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A SAGE Publication
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Introduction

Between 2000 and 2010, the global prevalence of peripheral 
artery disease (PAD) rose to 202 million individuals, primar-
ily driven by the increase in the aged population.1 A subset of 
PAD patients develop the ischemic rest pain, nonhealing 
wounds, or gangrene indicative of critical limb ischemia 
(CLI).2 When treating severe PAD, the less invasive “endo-
first” approach is advocated as studies have shown compara-
ble results with bypass surgery.3,4 However, when using the 
traditional antegrade approach for interventions in the infrain-
guinal arteries, 10% to 20% of endovascular interventions fail 
due to inability to cross a chronic total occlusion (CTO) or 
reenter the vessel lumen after subintimal crossing.5,6

In 1988, Tønnesen et al7 were the first to demonstrate the 
possibility of navigating a peripheral CTO from a retrograde 

approach after failure via an antegrade access. Since then, 
many distal access sites have been used to percutaneously 
enter the vasculature from the retrograde direction, including 
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Abstract
Purpose: To investigate the hypothesis that interventions involving retrograde below-the-knee (BTK) vessel punctures 
have an acceptably low complication rate and high procedural success. Methods: A systematic review was performed of the 
MEDLINE and Scopus databases for articles describing the results of BTK retrograde access for peripheral interventions. 
Outcome measures were access success, procedure success, and complications. A predefined subgroup analysis was 
performed of prospective studies to reduce the influence of possible reporting bias on outcomes. Results: Nineteen 
articles, including 3 prospective studies, were selected, including a total of 1905 interventions in 1395 patients (mean age 
69.5 years; 918 men). The BTK vessels were punctured in 1168 (61.3%) of these interventions. Access was successful in 
94.0% of BTK attempts, 86.0% of all lesions were successfully crossed using a retrograde access, and 84.0% of interventions 
achieved technical success. Forty-eight (4.1%) distal access site complications were reported. Vessel perforations were 
seen in 13 (1.1%) interventions, vasospasm in 5 (0.4%), and acute distal occlusions in 5 (0.4%). Predefined subgroup 
analysis of prospective studies showed similar results (p=0.24). Conclusion: A retrograde approach to facilitate peripheral 
endovascular interventions is a safe and successful technique and should be considered when an antegrade approach is not 
possible or fails to cross the lesion. Because of missing data on long-term outcomes and methodological shortcomings, 
real world data of retrograde access in nonexpert centers remains necessary before this technique can be advised to all 
interventionists dealing with peripheral artery disease.
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the anterior and posterior tibial8 arteries, the peroneal artery,9 
the dorsalis pedis artery,10 and various collateral and metatar-
sal11 arteries.

Despite various step-by-step descriptions of the retro-
grade technique in the literature,12–15 a below-the-knee 
(BTK) access might cause an unacceptably high rate of 
complications if not performed routinely in daily practice 
(in nonexpert centers), worsening the little patency that 
might be left in the small BTK vessels. This systematic 
review sought to investigate the hypothesis that interven-
tions involving retrograde BTK vessel punctures have an 
acceptably low complication rate and high procedural 
success.

Methods

Literature Search and Article Selection

A search was conducted of the MEDLINE database and the 
Scopus citation index in accordance with current guidelines 
for reporting systematic reviews.16 The search included 
terms for any type of retrograde access in peripheral inter-
ventions (see the Appendix) without addressing any exclu-
sion criteria. The final database search was conducted 
October 31, 2017.

The title and abstract of all identified citations were 
reviewed by the first author (R.H.A.W.) to select full length 
articles involving endovascular interventions using any of 
the BTK arteries for retrograde access. Reviews, book 
chapters, letters to the editor, and articles not written in 
Dutch, German, or English were excluded, as were studies 
having ≤10 patients or patients treated before the year 2000. 
Likewise, articles that described punctures of both above- 
and below-the-knee arteries but did not associate the com-
plications with the particular access site were also excluded. 
All articles of potential interest were discussed with the sec-
ond author (O.J.B.). Finally, included articles underwent a 
reference cross-check to identify articles that were not 
found in the initial database search.

When different studies were suspected of having over-
lapping patient cohorts, for example, because of overlap-
ping inclusion period and hospital, the study with the most 
included patients was chosen when agreed upon by the 2 
reviewers. When deemed necessary, the authors were con-
tacted to affirm or deny potential overlap in patient cohorts.

Bias Assessment

Quality of the included articles was assessed using the 
Methodological Index for Non-Randomized Studies 
(MINORS) checklist17 because no randomized trials were 
expected. The MINORS checklist provides a score using 8 
items for noncomparative studies and 12 items for compar-
ative studies. A maximum of 2 points per item can be 

obtained for adequately addressing this item in the study. A 
high total score is associated with a low risk of reporting 
bias.

Data Extraction

Baseline variables were the type of study, the number of 
included patients, the number of treated limbs, the number 
of men, mean age, and baseline Rutherford category. 
Procedure-related variables included the access materials, 
periprocedural medication, the imaging modality employed 
during vessel access, whether an antegrade intervention was 
attempted before the retrograde access, access success, 
technical success (<30% residual stenosis), and access site–
related complications (eg, dissections, acute occlusions, 
hematomas, arteriovenous fistulae, and pseudoaneurysms). 
When available, follow-up period, patency, target lesion 
revascularization (TLR), and limb salvage were also 
recorded.

Statistical Analysis

Continuous variables summarized as median and range 
were converted to a mean using published methods,18 after 
which a grand mean was calculated. The PAD severity of 
the affected leg was dichotomized into claudication 
(Rutherford categories 0–3) and CLI (Rutherford categories 
4–6). Other variables did not require remodeling of any 
sort. A predefined subgroup analysis was performed for the 
prospective studies to reduce the influence of possible 
reporting bias on outcomes. Independent t tests were com-
puted using R (version 3.4.2; R Foundation for Statistical 
Computing, Vienna, Austria; http://www.r-project.org). The 
threshold of statistical significance was p<0.05.

Results

The search yielded 14,576 titles (4567 MEDLINE and 
10,009 Scopus); removal of duplicates reduced the number 
to 10,395. Based on the title, 9912 articles were eliminated 
(Figure 1). Of the 483 articles left for abstract analysis, 3 
studies15,19,20 showed potential overlap; contact with the 
lead author confirmed no overlap in patients. The 53 
remaining articles were cross-referenced, but no other rele-
vant retrograde access studies were found. Finally, studies 
that did not include ≥10 punctures via the BTK arteries 
were excluded, leaving 19 articles for data abstraction. 
5,12,14,15,19–33

Characteristics of Included Studies

Among the 19 included articles, 3 studies12,25,32 had a pro-
spective design, the remaining 16 articles were retrospec-
tive analyses. The 2 comparative studies20,26 scored 20 

http://www.r-project.org
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points on a 24-point scale for the MINORS assessment, 
while the 17 remaining studies averaged 10 points (range 
3–14) on the 16-point scale for noncomparative studies.

A total of 1905 interventions were performed on 1395 
patients (mean age 69.5 years; 918 men). Claudication was 
the indication for treatment in 334 (20.3%) limbs (49 
Rutherford category 2 and 281 Rutherford category 3). CLI 
was found in 1312 (79.7%) patients (245 Rutherford cate-
gory 4, 380 Rutherford category 5, and 58 Rutherford cate-
gory 6). Patient characteristics were only partly described in 
1 study15 reporting 27 patients (representing 1.9% of the 
1395 patients).

Intervention Strategy

BTK access accounted for 1168 (61.3%) of the 1905 inter-
ventions. The distribution of these puncture sites can be 
found in Table 1. The anterior tibial artery (ATA) or ATA/
dorsalis pedis artery (DPA) combination were the most 

commonly used routes (500, 42.8%), followed by the poste-
rior tibial artery (PTA) (457, 39.1%) and the peroneal artery 
(44, 3.5%). The needles most used were 21-G, either with 
or without an echogenic tip. One study employed a 20-G 
needle,5 one a 22-G,15 and another20 did not describe the 
access set. Three studies defined the puncture height for the 
ATA/DPA as distal to the gastrocnemius head20 or at the 
higher dorsum the foot, respectively.5 The PTA was 

Figure 1. Flowchart of literature selection.

Table 1. Distribution of 1168 Below-the-Knee Punctures.

Tibial 58 (5.0)
Anterior tibial 304 (26.0)
Anterior tibial / dorsalis pedis 196 (16.8)
Posterior tibial 457 (39.1)
Peroneal 44 (3.8)
Dorsalis pedis 107 (9.2)
Lateral plantar 1 (0.1)
Digital 1 (0.1)
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punctured at or distal to the ankle.5,23 Ultrasound was used 
to obtain access in 10 studies,12,15,19,20,23,24,27,29,30,33 6 allowed 
for a combination of ultrasound and fluoroscopy,14,21,22,28,31,32 
and 3 studies5,25,26 described punctures using only fluoros-
copy guidance.

Sheathless access was performed in 4 studies.5,23,24,26 
One study14 described the use of a 2.9-F microsheath. A 4-F 
sheath was used in 7 studies,12,19,22,27,29,30,33 of which 2 stud-
ies27,33 allowed later use of a 6-F sheath to facilitate retro-
grade interventions. The most common guidewires were 
0.014-inch and 0.018-inch; several studies allowed for an 
upsize to 0.035-inch wires,23,29 dedicated CTO wires,5,26,30 
or crossing devices.19,22

The subintimal arterial flossing with antegrade-retro-
grade intervention (SAFARI) technique was employed in 
193 patients, distributed over 4 studies.19,21,25,31 In another 5 
studies,12,22,23,28,30 subintimal crossing was used to traverse 
the lesions of 102 patients (intentional or not). In 294 inter-
ventions, lesion crossing and balloon angioplasty ± stenting 
was performed solely using the retrograde access 
site.14,15,20,5,27,32,33

Final balloon angioplasty, either via the antegrade or ret-
rograde route, was assisted by atherectomy in several 
patients, either using directional,22,32 orbital,27 rotational,25,32 
or laser14,22 atherectomy. Drug-coated balloons were used in 
several patients in 2 studies.12,32 Stents, when employed, 
were predominantly self-expanding. Puncture site hemosta-
sis was achieved with either several minutes of manual 
compression, dedicated devices,15,28,32,33 or balloon 
inflation.12,23,32

Medication

Only 3 articles22,23,32 mentioned the use of sedation, with 1 
patient treated under general anesthesia. Local anesthesia, 
most commonly using 1% lidocaine, was reported in 5 
studies.14,23,24,31,32

In 2 articles, periprocedural medication use was not 
reported.20,31 Two articles14,32 mentioned medication using 
terms such as “full dose anticoagulant” or “vasodilators and 
anticoagulants were delivered intra-arterially.” The remain-
ing 15 articles reported intraoperative and postoperative 
medication to different extents. Heparin was reported with 
aimed activated clotting time of 200 to 300 seconds (n=1),15 
>250 seconds (n=4),22,27–29 250 to 300 seconds (n=3),21,24,26 
or >300 seconds (n=2).12,33 Nitroglycerin was used in 12 
articles12,14,15,19,5,22–25,27,28,33 with dosages ranging from 100 
to 400 µg; in two artiles23,28 use was only in case of vaso-
spasms or at operator discretion. Verapamil administration 
(2.5 mg) was reported in 5 articles.15,24,25,27,33

After the procedure aspirin was prescribed in 7 stud-
ies,5,22,23,25,26,28,33 in 6 combined with clopidogrel.5,22,25,26,28,33 
A potassium antagonist (warfarin) was prescribed in 1 arti-
cle after stent placement.21

Outcome

Access was successful in 1098 (94.0%) of 1168 BTK 
attempts. Unfortunately, the largest study20 included in this 
review did not present crossing or interventional success. 
Excluding this study with 237 attempts and 213 successes, 
a lesion crossing rate of 90.5% (801/885) of successful 
accesses and 86.0% (801/931) of all attempts was reached. 
A reason for crossing failure was reported in only a minor-
ity of the failed crossings (22.6%); in 11 instances, the true 
lumen could not be found and in 8 the distal cap could not 
be punctured. After successful crossing of the lesion, tech-
nical success was achieved in 97.6% (782/801) of interven-
tions. This can be regarded as 88.4% (782/885) of all 
successful BTK cannulations or 84.0% (782/931) of all 
attempted BTK accesses. Stents were reportedly placed in 
141 patients in 9 studies.15,21,5,22,23,25,28,29,32

Among the 1168 BTK puncture attempts, 48 (4.1%) 
access-site complications (Table 2) were reported. The most 
common was vessel perforation (13, 1.1%), which was 
treated with external pressure,15,25 prolonged balloon dila-
tion,23 or not treated at all.29 Acute distal occlusion was 
observed in only 5 (0.4%) patients. One of these patients 
required a bypass,5 and another was treated with additional 
balloon dilation.25 Two cases of acute occlusion were 
related to a delay in heparin administration23 and the use of 
a 6-F sheath14; no therapy was reported.

Spasms occurred in 5 (0.4%) patients despite the pro-
phylactic use of antispasmodic medication in 4 of 
them.12,25,27 In 1 patient, the interventionist converted to a 
femoral access,27 and in a second the intervention was 
aborted and successfully repeated a week later.12 In 3 other 
patients, spasms were treated with intra-arterial nitroglyc-
erin.25,30 In the studies where more than half of patients 
were treated using only a retrograde access,15,5,27,33 no 
increase in access site complications was found compared 
to patients in whom the balloon catheter or stent was 
inserted antegradely (4.6% vs 5.9%, p=0.65). The remain-
ing complications can be found in Table 2.

Follow-up was conducted in 14 of 19 studies reporting 
on 686 (55.2%) interventions.11,14,20,22–32 Only 285 (22.9%) 
patients were followed for >6 months,20,22–24,27–30 and just 
125 (10.1%) patients had a follow-up of 12 months or 
more.23,24,28,30 Commonly used follow-up variables, such as 
ulcer healing, primary vessel patency, or the need for TLR, 
were described in only 83 (6.7%) patients.24,25,28

Subgroup Analysis of Prospective Studies

In this subgroup, puncture of the tibial arteries was per-
formed in 263 patients, using mainly the ATA and PTA. 
Access success was 93.2% (245/263). Reasons for 17 of the 
18 failures were not reported; only the occurrence of vaso-
spasm in the patient with the aborted procedure was noted. 
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After successful access, technical success was achieved in 
211 (80.2%) patients. Inability to cross the lesion was the 
cause in 2 patients and failed lumen reentry in 5 patients; 
the reason for failure was not reported in 27 patients.

There were 18 (6.8%) complications (Table 2) related to 
retrograde access from the BTK arteries in the 3 prospective 
studies, including local pain (n=4), spasm (n=3), dissection 
(n=1), and an acute occlusion successfully treated by ante-
grade balloon dilation. As regards the incidence of compli-
cations, there was no significant differences between the 
prospective and retrospective studies (p=0.24).

Discussion

This systematic review of retrograde access using the BTK 
arteries documented a low complication rate (~4%) that was 
not affected by the use of the retrograde access site for the 
entire procedure. The technical success rates of the punc-
ture and of the intervention were each >80%.

The crossing of a guidewire through a CTO from ante-
grade can be difficult because the hard fibrotic proximal cap 
can be impossible to penetrate or re-entry into the distal true 
lumen can be impossible after subintimal passage.34 Animal 
studies have shown that over time collagen-rich fibrotic tis-
sue replaces the proteoglycans and thrombus remnants. 
This change correlates with an increase in force required to 
puncture the cap,35 whereas a distal cap is found to be thin 
or even nonexistent.36 The recently reported results of the 
CTOP study (chronic total occlusion crossing approach 
based on plaque cap morphology)37 found CTOs with a 
convex distal cap (as seen from a cranial-caudal view) were 
most likely to be crossed from a retrograde access. A more 
concave distal cap might simultaneously deflect the guide-
wire, leading to a perforation of the vessel, which is 
described as a complication in around 1% of interventions.

The strength of this systematic review lies in the broad 
search that led to the inclusion of 19 articles, including sev-
eral prospective and multicenter studies, reporting 1168 
BTK punctures. A previous study presented a review on 
femoral, popliteal, and pedal access, with technical descrip-
tions and practical tips, but reported success rates in a 
smaller selection of articles.38

Limitations

A number of methodological limitations of our study should 
be mentioned. First, complications at the puncture site were 
seldom defined as research outcomes. Often, not more than 
a single line of text was used to describe any complications 
that occurred. In other cases, the presence or absence of 
complications was mentioned only in the discussion sec-
tion. Furthermore, a retrospective study design is subopti-
mal for detecting nonmajor adverse events such as access 
site complications. A post-puncture stenosis or occlusion of 
the access site in most patients may not lead to direct clini-
cal consequences and thus may go unnoticed. It is likely 
that minor access site complications are underreported. 
However, major complications, such as acute occlusions 
with direct clinical consequences that require additional 
invasive treatment, are nonetheless expected to be repre-
sented more clearly. The retrospective design of most stud-
ies also led to a limited duration of follow-up. Just under 1 
in 4 patients was followed for a period of 6 months, and 
only 6.7% included important variables such as the need for 
TLR. Therefore, the midterm patency of the vessel cannot 
be presented with any certainty. Having said that, it is 
understandable that vessel patency is related to the actual 
diseased vessel and not to the vessel used for access.

As a second limitation, studies rarely reported a routine 
control duplex ultrasound or angiography of the puncture 

Table 2. Access Site–Related Complications.a

Retrospective 
Studies (n=902)

Prospective Studies 
Only (n=266)

All Studies 
(n=1168) p

Dissection — 1 (0.4) 1 (0.1) 0.42
Acute occlusion 4 (0.4) 1 (0.4) 5 (0.4) 0.71
Hematoma 4 (0.4) 2 (0.8) 6 (0.5) 0.68
Arteriovenous fistula 1 (0.1) — 1 (0.1) 0.33
Vessel perforation 12 (1.3) 1 (0.4) 13 (1.1) 0.20
Pseudoaneurysm 5 (0.6) — 5 (0.4) 0.26
Spasm 2 (0.2) 3 (1.1) 5 (0.4) 0.25
Bleeding 2 (0.2) 2 (0.8) 4 (0.3) 0.84
Ecchymosis — 2 (0.8) 2 (0.2) 0.42
Local pain — 4 (1.5) 4 (0.3) 0.42
Infections — 2 (0.8) 2 (0.2) 0.42
Overall 30 (3.3) 18 (6.8) 48 (4.1) 0.24

aData are presented as the counts (percentage).
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site after intervention. Because of this limited use of imag-
ing and the aforementioned lack of follow-up data, it is also 
not possible to assess the severity of distal vessel damage 
that could prevent future bypass surgery. Nevertheless, con-
sidering the large numbers of retrograde punctures and 
patients in this review, a high incidence of major complica-
tions would have been noticed. The same should hold true 
for the so-called “burned bridges” ramification that obvi-
ates future bypass surgery, although this is speculative.

A retrospective analysis may overestimate the puncture 
and technical success of a retrograde procedure. In the 
reported cases in which vascular access failed, the reason 
for failure or subsequent treatment was seldom described. 
Besides, no more than 2 articles20,31 mentioned the number 
of attempts required for achieving access. It is also possible 
that patients with a failed retrograde puncture were not 
included in the retrospective study as this failed attempt was 
not registered in the study database. The amount of “opera-
tor discretion,” including the use of imaging, sheathless 
approach, retrograde or antegrade intervention, combined 
with a low percentage of complications makes it impossible 
to attribute heightened risks to one of these variables. 
Furthermore, only 9 of 19 articles reported the number of 
stents placed, but another 3 articles12,14,15 described the 
method of stent placement, without actual numbers given. 
This hampers the comparison of results between studies and 
increases the heterogeneity of overall results.

The lack of information on prior interventions also pres-
ents as a potential bias. Most studies were conducted at 
expert centers, so perhaps these patients had undergone 
unsuccessful antegrade interventions before. As earlier 
antegrade attempts were described inconsistently, a poten-
tial selection bias cannot be excluded. This potential risk of 
bias is unlikely to distort our primary outcome measure, the 
complications after BTK artery puncture, but may nega-
tively influence the procedural success rates reported.

The subgroup analysis of prospective studies was an 
attempt to exclude a number of the above mentioned biases 
while maintaining a sufficient cohort for detecting compli-
cations. In the methodological reporting assessment, all 3 
prospective studies were classified as “noncomparative.” 
These articles had a mean MINORS score of 11 of 16 
points, which is slightly higher (less risk of bias) compared 
to the noncomparative retrospective studies that scored a 
mean of 10 points. Nonetheless, none of the articles was 
clear of reporting bias.

A final limitation is that most studies were performed 
in expert centers, and most authors from expert centers 
underline the fact that a retrograde puncture has a certain 
learning curve. Thus, it might be debatable whether the 
same success and complication rates can be achieved in 
non-expert centers. Therefore, there is a need for large 
registry studies describing the results of retrograde access 
in a “real-world” setting. The largest, prospective, 

multicenter observational study32 found in our search, 
although performed in expert centers, looked at tibial and 
pedal artery access in 197 patients. It showed high access 
and intervention success rates with few minor access site 
complications (5.6%) and no major complications related 
to access. As mentioned, future studies should include 
nonexpert centers and long-term standardized follow-up 
procedures, with ultrasound imaging of the access site 
and runoff vessels to detect possible postintervention 
occlusions.

In the studies included in this review, 1 in 5 patients were 
treated for claudication, with the majority (84%) classified 
as Rutherford stage 3. Current guidelines discourage endo-
vascular treatment of claudicants merely to prevent the pro-
gression to CLI.39 However, in lifestyle-limiting disease 
that is unresponsive to conservative therapy (ie, medication, 
supervised exercise), endovascular therapy should be an 
alternative in our opinion. When this intervention fails 
using the antegrade approach, a retrograde access should be 
considered, though with regard to the number of patent out-
flow vessels (reluctantly with single vessel runoff) and the 
interventionist’s experience.

Conclusion

This systematic review showed that retrograde access in BTK 
vessels to facilitate peripheral interventions is a safe and suc-
cessful technique and should be considered when a conven-
tional antegrade intervention is not possible. However, major 
methodological shortcomings were present in all included 
studies, and data on midterm outcomes after retrograde access 
are lacking. Therefore, real world data of retrograde access in 
nonexpert centers are necessary before this technique can be 
advised to all interventionists dealing with PAD.

Appendix

Search 1 query: Scopus searched October 31, 2017, on 
title, abstract, or keywords: (retrograde OR tibi* OR 
pedal OR poplitea* OR peroneal OR below-the-knee 
OR btk) AND (access OR approach OR crossing OR 
puncture OR intervention OR recanalization OR revas-
cularization OR angioplasty)) AND (artery OR arterial).
Search 2 query: PubMed searched October 31, 2017, on 
title and abstract: (retrograde OR tibi* OR pedal OR 
poplitea* OR peroneal OR below-the-knee OR btk) 
AND (access OR approach OR crossing OR puncture 
OR intervention OR recanalization OR revascularization 
OR angioplasty) AND (artery OR arterial).
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