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Retrograde recanalizations are increasingly performed in complex lower 
extremity occlusions

High technical success and acceptable access-related complication rates 
were shown in large, multicenter registries1, 2

Little is known about predictors of technical success and access-related 
complication rates
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Letters

Retrograde Access for the
Recanalization of Lower-
Limb Occlusive LesionsQ1

A German Experience Report in 1,516

Consecutive Patients

Antegrade recanalization of long occlusive peripheral
lesions fail in about 20%-25% of chronic total occlu-
sions (CTO) (1). Importantly, failure of antegrade
recanalization was associated with higher risk for

major amputation (2). Recently, the safety and
effectiveness of retrograde recanalization was
described within a single-center study (3). The aim of
our study was to investigate its safety and efficacy in
a multicenter setting.

Data were retrospectively collected in 1,516
consecutive patients from 5 German high-volume
endovascular centers. Patient characteristics,
including age, sex, atherogenic risk factors, and
Rutherford (RF) categories were recorded.

All endovascular treatment options were left at the
discretion of the operators. In case of unsuccessful
anterograde wire passage, a retrograde approach was
considered. Generally, puncture of the mid/distal
superficial femoral artery (SFA) was used with CTOs
proximal to the adductor canal, whereas tibiopedal
punctures were performed with CTOs of the distal
SFA, popliteal or below-the-knee arteries.

Procedural data included target vessel segments,
lesion length, and degree of calcification by visual
assessment (graded as 0 ¼ absent; 1 ¼ mild;
2 ¼ moderate; or 3 ¼ severe). In addition, information
of retrograde assess site, use of sheathless support
versus introduction of 2.9-F, 4-F, 5-F, or 6-F sheaths,
and adjunctive treatments were recorded.

Success rates of the retrograde puncture and
recanalization (defined as successful wire passage
from either ante- or retrograde, enabling delivery of
adjunctive therapy) were assessed. Puncture sites
were checked in the final angiogram for local
complications (bleeding, arteriovenous [AV]-fistula
formation, perforation, and occlusions). Procedural
success was defined as patency of the recanalized
segment (residual stenosis <30%) at final angiogram.
Complications, such as hematoma, AV-fistula, distal
vessel occlusion, compartment syndrome, and mi-
nor/major amputations were recorded within
30 days of follow-up. Written informed consent was
waived by the research ethics committee (S-342/
2020).

Mean age was 74 " 11 years (range 31-101 years),
and 963 patients (64%) were male. Clinical and peri/
postprocedural data can be appreciated in Table 1.

Of 1,516 patients, 569 patients (37.5%) had inter-
mittent claudication (RF2 in 17 [1.1%] and RF3 in 552
[36.4%]), whereas 274 (18.1%) had ischemic rest pain
(RF4), and 673 (44%) presented with ischemic

TABLE 1 Baseline, clinical, lesion characteristics, location and success of
retrograde punctures and peri- and post-procedural complications

Age, y 74 " 11

Sex, male 963 (64)

Atherogenic risk factors

Arterial hypertension 1,337 (88)

Hyperlipidemia 884 (58)

Diabetes mellitus 786 (52)

Active or former smoking 618 (41)

Total number of risk factors including male sex, 0-5 3.3 " 1.2

History of CAD 638 (42)

History of heart failure, NYHA class II or higher 487 (32)

Renal failure, GFR<30 mL/min/1.73 m2 331 (22)

Clinical presentation

Rutherford 2 17 (1.1)

Rutherford 3 552 (36.4)

Rutherford 4 274 (18.1)

Rutherford 5 577 (38.1)

Rutherford 6 96 (6.3)

Target lesion localization (n ¼ 2,555 target lesions)

Iliac arteries 33 (1.3)

Common femoral artery 82 (3.2)

Superficial femoral artery 854 (33.4)

Popliteal artery 759 (29.7)

Tibioperoneal trunk 272 (10.6)

Anterior tibial artery 287 (11.2)

Peroneal artery 127 (5.0)

Posterior tibial artery 141 (5.5)

Lesion characteristics per patients (n ¼ 1,516)

Total lesion length, mma 240 " 135

No calcificationb 150 (10.0)

Mild calcificationb 324 (21.5)

Moderate calcificationb 415 (27.6)

Severe calcificationb 615 (40.9)

Multivessel PAD 735 (48)

Continued on the next page
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Retrograde Recanalizations: Technical Success, Safety?

Mean lesion length was 240 ! 135 mm. Most lesions
exhibited at least moderate (n ¼ 415 [27.6%]) or se-
vere (n ¼ 615 [40.9%]) calcifications.

Within the entire cohort of 1,547 retrograde punc-
tures, 412 (26.2%) were performed in the proximal
anterior tibial artery, followed by the SFA in 357
(22.7%) and the peroneal artery in 286 (18.2%).

Retrograde punctures and subsequent recanaliza-
tion procedures were successful in 1,494 (98.5%) and

1,410 (93.0%) patients, respectively. In 1,304 cases
(86.0%), a sheathless approach was used, whereas 45
(3%), 141 (10%), 4 (0.3%), and 22 (1.5%) cases required
insertion of 2.9-F, 4-F, 5-F, or 6-F sheaths,
respectively.

Complications due to retrograde access included 2
(0.1%) vessel occlusion, 25 (1.6%) hematoma, 17 (1.1%)
AV-fistulae, 3 (0.2%) compartment syndrome, and 1
(0.1%) procedural-related major amputation.

A sheathless or 2.9-F sheath approach was associ-
ated with markedly lower distal complication rates,
independent of the presence of critical limb-
threatening ischemia (CLTI), lesion calcification, and
lesion length (HR: 0.29; 95% CI: 0.15-0.60; P < 0.001),
without affecting procedural success rates (93%
versus 91%; P ¼ NS). Lesion calcification was an in-
dependent predictor of recanalization failure (HR:
1.48; 95% CI: 1.07-1.74; P ¼ 0.01). Failed retrograde
recanalization was associated with markedly higher
major amputation rates (8.5% versus 1.5%; P < 0.001;
adjusted HR: 3.91; 95% CI: 1.55-9.86; P ¼ 0.004).

Thus, our study demonstrates that:

1. Retrograde recanalization is performed in a
considerable number of patients (37.5%) with
claudication. The proximal anterior tibial artery
and the distal SFA are the most frequent access
sites.

2. Retrograde puncture and recanalization success
rates are 99% and 93%, respectively. Severe calci-
fication is a predictor of recanalization failure.

3. Complications were low (n ¼ 48 [3.1%]), mostly
including non–hemodynamic-relevant AV-fistula,
or distal hematoma. Major complications like rare
(<0.5%).

4. Failed retrograde recanalization is related to
markedly higher subsequent major amputation
rates (8.5% versus 1.5%; P < 0.001).

5. In most cases, a sheathless or 2.9-F retrograde
approach is practiced (89.0%), which is related to
fewer complications, without affecting recanali-
zation success rates.

Due to an aging population with increasing rates
of comorbidities, endovascular treatment has
become the state-of-the-art therapy for lower-limb
peripheral artery disease. Failure of recanalization,
however, may be associated with a higher risk for
amputation, especially in patients at high risk for
open surgery. In this regard, the use of retrograde
access has become an essential tool for the treat-
ment of complex CTOs after failed antegrade access.
Most studies and meta-analyses, however (3,4),
have consisted of single-center data and have
focused on patients with CLTI so far.

TABLE 1 Continued

Distal puncture sites (n ¼ 1,574)

Proximal anterior tibial artery 412 (26.2)

Dorsal pedal artery 264 (16.8)

Posterior tibial or plantar arteries 215 (13.6)

Peroneal artery 286 (18.2)

Tibioperoneal trunk 12 (0.8)

Popliteal artery 15 (1.0)

Superficial femoral artery 357 (22.7)

Deep femoral artery 10 (0.6)

Bypass graft 3 (0.2)

Occluded stents 66 (4.2)

Occluded vessel segments 14 (0.9)

Retrograde approach and success rates

Sheathless approach 1,304 (86.0)

2.9-F sheath 45 (3.0)

4-F sheath 141 (9.3)

5-F sheath 4 (0.3)

6-F sheath 22 (1.5)

Successful punctures 1,494 (98.5)

Successful retrograde wire passage 1,389 (91.6)

Successful recanalization 1,410 (93.0)

Re-entry device from antegrade in retrograde placed balloon 50 (3.3)

Re-entry device from retrograde 21 (1.4)

Treatment of the target lesions

Drug-coated balloon 704 (46.4)

Scoring balloon angioplasty 76 (5.0)

Stent placement 832 (54.9)

Covered stents 57 (3.8)

Rotarex thrombectomy 78 (5.1)

Atherectomy 175 (11.5)

Procedural data

Procedural duration, minc 42.8 ! 109.6

Total fluoroscopy time, mind 19.1 ! 36.1

Total radiation exposure, cGy # cm2d 6,327.4 ! 4,619.2

Periprocedural complications

Distal vessel occlusion 2 (0.1)

Distal hematoma 25 (1.6)

AV-fistulae 17 (1.1)

Compartment syndrome 3 (0.2)

Major amputation, procedure-related 1 (0.1)

Complications during 30 d of follow-up

Minor amputations 42 (2.8)

Major amputations 27 (1.8)

Values are mean ! SD or n (%). aData available in 1,428 patients (94%). bdata available in 1,502
patients (99%). cdata available in 1,207 patients (80%). ddata available in 1,072 patients (71%);
all other variables available in all patients of our cohort.

AV ¼ arteriovenous; CAD ¼ coronary artery disease; GFR ¼ glomerular filtration rate;
NYHA ¼ New York Heart Association functional class; PAD ¼ peripheral artery disease.
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Retrograde Recanalizations: Technical Success, Safety?
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(3%), 141 (10%), 4 (0.3%), and 22 (1.5%) cases required
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respectively.
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lesion length (HR: 0.29; 95% CI: 0.15-0.60; P < 0.001),
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versus 91%; P ¼ NS). Lesion calcification was an in-
dependent predictor of recanalization failure (HR:
1.48; 95% CI: 1.07-1.74; P ¼ 0.01). Failed retrograde
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major amputation rates (8.5% versus 1.5%; P < 0.001;
adjusted HR: 3.91; 95% CI: 1.55-9.86; P ¼ 0.004).

Thus, our study demonstrates that:
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considerable number of patients (37.5%) with
claudication. The proximal anterior tibial artery
and the distal SFA are the most frequent access
sites.
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rates are 99% and 93%, respectively. Severe calci-
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3. Complications were low (n ¼ 48 [3.1%]), mostly
including non–hemodynamic-relevant AV-fistula,
or distal hematoma. Major complications like rare
(<0.5%).

4. Failed retrograde recanalization is related to
markedly higher subsequent major amputation
rates (8.5% versus 1.5%; P < 0.001).

5. In most cases, a sheathless or 2.9-F retrograde
approach is practiced (89.0%), which is related to
fewer complications, without affecting recanali-
zation success rates.

Due to an aging population with increasing rates
of comorbidities, endovascular treatment has
become the state-of-the-art therapy for lower-limb
peripheral artery disease. Failure of recanalization,
however, may be associated with a higher risk for
amputation, especially in patients at high risk for
open surgery. In this regard, the use of retrograde
access has become an essential tool for the treat-
ment of complex CTOs after failed antegrade access.
Most studies and meta-analyses, however (3,4),
have consisted of single-center data and have
focused on patients with CLTI so far.
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• Prospective single center registry
• 604 consecutive CTO cases
• Failed antegrade recanalization attempts
• 4 experienced interventionalists

Technical success: successful wire passage through occlusion, delivery of 
adjunctive therapy, residual stenosis <30 % at final angiogram

Complications: access-related events (bleeding, perforation, vessel 
closure, major amputation) <30 days after the intervention

Multivariate analysis for predictors of technical success and complications

Retrograde Recanalizations: Predictors of Technical Success and Complications?
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Retrograde Recanalizations: Baseline characteristics

Age, y 73.45 ± 11.1
Sex, male 393 (65.5)
Atherogene Risikofaktoren

Hypertonie 520 (86.2)
Hyperlipidämie 312 (51.7)
Diabetes 249 (41.3)
Aktueller oder früherer Tabakkonsum 173 (28.7)

Vorerkrankungen
Chronische Nireninsuffizienz (GFR < 30ml/min) 43 (7.0)
Koronare Herzerkrankung 209 (34.7)
Systolische Herzinsuffizenz 58 (9.6)

Voroperationen am Indexbein 223 (37.2)
Bypass 145 (24.2)
TEA 137 (22.9)
sonstiges 12 (2.0)
missing 4 (0.7)

klinische Präsentation
Rutherford-Klassifikation
2 8 (1.3)
3 297 (49.3)
4 51 (8.5)
5 232 (38.5)
6 15 (2.5)
Fontaine-Stadium
IIa 8 (1.3)
IIb 295 (48.9)
III 51 (8.5)
IV 249 (41.3)

Lokalisation der Zielläsion
Iliacal 21 (3.5)
Femoro-popliteal 504 (83.6)
Below the knee 229 (38.0)
Kombination (femoro-popliteal + BTK) 130 (21.6)

Läsionscharakteristika
Läsionslänge [mm] 300.8 ± 146
0-190 mm 162 (26.9)
190-400 mm 294 (48.8)
> 400 mm 147 (24.4)
TASC (II)
A 7 (1.2)
B 89 (14.8)
C 99 (16.5)
D 406 (67.6)
missing 2 (0.3)
PACSS (Verkalkungsgrad)
0 255 (42.2)
1 30 (5.0)
2 74 (12.4)
3 29 (4.9)
4 212 (35.5)
missing 3 (0.5)

Zugangsweg
antegrad 290 (31.5)
transbrachial 34 (5.6)
crossover 383 (63.5)

retrograder Zugangsweg
Bypass 3 (0.5)
A. dorsalis pedis 41 (6.8)
A. fibularis 147 (24.2)
A. tibialis posterior 77 (12.8)
A. tibialis anterior 118 (19.6)
Tractus tibiofibularis 15 (2.5)
A. poplitea 6 (1.0)
A. profunda femoris 5 (0.5)
A. femoralis superficialis distal 209 (34.7)
A. femoralis superficialis mitte 1 (0.2)
A. femoralis superficialis proximal 7 (1.2)

Region retrograder Zugangsweg
Femoro-popliteal 228 (37.8)
Below the knee 388 (64.3)
Kombination (femoro-popliteal + BTK) 17 (2.8)

Schleuse retrograd
Schleusenloser Zugang 511 (84.7)
Schleuse retrograd 92 (15.3)

4-F Schleuse 70 (76.1)
5-F Schleuse 4 (4.3)
6-F Schleuse 13 (14.1)
missing 5 (5.4)

Verfahrensspezifische Daten
Untersuchungsdauer [min] 110.45 ± 44.7
Durchleuchtungszeit [min] 34.17 ± 17.8
Gesamtstrahlendosis [cGy x cm²] 5695.8 ± 9959
Kontrastmittel [ml] 182.0 ± 70

Periinterventionelle Komplikationen 18 (3.0)
distaler Gefäßverschluss 5 (0.8)
distales Hämatom 4 (0.7)
AV-Fistel 2 (0.3)
Kompartment-Syndrom 2 (0.3)
Blutungen und Gefäßverletzungen (Ruptur, Dissektion, Perforation) 7 (1.2)
Exitus 1 (0.2)

Komplikationen bei 30 T Follow-Up
Major Amputation 14 (2.3)

TABELLE 1   Baseline Charakteristika

Previous open vascular surgery at 
index leg: 37.2 %

Claudicants: 50.5 %
CLTI: 49.5 %

Cardiovascular risk factors
Hypertension
Hyperlipidemia
Diabetes
Smoking (previous or current)

Comorbidites
Renal insufficiency (GFR<30 ml/min)
Coronary artery disease
Heart failure

Previous vascular surgery index leg
Bypass
Thrombendarterectomy
Other
Missing information

Clinical presentation
Rutherford classificaton

Baseline Characteristics
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TABELLE 1   Baseline Charakteristika

Lesion length: 300.8 mm

PACCS 3 and 4: 40.4 %

Target lesion location

Target lesion characteristics
Lesion length

TASC C and D: 84.1 %

Sheathless: 84.7 %
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Retrograde Recanalizations: Technical success and complications

Erfolgreiche retrograde Punktion 591 (98.0)
Erfolgreiche retrograde Drahtpassage 547 (90.7)
Erfolgreiche retrograde Rekanalisation 543 (90.0)
Final Run-off

0 15 (2.7)
1 226 (40.4)
2 193 (34.5)
3 125 (22.4)
missing 44 (7.3)

Interventionsverfahren an der Zielläsion
POBA only 74 (12.3)
Drug-coated balloon 226 (37.5)
Baremetal Stent 359 (59.5)
Scoring balloon Angioplastie 7 (1.2)
DE-Stent Implantation 98 (16.3)
Covered Stents 30 (5.0)
Thrombektomie/Atherektomie 7 (1.2)
Lyse 11 (1.8)

TABELLE 2   Retrograde Interventionen (n = 603)

Technical success:  90.0 %

Complication rate (access related):  3.0 %

Successful retrograde puncture
Successful retrograde wire passage
Successful retrograde recanalization

Retrograde Interventions (n: 604)

Adjunctive therapy

Lysis
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Retrograde Recanalizations: Predictors of technical failure
technischer Erfolg proz. Anteil 

innerhalb des techn. 
Erfolg

technischer Misserfolg proz. Anteil 
innerhalb des 

techn. Misserfolg
543 (90.0) 60 (10.0)

Sex
female 199 (94.8) 36.6 11 (5.2) 18.3
male 344 (87.5) 63.4 49 (12.5) 81.7

Atherogene Risikofaktoren
Hypertonie 469 (90.2) 86.4 51 (9.8) 85.0
Hyperlipidämie 280 (89.7) 51.6 32 (10.3) 53.3
Diabetes 220 (88.4) 40.5 29 (11.6) 48.3
Aktueller oder früherer Tabakkonsum 159 (91.9) 29.3 14 (8.1) 23.3

Vorerkrankungen
Chronische Nireninsuffizienz (GFR < 30ml/min) 38 (88.4) 7.0 5 (11.6) 8.3
Koronare Herzerkrankung 187 (89.5) 34.4 22 (10.5) 36.7
Systolische Herzinsuffizenz 49 (84.5) 9.0 9 (15.5) 15.0

Voroperationen am Indexbein 193 (86.2) 35.5 31 (13.8) 51.7
Bypass 127 (87.5) 23.4 18 (12.4) 30.0
TEA 86 (87.8) 15.8 12 (12.2) 20.0
sonstige 10 (83.3) 1.9 2 (16.7) 3.4

klinische Präsentation
Rutherford-Klassifikation
2 7 (87.5) 1.3 1 (12.5) 1.7
3 277 (93.2) 51.0 20 (6.7) 33.3
4 46 (90.2) 8.5 5 (9.8) 8.3
5 203 (87.5) 37.4 29 (12.5) 48.3
6 10 (66.7) 1.8 5 (33.3) 8.3
Claudicatio intermittens (RC 2+3) 284 (93.1) 52.3 21 (6.9) 35.0
kritische Ischämie (RC 4-6) 259 (86.9) 47.7 39 (13.1) 65.0
Fontaine-Stadium
IIa 7 (87.5) 1.3 1 (12.5) 1.7
IIb 275 (93.2) 50.6 20 (6.8) 33.3
III 46 (90.2) 8.5 5 (9.8) 8.3
IV 215 (86.3) 39.6 34 (13.7) 56.7

Lokalisation der Zielläsion
Iliacal 15 (71.4) 2.8 6 (28.6) 10.0
Femoro-popliteal 460 (91.3) 84.7 44 (8.7) 73.3
Below the knee 198 (86.5) 36.5 31 (13.5) 51.7
Kombination (femoro-popliteal + BTK) 115 (88.5) 21.2 15 (11.5) 25.0

Läsionscharakteristika
Läsionslänge [mm]
0-190 mm 145 (89.5) 26.7 17 (10.5) 28.3
190-400 mm 267 (90.8) 49.2 27 (9.2) 45.0
> 400 mm) 131 (89.1) 24.1 16 (10.9) 26.7
PACSS
0 229 (89.8) 42.4 26 (10.2) 43.3
1 29 (96.7) 5.4 1 (3.3) 1.7
2 71 (95.9) 13.1 3 (4.1) 5.0
3 24 (82.8) 4.4 5 (17.2) 8.3
4 187 (88.2) 34.6 25 (11.8) 41.7
TASC (II)
A 6 (85.7) 1.1 1 (14.3) 1.7
B 81 (91.0) 15.0 8 (9.0) 13.3
C 86 (86.9) 15.9 13 (13.1) 21.7
D 368 (90.6) 68.0 38 (9.4) 63.3

Distale Punktionsstellen
Bypass 3 (100.0) 0.6 0 (0) 0.0
A. dorsalis pedis 29 (70.7) 5.3 12 (29.3) 20.0
A. fibularis 131 (89.1) 24.1 16 (10.9) 26.7
A. tibialis posterior 69 (89.6) 12.7 8 (10.4) 13.3
A. tibialis anterior 108 (91.5) 19.9 10 (8.5) 16.7
Tractus tibiofibularis 15 (100.0) 2.9 0 (0) 0.0
A. poplitea 4 (66.7) 0.7 2 (33.3) 3.3
A. profunda femoris 4 (80.0) 0.7 1 (20.0) 1.7
A. femoralis superficialis 252 (91.6) 46.4 23 (8.4) 38.3

Region distale Punktionsstelle
Femoro-popliteal 211 (92.5) 38.9 17 (7.5) 28.3
Below the knee 344 (88.7) 63.4 44 (11.3) 73.3
Kombination (femoro-popliteal + BTK) 16 (94.1) 2.9 1 (5.9) 1.7

Retrograder Zugang und Erfolgsrate
Schleusenloser Zugang 462 (90.4) 49 (9.6)
Schleuse retrograd 81 (88.0) 14.9 11 (12.0) 18.3
Erfolg retrograde Punktion 543 (91.9) 100.0 48 (8.1) 80.0
retrograde Drahtpassage
erfolgreich 543 (99.3) 100.0 4 (0.7) 6.7
erfolglos 0 (0) 0.0 56 (100.0) 93.3

TABELLE 3   technischer Erfolg vs. Technischer MisserfolgPredictors of technical failure Technical 
success
n: 544

Technical 
failure
n: 60

Cardiovascular risk factors
Hypertension
Hyperlipidemia
Diabetes
Smoking (previous or current)

Comorbidites
Renal insufficiency (GFR<30 ml/min)
Coronary artery disease
Heart failure

Previous vascular surgery index leg
Bypass
Thrombendarterectomy
Other

Clinical presentation
Rutherford Classificaton

Claudicants
CLTI
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p-Value Odds-Ratio 95 % Konfidenzintervall
Sex, male 0.006 2.577 1.310 - 5.070
Voroperationen am Indexbein 0.015 1939 1.134 - 3.313
kritische Ischämie 0.012 2.036 1.167 - 3.553
Fontaine-Stadium II -> IV 0.055 3676
Fontaine-Stadium IV 0.010 2.124 1.198 - 3.763

TABELLE 4   Prädiktoren für den technischen Misserfolg

1.939

Predictors of technical failure

CLTI vs. Claudicants

Sex: male vs. female
Previous open vascular surgery index leg

95 % Confidence 
interval
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Retrograde Recanalizations: Predictors of complications

No complication:
n: 585

Complications:
n: 19

Male sex 65.0 % 69.2 %

CLTI 49.4 % 50.1 %

Lesion length >200 mm 73.0 % 77.8 %

TASC C or D 83.9 % 88.9 %

PACS 3 or 4 39.9 % 50.0 %

Retrograde access:
Femopopliteal
BTK
Both

37.8 %
64.3 %
2.7 %

38.9 %
66.7 %
5.6 %

Retrograde sheath usage 14.7 % 33.3 %
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Retrograde Recanalizations: Are re-entry devices ever helpful?

Retrograde use of the Outback re-entry catheter in complex
infrainguinal arterial recanalizations
Lorenzo Patrone, MD,a Braham Dharmarajah, MD,a,b Grigorios Korosoglou, MD,c Selva Theivacumar, MD,a

Muliadi Antaredja, MD,d Ralph Oberacker, MD,d Lisa Tilemann, MD,d and Erwin Blessing, MD,d London, United
Kingdom; and Weinheim and Karlsbad, Germany

ABSTRACT
Objective/Background: Retrograde recanalizations gained increasing recognition in complex arterial occlusive disease.
Re-entry devices are a well-described adjunct for antegrade recanalizations. We present our experience with retrograde,
infrainguinal recanalizations using the Outback re-entry catheter in challenging chronic total occlusions.

Methods: We report data from a retrospective multicenter registry in complex retrograde recanalizations. Eligibility criteria
included retrograde infrainguinal use of the Outback re-entry catheter where both conventional antegrade and retrograde
recanalizations had been unsuccessful. Procedural outcomes included technical success (defined as successful wire pas-
sage and delivery of adjunctive therapy with <30% residual stenosis), safety (periprocedural complications, eg, bleeding,
vessel injury, or occlusion of the artery at the re-entry site, and distal embolizations), and clinical outcome (amputation-free
survival and freedom from clinically driven target lesion revascularization [cd-TLR]).

Results: Forty-five consecutive patients underwent retrograde, infrainguinal recanalization attempts with the Outback re-
entry catheter between February 2015 and August 2020. Thirty (67%) patients had a history of open vascular surgery in the
index limb. In fourpatients, recanalizationswereevenmorechallengingduetoprevious surgical removal and/or ligationof the
proximal segmentof thesuperficial femoral artery. Theretrogradeaccesssiteof theOutbackcatheterwas the femoropopliteal
segment in 31 (69%) patients and crural vessels in 14 (31%) patients. The re-entry target sites were as follows: common femoral
artery in31 (69%)patients, superficial femoralartery in9 (20%)patients,popliteal artery in 1patient, andbelow-the-kneearteries
in 2 patients. In four patients, the needle of the re-entry devicewas targeted to an inflated balloon, inserted via the antegrade
route. The Outback re-entry catheter was placed via a 6-French sheath in 19 (42%) cases and sheathless in 26 (58%) cases.
Technical success was achieved in 41 (91%) patients There were two instances of distal embolizations and three bleeding
episodes. Amputation-free survival was 100% at 30 days, and after 12 months, freedom from cd-TLR was 95% at 30 days and
75% at 12months of follow-up. Female sex was an independent predictor for cd-TLR at 12 months of follow-up.

Conclusions: Retrograde use of the Outback re-entry catheter in infrainguinal chronic total occlusions provides an
effective and safe endovascular adjunct, when conventional antegrade and retrograde recanalization attempts have
failed. (J Vasc Surg 2022;75:177-85.)

Keywords: Peripheral arterial disease; Chronic total occlusions; Re-entry devices; Retrograde recanalizations; Vascular
mimetic implants

Over the past decade, there has been a paradigm shift
in the treatment of infrainguinal arterial chronic total oc-
clusions (CTOs). In particular, the role for endovascular

revascularization has evolved for Inter-Society Consensus
for the Management of Peripheral Arterial Disease (TASC
II), TASC C, and TASC D lesions especially in patients
deemed unsuitable for surgery, either due to lack of suit-
able bypass conduit or the presence of comorbidities.1

In addition, as endovascular technology, techniques, and
experience have developed, outcomes in amputation-free
survival andmortality have become equivalent to those of
open surgery in the context of critical limb ischemia.2

Treatment success of lower extremity arterial disease, via
endovascular or open vascular surgery, is mainly judged
by the following three criteria: (1) acute technical success
(instantly providing improved blood supply to the
affected limb), (2) freedom from periprocedural or periop-
erative complications, and (3) improvement of pain-free
walking capacity or limb salvage (mainly determined by
long-term lesion patency). Advances in endovascular
techniques, operator’s skills, and innovations in dedicated
medical devices (eg, catheters, re-entry devices, and CTO
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devices) helped to improve acute technical success rates
even in extraordinarily complex lesions. The Outback re-
entry catheter (Cordis Corporation, Bridgewater, NJ) is a
well-described example of a technological adjunct to
aid subintimal antegrade infrainguinal procedures in
CTOs, helping in crossing back into the true lumen
when conventional wire and catheter techniques failed.3

Successful wire passage through challenging occlu-
sions was also improved through the introduction of
retrograde recanalization techniques. Briefly, in cases of
failed antegrade wire passage through an occlusive
lesion, additional retrograde access distal to the occlu-
sion (mainly via the distal femoropopliteal segment or
below-the-knee arteries) significantly improved acute
technical success rates in the hands of experienced
operators.4-7

The combination of the Outback re-entry catheter and
retrograde vessel access, with the device deployed in a
retrograde manner, may be used in particularly complex
CTOs5 but has not been widely described. We therefore
present our multicenter experience of the retrograde
use of the Outback re-entry catheter for complex infrain-
guinal arterial CTOs.

METHODS
Study design. The study was conducted in accordance

with the Declaration of Helsinki. The protocol was
approved by the institutional review boards. Because of
the retrospective, noninterventional nature of the study
based solely on data generated and documented during
clinical routine processes, informed and written consent
was not required in accordance with the statement of
the institutional review boards. A total of 45 consecutive
patients were treated between February 2015 and
August 2020. All cases were discussed by a multidisci-
plinary team before the intervention, and the patients
were advised to participate in supervised exercise ther-
apy and were put on best medical treatment. Eligibility
included all endovascular cases involving the retrograde,
infrainguinal use of the Outback re-entry catheter in
procedures, where both antegrade and conventional
retrograde recanalizations deemed unsuccessful. In all
cases, the re-entry catheter was used during the initial
recanalization procedure. Of total 7950 endovascular
procedures performed in our three centers during the
study period, 876 cases (11.0%) were approached in a
retrograde fashion. The Outback device was used in 5.1%
(45 of 876) of all retrograde recanalization attempts. An
increase in retrograde recanalizations and frequency of
reverse usage of the Outback device over the study
period is shown in Supplementary Fig (online only).
Data were collated from the picture archiving and

communication systems, radiology information systems,
and electronic patient records in each institution. Patient
and procedural characteristics were collected for sex, age,
Rutherford clinical stage,8 history of previous vascular

surgery in the treated limb, degree of calcification (periph-
eral arterial calcium scoring system score),9 lesion
complexity (TASC II classification),8 pre- and postinterven-
tional tibial run-off score,8 site of retrograde vessel access,
proximal target vessel of theOutbackdevice, and any sub-
sequent procedural angioplasty and stenting.
Technical success was defined as retrograde wire pas-

sage, delivery of adjunctive therapy, and <30% residual
stenosis at final angiogram. Procedural outcome mea-
sures included complications (distal embolization,
bleeding and vessel injury, or occlusion across the recan-
alized segment, eg, a compromised deep femoral artery
after re-entry from the superficial to the common
femoral artery segment), amputation-free survival, and
freedom from clinically driven target lesion revasculariza-
tion (cd-TLR) at 30 days and 12 months of follow-up.

Procedure. The decision to use the Outback re-entry
catheter in a retrograde direction was made at the pri-
mary operator’s discretion after failure of both antegrade
and retrograde recanalization attempts in CTO. Ante-
grade access was either from the proximal ipsilateral
common femoral artery, the brachial artery, or the
contralateral common femoral artery using a crossover
technique.
Distal retrograde access was accomplished with a

21-gaugemicropuncture access needle under either ultra-
sound or fluoroscopic guidance with a 0.01800 support wire
introduced. In cases of failed retrograde wire passage
through the occlusion, the Outback re-entry catheter
was inserted either through a 6-French sheath as per In-
structions for Use (IFU) or, in the interest of a low-profile
approach, sheathless again at the primary operator’s
discretion. The operators found particularly advantageous
to advance the device over a 0.01800 wire (V18; Boston Sci-
entific, Marlborough, Mass) despite being outside the

ARTICLE HIGHLIGHTS
d Type of Research: Multicenter retrospective cohort
study

d Key Findings: Retrograde recanalization with the
Outback re-entry catheter was successfully per-
formed in 41 of 45 (91%) consecutive patients with
chronic total occlusions of the lower limb. Distal em-
bolizations occurred in two and bleedings in three
patients. There were no target limb major amputa-
tions throughout 1 year. Freedom from clinically
driven target lesion revascularization was 95% at
30 days and 75% at 12 months of follow-up.

d Take Home Message: Our multicenter retrospective
registry demonstrates that the retrograde use of
the re-entry catheter Outback is safe and effective,
even in very challenging chronic total occlusions in
patients with lower limb peripheral arterial disease.
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Abstract: Purpose, Retrograde recanalizations have gained increasing recognition in complex arterial
occlusive disease. Re-entry devices are a well described adjunct for antegrade recanalizations. We
present our experience with target balloon-assisted antegrade and retrograde recanalizations using
re-entry devices in challenging chronic total occlusions. Materials and Methods: We report data
from a retrospective multicenter registry. Eligibility criteria included either antegrade or retrograde
use of the OutbackTM or GoBackTM re-entry catheter in combination with a balloon as a target to
accomplish wire passage, when conventional antegrade and retrograde recanalization attempts had
been unsuccessful. Procedural outcomes included technical success (defined as wire passage though
the occlusion and delivery of adjunctive therapy with <30% residual stenosis at final angiogram),
safety (periprocedural complications, e.g., bleeding, vessel injury, or occlusion of the artery at the
re-entry site, and distal embolizations), and clinical outcome (amputation-free survival and freedom
from target lesion revascularization after 12-months follow-up). Results: Thirty-six consecutive
patients underwent target balloon-assisted recanalization attempts. Fourteen (39 %) patients had a
history of open vascular surgery in the index limb. Fifteen patients were claudications (Rutherford
Class 2 or 3, 21 presented with chronic limb threatening limb ischemia (Rutherford Class 4 to 6). The
locations of the occlusive lesions were as follows: iliac arteries in 3 cases, femoropopliteal artery in
39 cases, and in below-the-knee arteries in 12 cases. In 15 cases, recanalization was attempted in
multilevel occlusions. Retrograde access was attempted in 1 case in the common femoral artery, in the
femoropopliteal segment in 10 cases, in below-the-knee arteries in 23 cases, and finally in 2 patients
via the brachial artery. In 10 cases, the re-entry devices were inserted via the retrograde access site.
Technical success was achieved in 34 (94 %) patients. There were 3 periprocedural complications,
none directly related to the target balloon-assisted re-entry maneuver. Amputation-free survival was
87.8 % and freedom from clinically driven target lesion revascularization was 86.6 % after 12-months
follow-up. Conclusion: Target balloon-assisted use of re-entry devices in chronic total occlusions
provides an effective and safe endovascular adjunct, when conventional antegrade and retrograde
recanalization attempts have failed.

Keywords: peripheral arterial disease; chronic total occlusions; re-entry devices; SAFARI technique;
retrograde recanalizations; target balloon-assisted recanalizations; level of evidence: level 3;
non-randomized follow-up study
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Abstract: Purpose, Retrograde recanalizations have gained increasing recognition in complex arterial
occlusive disease. Re-entry devices are a well described adjunct for antegrade recanalizations. We
present our experience with target balloon-assisted antegrade and retrograde recanalizations using
re-entry devices in challenging chronic total occlusions. Materials and Methods: We report data
from a retrospective multicenter registry. Eligibility criteria included either antegrade or retrograde
use of the OutbackTM or GoBackTM re-entry catheter in combination with a balloon as a target to
accomplish wire passage, when conventional antegrade and retrograde recanalization attempts had
been unsuccessful. Procedural outcomes included technical success (defined as wire passage though
the occlusion and delivery of adjunctive therapy with <30% residual stenosis at final angiogram),
safety (periprocedural complications, e.g., bleeding, vessel injury, or occlusion of the artery at the
re-entry site, and distal embolizations), and clinical outcome (amputation-free survival and freedom
from target lesion revascularization after 12-months follow-up). Results: Thirty-six consecutive
patients underwent target balloon-assisted recanalization attempts. Fourteen (39 %) patients had a
history of open vascular surgery in the index limb. Fifteen patients were claudications (Rutherford
Class 2 or 3, 21 presented with chronic limb threatening limb ischemia (Rutherford Class 4 to 6). The
locations of the occlusive lesions were as follows: iliac arteries in 3 cases, femoropopliteal artery in
39 cases, and in below-the-knee arteries in 12 cases. In 15 cases, recanalization was attempted in
multilevel occlusions. Retrograde access was attempted in 1 case in the common femoral artery, in the
femoropopliteal segment in 10 cases, in below-the-knee arteries in 23 cases, and finally in 2 patients
via the brachial artery. In 10 cases, the re-entry devices were inserted via the retrograde access site.
Technical success was achieved in 34 (94 %) patients. There were 3 periprocedural complications,
none directly related to the target balloon-assisted re-entry maneuver. Amputation-free survival was
87.8 % and freedom from clinically driven target lesion revascularization was 86.6 % after 12-months
follow-up. Conclusion: Target balloon-assisted use of re-entry devices in chronic total occlusions
provides an effective and safe endovascular adjunct, when conventional antegrade and retrograde
recanalization attempts have failed.

Keywords: peripheral arterial disease; chronic total occlusions; re-entry devices; SAFARI technique;
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non-randomized follow-up study
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devices) helped to improve acute technical success rates
even in extraordinarily complex lesions. The Outback re-
entry catheter (Cordis Corporation, Bridgewater, NJ) is a
well-described example of a technological adjunct to
aid subintimal antegrade infrainguinal procedures in
CTOs, helping in crossing back into the true lumen
when conventional wire and catheter techniques failed.3

Successful wire passage through challenging occlu-
sions was also improved through the introduction of
retrograde recanalization techniques. Briefly, in cases of
failed antegrade wire passage through an occlusive
lesion, additional retrograde access distal to the occlu-
sion (mainly via the distal femoropopliteal segment or
below-the-knee arteries) significantly improved acute
technical success rates in the hands of experienced
operators.4-7

The combination of the Outback re-entry catheter and
retrograde vessel access, with the device deployed in a
retrograde manner, may be used in particularly complex
CTOs5 but has not been widely described. We therefore
present our multicenter experience of the retrograde
use of the Outback re-entry catheter for complex infrain-
guinal arterial CTOs.

METHODS
Study design. The study was conducted in accordance

with the Declaration of Helsinki. The protocol was
approved by the institutional review boards. Because of
the retrospective, noninterventional nature of the study
based solely on data generated and documented during
clinical routine processes, informed and written consent
was not required in accordance with the statement of
the institutional review boards. A total of 45 consecutive
patients were treated between February 2015 and
August 2020. All cases were discussed by a multidisci-
plinary team before the intervention, and the patients
were advised to participate in supervised exercise ther-
apy and were put on best medical treatment. Eligibility
included all endovascular cases involving the retrograde,
infrainguinal use of the Outback re-entry catheter in
procedures, where both antegrade and conventional
retrograde recanalizations deemed unsuccessful. In all
cases, the re-entry catheter was used during the initial
recanalization procedure. Of total 7950 endovascular
procedures performed in our three centers during the
study period, 876 cases (11.0%) were approached in a
retrograde fashion. The Outback device was used in 5.1%
(45 of 876) of all retrograde recanalization attempts. An
increase in retrograde recanalizations and frequency of
reverse usage of the Outback device over the study
period is shown in Supplementary Fig (online only).
Data were collated from the picture archiving and

communication systems, radiology information systems,
and electronic patient records in each institution. Patient
and procedural characteristics were collected for sex, age,
Rutherford clinical stage,8 history of previous vascular

surgery in the treated limb, degree of calcification (periph-
eral arterial calcium scoring system score),9 lesion
complexity (TASC II classification),8 pre- and postinterven-
tional tibial run-off score,8 site of retrograde vessel access,
proximal target vessel of theOutbackdevice, and any sub-
sequent procedural angioplasty and stenting.
Technical success was defined as retrograde wire pas-

sage, delivery of adjunctive therapy, and <30% residual
stenosis at final angiogram. Procedural outcome mea-
sures included complications (distal embolization,
bleeding and vessel injury, or occlusion across the recan-
alized segment, eg, a compromised deep femoral artery
after re-entry from the superficial to the common
femoral artery segment), amputation-free survival, and
freedom from clinically driven target lesion revasculariza-
tion (cd-TLR) at 30 days and 12 months of follow-up.

Procedure. The decision to use the Outback re-entry
catheter in a retrograde direction was made at the pri-
mary operator’s discretion after failure of both antegrade
and retrograde recanalization attempts in CTO. Ante-
grade access was either from the proximal ipsilateral
common femoral artery, the brachial artery, or the
contralateral common femoral artery using a crossover
technique.
Distal retrograde access was accomplished with a

21-gaugemicropuncture access needle under either ultra-
sound or fluoroscopic guidance with a 0.01800 support wire
introduced. In cases of failed retrograde wire passage
through the occlusion, the Outback re-entry catheter
was inserted either through a 6-French sheath as per In-
structions for Use (IFU) or, in the interest of a low-profile
approach, sheathless again at the primary operator’s
discretion. The operators found particularly advantageous
to advance the device over a 0.01800 wire (V18; Boston Sci-
entific, Marlborough, Mass) despite being outside the

ARTICLE HIGHLIGHTS
d Type of Research: Multicenter retrospective cohort
study

d Key Findings: Retrograde recanalization with the
Outback re-entry catheter was successfully per-
formed in 41 of 45 (91%) consecutive patients with
chronic total occlusions of the lower limb. Distal em-
bolizations occurred in two and bleedings in three
patients. There were no target limb major amputa-
tions throughout 1 year. Freedom from clinically
driven target lesion revascularization was 95% at
30 days and 75% at 12 months of follow-up.

d Take Home Message: Our multicenter retrospective
registry demonstrates that the retrograde use of
the re-entry catheter Outback is safe and effective,
even in very challenging chronic total occlusions in
patients with lower limb peripheral arterial disease.

178 Patrone et al Journal of Vascular Surgery
January 2022

Outback IFU. The extra support given by this wire was
particularly beneficial for the advancement of the device
through calcified lesions. To avoid possible damage to
the hydrophilic tip of the wire, the 0.01800 wire was
exchanged for a 0.01400 wire compatible with IFU at the
moment of crossing through the needle. Retrograde re-
entry was performed under fluoroscopic guidance to
ensure correct tip orientation, mainly via a crossover
sheath from the contralateral side or via the transbrachial
access. Once re-entry was achieved into the true lumen
proximally, the wire was “snared” from the antegrade ac-
cess and externalized. Adjunctive therapy of the occluded
segment was performed via the antegrade route at the
operator’s discretion. In cases where the Outback was
used in a sheathless fashion, after retrieval of the re-
entry device, hemostasis was achieved via introducing a
4-French sheath. Closure of the retrograde access site
was performed either using manual compression, pro-
longed external blood pressure cuff inflation, or prolonged
inflation (2-5 minutes) of a balloon, advanced via the ante-
grade route.
Completion angiography at the treated segment as

well as below-the-knee run-off was performed to assess
treatment outcome and procedural complications. Post-
procedural patient care was recommended according to
current practice guidelines. Usually, patients received
dual antiplatelet therapy for a minimum of 4 weeks
and, in case of complex lesions and/or in patients with
high risk for re-occlusions, for up to 6 months. Clinical
follow-up was performed either at our institutions or
through referring vascular specialist. Duplex ultrasound
surveillance was not performed routinely but only if clin-
ically indicated.

Statistical analysis. The number of observations repre-
sents patients. Continuous variables were tested for
normality using the Kolmogorov-Smirnov test. In case
of normality, data are reported as mean 6 standard de-
viation, otherwise as median and interquartile range.
Categorical data are presented as count. Freedom from
cd-TLR is reported with Kaplan-Meier methods. Revas-
cularization rate refers to the number of patients in
whom revascularization was successful during the index
procedure. Logistic regression analysis was performed for
cd-TLR at 12 months for the following parameters: age,
sex, clinical risk factors, lesion calcification, TASC II class,
Rutherford category, lesion length, and history of previ-
ous vascular surgery in the target limb. Statistical analysis
was performed with SPSS software (version 25) (IBM,
Armonk, NY).

RESULTS
Baseline characteristics. Between February 2015 and

August 2020, 45 patients (mean age: 72 6 12; range: 42-
92 years) were treated with infrainguinal, retrograde use
of the Outback re-entry catheter. Seventeen patients

(38%) had severe claudication (Rutherford stage 3), 4 pa-
tients (9%) had rest pain (Rutherford stage 4), 17 patients
(38%) digital ischemic ulcerations (Rutherford stage 5),
and 8 patients (18%) presented with severe ischemic ul-
cerations (Rutherford stage 6). Baseline patient and lesion
characteristics are shown in Tables I and II.

Procedural details. Thirty patients (67%) had a prior his-
tory of open vascular surgery at the intended re-entry
site, including femoral endarterectomy, femoropopliteal
bypass, femorofemoral bypass, and aorto-bifemoral
bypass. In four patients, the proximal part of the super-
ficial femoral artery was either ligated or surgically
removed at the time of endarterectomy of the common
femoral artery. Despite these challenging circumstances,
recanalizations were successful in three of four of those
patients (Fig 1). In one case, significant bleeding after
dilatation with noncompliant balloons required implan-
tation of a covered stent. Because we did not observe any
bleeding at the area of the removed part of the superfi-
cial femoral artery in the other cases, we decided to
implant standard bare metal stents instead of covered
stents. We did not observe formations of pseudoaneur-
ysms at follow-up visits in any of those patients. In four
cases, a balloon positioned via the antegrade route was
used as a target for the needle of the re-entry device, to
allow successful wire passage into the true lumen (Fig 2).
The distal access vessel for insertion of the Outback re-

entry catheter was the mid-to-distal superficial femoral
artery in 29 (64%) cases, the popliteal artery in 2 cases,
tibioperoneal trunk in 3 cases, the anterior tibial artery
(either at the proximal or mid part or at the level of the
dorsal pedal artery) in 9 cases, the peroneal artery in 1
case, and finally the posterior tibial artery in 1 case. All
retrograde punctures were performed with the patient
in a supine position. Access was either via a 6-French
sheath in 19 patients (42%) or sheathless in 26 patients
(58%). All below-the-knee access cases were performed
sheathless (Fig 3).
The target vessel for retrograde re-entry was the distal

part of the common femoral artery/original take-off of
the superficial femoral artery in 31 cases (69%), the prox-
imal superficial femoral artery in 6 cases, the mid super-
ficial femoral artery in 3 cases, the popliteal artery in 1
case, the anterior tibial artery in 1 case, and finally the
peroneal artery in another case.

Outcomes. Successful infrainguinal, retrograde re-entry
using the Outback re-entry catheter was achieved in 41
of 45 patients (91%). In all 41 patients, adjunctive therapy
could be performed successfully with a documented
patency and <30% residual stenosis at final angiogram.
Re-entry could not be achieved in a patient who had a
history of prior open vascular surgery of both aortobife-
moral bypass and subsequent femorofemoral bypass
conduit and in another patient with severe fibrosis after
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devices) helped to improve acute technical success rates
even in extraordinarily complex lesions. The Outback re-
entry catheter (Cordis Corporation, Bridgewater, NJ) is a
well-described example of a technological adjunct to
aid subintimal antegrade infrainguinal procedures in
CTOs, helping in crossing back into the true lumen
when conventional wire and catheter techniques failed.3

Successful wire passage through challenging occlu-
sions was also improved through the introduction of
retrograde recanalization techniques. Briefly, in cases of
failed antegrade wire passage through an occlusive
lesion, additional retrograde access distal to the occlu-
sion (mainly via the distal femoropopliteal segment or
below-the-knee arteries) significantly improved acute
technical success rates in the hands of experienced
operators.4-7

The combination of the Outback re-entry catheter and
retrograde vessel access, with the device deployed in a
retrograde manner, may be used in particularly complex
CTOs5 but has not been widely described. We therefore
present our multicenter experience of the retrograde
use of the Outback re-entry catheter for complex infrain-
guinal arterial CTOs.

METHODS
Study design. The study was conducted in accordance

with the Declaration of Helsinki. The protocol was
approved by the institutional review boards. Because of
the retrospective, noninterventional nature of the study
based solely on data generated and documented during
clinical routine processes, informed and written consent
was not required in accordance with the statement of
the institutional review boards. A total of 45 consecutive
patients were treated between February 2015 and
August 2020. All cases were discussed by a multidisci-
plinary team before the intervention, and the patients
were advised to participate in supervised exercise ther-
apy and were put on best medical treatment. Eligibility
included all endovascular cases involving the retrograde,
infrainguinal use of the Outback re-entry catheter in
procedures, where both antegrade and conventional
retrograde recanalizations deemed unsuccessful. In all
cases, the re-entry catheter was used during the initial
recanalization procedure. Of total 7950 endovascular
procedures performed in our three centers during the
study period, 876 cases (11.0%) were approached in a
retrograde fashion. The Outback device was used in 5.1%
(45 of 876) of all retrograde recanalization attempts. An
increase in retrograde recanalizations and frequency of
reverse usage of the Outback device over the study
period is shown in Supplementary Fig (online only).
Data were collated from the picture archiving and

communication systems, radiology information systems,
and electronic patient records in each institution. Patient
and procedural characteristics were collected for sex, age,
Rutherford clinical stage,8 history of previous vascular

surgery in the treated limb, degree of calcification (periph-
eral arterial calcium scoring system score),9 lesion
complexity (TASC II classification),8 pre- and postinterven-
tional tibial run-off score,8 site of retrograde vessel access,
proximal target vessel of theOutbackdevice, and any sub-
sequent procedural angioplasty and stenting.
Technical success was defined as retrograde wire pas-

sage, delivery of adjunctive therapy, and <30% residual
stenosis at final angiogram. Procedural outcome mea-
sures included complications (distal embolization,
bleeding and vessel injury, or occlusion across the recan-
alized segment, eg, a compromised deep femoral artery
after re-entry from the superficial to the common
femoral artery segment), amputation-free survival, and
freedom from clinically driven target lesion revasculariza-
tion (cd-TLR) at 30 days and 12 months of follow-up.

Procedure. The decision to use the Outback re-entry
catheter in a retrograde direction was made at the pri-
mary operator’s discretion after failure of both antegrade
and retrograde recanalization attempts in CTO. Ante-
grade access was either from the proximal ipsilateral
common femoral artery, the brachial artery, or the
contralateral common femoral artery using a crossover
technique.
Distal retrograde access was accomplished with a

21-gaugemicropuncture access needle under either ultra-
sound or fluoroscopic guidance with a 0.01800 support wire
introduced. In cases of failed retrograde wire passage
through the occlusion, the Outback re-entry catheter
was inserted either through a 6-French sheath as per In-
structions for Use (IFU) or, in the interest of a low-profile
approach, sheathless again at the primary operator’s
discretion. The operators found particularly advantageous
to advance the device over a 0.01800 wire (V18; Boston Sci-
entific, Marlborough, Mass) despite being outside the
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with a very low complication rate.6 In accordance with
our experience, retrograde recanalizations were not
limited to patients with critical limb ischemia but were
also performed in a significant number of patients with
claudication (Rutherford stage 3).
One of the main reasons for technical failure despite

additional retrograde access seems to be previous open
vascular surgery, in particular after endarterectomy, where
postsurgical fibrosis prevents retrograde re-entry into the
common femoral artery. In contrast, the retrograde usage
of the Outback catheter devices allows predictable and
precise entry into the common femoral artery, even after
previous removal and/or ligation of the proximal part of
the superficial femoral artery (Fig 1).
Our retrograde technique enabled accurate re-entry

even at previous sites of open surgery where vessels often
demonstrate a combination of both calcific atheroscle-
rotic disease and postsurgical fibrosis making sponta-
neous breakthrough exceptionally challenging. This
accuracy also avoids compromise of the profunda femoral
artery, which was reported to happen even in the retro-
grade popliteal approach without the use of re-entry de-
vices.14 In addition, the ability to negotiate sites of
previous surgery makes this technique a valuable option
in multidisciplinary decision making for patients in
whom re-do surgery would be challenging due to a hos-
tile, postsurgical anatomical field or lack of autologous
vein by-pass conduit.1,2 Obviously, there are numerous
other re-entry devices available.15-17 The Pioneer catheter,

for example, incorporates intravascular ultrasound imag-
ing to potentially further enhance precision and safety of
the re-entry but also adding costs to the procedure.
Retrograde introduction of the Outback re-entry cath-

eter via both the superficial femoral artery5 and infrage-
nicular arteries18 has been previously described, but it
has now been demonstrated to be safe and effective
in our quite large cohort of patients. In the study,
because of a learning curve, there was an increasing
preference for sheathless application of the Outback
re-entry catheter for infragenicular access, which
enabled an outer diameter of 5.9-French of the catheter
rather than the 8-French outer diameter of a 6-French
sheath recommended as per the IFU. With this reduc-
tion in diameter, trauma and hemostasis at these ac-
cess sites was not a significant issue in this study with
compression, prolonged balloon angioplasty, and sub-
sequent vessel stenting sufficient to prevent major
sequelae. Although distal embolization did occur in
two cases, this was comparable to the rates reported
with antegrade Outback re-entry use and retrograde
conventional wire breakthrough.3,12,19 The time between
the insertion of the Outback catheter and the successful
lesion crossing was found to be short (median time,
6.1 minutes). This finding convinced the authors to
adopt the retrograde use of the re-entry device earlier
rather than later during their experience, avoiding
possible damage to the target vessel by prolonged
attempt of re-entering into the true lumen by standard
techniques. This early adoption of the retrograde use of
the Outback device is also beneficial in saving proce-
dural time, contrast medium usage, and radiation
dose to both the patient and the operator.

Fig 3. The Outback re-entry catheter inserted retrograde
and sheathless over a 0.01800 wire into the origin of the
anterior tibial artery (A). Inferior to the access site is an active
ischemic ulcer (B), which healed within weeks after recana-
lization of the superficial femoral and popliteal artery (C).

Fig 4. Kaplan-Meier analysis for freedom from clinically
driven target lesion revascularization. Data refer to those
patients in whom the initial recanalization procedure was
successful (41 of 45 cases). Five patients were lost to follow-
up within 12 months. cd-TLR, Clinically driven target lesion
revascularization.

Journal of Vascular Surgery Patrone et al 183

Volume 75, Number 1



Fußzeile (Titel der Präsentation) 4

19

Conclusions

Prof. Dr. Erw in B lessing Veith Sym posium

Our prospective registry confirms high acute technical success and acceptable access-
related complication rates of retrograde recanalizations of complex CTOs

Male sex, CLTI and previous open vascular surgery of the index leg are predictors of 
technical failure of retrograde recanalization attempts

Sheath usage for retrograde access is the only significant predictor of retrograde access-
related complications

Retrograde use of re-entry devices enhances technical success and enables wire 
passage even in cases previously not considered suitable for endovascular repair

Lack of long term follow up data after retrograde recanalizations


