 Inability to treat the contralateral limb in patients 
with endovascular aortic aneurysm repairs or aor-
tobifemoral bypass grafts, iliac CTOs and aortoil-
iac bifurcations with extreme angulations.

•	 Decomposition of the force vector applied in the 
accessed groin with the resulting loss of kinetic 
energy, pushability, torqueability and maneuver-
ability of the crossing devices when attempting 

to cross long and calcified CTOs. The force vec-
tor that is applied in the contralateral groin has to 
travel in different and opposite directions to finally 
be delivered at the tip of the device in the target 
lesion (Figure 1) resulting in a decreased likelihood 
of s uccessful crossing.

These limitations are overcome by performing CFA 
antegrade access and interventions. Placement of an 
antegrade sheath allows for direct and complete trans-
mission of the force applied at the groin to the tip of 
the crossing device (increasing the ability to push, 
torque and maneuver these devices), therefore increas-
ing the likelihood of success (Figure 2A), while allow-
ing treatment of potential distal complications. How-
ever, this approach is limited by the unfamiliarity of 
most operators with the technique and the increased 
risk of access-related complications in patients who 
are morbidly obese (Figure 2B), and in those unable 
to lie flat (a common limitation among patients with 
advanced PAD and CLI who also have lower back 
issues or advanced forms of chronic obstructive pul-
monary disease [COPD] or congestive heart failure 
[CHF]). Patients with CLI frequently have CTO 
caps with antegrade convex configurations, which do 
not favor intraluminal crossing and require a retro-
grade approach or a combined antegrade-retrograde 
approach to be successfully crossed and treated.

The challenge posed by this subset of patients, 
resulted in the development of the tibial-pedal arterial 
minimally invasive (TAMI) retrograde revasculariza-
tion technique. This technique is based on the use of 
single or dual retrograde tibial-pedal access under extra 
vascular ultrasound (EVUS) guidance, to perform 
diagnostic and interventional procedures in patients 
that are poor candidates to receive the same therapy 
from a traditional CFA access. Currently available 
low-profile devices including sheaths, balloons, ather-
ectomy devices and stents, can be utilized from the 
retrograde tibial-pedal approach to achieve complete 
revascularization of the lower extremity (Figure 3) in 
select patients.

Patient selection
Several factors should be taken into consideration in 
order to decide which patients are ideal candidates for 
this approach. However, as with any other procedure, 
the decision-making process needs to be tailored to 
each individual patient, operator and institution.

Patient factors:

•	 Advanced PAD or CLI;

•	 Inability to lie flat for prolonged periods of time 
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(severe osteoarthritis, lower back pain, CHF, 
COPD);

•	 Contracted/deformed hip;

•	 Hostile groins: morbid obesity, infected groins, 
severely scarred/ fibrotic groins.

Vascular anatomy: The distal third of the tibial 
arteries should be patent (in order to obtain access and 
accommodate a tibial-pedal sheath).

•	 Flush occlusion of the ostium of the superficial 
femoral artery (SFA) (in patients where the contra-
lateral approach is not feasible);

•	 The proximal CTO cap has an antegrade convex 
morphology, which increases the likelihood of sub-
intimal penetration and dissection (Figure 4);

•	 Long suprapopliteal CTO with reconstitution of 
flow at the P3 segment of the popliteal or the tibial 
trifurcation, with an antegrade convex cap (which 
would increase the risk of compromising the distal 
vessels if crossing from the traditional antegrade 
approach.

Procedure description: stepwise approach
Preprocedural imaging
A detailed noninvasive evaluation of the target limb 
with EVUS allows identification of occlusions and 
reconstitutions, segments of hibernating lumen (patent 
arterial segments located between CTO caps, previ-
ously thought to be completely occluded due to inabil-
ity of the antegrade column of contrast to penetrate 
the vessel beyond the occlusive cap), as well as areas 
of complete luminal obliteration (‘white stop sign’) 
(Figure 5). This, in conjunction with selective angiog-
raphy (performed with the catheter tip as close as pos-
sible to the tibials) allows the identification of the true 
length of the CTO segment [43,44].

Step 1: patient placement
Patients are placed in ‘antegrade fashion.’ If unable to 
tolerate lying flat, a supporting wedge can allow the 
patient to virtually sit at 45° (Figure 6). The target limb 
is prepped in sterile manner with iodine or chlorhexi-
dine painting and is kept fully exposed on top of the 
sterile field, in order to allow intraprocedural EVUS 
imaging (Figure 7).

Step 2: EVUS-guided access site selection
The leg must be adequately positioned in order to 
facilitate maximal exposure of the target vessel. For 
the anterior tibial and dorsalis pedis arteries, the leg is 
maintained in its neutral anteroposterior orientation, 

with the heel resting on the mattress (Figure 8). In 
order to access the posterior tibial and peroneal arter-
ies, external rotation and abduction of the hip are per-
formed, as well as slight flexion of the knee (Figure 9). 
Once the target access point is identified under EVUS 
(using a 7–15 MHz or ‘hockey stick’ probe) in the 
short axis view, 0.5 cc’s of subcutaneous lidocaine are 
injected. The needle is oriented at a 60–75° angle, with 
its tip located next to the edge of the probe. Once the 
tip of the needle crosses the skin, every effort is made 
to clearly see its tip under EVUS, allowing precise arte-
rial puncture, while avoiding complications such as 
arteriovenous (AV) fistulas (Figure 10).

Step 3: EVUS-guided arterial cannulation
The needle trajectory is monitored under EVUS guid-
ance. Visualization of the tip of the needle in the center 
of the artery allows the operator to know that access 
has been gained (as it is not uncommon to find lack 
of pulsatile blood flow in patients with severe disease) 
(Figure 11). 

Step 4: access wire introduction
Next, the EVUS probe should be switched to the long 
axis. The guide wire is slowly introduced into the 
artery under direct visualization (Figure 12). It is rec-
ommended to continuously spin the wire, in order to 
increase the reverberation artifact (which enhances the 
wire visibility) and maintain its tip free, decreasing the 
likelihood of subintimal insertion.

Step 5: sheath placement
The tibial pedal sheath is then slowly introduced 1 cm 
at a time, by pushing very close to the skin (to avoid 
kinking). EVUS also allows visualization of the sheath 
inside of the tibial artery and its relationship to the 
vessel wall (Figure 13). Five French (Fr) sheaths are 
reserved for limb-salvage cases when all other options 
have been exhausted (in order to use large support 
catheters or perform retrograde stenting). When 5 Fr 
sheaths are utilized, the intra-arterial time should be 
kept to less than 5 min (Figure 14).

Step 6: intra-arterial pharmacotherapy & 
retrograde angiography
Intra-arterial heparin is administered at 60–80 units/kg 
bolus, followed by 200–400 μg of intra-arterial nitro-
glycerin. The activated clotting time (ACT) is checked 
every 30 min and heparin administered to keep an 
ACT of 200–250 s. Nitroglycerin is administered every 
10–20 min to avoid spasm. Then, a slow, modulated 
contrast injection (retrograde tibial angiogram) is per-
formed (Figures 15 & 16). Alternatively, the TAMI solu-
tion can be administered as a continuous drip through 
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the sheath’s sidearm (Box 1) at a rate of 6–7 cc/min. If 
the blood pressure is marginal, decrease the rate to 3 cc/
min.

Step 7: retrograde revascularization strategy
The choice of endovascular tools must be individual-
ized for each lesion. The techniques utilized to cross 
and treat stenoses and occlusions from the retrograde 
approach include:

•	 Wire/catheter technique;

•	 CTO crossing devices: TruePath™ (Boston Sci-
entific, MA, USA); Crosser™ (Bard, AZ, USA); 
TurboElite Laser™ (Spectranetics, CO, USA); 
Viance™ (Covidien, MN, USA) (Figure 17);

•	 Atherectomy devices: DiamondBack™ (CSI, MN, 
USA) (Figure 18); ablative laser atherectomy (Spec-
tranetics, CO, USA);

•	 Balloon angioplasty (Figure 19) and self-expanding 
stents (for SFA and popliteal lesions) can also be 
delivered. 

Depending on the size of the balloons being used, 
a sheathless approach can be used. The authors how-
ever recommend against the sheathless insertion of self-
expanding stents for popliteal or SFA applications (due 
to increased risk of arterial laceration). If stenting is nec-
essary, a 5 Fr sheath should be used expeditiously, mini-
mizing its intra-arterial time. All equipment should be 
on the table and ‘ready to go’ to rapidly deliver therapies 
and exchange back to the smaller sheath to complete the 
case. Recently, the Slender Sheath™ (Terumo Medical, 
NJ, USA) was launched, featuring an outer 5 Fr with 
an inner 6 Fr diameter, which allows delivery of 6 Fr 
devices from a tibial-pedal position (Figure 20).

Step 8: post-intervention angiographic 
assessment
It is recommended to maintain a 0.014” wire in the 
main vessel and advance a catheter beyond the treated 
segment. Angiography is then performed in a stepwise 
fashion from supra to infrapopliteal vessels (Figure 21). 
The last angiogram should be performed through the 
dilator of the microsheath after intra-arterial nitroglyc-
erin is administered, to visualize the pedal circulation 
distal to the access point. 

Step 9: hemostasis
At the end of the procedure the final ACT is docu-
mented, and the sheath is removed immediately. Tib-
ial compression devices such as the Boa™ (Lakeshore 
Medical, MI, USA), or those designed for radial access 
can be used to achieve hemostasis (Figure 22). The site 

is checked every 15 min. Once there is no bleeding, the 
device is removed. Patients can ambulate 30 min after 
hemostasis is achieved. In patients with edema, the site 
should be carefully checked after compression device 
removal as subcutaneous bleeding may still occur.

Discussion
Historically, PVIs have been carried via CFA access 
and operators have used the femoral head as the ideal 
landmark to puncture the CFA in order to avoid com-
plications in patients undergoing endovascular proce-
dures. Fluoroscopic identification of the femoral head 
has been shown to decrease access-related complica-
tions; however, anatomical variations that contribute 
to these complications are often not recognized by this 
method [45–50]. As endovascular technologies continue 
to evolve, we face ever-increasing challenging cases in 
sicker patients with more complex lesions and a mul-
titude of co-morbidities. We have learned that the ‘up 
and over’ approach has limitations that lead to failed 
revascularization attempts in a significant percentage of 
patients with advanced PAD and CLI, and an increasing 
proportion of these patients are morbidly obese, which 
inherently increases the risk of complications if the more 
efficacious antegrade ipsilateral approach is selected. 
The TAMI technique has filled a void in the armamen-
tarium of interventionists who treat these patients by 
allowing operators to selectively engage and treat the 
target vessel from a retrograde tibial-pedal access, thus 
completely eliminating the potential groin site compli-
cations frequently seen in obese elderly patients with 
calcified vessels, who have a large pannus and are unable 
to lie flat due to severe low back pain, COPD, CHF and 
sleep apnea. The technique was evaluated in a single-
center study, which reported successful EVUS-guided 
access and successful retrograde crossing and treat-
ment in 100 and 95% of the patients, respectively [51]. 
Patients with advanced PAD often have multiple co-
morbidities that can impact the length of a procedure, 
leading to the need for multiple staged interventions as 
shown in the BASIL trial (patients underwent an aver-
age of 1.9–2.4 procedures) [52], which increases the 
likelihood of complications. EVUS-guided retrograde 
access and interventions, decrease the amount of con-
trast and radiation utilized, while increasing the suc-
cess rate of revascularization procedures performed in 
one stage due to the fact that the lesion is closer to the 
access site (allowing for improved torqueability, device 

Box 1. TAMI solution composition.

•	 500 cc heparinized normal saline.
•	 3000 micrograms of nitroglycerin.
•	 2.5–5 mg of verapamil.



www.futuremedicine.com 5future science group

Interventions for advanced peripheral arterial disease & critical limb ischemia    Special Report

pushability and maneuverability, as well as for expedited 
device transit time), and that the distal CTO cap typi-
cally shows a retrograde concave configuration which is 
more easily and successfully traversed from a  retrograde 
approach [51,53,54].

Conclusion
The TAMI technique offers an alternative revascu-
larization method for patients in whom a traditional 
revascularization approach is not feasible or has failed. 
Currently available endovascular devices are shifting 
toward a lower crossing profile, allowing the vascu-
lar specialist to deliver a broad spectrum of therapies 
through the low-profile retrograde tibial-pedal access. 
The increased use of EVUS guidance can potentially 
improve patient safety and decrease the amount of 
contrast and radiation utilized, which translates into 
benefits for the patients, staff and operators.

Future perspective
The field of endovascular interventions for advanced 
PAD and CLI has evolved dramatically over the last 
10 years, thanks to disruptive technologies and to our 
enhanced understanding of the atherosclerotic pro-
cess that affects the lower extremities. Current limita-
tions are related to our ability to properly treat heavily 
calcified, long chronic total occlusions and to obtain 
positive, durable outcomes. Future iterations of current 

technologies should bring even lower profile access and 
treatment tools, with improved engineering design to 
allow increased success in crossing and treating lesions. 
Stent technology for infrapopliteal lesions should bring 
self-expanding platforms with enough radial strength to 
resist fractures in superficial locations such as the distal 
tibials and pedal arteries, where improved bioabsorbable 
platforms may be an option, although early results have 
been disappointing. Further development of cell- and 
gene-based therapies is also likely to evolve in the near 
future, however efforts to this point have failed to come 
to fruition. Last but not least, development of nanobio-
technologies will likely provide us with the ability to 
deliver site-specific therapies, which could maximize 
efficacy while decreasing or eliminating the risk for sys-
temic side effects.
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Executive summary

Scope of the problem
•	 Patients with advanced peripheral arterial disease and critical limb ischemia have multilevel and multivessel 

disease with complex, long and heavily calcified stenoses and occlusions, which have traditionally been 
approached in antegrade fashion with an unacceptable failure rate of 20–40% in the published literature.

Therapeutic evolution
•	 The contralateral ‘up and over’ technique limits the ability to directly transmit energy to the tip of the crossing 

devices, resulting in lost pushability, torqueability and maneuverability, all of which are potential explanations 
for the failure rates of this approach.

Patient selection
•	 The antegrade ipsilateral approach circumvents many of these issues, however, a significant proportion 

of these patients tend to have multiple co-morbidities including morbid obesity, end-stage renal disease 
and conditions that limit their ability to lie flat, and increase the risk of access and procedure-related 
complications.

Conclusion
•	 The use of ultrasound-guided tibial-pedal arterial access and interventions offers a new, safe and efficacious 

approach to treat these patients, while decreasing the amount of contrast and radiation used. It also 
decreases the potential groin complications that could ensue from attempts at groin access in many of these 
patients with hostile groins.
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Figure 1. The dashed arrows represent the vectors into which a force applied at point ‘X’, would decompose 
before reaching point ‘Y’. (A) A relatively common aortic bifurcation would lead to decomposition of the force 
vector applied in ‘X’ into at least four different vectors before reaching ‘Y’, resulting in loss of force transmission 
and therefore of the ability to push, torque and maneuver devices destined to cross long and calcified CTOs. (B) 
A more extreme example where the deconstruction of the vector is much more evident. Carrying a contralateral 
intervention in this case will highly likely result in a failed attempt to even reach the lesion.
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Figure 2. (A) Antegrade access allows a unidirectional vector to be delivered, therefore the entire force applied 
at point ‘X’, is delivered to point ‘Y’. (B) One of the most common reasons that lead to avoidance of antegrade 
access by most operators. 

Figure 3. (A) The 2.9 Fr Tbio-pedal sheath with a with a Cook Advance Micro® 14 ultra low-profile balloon. (B) The 
Terumo 4 Fr Precision sheath with the CSI Diamondback 360® orbital atherectomy device through.
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Figure 4. An antegrade convex proximal CTO cap under 
EVUS visualization.

Figure 5. (A) Short axis view of the PTA completely obliterated lumen. (B) Long axis view of the completely 
obliterated lumen of the distal PTA. (C) Short axis view of a tibial artery with a completely calcified lumen (arrow). 
(D) Long axis view of the completely obliterated and calcified lumen of a tibial artery.  
PTA: Posterior tibial artery; PTV: Posterior tibial vein.
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Figure 6. For patients who cannot tolerate lying flat, a 45 degree wedge can be utilized.

Figure 7. The target limb is prepped in sterile fashion and placed over the sterile field to allow intraprocedural 
extravascular ultrasound (EVUS) imaging. 
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Figure 8.  Leg positioning for anterior tibial artery and 
dorsalis pedis artery access.  
*Anterior tibial artery. **Dorsalis pedis artery. 

Figure 9.  ‘Frogging’ of the leg: external rotation and 
abduction of the hip with slight knee flexion. 
*Peroneal artery. **Posterior tibial artery. 
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Figure 10. (A) Notice the steep angle of the needle and its proximity to the probe. The goal is to be able to 
visualize the tip of the need once it crosses the skin plane. The tip of the needle should travel within the small 
space occupied by the ultrasound beam, which is directed in a straight vertical line from the probe across the limb. 
If the tip of the needle abandons this plane, it becomes invisible to the operator. (B) A cross sectional view of the 
tibial artery (A) surrounded by its accompanying veins (V). 

Figure 11. In patients with severe disease, pulsatile 
flow may not be present. The visualization of the 
tip of the needle in the center of the artery allows 
the operator to know that arterial access has been 
obtained. 

Figure 12. Introduction of the guide wire under EVUS 
visualization in the longitudinal (long axis view). 
Notice the ‘dual’ shadow of the wire (*) (the picture 
frame captures the wire rapidly spinning and therefore 
is seen in two positions at the same time). 
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Figure 13. Arrows show the tip of the sheath inside the 
tibial artery. Notice the space between the sheath and 
the arterial wall, which indicates it is not occlusive. 
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Figure 16. Totally occuded distal SFA/popliteal, crossed 
from retrograde tibial access. The arrow shows the 
crossing retrograde catheter from which the angiogram 
was performed. 
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Figure 14. (A) 2.9 Fr tibial-pedal microsheath (Cook Medical). (A)  4 Fr precision sheath (Terumo). 

Figure 15. Retrograde tibial angiogram. 
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Figure 17. The Viance® crossing device (Covidien) 
through the 2.9 Fr tibial pedal sheath (Cook Medical). 

Figure 18. Retrograde orbital atherectomy.
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Figure 19. Retrograde popliteal balloon angioplasty.

Figure 20. The Slender® sheath (Terumo) with a stent 
delivery system through it. 
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Figure 21. (A) Retrograde angiogram of the distal SFA 
and popliteal. (B) Retrograde angiogram of the TPT, 
peroneal and PT.
 

Figure 22. Arrows show the hemostatic ridges of this tibial hemostatic device.
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