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Chronic limb-threatening ischemia (CLTI) is the 
most severe presentation of peripheral artery 
disease (PAD) and is associated with high rates 
of amputation and mortality. In patients aged 

> 50 years, 5% to 10% will develop CLTI within 5 years.1 
Patients with CLTI have a poor life expectancy with a 
mortality rate of 20% after 1 year and 40% to 70% after 5 
years.2 Only 40% of all patients are mobile 2 years after a 
below-knee amputation.3

CLTI manifests clinically as lower extremity ischemic rest 
pain and/or ischemic tissue. As a result of lower procedure-
related complication rates, shorter length of stay, and 
faster recovery, infrapopliteal percutaneous transluminal 
angioplasty (PTA) has become widely accepted as primary 
therapy to establish a direct line of blood flow to the foot 
to assist wound healing and relieve rest pain, especially in 
patients at high perioperative risk.4 

USE OF THE TACK ENDOVASCULAR SYSTEM 
FOR BTK DISEASE

Long lesions in small-diameter vessels with medial 
calcification add to the complex nature of PTA in the below-
the-knee (BTK) arteries. The mechanism of PTA consists 
of plaque fracture, localized dissection, and permanent 
medial overstretching, often with dehiscence of the intima 
and media. Post-PTA dissection adversely impacts clinical 
outcome and can be a predictor for infrapopliteal restenosis.5 
If prolonged balloon inflation cannot resolve the dissection, 
stent implantation is the treatment of choice at present. 
However, in addition to the risk of in-stent restenosis and 
stent fracture, stents increase the stiffness of the vessel and 
may lead to chronic injury due to persistent outward force 
and friction between struts and artery walls. Thus, optimizing 
BTK PTA outcomes will provide durable vessel patency, 
reduce reinterventions, and promote limb preservation. 

The Tack endovascular system (Philips) includes 
multiple, short 6-mm nitinol implants that can be deployed 
separately (Figure 1). It provides a targeted repair of 
dissected segments and preserves the flexibility of the 
artery. Preclinical data revealed less inflammation and 
neointima formation at 3 months with Tack implants 

compared to stents.6 This is attributed to small dimensions, 
open-cell design, and the low outward force of the 
implants. Tack implants may effectively complement 
plain old balloon angioplasty (POBA) or drug-coated 
balloon angioplasty in case of dissections as a cautious 
strategy even compared to spot stenting. To avoid tissue 
irritation and inflammation, the outward force of Tack 
implants is relatively low. An open-cell design reduces 
the contact surface between metal and artery wall. In 
case of an irregular wall structure of the lesion, multiple 
short Tack implants might better guarantee for complete 
apposition than longer stents. Previous Tack-Optimized 
Balloon Angioplasty (TOBA) studies (Table 1) have offered 
promising technical success and safety.7-12

TOBA II BTK TRIAL
Recently, the 12-month outcome data of the TOBA II 

BTK trial demonstrated the efficacy and safety of the 
Tack endovascular system for the treatment of persistent 
dissection after POBA in BTK arteries.12 TOBA II BTK 
was the first study to evaluate a BTK implant for post-
PTA dissection repair (Figure 2). A total of 233 patients 
with Rutherford class 3 to 5 disease and lower extremity 
ischemia were included in this investigational device 
exemption trial. Baseline data collection included standard 
demographic data along with history and physical exam, 
laboratory testing, ankle-brachial index, toe-brachial 
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Figure 1.  4-F Tack endovascular system. Adaptive sizing self-
sizes each Tack implant to vessel diameters ranging from 1.5 to 
4.5 mm.
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index, Rutherford classification, Wound Ischemia and 
foot Infection classification, EQ-5D-3L quality-of-life 
questionnaire, and Walking Impairment Questionnaire. 
Patients underwent infrapopliteal intervention after 
successful screening, baseline data collection, and 
providing informed consent. These patients were eligible for 
enrollment during the index procedure if angioplasty resulted 
in dissection(s) of the P2/P3 popliteal artery segments, 
tibioperoneal trunk, anterior tibial, posterior tibial, and/or 
peroneal arteries that the investigator would have otherwise 
treated with repeat angioplasty or off-label stent deployment. 
Post-PTA dissections were identified using the angiographic 
core laboratory protocol, requiring imaging in at least two 
planes with ≥ 45° difference and use of magnification. 
Dissection(s) were graded by the operator using the National, 
Heart, Lung and Blood Institute classification system. Finally, 
patients were then eligible for enrollment if the investigator 
concluded that the dissection(s) required repair. A patient 
was enrolled when the Tack delivery system was advanced 
through the introducer sheath. Clinical follow-up was 
performed at 30 days and 6 and 12 months with planned 
follow-up to 36 months.

Half (50.2%) of patients were classified as Rutherford 
class 5, 33.5% as Rutherford class 4, and 16.3% as Rutherford 
class 3. The mean baseline target lesion length was 
80 ± 49 mm, and PTA-treated length was 154 ± 110 mm. 
Moderate to severe calcium was present in 35.8% of lesions. 
Standard PTA was performed in 248 target lesions, resulting 
in 341 post-PTA dissections requiring repair. Most lesions 
were located within the anterior tibial (41.1%), posterior 
tibial (22.6%), and peroneal (21%) arteries. All patients were 
treated with at least one Tack implant, averaging 4 ± 2.8 
Tacks per patient. The device success rate was 96.5%, and 
target lesion success and procedural success were 98.8% 
and 98.7%, respectively. 

The angiographic core laboratory adjudicated 100% 
dissection resolution with Tack treatment. Safety analysis 
within the first 30 days reported three (1.3%) major adverse 
limb events (MALEs) and perioperative death occurrences 
(PODs); in total there were two above-ankle amputations 
and one patient death. The primary effectiveness endpoint, 
freedom from MALE at 6 months plus POD at 30 days, was 
95.6% with a lower limit of the 97.5% confidence interval 
of 91.8%. Secondary outcome measurements included 

TABLE 1.  TOBA DISSECTION REPAIR TRIALS
ATK TOBA (N = 138) Prospective, single arm; 

13 European sites
Journal of Vascular Surgery7

89.5% 12-m K-M freedom from 
CD-TLR; 
76.4% 12-m K-M patency rate

98.5% technical success

TOBA II (N = 213)  
Pivotal IDE

Prospective, single arm;  
33 US/European sites;  
POBA or Lutonix DCB (BD 
Interventional)

JACC: Cardiovascular Interventions8

86.5% 12-m K-M freedom from 
CD-TLR; 
79.3% K-M patency rate

0.5% bail-out stent; 
92.1% dissection resolution

TOBA III (N = 201) Prospective, single arm; 
14 European sites;  
In.Pact Admiral (Medtronic)

Journal of Vascular Surgery9

97.5% 12-m K-M freedom from 
CD-TLR; 
95.0% K-M patency rate

0.6% bail-out stent rate;
97.7% dissection resolution

BTK TOBA BTK (N = 35) Prospective, single arm; 
6 European/New Zealand sites

Catheterization and Cardiovascular Interventions10

93.5% 12-m K-M freedom from 
CD-TLR; 
84.5% 12-m amputation-free 
survival

78.4% K-M patency rate

TOBA II BTK (N = 233)  
Pivotal IDE

Prospective, single arm;  
41 US/international sites

6-m pivotal data in Journal of Vascular Surgery 11 
12-m data in Journal of Endovascular Therapy 12

83.1% 12-m K-M freedom from 
CD-TLR; 
89.3% 12-m K-M amputation-
free survival

81.3% 12-m K-M target lesion 
patency;
1.3% bail-out stent rate
100% dissection resolution

Abbreviations: CD-TLR, clinically driven target lesion revascularization; IDE, investigational device exemption; K-M, Kaplan-Meier, POBA, plain old balloon 
angioplasty.



18 SUPPLEMENT TO ENDOVASCULAR TODAY MAY 2021 VOL. 20, NO. 5

Sponsored by Philips

Optimizing CLI  Care

12-month primary patency of the target lesions and Tacked 
segments including a 12-month Tacked segment patency 
of 81.3%. Kaplan-Meier estimate for target limb salvage 
at 12 months for all patients was 96.8%. Twelve-month 
Kaplan-Meier freedom from clinically driven target lesion 
revascularization was 83.1% in all patients, and 81.8% in CLTI 
patients. Kaplan-Meier freedom from clinically driven target 
vessel revascularization at 12 months was 82.7% and 81.4% 
in all patients and CLTI patients, respectively. At 12 months, 
Kaplan-Meier survival in all patients was 91.7% and 91.9% 
in Rutherford class 4/5 patients. Amputation-free survival 
was 89.3% overall and 89% in Rutherford class 4/5 patients. 
Rutherford class significantly improved between baseline to 
6 months and was sustained through 12 months.

CONCLUSION
Previous analysis concluded that decreasing the rate of 

immediate technical failure (including recoil, dissection, 
and persistent stenosis) is integral to limb preservation and 
improving patency. Post-PTA dissection adversely impacts 
clinical outcome and can be a predictor for infrapopliteal 
restenosis.5 Treatment options include the use of bare-
metal or drug-eluting stents in an attempt to improve 
patency and reduce restenosis, depending on the location 
of the lesion. Especially in long persistent dissections and 
bifurcations, these scaffolds are not adequate to resolve 
immediate technical failures and could impact technical 
revascularization options after reocclusion. Based on the 
promising TOBA II BTK data, Tack implants may effectively 
complement angioplasty in case of dissections as a cautious 
strategy even compared to spot stenting. To avoid tissue 
irritation and inflammation, the outward force of Tack 
implants is relatively low. An open-cell design reduces the 
contact surface between metal and artery wall. In case of 

an irregular wall structure of the lesion, multiple short Tack 
implants might better guarantee for complete apposition 
than longer stents. Finally, Tack implants allow for bypass 
surgery at a later stage if required.  n
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Figure 2.  Persistent dissection with slow flow after recanalization of the posterior tibial artery with a 3- X 150-mm uncoated 
balloon. Intravascular ultrasound revealed a dissection and persistent high-grade stenosis (A). Implantation of two 4-F Tack 
devices (B). Complete healing of the dissection after Tack implantation with direct inflow and outflow (C).
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