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Complexity Scale

1 Short lesion (less than 10 cm)- Non CTO- Claudication

2 Long  Lesion (Greater than 10 cm)- Antegrade access- Non CTO

3 SFA/Pop CTO- Long Lesion (Greater than 10 cm)- Antegrade Access- Pedal Access

4 Tibial CTO- Pedal Loop reconstruction- Pedal Access-History of Complication-Vascular Surgery- High 
Frailty
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Introduction
Peripheral artery disease (PAD) is a worldwide epidemic 
affecting millions of patients.1 Critical limb ischemia (CLI) 
is considered the most advanced stage of PAD. Chronic 
total occlusions (CTOs) are commonly seen in the femoro-
popliteal segment of patients with PAD and intermittent 
claudication, while patients with CLI classically have a 
multilevel distribution of arterial disease. CTOs represent 
dense collagenous lesions with varying degrees of calcifica-
tion obstructing blood flow to distal vascular beds. The 
obstructive nature of this material limits the success rate of 
traversing these CTOs during catheter-based interventions.

The true length of a CTO cannot be determined with 
angiography alone because the column of contrast cannot 
penetrate the “caps” located at the proximal and distal ends 

of the occlusion. Thus, lesions may appear angiographically 
to be longer than they truly are2,3 as the contrast stops at the 
proximal cap and does not reconstitute until a collateral 
artery is able to restore flow distally. This has prompted the 
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Abstract
Purpose: To present the chronic total occlusion (CTO) crossing approach based on plaque cap morphology (CTOP) 
classification system and assess its ability to predict successful lesion crossing. Methods: A retrospective analysis was 
conducted of imaging and procedure data from 114 consecutive symptomatic patients (mean age 69±11 years; 84 
men) with claudication (Rutherford category 3) or critical limb ischemia (Rutherford category 4–6) who underwent 
endovascular interventions for 142 CTOs. CTO cap morphology was determined from a review of angiography and duplex 
ultrasonography and classified into 4 types (I, II, III, or IV) based on the concave or convex shape of the proximal and distal 
caps. Results: Statistically significant differences among groups were found in patients with rest pain, lesion length, and 
severe calcification. CTOP type II CTOs were most common and type III lesions the least common. Type I CTOs were 
most likely to be crossed antegrade and had a lower incidence of severe calcification. Type IV lesions were more likely to 
be crossed retrograde from a tibiopedal approach. CTOP type IV was least likely to be crossed in an antegrade fashion. 
Access conversion, or need for an alternate access, was commonly seen in types II, III, and IV lesions. Distinctive predictors 
of access conversion were CTO types II and III, lesion length, and severe calcification. Conclusion: CTOP type I lesions 
were easiest to cross in antegrade fashion and type IV the most difficult. Lesion length >10 cm, severe calcification, and 
CTO types II, III, and IV benefited from the addition of retrograde tibiopedal access.
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could translate into time savings, improved efficiency, and 
decreased radiation and contrast exposure. By using a com-
bination of EVUS guidance along with a preplanned retro-
grade tibiopedal access, complication rates could also 
decrease.4,9,10

Recently, the use of retrograde tibiopedal access has 
been gaining favor as a tool to complement traditional 
revascularization techniques, especially in patients with 
CLI.4,9 This observation included the use of EVUS to guide 
arterial access and interventions, which has been shown to 
decrease the rate of complications, exposure to fluoroscopy, 
and amount of iodinated contrast administered.9–15  The 

incorporation of the CTOP classification, EVUS guidance, 
and retrograde tibiopedal access (for CTOP types II, III, and 
IV lesions) as part of the routine approach to CTO treatment 
is important for procedural success and decreased compli-
cations given the complexities of these patients, who often 
require multiple revascularization procedures to achieve 
complete symptom resolution or wound healing.16

EVUS-guided retrograde tibiopedal access was used in 
more than two-thirds of cases and was a determining factor 
in increasing the success rate of crossing and treating the 
CTOs: 22% of CTOs were crossed in retrograde fashion and 
39% were crossed using combined antegrade-retrograde/

Table 3. Univariate and Multivariate Predictors of Access Conversion Based on CTOP Type, Lesion Length, and Comorbidities.

Variable Unit of Measure Odds Ratio (95% CI)

Univariate
 CTO type I Yes/no —a

 CTO type II Yes/no 1.97 (0.83 to 4.71) p=0.13
 CTO type III Yes/no 11.25 (1.26 to >100) p=0.03
 CTO type IV Yes/no 1.95 (0.79 to 4.79) p=0.15
 CTO type II or III Yes/no 3.39 (1.41 to 8.13) p=0.006
 Lesion length Per 10 cm 2.04 (1.39 to 2.99) p<0.001
 Lesion length >10 cm Yes/no 4.96 (1.56 to 15.80) p=0.007
 Severe calcium density Yes/no 9.90 (3.53 to 27.74) p<0.001
 Diabetes Yes/no 0.86 (0.36 to 2.05) p=0.74
 Chronic kidney disease Yes/no 0.69 (0.25 to 1.86) p=0.46
 Critical limb ischemia Yes/no 0.55 (0.23 to 1.30) p=0.17
 Below-the-knee vessel Yes/no 0.70 (0.27 to 1.83) p=0.47
Multivariate
 Severe calcium density Yes/no 7.96 (2.72 to 23.28) p<0.001
 Lesion length Per 10 cm 1.82 (1.20 to 2.77) p=0.005

Abbreviations: CTO, chronic total occlusion; CI, confidence interval.
aNot calculable due to zero events in 1 group.

Table 4. Univariate Predictors of Antegrade and Retrograde Crossing.a

Variable Unit of Measure Antegrade Crossing Retrograde Crossing

CTO type Ib Yes/no 3.97 (1.50 to 10.51) p=0.006 0.30 (0.11 to 0.79) p=0.01
CTO type II Yes/no 1.27 (0.55 to 2.91) p=0.58 0.95 (0.41 to 2.18) p=0.90
CTO type III Yes/no 0.92 (0.18 to 4.79) p=0.92 1.24 (0.24 to 6.45) p=0.80
CTO type IVc Yes/no 0.23 (0.09 to 0.57) p=0.002 2.87 (1.20 to 6.84) p=0.02
CTO type II or III Yes/no 1.22 (0.55 to 2.73) p=0.62 1.00 (0.45 to 2.24) p>0.99
Lesion length Per 10 cm 0.87 (0.64 to 1.18) p=0.36 1.20 (0.88 to 1.63) p=0.26
Lesion length >10 cm Yes/no 0.65 (0.28 to 1.51) p=0.31 1.91 (0.80 to 4.56) p=0.15
Severe calcium density Yes/no 1.39 (0.63 to 3.05) p=0.41 0.77 (0.35 to 1.70) p=0.52
Diabetes Yes/no 0.80 (0.35 to 1.82) p=0.59 1.04 (0.46 to 2.35) p=0.93
Chronic kidney disease Yes/no 0.81 (0.33 to 2.00) p=0.64 1.46 (0.59 to 3.61) p=0.42
Critical limb ischemia Yes/no 2.71 (1.18 to 6.25) p=0.02 0.51 (0.23 to 1.16) p=0.11
Below-the-knee vessel Yes/no 1.46 (0.61 to 3.48) p=0.40 0.66 (0.28 to 1.61) p=0.37

Abbreviation: CTO, chronic total occlusion.
aData are presented as the odds ratio (95% confidence interval).
bMultivariate analysis showed least likely to be crossed retrograde.
cMultivariate analysis showed least likely to be crossed antegrade.

Type I ------Antegrade
Type IV ------Retrograde 
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Type II & III
Lesion Length >10 cm
Severe Calcification
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• 78 year old with failed attempt for antegrade crossing
• Surgical option is limited to below the knee tibial graft
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• Has been in a wheelchair since the wound in 3 months
• Heart failure with EF 40%
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Abstract

Objectives and background: Complex peripheral arterial disease (PAD) and critical

limb ischemia (CLI) are associated with high morbidity and mortality. Endovascular

techniques have become prevalent in treatment of advanced PAD and CLI, and use

of techniques such as tibiopedal minimally invasive revascularization (TAMI), have

been proven safe in small, single-center series. However, its use has not been sys-

tematically compared to traditional approaches.

Methods and results: This is a retrospective, multicenter analysis which enrolled

744 patients with advanced PAD and CLI who underwent 1,195 endovascular inter-

ventions between January 2013 and April 2018. Data was analyzed based on access

used for revascularization: 840 performed via femoral access, 254 via dual access,

and 101 via TAMI. The dual access group had the highest median Rutherford Class

and lowest number of patent tibial vessels. Median fluoroscopy time, procedure time,

hospital stay, and contrast volume were significantly lower in the TAMI access group

when compared to both femoral/dual access groups. There was also a significant dif-

ference between all groups regarding location of target lesions: Femoropopliteal

lesions were most commonly treated via femoral access; infrapopliteal lesions, via

TAMI, and multilevel lesions via dual access.

Conclusions: Stand-alone TAMI or tibial access as an integral part of a dual access

treatment strategy, is safe and efficacious in the treatment of patients with advanced

PAD and CLI who have infrapopliteal lesions. Larger prospective and randomized

studies may be useful to further validate this approach.
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critical limb ischemia, endovascular, peripheral artery disease, radiation safety, tibial access
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101 were carried using the TAMI technique (retrograde tibial-pedal

access) exclusively. Table 1 shows the demographic data. Only the

index procedure data was analyzed, and no statistical difference was

found in the distribution of mean ages, patients gender, BMI, and

comorbidities between groups.

The dual access group included patients with a statistically signifi-

cant (p < .001) higher median Rutherford class (5 vs. 4) and a lower

median number of tibial runoff vessels (1 vs. 2), denoting the group

with the most severe and complex disease.

Median fluoroscopy time (14 min), procedure time (64 min), hos-

pital stay (0 days; 7.9% staying ≥2 days), and contrast volume (50 mL)

were statistically significantly the lowest in the TAMI access group

(p < .001) (Table 2).

Sheath size for vascular access was found to be significantly dif-

ferent across all three cohorts with a 4Fr sheath most commonly

being used for TAMI and dual access and a 5Fr sheath most com-

monly being used for femoral access. Ultrasound guidance use was

significantly higher in the TAMI (99.1%) and dual access (97.2%)

TABLE 2 Procedure and recovery data by access type

Characteristic

Access type Significancea

TAMI Femoral Dual access Omnibus Bonferroni
(101 procedures) (840 procedures) (254 procedures) p-value Post hoc

Total heparin dose, 1,000 IU 9.0 (7.0–10.0) 7.4 (6.0–10.0) 10.0 (8.0–12.0) <.001 b,c,d

Peak ACT, s 205 (183–239) 210 (188–242) 223 (202–246) <.001 b,d

Contrast volume, ml 50 (30–75) 160 (118–216) 160 (115–220) <.001 c,d

Fluoroscopy time, min 14 (10–22) 18 (13–28) 40 (28–55) <.001 b,c,d

Procedure time, min 64 (47–86) 74 (53–99) 124 (95–156) <.001 b,c,d

Hospital stay, d 0 (0–1) 1 (1–1) 1 (1–1) <.001 b,c,d

Hospital stay ≥2 d 7.9% (8/101) 13.1% (110/840) 16.9% (43/254) .07

Note: Variables are listed as median (interquartile range).
Abbreviations: ANOVA, analysis of variance; TAMI, tibiopedal arterial minimally invasive.
aOmnibus p-value derived from Kruskal–Wallis ANOVA. Bonferroni post hoc tests were performed among all pairwise comparisons for variables with
omnibus p-value <.05.
bStatistically significant difference between Femoral and Dual Access groups.
cStatistically significant difference between TAMI and Femoral groups.
dStatistically significant difference between TAMI and Dual Access groups.

TABLE 3 Vascular access data by access type

Characteristic

Access type Significancea

TAMI Femoral Dual access Omnibus Bonferroni
(107 access sites) (954 access sites) (538 access sites) p-value Post hoc

Sheath size <.001 b,c,d

4Fr 100% (106/106) 8.6% (81/941) 52.3% (274/524)

5Fr 0.0% (0/106) 81.3% (765/941) 42.0% (220/524)

6Fr 0.0% (0/106) 6.5% (61/941) 5.3% (28/524)

7Fr 0.0% (0/106) 3.6% (34/941) 0.4% (2/524)

Ultrasound guidance 99.1% (106/107) 87.7% (835/952) 97.2% (523/538) <.001 b,c

Access success 100% (107/107) 99.1% (943/952) 100% (538/538) .06

Access success on first attempt 77.6% (83/107) 84.4% (786/931) 76.8% (411/535) <.001 b

Time to access, s 42 (15–98) 40 (15–99) 51 (17–126) .01 b

Note: Variables are listed as median (interquartile range).
Abbreviations: ANOVA, analysis of variance; TAMI, tibiopedal arterial minimally invasive.
aOmnibus p-value derived from Kruskal–Wallis ANOVA. Bonferroni post hoc tests were performed among all pairwise comparisons for variables with
omnibus p-value <.05.
bStatistically significant difference between Femoral and Dual Access groups.
cStatistically significant difference between TAMI and Femoral groups.
dStatistically significant difference between TAMI and Dual Access groups.
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groups when compared to the femoral access group (87.7%, p < .001)

(Table 3).

Table 4 shows that there was a significant difference between

the three groups with regards to the location of the target lesions

treated during the procedures (p < .001). Above the knee lesions were

most commonly treated with femoral access, below the knee (BTK)

lesions were commonly treated with TAMI access, and multilevel tar-

get lesions were routinely treated using dual access (femoral and tib-

ial). Accordingly, significant differences were observed between the

TAMI versus the femoral and dual access groups regarding the use of

treatment modalities such as orbital atherectomy and stent

placement. Orbital atherectomy was used more often with TAMI

access (reflecting the predominant treatment of BTK lesions;

p < .001), and stent placement was more commonly used in the com-

mon femoral access group (reflecting predominant treatment of sup-

ragenicular lesions; p < .001). The use of directional atherectomy was

significantly different between femoral (10.7%), dual access (5.1%),

and TAMI (1.0%) groups (p < .001). The use of chronic total occlusion

(CTO) and reentry devices showed a statistically significant difference

between the femoral and dual access groups (p < .001).

54.5% of the TAMI access procedures, were reinterventions. This

was statistically significant when compared to the femoral group (35%;

TABLE 4 Lesion data by access type

Characteristic

Access type Significancea

TAMI Femoral Dual access Omnibus Bonferroni
(101 procedures) (840 procedures) (254 procedures) p-value Post hoc

Lesion location <.001 b,c,d

Above knee 31.7% (32/101) 63.7% (535/840) 22.8% (58/254)

Below knee 51.5% (52/101) 23.1% (194/840) 46.1% (117/254)

Multilevel 16.8% (17/101) 13.2% (111/840) 31.1% (79/254)

Treatments

PTA 94.1% (95/101) 93.7% (787/840) 94.9% (241/254) .80

Orbital atherectomy 57.4% (58/101) 29.4% (247/840) 29.9% (76/254) <.001 c,d

Stent placement 15.8% (16/101) 35.2% (296/840) 33.1% (84/254) <.001 c,d

CTO device 11.9% (12/101) 7.9% (66/840) 18.5% (47/254) <.001 b

Laser atherectomy 6.9% (7/101) 6.8% (57/840) 11.4% (29/254) .06

Directional atherectomy 1.0% (1/101) 10.7% (90/840) 5.1% (13/254) <.001 bc

Thrombectomy 0.0% (0/101) 4.8% (40/840) 4.3% (11/254) <.05 c

Rotational atherectomy 0.0% (0/101) 3.8% (32/840) 3.5% (9/254) .10

Reentry device 0.0% (0/101) 1.9% (16/840) 7.1% (18/254) <.001 bd

Staged procedure 50.5% (51/101) 35.4% (297/840) 45.7% (116/254) <.001 b,c

Reintervention procedure 54.4% (55/101) 35.0% (294/840) 40.2% (102/254) <.001 c

Target vessel revascularization 37.6% (38/101) 34.8% (292/838) 35.8% (91/254) .83

Target lesion revascularization 34.7% (35/101) 32.9% (275/837) 33.5% (85/254) .92

Total treated length, mm 200 (80–300) 150 (60–300) 330 (250–500) <.001 b,d

Calcification 95.9% (94/98) 84.7% (637/752) 95.1% (231/243) <.001 b,c

In-stent restenosis 5.9% (6/101) 18.6% (155/834) 7.1% (18/254) <.001 b,c

Thrombus 0.0% (0/46) 4.3% (23/534) 2.7% (4/150) .06

Stenosis

Pretreatment, % 100 (90–100) 99 (90–100) 100 (100–100) <.001 b,c,d

Posttreatment, % 20 (10–28) 10 (0–20) 20 (10–20) <.001 b,c

Stenosis reduction, % 80 (70–90) 80 (70–90) 80 (70–90) .16

Treatment success (≤30% stenosis) 90.0% (90/100) 93.0% (734/789) 89.0% (219/246) .10

Note: Categorical variables are listed as percent (n/N). Continuous variables are listed as median (interquartile range): A (B–C).
Abbreviations: ANOVA, analysis of variance; TAMI, tibiopedal arterial minimally invasive.
aOmnibus p-value derived from Fisher's exact test for categorical variables and Kruskal–Wallis ANOVA for continuous variables. Bonferroni post hoc tests
were performed among all pairwise comparisons for variables with omnibus p-value <.05.
bStatistically significant difference between Femoral and Dual Access groups.
cStatistically significant difference between TAMI and Femoral groups.
dStatistically significant difference between TAMI and Dual Access groups.
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between the femoral and dual access groups (p < .001).

54.5% of the TAMI access procedures, were reinterventions. This

was statistically significant when compared to the femoral group (35%;

TABLE 4 Lesion data by access type

Characteristic

Access type Significancea

TAMI Femoral Dual access Omnibus Bonferroni
(101 procedures) (840 procedures) (254 procedures) p-value Post hoc

Lesion location <.001 b,c,d

Above knee 31.7% (32/101) 63.7% (535/840) 22.8% (58/254)

Below knee 51.5% (52/101) 23.1% (194/840) 46.1% (117/254)

Multilevel 16.8% (17/101) 13.2% (111/840) 31.1% (79/254)

Treatments

PTA 94.1% (95/101) 93.7% (787/840) 94.9% (241/254) .80

Orbital atherectomy 57.4% (58/101) 29.4% (247/840) 29.9% (76/254) <.001 c,d

Stent placement 15.8% (16/101) 35.2% (296/840) 33.1% (84/254) <.001 c,d

CTO device 11.9% (12/101) 7.9% (66/840) 18.5% (47/254) <.001 b

Laser atherectomy 6.9% (7/101) 6.8% (57/840) 11.4% (29/254) .06

Directional atherectomy 1.0% (1/101) 10.7% (90/840) 5.1% (13/254) <.001 bc

Thrombectomy 0.0% (0/101) 4.8% (40/840) 4.3% (11/254) <.05 c

Rotational atherectomy 0.0% (0/101) 3.8% (32/840) 3.5% (9/254) .10

Reentry device 0.0% (0/101) 1.9% (16/840) 7.1% (18/254) <.001 bd

Staged procedure 50.5% (51/101) 35.4% (297/840) 45.7% (116/254) <.001 b,c

Reintervention procedure 54.4% (55/101) 35.0% (294/840) 40.2% (102/254) <.001 c

Target vessel revascularization 37.6% (38/101) 34.8% (292/838) 35.8% (91/254) .83

Target lesion revascularization 34.7% (35/101) 32.9% (275/837) 33.5% (85/254) .92

Total treated length, mm 200 (80–300) 150 (60–300) 330 (250–500) <.001 b,d

Calcification 95.9% (94/98) 84.7% (637/752) 95.1% (231/243) <.001 b,c

In-stent restenosis 5.9% (6/101) 18.6% (155/834) 7.1% (18/254) <.001 b,c

Thrombus 0.0% (0/46) 4.3% (23/534) 2.7% (4/150) .06

Stenosis

Pretreatment, % 100 (90–100) 99 (90–100) 100 (100–100) <.001 b,c,d

Posttreatment, % 20 (10–28) 10 (0–20) 20 (10–20) <.001 b,c

Stenosis reduction, % 80 (70–90) 80 (70–90) 80 (70–90) .16

Treatment success (≤30% stenosis) 90.0% (90/100) 93.0% (734/789) 89.0% (219/246) .10

Note: Categorical variables are listed as percent (n/N). Continuous variables are listed as median (interquartile range): A (B–C).
Abbreviations: ANOVA, analysis of variance; TAMI, tibiopedal arterial minimally invasive.
aOmnibus p-value derived from Fisher's exact test for categorical variables and Kruskal–Wallis ANOVA for continuous variables. Bonferroni post hoc tests
were performed among all pairwise comparisons for variables with omnibus p-value <.05.
bStatistically significant difference between Femoral and Dual Access groups.
cStatistically significant difference between TAMI and Femoral groups.
dStatistically significant difference between TAMI and Dual Access groups.
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p < .001). The median total treated lesion length was highest for the

dual access cohort (330 mm) followed by the TAMI cohort (200 mm).

Calcification was similar between the TAMI and dual access groups

(95.9% and 95.1% respectively), however both were statistically more

prevalent than the 84.7% reported for the femoral group (p < .001).

Pretreatment stenosis was statistically different between all three

groups, with the dual access group encompassing CTOs exclusively

(p < .001). Posttreatment stenosis was also significantly different

between the groups, with the best results achieved in the femoral

when compared to both the dual and the TAMI groups (p < .001 for

each comparison). Treatment success was similar across all groups

(Table 4). The analysis of intraprocedural complications revealed that

perforations were more significant in the dual access group compared

to both the TAMI and common femoral groups (p < .001). The TAMI

TABLE 5 Complications by access type

Characteristic

Access type Significancea

TAMI Femoral Dual access Omnibus Bonferroni
(101 procedures) (840 procedures) (254 procedures) p-value Post hoc

Treatment success and complication-free 69.3% (70/101) 64.3% (540/840) 55.5% (141/254) .02 b,c

Any complication 22.8% (23/101) 26.8% (225/840) 33.9% (86/254) <.05 d

AV fistula 1.0% (1/101) 1.2% (10/840) 1.2% (3/253) >.99

At access site 0 0 0

Thrombus 0.0% (0/101) 1.3% (11/840) 1.6% (4/254) .63

At access site 0 0 0

Aneurysm 0.0% (0/101) 0.0% (0/840) 0.4% (1/254) .30

At access site 0 0 0

Pseudoaneurysm 1.0% (1/101) 1.0% (8/840) 2.8% (7/1254) .10

At access site 0 6 7

Hematoma 2.0% (2/101) 4.9% (41/840) 5.9% (15/254) .32

At access site 2 40 14

Infection 0.0% (0/101) 0.0% (0/837) 0.0% (0/253) >.99

Retroperitoneal bleed 0.0% (0/101) 0.4% (3/835) 0.0% (0/254) >.99

Compartment syndrome 0.0% (0/101) 0.0% (0/838) 0.0% (0/254) >.99

Transfusion 0.0% (0/101) 2.0% (17/837) 2.8% (7/254) .25

Amputation 1.0% (1/101) 0.5% (4/838) 1.2% (3/254) .26

Embolization 0.0% (0/101) 1.5% (13/839) 1.2% (3/254) .71

At access site 0 0 0

Dissection 15.8% (16/101) 16.8% (141/839) 15.4% (39/254) .87

At access site 0 0 1

Flow-limiting 1.0% (1/101) 3.7% (31/839) 5.1% (13/254) .17

Perforation 1.0% (1/101) 2.1% (18/839) 7.9% (20/254) <.001 b,c

At access site 0 0 0

Mild 0 12 10

Moderate 0 1 6

Severe 1 5 4

Rupture 0.0% (0/101) 0.2% (2/839) 0.0% (0/254) >.99

At access site 0 1 0

Spasm 1.0% (1/101) 1.2% (10/838) 1.6% (4/254) .91

At access site 0 1 0

Note: Variables are listed as percent (n/N) or counts.
Abbreviation: TAMI, tibiopedal arterial minimally invasive.
aOmnibus p-value derived from Fisher's exact test. Bonferroni post hoc tests were performed among all pairwise comparisons for variables with omnibus
p-value <.05.
bStatistically significant difference between Femoral and Dual Access groups.
cStatistically significant difference between TAMI and Dual Access groups.
dNo statistically significant difference among any pairwise comparison.
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No Complications Related to 
Pedal Access



- Low profile Antegrade Sheath (3 
French)- Type II CTO that would require 
antegrade and retrograde access- Need to cross the antegrade CTO 
cap

Assisted TAMI







Conclusion:
• TAMI procedure is a safe and effective procedure for the treatment of 

PAD and CLI 
• The implications for technical success are significant exceeding 90% of 

cases.
• There are potentially time savings and increase in safety profile
• Starting with pedal access may be potentially the standard of care as 

experience is gained among operators
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