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Use of the Ranger Paclitaxel-Coated
Balloon in Patients With Chronic
Limb-Threatening Ischemia: Short-Term
Safety and Efficacy Results From
Singapore
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Introduction. Chronic limb-threatening ischemia, also known as critical limb ischemia (CLI), is the most advanced stage of peripheral arterial disease (PAD), and patients have high risk of major lower-limb amputation and mortality. An endovascular-first
approach has become the preferred revascularization strategy for these patients. The aim of the study was to evaluate the safety
and short-term efficacy of the Ranger paclitaxel-coated balloon (PCB; Boston Scientific) in the setting of CLI. Methods. This was
a single-center, single-arm, multi-investigator, prospective study of CLI patients who underwent endovascular revascularization
using the Ranger PCB from July 2019 to November 2019 at Singapore General Hospital in Singapore. Data were retrieved from
the Vascular Quality Initiative database recently set up at this institution. Primary lesion patency, amputation-free survival
(AFS), freedom from target-lesion revascularization (TLR), and complete wound healing were the efficacy endpoints of interest
at 6 months post intervention. Results. A total of 84 patients (87 limbs; 229 lesions) were enrolled. Fifty-one of the 84 patients
(60.7%) were men. Baseline characteristics included diabetes mellitus in 76/84 patients (90.5%), chronic renal impairment in
25/84 patients (29.8%), and Rutherford category 6 foot wounds in 22/87 limbs (24.7%). TASC D lesions were present in 63/229
lesions (27.9%) and moderate/severe vessel wall calcification was present in 167/229 lesions (72.9%). Immediate technical success was achieved in 218/229 lesions (95.2%) with no device-related mortality at 30 days. Primary patency rates at 3 months
and 6 months were 76/82 (92.7%) and 69/81 (85.2%), respectively. Six-month primary patency rates of below-the-knee (BTK)

yr

lesions treated with and without Ranger balloons were 89/94 (94.7%) and 34/41 (82.9%), respectively (P=.03). Six-month
AFS occurred in 68/78 (87.2%) and freedom from TLR occurred in 73/81 (90.1%). Six-month complete wound healing rate was

op

respectable, at 28/50 (56.0%). Conclusion. Use of the Ranger PCB showed favorable outcomes and short-term patency rates,
especially in the BTK region, in what is an otherwise challenging patient cohort. Extended follow-up is awaited to evaluate the

C

long-term safety and efficacy of the balloon.
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The prevalence of peripheral artery disease (PAD) increased by
a quarter between 2000 and 2010, with 200 million estimated
to have PAD globally.1 Primary drivers of this increase have
been longer life expectancy1 and a diabetic epidemic.2 Chronic
limb-threatening ischemia, also known as critical limb ischemia (CLI), is the most advanced stage of PAD, defined by the
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presence of PAD in combination with rest pain, gangrene, or
lower-limb ulceration of more than 2-week duration.3 Despite
no proven superiority over open surgical revascularization in
terms of amputation-free survival (AFS) and overall mortality,4
an endovascular-first revascularization strategy is recommended for lower-limb arterial short occlusions or stenotic lesions
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performs over 900 lower-limb endovascular revascularization
procedures annually,17 and is the only participating center from
the Asia-Pacific region. Consent to collect, analyze, and publish
anonymized patient data was waived. The local institutional
review board approved this study (ref number: 2018/2995).
Premorbid variables collected included patient demographics, comorbidities, prior vascular interventions, and
baseline medication history. Preoperative toe pressure, wound
severity, and infection severity were assessed to calculate the
baseline wound, ischemia, and foot infection (WIfI) scores.18
Procedural data included location, degree of calcification,
TransAtlantic InterSociety Consensus (TASC) severity 19 of
the atherosclerotic lesions, and degree of vessel recoil after
angioplasty. Outcomes measured included bailout stenting
rate, major adverse cardiac event (MACE) rate, clinically
driven TLR rate, complete wound healing rate, amputation
free survival (AFS) rate, Rutherford scores, and functional
status at 3 and 6 months post intervention.
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for CLI.5 However, its role in longer, more complex occlusions
remains debatable. Plain old balloon angioplasty (POBA) was
initially used to increase lumen diameter, but had high rates of
restenosis.6-8 Shear stress during balloon angioplasty triggers
vessel-wall inflammation, initiating hypertrophic neointimal
hyperplasia (NIH). 9 Provisional bare-metal stenting with
POBA was introduced to reduce restenosis rates by providing
mechanical scaffolding,10 but a permanently implanted stent
has potential complications, eg, in-stent restenosis, thrombosis,
and stent fracture. Stent implantation also causes vascular
inflammation because of vessel-wall irritation, causing NIH.9
Drug-coated balloons (DCBs) have gained popularity over
the past 5 years because of the “leave nothing behind” concept.
They have been shown to reduce late lumen loss, binary restenosis, and target-lesion revascularization (TLR) in the treatment of femoropopliteal disease, compared with POBA.11 DCBs
overcome the limitations of drug-eluting stent (DES) options,
such as stent-related complications. The majority of DCBs use
a paclitaxel-based platform. Paclitaxel reduces late restenosis
by exerting antiproliferative effects to inhibit NIH.12
Existing studies evaluating the efficacy of the Ranger DCB
(Boston Scientific) in the treatment of PAD have reported
satisfactory results. The prospective, randomized RANGER
SFA study reported higher rates of 12-month primary patency
(86.4% vs 56.5%) and freedom from TLR (91.2% vs 69.9%) in the
DCB arm compared with POBA.13 Lichtenberg et al also reported
excellent primary patency rates (91.0%), freedom from TLR
(92.4%), and significant improvement in clinical outcomes at
6 months.14 However, the majority of patients in both studies
presented with intermittent claudication. To our knowledge,
there have been no studies evaluating the efficacy of the Ranger
DCB in the setting of CLI.
The aim of this study was to evaluate the safety and shortterm (6-month) efficacy of the Ranger balloon in the treatment
of infrainguinal arterial occlusive disease in Asian patients with
CLI from Singapore. Technical success, target-lesion patency,
and clinical outcomes are presented.

C

Methods

Patients and study design. This was a single-center, single-arm,
prospective study of 84 patients (87 limbs) with CLI, who underwent endovascular revascularization using Ranger DCBs
from July 2019 to November 2019 at Singapore General Hospital
(SGH). This allowed for at least a 6-month follow-up period.
Symptomatic patients with Rutherford classification15 4-6 were
included. Data were retrieved from the Vascular Quality Initiative (VQI) database and hospital electronic records. The VQI16
is a collaborative network of vascular specialists in the United
States seeking to improve the quality and safety of vascular
care by sharing data among physicians, medical centers, and
regions. SGH, a tertiary vascular center in central Singapore,
E18

Procedure. All patients underwent preoperative arterial Duplex ultrasonography (DUS) and toe-pressure measurements.
Medications and comorbidities were optimized by attending
cardiologists and nephrologists. Our center has adopted a predominantly endovascular-first approach for the past 10 years.
Percutaneous transluminal angioplasty (PTA) was performed in
a fixed imaging hybrid operating room by an attending vascular
surgeon. Depending on the complexity of the procedure and
whether concomitant amputation(s) or wound debridement
were required, PTA was performed under local, regional, or
general anesthesia. Carbon dioxide angiography was used in
patients with contrast allergy or poor renal function. Standard
digital subtraction techniques were employed otherwise. An
ipsilateral antegrade common femoral access was preferred
for infrainguinal and infrapopliteal lesions. Contralateral upand-over approach was performed only when there was severe
disease of the ipsilateral common femoral artery precluding
ipsilateral antegrade puncture, or when there were concomitant
iliac lesions to be treated. After a diagnostic angiogram had been
performed and when angioplasty was intended, intra-arterial
heparin (3000-5000 IU) was routinely administered via the
intra-arterial sheath. Transluminal crossing of the stenosis or
occlusion was preferred.
Predilation with a conventional non-DCB balloon catheter
for at least 2 minutes was mandatory for all target lesions (diameter 1:1 sizing to the reference vessel using digital subtraction
angiography). DCB was only implanted if there was <30% recoil.
For DCB sizing, the nominal balloon diameter had to match the
reference vessel diameter distal to the target lesion. In order
to secure full lesion coverage, DCB length was required to be
>1 cm longer at each end than the predilation balloon to avoid
geographical miss, with a DCB inflation time >90 seconds for
the first dilation. In balloons that were >150 mm in length, a
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variables were reported as absolute number and percentage.
Associations between baseline and operative characteristics and
outcomes were tested for using univariate logistic regression.
Variables with P<.05 were then combined into a multivariate
logistic regression model. Kaplan-Meier survival estimation
was used to calculate vessel patency rates. The statistical
analyses were performed using SPSS statistical software,
version 25.0 (IBM).

Patient and clinical characteristics. Over a 6-month period, a
total of 84 patients (87 limbs; 229 lesions) were enrolled. Men
comprised 51 of the 84 patients (60.7%) and mean age was 68.8
± 9.63 years. Seventy-six of the 84 patients (90.5%) had diabetes
mellitus, 55/84 (65.5%) had chronic renal impairment, and 25/84
(29.8%) had end-stage renal failure requiring hemodialysis.
Only 58/84 patients (69.0%) were on aspirin at presentation.
Eleven of 87 limbs (12.4%) were Rutherford category 4, 56/87
(62.9%) were Rutherford category 5, and 22/87 (24.7%) were
Rutherford category 6. Mean baseline toe pressure of the affected
foot was 39.9 ± 20.9 mm Hg. Mean WIfI score was 4.26 ± 1.88.
Using the Society for Vascular Surgery clinical stages by expert
consensus,18 a total of 33/87 limbs (37.9%) were deemed at high
risk of amputation at 1 year, while 12/87 (13.8%) were at very
low risk, 11/87 (12.6%) were at low risk, and 31/87 (35.6%)were
at moderate risk. Table 1 summarizes baseline demographics
and clinical characteristics.
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3-minute inflation was employed to maximize drug transfer to the
arterial wall. In cases when ≥2 DCBs were required, overlapping
of DCBs by at least 1 cm was accomplished. Patients with residual
stenosis of >30% or major flow-limiting dissection underwent
prolonged postdilation for at least 180 seconds. If postdilation
was unsuccessful, bailout stenting with a bare-metal or DES
was performed at the operator’s discretion. Full-length coverage
of all atherosclerotic lesions was not routinely performed, and
which stenoses or occlusions required treatment was left to the
discretion of the operating surgeon. Hybrid procedures were
performed in some patients with complex, multilevel disease
involving the common femoral artery.
Postoperative care and follow-up. All patients were given 3
months of dual-antiplatelet agents unless there were medical
contraindications. Clinical assessments were performed at 3
months and 6 months post procedure to assess wound healing.
DUS was performed at 6 months to check vessel patency.

Ranger paclitaxel-coated balloon. The Ranger balloon is a lowdose paclitaxel-coated PTA balloon catheter that is deployed
over a 0.018˝ Sterling platform (Boston Scientific), designed for
treating peripheral vascular atherosclerotic lesions. The Sterling
balloon platform has excellent pushability and trackability to
enable navigation through challenging anatomies. Ranger has
a proprietary loading tool that minimizes drug loss during handling. The TransPax coating (Boston Scientific) utilizes citrate
ester as the excipient formulation to optimize the drug coating
integrity. This ensures efficient and homogenous delivery of
paclitaxel to the target lesions. The Ranger catheter is available
in balloon diameter sizes of 2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 7.0, and
8.0 mm and lengths of 40, 60, 80, 100, 120, 150, and 200 mm,
with a working shaft length of 90 cm and 135 cm.
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Outcome definitions. Acute technical success was defined as
the ability to deliver and inflate the balloon to the intended
target lesion and achieve final residual stenosis ≤30% without
flow-limiting dissection and without requiring bailout stenting.
AFS was defined as survival without any amputation above the
ankle. Patent vessels were those in which DUS did not show a
significant restenosis (peak velocity ratio ≥2.5, which is indicative of >50% diameter stenosis). Primary patency rate was
defined as the percentage of patients with uninterrupted vessel
patency until reintervention was required. Clinically driven
TLR was defined as either repeat percutaneous or surgical
revascularization performed on a patient who returned with
clinical symptoms such as rest pain or non-healing wounds.
Statistical analysis. Baseline demographics were summarized
with the use of descriptive statistics. Continuous numeric
variables were reported as mean ± standard deviation or median (interquartile range [IQR]), as appropriate. Categorical
Vol. 1 · no. 1 March 2021

Lesion characteristics. Seventy of the 84 patients (83.3%)
required multilevel treatment. A total of 229 lesions were
treated, comprising 138/229 (60.3%) left lesions and 135/229
(59.0%) infrapopliteal lesions. Mean lesion length was 18.4 ±
16.7 cm. Sixty-four of 229 lesions (27.9%) were TASC D lesions.
The anterior tibial artery (ATA) was the most treated crural
vessel, in 47/229 lesions (20.5%). There was a high incidence of
moderate-to-severe vessel-wall calcification (167/229 lesions;
72.9%). Nine of 87 limbs (10.3%) had inframalleolar treated
lesions. Table 2 shows lesion characteristics and procedural data.

Procedural data. Technical success was achieved in 218/229
lesions (95.2%). Of the 11 technical failures, 2 (18.2%) had final
vessel stenosis >30% and 9 (81.8%) were unable to be crossed
due to severe calcification. The subintimal arterial flossing with
antegrade-retrograde intervention (SAFARI) technique20 and
combined open hybrid procedures were performed in 11/87
limbs (12.6%) and 8/87 limbs (9.2%), respectively. A total of 170
Ranger balloons (mean number of Ranger balloons/limb, 1.95 ±
0.963) of mean diameter 4.25 ± 1.26 mm and mean length of 156
± 52.4 mm were deployed to treat 170/229 lesions (74.2%). Recoil
was noted in 2/87 limbs (2.3%). Four of 229 lesions (1.7%) were
spot stented with a bare-metal stent. Overall bailout stenting
E19
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Table 1. Baseline demographics and clinical
characteristics.
Baseline Demographics

Table 1. Baseline demographics and clinical
characteristics.
Patients
(n = 84)

Baseline Medication History (continued)

Patients
(n = 84)

Mean age (years)

68.8 ± 9.63

Statin

73 (86.9%)

Mean body mass index (kg/m2)

24.3 ± 4.55

Anticoagulants

15 (17.9%)

Angiotensin-converting enzyme inhibitor/
angiotensin II receptor blocker

49 (58.3%)

Male

51 (60.7%)

Female

33 (39.3%)

Ethnic group

Coronary artery bypass graft

Malay

50 (59.5%)

<5 years

12 (14.3%)

≥5 years
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Chinese

18 (21.4%)

Indian

4 (4.8%)

Others
Smoking status

22 (26.2%)

Smoker

46 (54.8%)

Non-smoker

16 (19.0%)

Ex-smoker
Comorbidities

76 (90.5%)

Diabetes

Percutaneous coronary intervention

Leg arterial bypass/endarterectomy/
percutaneous vascular interventions

Femoral endarterectomy

6 (6.9%)

Contralateral amputations

Major lower-extremity amputation

Diabetic neuropathy

Dysrhythmia

11 (13.1%)

Atrial fibrillation

yr

Chronic obstructive pulmonary disease

9 (10.7%)
2 (2.4%)

14 (16.7%)

Chronic renal impairment

55 (65.5%)

C
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Congestive heart failure

End-stage renal function (on dialysis)

25 (29.8%)

Hemoglobin levels
<10 g/dL

29 (34.5%)

≥10 g/dL

55 (65.5%)

Baseline Medication History

Patients
(n = 84)

Antiplatelets
Aspirin

58 (69.0%)

Clopidogrel

22 (26.2%)

Ticagrelor

45 (53.6%)
Limbs
(n = 87)

7 (8.3%)

22 (26.2%)

19 (22.6%)

Prior Interventions/Limb

Diabetic nephropathy

Cerebrovascular disease

10 (11.9%)

11 (13.1%)

Minor (forefoot, single/multiple toes)

Coronary artery disease

12 (14.3%)

≥5 years

54 (64.3%)

44 (52.4%)

22 (26.2%)

8 (9.5%)

Diabetic retinopathy

77 (91.7%)

Patients
(n = 84)

<5 years

28 (33.3%)

Hypertension

E20
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Gender

Angioplasty (ipsilateral)

Ischemia/Tissue Loss Severity

25 (28.7%)
18 (20.7%)
7 (8.0%)
38 (43.7%)
Limbs
(n = 87)

Rutherford classification
4

11 (12.4%)

5

56 (62.9%)

6

22 (24.7%)

SVS WIfI Wound Score
0

11 (12.6%)

1

35 (40.2%)

2

31 (35.6%)

3

10 (11.5%)

Mean SVS WIfI score

4.26 ± 1.88

Baseline toe pressure (mm Hg)

39.9 ± 20.9

Data presented as mean ± standard deviation or number (%).
SVS = Society of Vascular Surgery; WIfI = wound extent, degree of ischemia, and
extent of foot infection.

3 (3.6%)
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Table 2. Lesion characteristics and procedural data.
Lesion Details

Table 2. Lesion characteristics and procedural data.
Lesions
(n = 229)

Lesion Details

Lesions
(n = 229)
84 (36.7%)

Severe

Final vessel stenosis ≤30%

218 (95.2%)

Final vessel stenosis >30%

2 (0.9%)

Technical failure

9 (3.9%)
91 (39.7%)

Right

Lesions treated with Ranger balloon

Ranger
Lesions
(n = 170)

Common femoral + external iliac arteries

6 (3.5%)

Superior femoral artery

Lesion length (cm)

18.4 ± 16.7

Popliteal
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Left

138 (60.3%)

Location of treated vessel

170 (74.2%)

Location of lesion treated with
Ranger balloon
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Technical success

23 (13.5%)
8 (4.7%)

Superior femoral + popliteal arteries

39 (22.9%)

1 (0.4%)

Anterior tibial artery

43 (25.3%)

Common femoral + external iliac arteries

14 (6.1%)

Posterior tibial artery

24 (14.1%)

Profunda

1 (0.4%)

Tibioperoneal trunk

18 (10.6%)

Common iliac

Superior femoral artery

24 (10.5%)
12 (5.2%)

Popliteal

Superficial femoral + popliteal arteries

42 (18.3%)

Anterior tibial artery

47 (20.5%)

Posterior tibial artery

29 (12.7%)

Dorsalis pedis artery

7 (3.1%)

Tibioperoneal trunk

25 (10.9%)
25 (10.9%)

Peroneal

2 (0.9%)

Plantar
TASC classification

B
C

yr

D
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Inframalleolar lesions

C

Limbs
(n = 87)

Below-ankle treatment

9 (10.3%)

Recoil

2 (2.3%)

SAFARI technique

11 (12.6%)

Hybrid procedure

8 (9.2%)

Devices/limb

5.22 ± 1.95

Stent Details

Stents
(n = 4)
4 (100%)
5.75 ± 0.96

57 (24.9%)

Stent length (mm)

90.0 ± 11.6

82 (35.8%)

Ranger Balloon Details

Balloons
(n = 170)

Balloon diameter (mm)

4.25 ± 1.26

Balloon length (mm)

156 ± 52.4

Surface area (mm2)

2120 ± 140

Ranger balloons/limb

1.95 ± 0.963

64 (27.9%)
9 (3.9%)

1 (0.4%)

Focal

18 (7.9%)

Mild

43 (18.8%)

Moderate

83 (36.2%)

rate was 2/87 limbs (2.3%). Access-site complications include
hematoma in 4/87 limbs (4.6%) and arteriovenous fistula
formation in 1/87 limbs (1.1%). Four of 87 limbs (4.6%), 6/87
limbs (6.9%), and 1/87 limbs (1.1%) had arterial perforations,
target-lesion dissection, and embolization, respectively. One
of the 4 perforations (25.0%) resolved with compression using
Vol. 1 · no. 1 March 2021

Operation Details

Stent diameter (mm)

Calcification classification
None

9 (5.3%)

Bare-metal stent

17 (7.4%)

A

Peroneal

Data presented as mean ± standard deviation or number (%).
SAFARI = subintimal arterial flossing with antegrade-retrograde intervention;
TASC = Trans-Atlantic Inter-Society Consensus.

balloon angioplasty and the other 3 perforations (75.0%) were
self-contained. Four of the 6 target-lesion dissections (66.7%)
were managed with balloon angioplasty alone. Hematomas
and arteriovenous fistulas resolved with manual compression.
There were no instances of retained device components or
device-related deaths.
E21
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Perioperative Complications

Table 3. Postprocedural data and follow-up data.

Patients (n = 84)
or Limbs (n = 87)

Perioperative complications
Myocardial infarction

1/84 (1.2%)

Renal injury

1/84 (1.2%)

Embolization

1/87 (1.1%)

Target-lesion dissection

6/87 (6.9%)

Perforation

4/87 (4.6%)

Access-site complications

5/87 (5.7%)

Arteriovenous fistula

1/87 (1.1%)

Amputation during admission

46/87 (52.9%)

None

27/87 (31.0%)

Toe(s)

Transmetatarsal/midfoot

9/87 (10.3%)

Below knee/through knee

2/87 (2.3%)

Above knee or higher

3/87 (3.4%)

Postprocedure Medications
Antiplatelets

Patients

79/84 (94.0%)

Aspirin

67/84 (79.8%)

Clopidogrel

2/84 (2.4%)

Ticagrelor

72/84 (85.7%)

Statin

13/84 (15.5%)

Anticoagulants

Angiotensin-converting enzyme inhibitor/
angiotensin II receptor blocker

yr

Follow-Up Data

47/84 (56.0%)
1/84 (1.2%)

Cilostazol

op

Mean follow-up time (days)

Patients

168 ± 89.3

C

Functional status
Baseline

Independent

21/84 (25.0%)

Assisted

46/84 (54.8%)

Wheelchair/bed bound

17/84 (20.2%)

Outcome. Patients were followed up for a mean duration of
168 ± 89.3 days. On a patient-level analysis, 1/84 (1.2%) had
contrast-induced renal injury post operation. All-cause mortality rate was 7/84 patients (8.3%) at 6 months and consisted
of hospital-acquired pneumonia in 1/7 (14.3%), osteomyelitis in
1/7 (14.3%), ischemic bowel in 1/7 (14.3%), sepsis in 1/7 (14.3%),
and cardiovascular related in 3/7 (42.9%). Twenty-one of the 84
E22

3 months
Independent

35/79 (44.3%)

Assisted

31/79 (39.2%)

Wheelchair/bed bound

13/79 (16.5%)

6 months
29/67 (43.3%)

Independent
Assisted
Wheelchair/bed bound
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4/87 (4.5%)

Hematoma

Functional status (continued)
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Table 3. Postprocedural data and follow-up data.

25/67 (37.3%)
13/67 (19.4%)

Change in Rutherford score
Baseline to 3 months

1.43 ± 1.92 (P<.001)

Baseline to 6 months

2.73 ± 2.41 (P<.001)

Complete wound healing
3 months

19/74 (25.7%)

6 months

28/50 (56.0%)

Primary patency rates (overall)
3 months

76/82 (92.7%)

6 months

69/81 (85.2%)

6-month primary patency rates

ATK lesions treated with Ranger DCB

ATK lesions not treated with Ranger DCB

64/76 (84.2%)
3/8 (37.5%)

BTK lesions treated with Ranger DCB

89/94 (94.7%)

BTK lesions not treated with Ranger DCB

34/41 (82.9%)

Amputation-free survival rate
3 months

78/84 (92.9%)

6 months

68/78 (87.2%)

Freedom from target-lesion
revascularization
3 months

78/82 (95.1%)

6 months

73/81 (90.1%)

Data presented as mean ± standard deviation, number/total limbs (%), or
number/total patients (%).
ATK = above the knee; BTK = below the knee; DCB = drug-coated balloon.

patients (25.0%) had independent ambulatory status at baseline.
At 3 months and 6 months, 35/79 patients (44.3%) and 29/67
patients (43.3%) had independent ambulatory status, respectively. On a limb-based analysis, freedom from TLR occurred
in 78/82 (95.1%) and 73/81 (90.1%) at 3 months and 6 months,
respectively. Three-month and 6-month primary patency rates
were 76/82 (92.7%) and 69/81 (85.2%), respectively. Figure
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85.2% vs 87.0% vs 91.0%, respectively; freedom from TLR, 90.1%
vs 94.4% vs 92.4%, respectively). All patients in the DCB arm
of the RANGER SFA study had only Rutherford category 2-3
disease,21 while 84% of patients included by Lichtenberg had
Rutherford 1-3 disease.14 This makes our results all the more
compelling in the setting of severe PAD. CLI is characterized
by extensive multilevel arterial occlusive disease with diffuse
calcific involvement, associated with poorer outcomes despite
successful revascularization.3 Lesions treated in our cohort
had higher rates of moderate-to-severe calcification (167/229;
72.9%) vs the Ranger SFA study (42/70; 60.0%). Higher calcium
burden in CLI was reported to have a proportional impact on
restenosis formation, as calcium potentially represents a barrier
to optimal drug absorption,22 but the data we have presented
do not seem to support this notion, as freedom from TLR was
high. Patients included in our study had higher rates of renal
impairment compared with the Ranger SFA and Lichtenberg
studies (66% vs 11% vs 19%, respectively), with 29.8% being
dialysis dependent. End-stage renal function is associated with
high incidence of cardiovascular morbidity and mortality in
PAD patients.23
To our knowledge, there is no study evaluating the Ranger
DCB in treating BTK lesions for CLI patients. A meta-analysis
on infrapopliteal angioplasty for CLI conducted by Marcello et
al24 reported 6-month primary patency rates of 65% vs 89/94
(94.7%) in our study. BTK lesions are challenging to treat due
to their long length, small vessel diameter (especially pertinent in an Asian population), multiple treatment paths, poor
outflow, and severe calcification. Endovascular management
of these lesions is associated with higher rates of recoil, dissections, and restenosis.25 Isolated BTK arterial disease is more
commonly seen in diabetics with end-stage renal function
and in the elderly, and is associated with higher rates of limb
loss at 1 year.26 Treatment of infrapopliteal lesions is vital to
relieve ischemic pain, heal ulcers, and prevent amputation
and gangrene.27
In our study, 6-month primary patency rates of BTK lesions
treated with Ranger DCB were significantly better than those
without Ranger DCB (89/94 [94.7%] vs 34/31 [82.9%]; P=.03).
The DEBATE-BTK randomized controlled trial also showed
that DCBs were associated with lower restenosis (27% vs 74%;
P<.001) and TLR rates (18% vs 43%; P<.01) compared with
POBA for infrapopliteal lesions in diabetic patients with CLI.28
Even in the face of long and severely calcified lesions, DCBs
allow longer patency rates to aid wound healing. However,
PTA with DCBs for BTK-PAD has produced heterogeneous
results and remains controversial.29 A recent meta-analysis
conducted by Zhang et al 30 revealed that DCBs have no obvious advantage in the treatment of infrapopliteal disease.
Furthermore, the use of paclitaxel DCBs in BTK lesions has
recently been suggested to lower AFS rates. 29,31 Multivariate
analysis showed that the SAFARI procedure was an independent

Figure 1. Kaplan-Meier curve for 3-month and 6-month primary patency
rates.
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1 shows the Kaplan-Meier survival curve. Complete wound
healing rates at 3 months and 6 months were 19/74 (25.7%) and
28/50 (56.0%), respectively. Six-month AFS rate was 68/78
(87.2%). Mean Rutherford scores decreased by a mean of 1.43 ±
1.92 (P<.001) and 2.73 ± 2.41 (P<.001) at 3 months and 6 months
post procedure, respectively. Fifty-three of 84 patients (63.1%)
had at least 1 Rutherford class improvement at 6 months. On a
lesion-level analysis, 6-month primary patency rates of abovethe-knee (ATK) lesions treated with and without Ranger balloons
were 64/76 (84.2%) and 3/8 (37.5%), respectively (P<.01). Sixmonth primary patency rates of below-the-knee (BTK) lesions
treated with and without Ranger balloons were 89/94 (94.7%)
and 34/41 (82.9%), respectively (P=.03). Table 3 summarizes
the postprocedural and follow-up data.
Multivariate analysis showed that patients with end-stage
renal function undergoing any form of renal dialysis (odds
ratio [OR], 0.22; 95% confidence interval [CI], 0.07-20.91)
and the SAFARI procedure (OR, 0.23; 95% CI, 0.06-0.92) were
associated with higher loss of 6-month primary patency. The
SAFARI procedure was an independent predictor of higher TLR
at 6 months (OR, 0.20; 95% CI, 0.05-0.78).

Discussion
In a challenging cohort of CLI patients with high atherosclerotic disease burden and multiple comorbidities, such as
diabetes and renal failure, our 6-month outcomes are highly
satisfactory using the Ranger DCB. Despite only including CLI
patients, our 6-month primary patency and freedom from TLR
rates were comparable with those reported in the RANGER
SFA and Lichtenberg studies (6-month primary patency rate,
Vol. 1 · no. 1 March 2021
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DCB was associated with significantly higher embolization
rates as compared with the Ranger DCB.36
Katsanos et al reported an increased risk of all-cause mortality at 2 years and 5 years following application of paclitaxel
devices in femoropopliteal arteries. 39 However, there is no
biological mechanism linking paclitaxel devices with delayed
mortality. Numerous arguments have been raised to counter
these findings, mostly concerning the lack of patient-level data,
insufficient stratification of non-homogenous subgroups, and
lack of long-term follow-up data for most included trials.40
More recent meta-analyses showed that mortality was not
correlated with paclitaxel exposure. 11,41 In our experience,
the use of Ranger DCBs in PAD is safe and effective, with low
morbidity and mortality. All-cause mortality at 6 months was
7/84 (8.3%), with no device-related deaths. The mean number
of Ranger balloons used in these patients was 1.83 ± 0.753, compared with the overall mean of 1.95 ± 0.963. Limb-salvage rates
were favorable, with low incidence of major lower-extremity
amputations (AFS at 6 months in 68/78 [87.2%]).
CLI is an end-stage manifestation of systemic atherosclerosis. Management of risk factors and comorbid conditions is
necessary to prevent high mortality. In our study, only 58/84
patients (69.0%) were on aspirin at presentation, despite 79/84
patients (94.0%) having known PAD, and 31.0% of patients received suboptimal preoperative medical therapy. Twenty-two
of 84 patients (26.2%) were on clopidogrel. The global vascular
guidelines on the management of CLI strongly recommend
antiplatelet agents for all patients with symptomatic PAD.3
The CLIPS (Critical Leg Ischemia Prevention Study) group
performed a randomized placebo-controlled double-blind
clinical trial and reported a 26.0% reduction in incidence of
vascular events with prophylactic low-dose aspirin in patients
with PAD.42
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predictor for lower freedom from TLR and primary patency
rates at 6 months. The current study authors believe that
lesions requiring the SAFARI procedure are more complex,
demonstrated by the inability to cross from an antegrade
position. The guidewire is more likely to be in a subintimal
plane, which may predispose to less-efficient drug transfer
to the adventitial plane. The SAFARI procedure has been
reported to lead to flow-limiting dissection and thrombosis
of the accessed artery.32
Adequacy of vessel preparation can affect the efficacy of DCBs
in treating infrapopliteal disease in CLI, especially in heavily
calcified lesions.33 Giannopoulos et al25 recommend assessment
of lesion calcification and adequate vessel preparation as the first
step for optimal balloon angioplasty of infrapopliteal lesions.
Vessel preparation minimizes risk of dissections, maximizes
luminal gain, and prepares the vessel bed for local drug delivery
via DCBs. We have recently shown that the use of prolonged
dilation with a non-compliant, high-pressure balloon is safe
and efficacious in treating highly complex infrapopliteal lesions
in CLI patients.34
Drug doses differ between DCBs. The COMPARE study was
the first prospective, randomized, non-inferiority clinical trial of
high-dose (In.Pact; Medtronic) vs low-dose (Ranger) paclitaxel
DCBs for femoropopliteal lesions. Ranger DCB was shown to be
non-inferior to In.Pact DCB with respect to both primary patency
and safety at 1 year, despite double exposure to paclitaxel in the
In.Pact group.35 In a rabbit model, Ranger DCB was associated
with significantly lower non-target paclitaxel embolization rates
compared with 4 other DCBs.36 In a healthy swine model, particulate embolization was extremely infrequent in the Ranger
DCB group and more common in the In.Pact DCB group. 37 In
the current study, 1/87 (1.1%) had clinically significant embolization, which resolved with angioplasty. The hydrophobic
coating and low macrocrystalline paclitaxel concentration
of Ranger DCBs could be responsible for lower embolization
rates. Non-target paclitaxel embolism in distal arteries can
lead to arterial occlusion, non-healing wounds, and acute
hypersensitivity reactions,38 more so in CLI patients due to
limited blood flow reserve.37 A meta-analysis of randomized
controlled trials comparing paclitaxel DCBs with POBA for
infrapopliteal disease in CLI reported significantly worse AFS
in the DCB group, which was more evident in high-dose (3.03.5 μg/mm2) than low-dose devices (2.0 μg/mm2).31 Paclitaxel
embolism was postulated to be the underlying mechanism
for worse AFS rate.
Lutonix (Bard) and Ranger balloons are low-dose paclitaxel DCBs. They differ in paclitaxel formulation (Lutonix =
hybrid; Ranger = microcrystalline) and excipient formulation
(Lutonix = polysorbate sorbitol; Ranger = citrate ester). The
highly water-soluble sorbitol excipient of Lutonix may facilitate paclitaxel downstream washing during navigation of the
DCB to its intended position. In a rabbit model, the Lutonix
E24

Study limitations. This study was limited by its single-arm,
non-randomized nature, with no comparator arm and relatively small sample size. The duration of follow-up was short
and lacking long-term outcomes, which are awaited from the
Ranger DCB worldwide. However, this study is more relevant
to everyday clinical practice in Asian CLI patients, who have
longer and more complex lesions with high calcium burden
and chronic complete total occlusions.

Conclusion
The Ranger paclitaxel DCB is a safe and efficacious modality
for treating extensive multilevel arterial occlusive disease with
diffuse calcific involvement in a challenging population of CLI
patients with multiple comorbidities. It is associated with
favorable acute technical success, as well as 6-month primary
patency, freedom from TLR, and AFS. Bailout stenting rates
were low, with no device-related complications.
Journal of Critical Limb Ischemia
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