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OBJECTIVES The aim of the BIOLUXP-III (A Prospective, International,Multi-Centre, Post-Market All-Comers Registry to

Assess the Clinical Performance of the Passeo-18 Lux Paclitaxel Releasing Balloon Catheter in Infrainguinal Arteries – III)

registry was to collect real-world data on the Passeo-18 Lux paclitaxel-coated balloon.

BACKGROUND Critical limb ischemia (CLI) is a severe condition associated with high morbidity and mortality.

Prospective data are needed to provide further insights on drug-eluting devices.

METHODS BIOLUX P-III is a prospective, post-market, all-comers registry assessing the safety and performance of the

Passeo-18 Lux. Clinical information was collected at 6, 12, and 24 months. The authors report 24-month outcomes of the

CLI subgroup with patients in Rutherford classes 4 to 6.

RESULTS The CLI subgroup included 328 patients with 422 lesions. Patients were 71.1 � 10.5 years of age, and 61.0%

had diabetes. Femoropopliteal lesions were present in 53.8% (n ¼ 227), below-the-knee lesions were present in 27.0%

(n ¼ 114), and lesions were moderate or heavily calcified in 45.0% (n ¼ 190). Major adverse events, defined as 30-day

device- or procedure-related mortality, major target limb amputation, and clinically driven target lesion revasculariza-

tion, occurred in 9.8% of patients through 6 months, in 14.9% through 12 months, and in 19.4% through 24 months.

Clinically driven target lesion revascularization occurred in 4.4%, 8.5%, and 12.1%, major amputation in 4.9%, 5.2%, and

6.1%, and mortality in 8.1%, 11.1%, and 20.1%, respectively. Predictors of mortality were age $75 years and higher

Trans-Atlantic Inter-Society Consensus Document on Management of Peripheral Arterial Disease class, and higher

Rutherford class was associated with increased mortality and amputation rates.

CONCLUSIONS In a large, multimorbid patient population with complex lesions and CLI, the safety and performance of

the Passeo-18 Lux paclitaxel-coated balloon has been confirmed, with low rates of major amputation and target lesion

revascularization. (J Am Coll Cardiol Intv 2020;13:2289–99) © 2020 The Authors. Published by Elsevier on behalf of

the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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T he BIOLUX P-III (A Prospective,
International, Multi-Centre, Post-
Market All-Comers Registry to

Assess the Clinical Performance of the
Passeo-18 Lux Paclitaxel Releasing Balloon
Catheter in Infrainguinal Arteries – III) regis-
try was initiated to gain information on the
safety and effectiveness of the Passeo-18
Lux drug-coated balloon (DCB) (Biotronik,
Buelach, Switzerland) when treating periph-
eral artery disease of the lower extremities
in a large patient population under real-
world conditions (1).

In addition, the registry was intended to
assess outcomes in specific risk groups, such
as patients with critical limb ischemia (CLI).
CLI is a severe condition; if left untreated,
nearly one-quarter of patients experience major
amputation and nearly one-quarter die within 1 year
(2,3). Notably, the term “critical limb ischemia” was
replaced by the term “chronic limb-threatening
ischemia” (CLTI) recently (4), defined as rest pain,
gangrene, or lower limb ulceration with a duration of
more than 2 weeks and associated with a growing
prevalence and increased health care costs (2).
SEE PAGE 2300
So far, the CLI population is understudied. The
current European guidelines provide only rough
guidance and recommend an endovascular-first strat-
egy in short lesions or in long occlusions with no great
saphenous vein graft material or in patients with
increased risk for open surgery (4). The more recently
published global vascular guidelines on the manage-
ment of CLTI provide a more differentiated scheme
that takes classifications such as the wound, ischemia,
and foot infection (WIfI) scheme and the Global Limb
Anatomic Staging System into consideration (2).

These global vascular guidelines on the manage-
ment of CLTI also highlight the lack of comparative
data to guide the choice of a specific endovascular
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approach in femoropopliteal lesions and define pro-
spective studies to assess the safety and efficacy of
drug-eluting devices such as DCBs with at least 2
years of follow-up as a research priority (2). We
therefore additionally assessed the safety and effec-
tiveness in femoropopliteal and below-the-knee
(BTK) lesions.

METHODS

The study design has been described previously
(1,5). In brief, BIOLUX P-III is a prospective, post-
market, all-comers registry to assess the clinical
performance of the Passeo-18 Lux paclitaxel-coated
balloon catheter in infrainguinal arteries. We
report the outcomes of the CLI subgroup. Included
were adults who provided written informed consent
with arteries suitable for the treatment with the
Passeo-18 Lux DCB. Exclusion criteria were life
expectancy <1 year, pregnancy, participation in
another trial, and failure to cross the target lesion
with a guidewire.

Lesions could be 1 focal lesion or a series of multi-
ple, smaller lesions to be treated as 1 “treatment
segment.” After treatment with the Passeo-18 Lux DCB
and inclusion in the BIOLUX P-III registry, patients
were treated according to standard of care at the
respective hospitals and initially followed from hos-
pital discharge to 6, 12, and 24 months. According to
the U.S. Food and Drug Administration’s recommen-
dations in response to the meta-analysis of Katsanos
et al. (6), the follow-up period was extended to 5 years.

The registry was conducted according to the cur-
rent version of the Declaration of Helsinki, applicable
parts of ISO 14155:2011, and national and local re-
quirements and was approved by the sites’ ethics
committees. Monitoring of endpoint-related data was
performed using a risk-based strategy including at
least 25% of patients; a clinical events committee
adjudicated all major adverse events (MAE), target
lesion revascularizations (TLRs), and deaths.
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FIGURE 1 Patient Disposition

Follow-up compliance was 82.0% at 6 months, 82.3% at 12 months, and 79.3% at 24 months.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 3 , N O . 1 9 , 2 0 2 0 Brodmann et al.
O C T O B E R 1 2 , 2 0 2 0 : 2 2 8 9 – 9 9 DCBs in CLI

2291
The registry is registered at ClinicalTrials.gov
(NCT02276313).

STUDY DEVICE. The Passeo-18 Lux DCB is a
paclitaxel-coated balloon catheter that received the
Conformité Européenne mark in January 2014. The
balloon catheter is identical to the Passeo-18 plain
balloon but coated with 3 mg paclitaxel per square
millimeter of balloon surface, incorporated in the
delivery matrix of n-butyryl tri-n-hexyl citrate. The
drug load ranges between 0.9 mg paclitaxel for the
smallest device (2 � 40 mm) and 9.1 mg for the largest
device (7 � 120 mm). A sheath protects the balloon to
keep its factory-made profile and drug coating and is
used as an insertion aid during insertion of the cath-
eter through the introducer sheath. The Passeo-18
Lux is indicated for the dilatation of lesions in
infrainguinal arteries.
ENDPOINTS AND DEFINITIONS. The primary clinical
endpoint was freedom from MAE, a composite of
freedom from 30-day device- or procedure-related
mortality and freedom from major target limb
amputation and clinically driven TLR within
6 months post-procedure. The primary performance
endpoint was freedom from clinically driven TLR
within 12 months. Secondary endpoints included
MAE and TLR at different time points; amputation-
free survival; primary patency, defined as freedom
from >50% restenosis in the target lesion as indi-
cated by a duplex ultrasound peak systolic velocity
ratio >2.5 or by visual assessment of an angiogram
with no clinically driven reintervention; change in
ankle-brachial index; clinical success, defined as
improvement in Rutherford classification compared
with baseline; Wong-Baker pain scale and walking
impairment questionnaire scores compared with

https://clinicaltrials.gov/ct2/show/NCT02276313


TABLE 1 Baseline Demographics Characteristics

Overall (N ¼ 328) BTK (n ¼ 92) FP (n ¼ 176) p Value

Age (yrs) 71.1 � 10.5 (70.0–72.3) 70.8 � 10.0 (69.7–72.9) 70.9 � 10.6 (69.3–72.5) 0.926

Male 200 (61.0) 22 (23.9) 101 (57.4) 0.003

Body mass index (kg/m2) (n ¼ 290) 26.5 � 4.3 (26.0–27.0) 27.1 � 4.6 (26.0–28.1) 26.1 � 4.3 (25.4–26.8) 0.122

Hypertension 284 (86.6) 79 (85.9) 147 (83.5) 0.616

Hyperlipidemia 201 (61.3) 54 (58.7) 106 (60.2) 0.736

Smoking (n ¼ 325) 186 (57.2) 38 (41.3) 117 (66.5) 0.0002

Diabetes 200 (61.0) 66 (71.7) 98 (55.7) 0.010
Insulin dependent 93 (28.4) 42 (45.6) 37 (21.0) 0.001

Renal disease (insufficiency) (n ¼ 144 for GFR) 144 (43.9) 40 (43.5) 71 (40.3) 0.621
GFR 30–60 ml/min/1.73 m2 62 (18.9) 18 (45.0) 31 (43.7) 0.584
GFR <30 ml/min/1.73 m2 41 (12.5) 14 (35.0) 20 (28.2)
Dialysis (n ¼ 55) 29 (8.8) 12 (30.0) 13 (18.3) 0.157

Coronary artery disease 144 (43.9) 36 (39.1) 78 (44.3) 0.415

Cerebrovascular disease (n ¼ 327) 71 (21.7) 20 (21.7) 40 (22.7) 0.753

History of peripheral arterial occlusive disease 173 (52.7) 45 (48.9) 101 (57.4) 0.186

Subjects with previous peripheral interventions 156 (47.6) 32 (34.8) 91 (51.7) 0.008

Cancer 38 (11.6) 5 (5.4) 30 (17.0) 0.007

Ankle brachial index (n ¼ 122) 0.64 � 0.26 (0.59–0.68) 0.84 � 0.26 (0.73–0.96) 0.59 � 0.25 (0.53–0.64) 0.0002

Rutherford class 4.9 � 0.7 (4.8–4.9) 5.1 � 0.7 (5.0–5.3) 4.7 � 0.7 (4.6–4.8) <0.0001

Pain scale score (n ¼ 275) 5.6 � 2.9 (5.2–5.9) 4.5 � 2.9 (3.9–5.1) 6.2 � 2.8 (5.7–6.6) <0.0001

Values are mean � SD (95% confidence interval) or n (%).

BTK ¼ below-the-knee; FP ¼ femoropopliteal; GFR ¼ glomerular filtration rate.
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baseline; device success, defined as successful de-
livery, inflation, deflation, and retrieval of the
Passeo-18 Lux; technical success, defined as suc-
cessful completion of the endovascular procedure
and immediate morphological success with #50%
residual diameter reduction of the treated lesion as
determined by visual estimation; and procedure
success, defined as technical or device
success without reoccurrence of any MAE prior to
discharge. Rutherford class was site reported
without the use of objective criteria for ischemic rest
pain (4).

STATISTICAL ANALYSIS. The primary endpoints
were assessed using Kaplan-Meier analysis with 95%
confidence intervals (CIs) and standard errors ac-
cording to the Greenwood formula. Descriptive sta-
tistics include the mean, SD, and median for
quantitative variables as applicable. For categorical
(qualitative) variables, the absolute and relative fre-
quencies are displayed. Ninety-five percent CIs were
calculated as applicable.

Functional outcomes such as ankle-brachial in-
dex measurements were compared with baseline
using the signed rank test, and the log-rank test
was used to compare Kaplan-Meier estimates. Cox
regression analysis was used to determine
predictors of mortality. In a post hoc analysis,
patients with femoropopliteal lesions were
compared with patients with BTK lesions using the
chi-square and Wilcoxon tests. Patients with both
femoropopliteal and BTK lesions were counted in
the BTK group. Statistical calculations were per-
formed using SAS version 9.4 (SAS Institute, Cary,
North Carolina).

RESULTS

The CLI subgroup of BIOLUX P-III included 328 pa-
tients with 422 lesions (Figure 1). Patients were 71.1 �
10.5 years of age on average, 61.0% (n ¼ 200) had
diabetes mellitus, 43.9% (n ¼ 144) had renal disease,
and 43.9% (n ¼ 144) had coronary disease. Cerebro-
vascular disease was present in 21.7% (n ¼ 71) and
cancer in 11.6% (n ¼ 38), and 47.6% (n ¼ 156) had
undergone previous peripheral interventions
(Table 1).

Target lesions were 81.5 � 65.7 mm long; 42.7%
(n ¼ 180) were located in the superficial femoral ar-
tery, 12.8% (n ¼ 109) were located in the popliteal
artery, and 27.0% (n ¼ 114) were BTK. In-stent reste-
nosis was present in 10.8% (n ¼ 38), moderate or
heavy calcification in 45.0% (n ¼ 190), and Trans-
Atlantic Inter-Society Consensus Document on



TABLE 2 Baseline Lesion Characteristics

Overall (N ¼ 422) BTK (n ¼ 114) FP (n ¼ 227) p Value

Mean target lesion length (visual estimate) (mm) 81.5 � 65.7 (75.2–87.8) 80.8 � 69.4 (67.9–93.7) 92.2 � 68.7 (83.2–101.2) 0.036

Reference vessel diameter (visual estimate) (mm) 4.3 � 1.2 (4.2–4.4) 2.9 � 0.6 (2.8–3.0) 5.0 � 0.8 (4.9–5.1) <0.0001

Diameter stenosis (visual estimate) (%) 87.5 � 13.0 (86.2–88.7) 87.9 � 12.5 (85.6–90.2) 87.2 � 13.2 (85.5–88.9) 0.745

Indication 0.0008
De novo lesion 220 (52.1) 69 (60.5) 107 (47.1)
Occlusion 114 (27.2) 27 (23.7) 65 (28.6)
Restenosis 46 (10.9) 16 (14.0) 22 (9.7)
In-stent restenosis 42 (10.0) 2 (1.8) 33 (14.5)

Calcification* 0.521
None 88 (20.9) 24 (21.1) 44 (19.4)
Mild 144 (34.1) 43 (37.7) 76 (33.5)
Moderate 130 (30.8) 35 (30.7) 70 (30.8)
Heavy 60 (14.2) 12 (10.5) 37 (16.3)

TASC classification (n ¼ 419) <0.0001
A 144 (34.4) 35 (31.5) 70 (30.8)
B 118 (28.2) 16 (14.4) 80 (35.2)
C 79 (18.9) 23 (20.7) 44 (19.4)
D 78 (18.6) 37 (33.3) 33 (14.5)

Target lesion location NA
Common femoral 3 (0.7) 0 (0.0) 0 (0.0)
Superficial femoral artery 180 (42.7) 0 (0.0) 180 (79.3)
Popliteal artery 109 (25.8) 0 (0.0) 47 (20.7)
Anterior tibial artery 49 (11.6) 49 (43.0) 0 (0.0)
Posterior tibial artery 28 (6.6) 28 (24.6) 0 (0.0)
Tibioperoneal trunk 15 (3.6) 15 (13.2) 0 (0.0)
Peroneal artery 22 (5.2) 22 (19.3 0 (0.0)
Other 16 (3.8)† 0 (0.0) 5 (2.1)

Thrombus present (n ¼ 421) 35 (8.3) 6 (5.3) 21 (9.3) 0.335

Lesion morphology 0.970
Focal lesion 223 (52.8) 59 (51.8) 117 (51.5)
Diffuse lesion 199 (47.2) 55 (48.2) 110 (48.5)

Number of lesions per subjects (n ¼ 328) 1.3 � 0.6 (1.2–1.3) 1.4 � 0.6 (1.3–15) 1.3 � 0.6 (1.2–1.4) 0.331

Amputation status target limb (n ¼ 332) 0.003
None 287 (86.4) 73 (77.7) 163 (91.6)
Minor 43 (13.0) 21 (22.3) 14 (7.9)
Major 2 (0.6) 0 (0.0) 1 (0.6)

Ulceration type target limb (n ¼ 332) 0.0009
None 128 (38.6) 21 (22.3) 81 (45.5)
Arterial 174 (52.4) 59 (62.8) 84 (47.2)
Venous 1 (0.3) 0 (0.0) 1 (0.6)
Diabetic/pressure 29 (8.7) 14 (14.9) 12 (6.7)

Values are mean � SD (95% confidence interval) or n (%). *Per site assessment without specific definition. †More than 1 vessel affected (n ¼ 12), bypass (n ¼ 3), common iliac
(n ¼ 1).

NA ¼ not applicable; TASC ¼ Trans-Atlantic Inter-Society Consensus Document on Management of Peripheral Arterial Disease; other abbreviations as in Table 1.
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Management of Peripheral Arterial Disease (TASC) C
or D lesions in 37.4% (n ¼ 158). Ulcerations and
gangrene were present in 61.4% of the target limbs
(Table 2).

Treatment of more than 1 lesion was performed in
78 patients (23.8%). Device success was observed in
all but 1 device (99.8%) and technical success in all
but 4 lesions (99.1%), and procedure success was
obtained in 95.7% of patients (n ¼ 314); 11.8% of
lesions (n ¼ 50) required bailout stenting (Table 3).

The ankle-brachial index improved significantly
from 0.64 � 0.26 at baseline to 0.87 � 0.22 at
6 months (p < 0.0001), 0.88 � 0.19 at 12 months
(p < 0.0001), and 0.83 � 0.26 at 24 months
(p ¼ 0.0001) (Supplemental Table 1, Supplemental
Figure 1). Likewise, Rutherford class improved
significantly at follow-up. At baseline, mean Ruth-
erford class was 4.9 � 0.7, with 31.4% in Rutherford
class 4 (ischemic rest pain), 51.2% in class 5 (minor
tissue loss), and 17.4% in class 6 (major tissue loss).
At 6-, 12-, and 24-month follow-up, Rutherford class
improved in 76.8%, 86.6%, and 88.1% of patients,
with mean values ranging from 1.9 � 2.1 at 6 months
to 1.3 � 1.7 at 24 months (Supplemental Table 1,

https://doi.org/10.1016/j.jcin.2020.06.059
https://doi.org/10.1016/j.jcin.2020.06.059
https://doi.org/10.1016/j.jcin.2020.06.059
https://doi.org/10.1016/j.jcin.2020.06.059


TABLE 3 Procedural Characteristics

Overall (N ¼ 422) BTK (n ¼ 114) FP (n ¼ 227) p Value

Target lesion preparation 314 (74.4) 89 (78.1) 161 (70.9) 0.159
Uncoated balloon 272 (84.2) 98 (92.5) 149 (82.8) 0.022
Atherectomy 14 (4.3) 5 (4.7) 5 (2.8)
Cutting balloon 13 (4.0) 0 (0.0) 10 (5.8)
Rotational thrombectomy 12 (3.7) 0 (0.0) 8 (4.4)
Scoring balloon 7 (2.2) 1 (0.9) 5 (2.8)
Other 5 (1.5) 2 (1.9) 3 (1.7)

Device diameter (mm) (n ¼ 326) 3.7 � 1.2 (3.6–3.9) 2.5 � 0.6 (2.4–2.6) 4.4 � 0.9 (4.3–4.5) <0.0001

Device length (mm) (n ¼ 328) 83.4 � 51.3 (77.8–88.9) 94.2 � 60.3 (82.2–106.3) 82.0 � 46.6 (74.8–89.2) 0.172

Number of devices per lesion 1.2 � 0.6 (1.2–1.3) 1.3 � 0.6 (1.2–1.4) 1.2 � 0.5 (1.2–1.3) 0.330

Paclitaxel dose per subject (mg) (n ¼ 328) 6.6 � 4.9 (6.1–7.2) 5.7 � 4.4 (4.7–6.6) 8.0 � 5.2 (7.2–8.8) <0.0001

Passeo-18 Lux diameter (mm2) (n ¼ 524) 4.3 � 1.2 (4.2–4.4) 2.9 � 0.5 (2.8–2.9) 5.0 � 0.8 (4.9–5.1) <0.0001

Passeo-18 Lux length (mm) (n ¼ 524) 89.0 � 32.4 (86.2–91.8) 89.4 � 32.7 (84.1–94.7) 93.7 � 31.0 (90.0–97.3) 0.204

Maximum pressure applied (atm) (n ¼ 504) 9.2 � 2.9 (8.9–9.4) 9.4 � 3.2 (8.9–9.9) 8. 9 � 2.7 (8.6–9.2) 0.205

Cumulative inflation time (s) (n ¼ 524) 142.4 � 67.1 (136.6–148.1) 123.2 � 52.2 (114.8–131.75) 155.0 � 74.5 (146.3–163.7) <0.0001

Bailout stenting 50 (11.8) 1 (0.9) 44 (19.4) <0.0001

Device success (524 devices)* 523 (99.8) 149 (100.0) 300 (100.0) —

Technical success (422 lesions)* 418 (99.1) 112 (98.2) 226 (99.6) 0.220

Procedure success (n ¼ 328)* 314 (95.7) 84 (91.3) 171 (97.2) 0.034

Values are n (%) or mean � SD (95% confidence interval). *Device success was defined as successful delivery, inflation, deflation, and retrieval of Passeo-18 Lux. Technical success was defined
as residual diameter reduction of the treated lesion as determined by visual estimation #50%. Procedural success was defined as technical and device success without the occurrence of any
major adverse events.

Abbreviations as in Table 1.
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Figure 2). Furthermore, Wong-Baker pain scale scores
improved in about 75% of patients, and walking
impairment questionnaire scores showed significant
improvement compared with baseline (p < 0.0001 at
6, 12, and 24 months) (Supplemental Table 1).

Median follow-up duration was 694 days (inter-
quartile range: 371 to 740 days). At 24 months, the
MAE rate was 19.4% (95% CI: 15.2% to 24.7%), the
clinically driven TLR rate was 12.1% (95% CI: 9.0% to
16.2%), the rate of major target limb amputation was
6.1% (95% CI: 3.9% to 9.6%), and the mortality rate
was 20.1% (95% CI: 15.7% to 25.6%) (Table 4, Central
Illustration). Of the 55 deaths, 27.3% (n ¼ 15) were
cardiac, 5.5% (n ¼ 2) were vascular, and 12.7% (n ¼ 7)
were caused by cancer, of which nearly one-half
(n ¼ 3) had pre-existing cancer at baseline. No
deaths was device related. By Rutherford class, 24-
month mortality was 9.4% (95% CI: 5.0% to 17.4%)
for Rutherford class 4, 23.3% for class 5, and 30.4%
for class 6 (p ¼ 0.012). Furthermore, higher Ruth-
erford class was associated with significantly higher
24-month overall and major amputation rates (5.2%,
15.6%, and 26.6% [p ¼ 0.0005] and 1.1%, 6.9%, and
13.0% [p ¼ 0.006] for Rutherford classes 4, 5, and 6,
respectively). In addition, a post hoc Cox regression
analysis showed that older age and higher TASC
classification were predictors of mortality
(Supplemental Table 2).

Comparing patients with CLI with those without
CLI within the BIOLUX P-III registry, the CLI group
had significantly higher MAE, target limb amputation,
and mortality rates, but there was no significant dif-
ference in TLR and primary patency (Supplemental
Figure 2).

Comparing BTK with femoropopliteal lesions
within the CLI group, patients with BTK lesions were
more frequently men, more frequently had diabetes,
underwent fewer previous peripheral interventions,
had less pain, and had higher ankle-brachial index
and Rutherford class. Furthermore, BTK lesions were
more frequently de novo lesions, had smaller refer-
ence vessel diameters, and had higher TASC classifi-
cations, and the target limb had more prior
amputations and ulcerations. Likewise, the device
diameter was smaller, lesions were shorter, and the
paclitaxel dose was lower in BTK lesions, and less
bailout stenting was required. There was no differ-
ence in clinical outcomes, however, except for a
nonsignificant trend toward more target lesion am-
putations and cardiac deaths in the BTK group
(Tables 1 to 3 and 5). Likewise, 24-month ankle-
brachial index, Rutherford class, and pain scale
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FIGURE 2 Rutherford Class at Baseline and Follow-Up

(A) Unpaired data; data were available for 328 patients at baseline, 164 patients at 6 and 12 months, and 134 at 24 months. (B) Comparison

with baseline; paired data. Whiskers represent the 95% exact binomial confidence interval.
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score were not significantly different among the
groups (Supplemental Table 3).

DISCUSSION

CLI (or CLTI) is associated with significant mortality,
limb loss, TLR, pain, and diminished quality of
life; a higher incidence of early post-operative com-
plications; and higher therapeutic costs (2,7–9). The
aim of therapy is pain relief, wound healing, and limb
preservation (2). Our series showed that the Passeo-18
Lux DCB can be safely applied in real-world practice
with significant and sustained functional improve-
ment, pain relief, and low major amputation rates.

PATIENT POPULATION. The patient population is
typical for CLI patients, with approximately 50% of
patients with prior interventions and histories of pe-
ripheral artery disease and a high prevalence of dia-
betes and renal disease (2,8). The clinical

https://doi.org/10.1016/j.jcin.2020.06.059


TABLE 4 Kaplan-Meier Estimates of Clinical Events in Patients With

Critical Limb Ischemia

6 Months 12 Months 24 Months

Major adverse events 30 (9.8) 44 (14.9) 54 (19.4)

Primary patency, lesion based* 25 (93.5) 50 (86.2) 69 (78.9)

Clinically driven TLR, lesion based 17 (4.4) 31 (8.5) 41 (12.1)

TVR, vessel based 18 (5.1) 33 (9.9) 46 (15.1)

Target limb amputation, limb based 33 (10.6) 35 (11.3) 428 (14.3)
Major 15 (4.9) 16 (5.2) 18 (6.1)
Minor 21 (6.8) 22 (7.1) 28 (9.7)

AFS, limb based† 45 (85.8) 53 (83.1) 75 (73.9)

Mortality 25 (8.1) 34 (11.1) 55 (20.1)
Cardiac death 9 (3.0) 11 (3.7) 15 (5.7)
Vascular death 0 (0.0) 0 (0.0) 3 (1.3)

Values are number of events (Kaplan-Meier estimate [%]). *Imaging follow-up was available for
only 88 patients. Calculating primary patency only for patients with imaging follow-up, the 24-
month primary patency rate was 61.5%. †Major amputations.

AFS ¼ amputation-free survival; TLR ¼ target lesion revascularization; TVR ¼ target vessel
revascularization.
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presentation, with more than one-half of the patients
with ulceration and about 20% of patients in Ruth-
erford class 6, is similar to the Medicare population
reported by Mustapha et al. (10), whereas
other studies deliberately excluded Rutherford
class 6 (8,11,12).

With the caveat that calcification was site assessed,
it is surprising that nearly one-half of the lesions were
moderate and heavily calcified, considering that DCBs
might be less effective in these lesion settings, as
calcium represents a barrier to optimal drug absorp-
tion (13). Furthermore, the rate of femoropopliteal
lesions is higher than expected for patients with CLI,
which might be attributed to the fact that the efficacy
of DCBs over uncoated balloons has been proved in
femoropopliteal lesions, but controversial outcomes
have been reported for BTK lesions (2,14–16).

Comparing BTK with femoropopliteal lesions, as
expected, patients with BTK lesions more frequently
had diabetes and smaller vessel diameters (14,15),
whereas the higher ankle-brachial index is most likely
due to arterial stiffening, leading to artificially high
values (4). Noteworthy is the low rate of bailout
stenting in BTK lesions (0.9% vs. 19.4%; p < 0.0001).

CLINICAL OUTCOMES. BIOLUX P-III shows good
outcomes in the CLI subgroup compared to current
research, as depicted in Supplemental Table 4. How-
ever, comparisons outside of randomized trials are
nearly impossible, as outcomes depend largely on
baseline parameters such as age, Rutherford class,
TASC classification, presence of in-stent restenosis,
lesion location, WIfI class, and Global Limb Anatomic
Staging System stage but also on concomitant therapy
and wound care (2,4,7,9–11,17,18). Even the country
can influence outcomes, as for instance the threshold
for amputation or treatment practices may vary.
There is also a substantial difference in life expec-
tancy within Europe, ranging from 75.3 to 82.8 years
in the VASCUNET report, which may be relevant
considering the average age of 71.1 � 10.1 years in this
analysis (19).

Interestingly, there was no significant difference in
clinical outcomes between BTK and femoropopliteal
lesions. This might be attributed to the small
numbers, with only 92 patients with BTK lesions,
particularly as there was a trend toward increased
target limb amputations and cardiac mortality in the
BTK group.

MORTALITY. In BIOLUX P-III, patients with CLI had a
higher mortality rate compared with those without
CLI (20.1% vs. 6.2% at 24 months; p < 0.0001), as seen
in other studies such as in IN.PACT Global (11). Only
one-third were cardiovascular deaths.

Predictors of mortality reported in published
studies are older age, diabetes, coronary artery dis-
ease, chronic kidney disease, malignancies, and
increased Rutherford class and tissue loss (9,10,17).
With the limitation that our series was not powered
for multivariate regression analysis, we found that
age $75 years and higher TASC or Rutherford class
was associated with a higher hazard for mortality, but
not the paclitaxel dose.

AMPUTATIONS. In BIOLUX P-III, patients with CLI
had a higher rate of major amputation compared with
those without CLI (6.1% vs. 0.7% at 24 months;
p < 0.0001), as seen in other studies such as IN.PACT
Global (11).

We also found significantly elevated amputation
rates with increased Rutherford class. Likewise, in
published studies, an increased risk for major ampu-
tation has been reported for patients with chronic
kidney disease, higher Rutherford class, diabetes,
chronic heart failure, gangrene, higher ulcer classifi-
cation, and higher WIfI score (9,10,18); for example,
1-year major amputation rate varied from 0% to 34%
depending on WIfI score (18), and 4-year amputation
rate varied from 37.7% to 63.5% depending on Ruth-
erford class (9).

IMPROVEMENTS OF FUNCTIONAL OUTCOMES.

Pain relief is the major goal in patients with CLI
(2,17). This goal was achieved and sustained until
the last follow-up visit at 24 months, when 71.9%
had reductions in pain. In average, the pain scale
score decreased by 3.2 points from 5.6 at baseline
to 2.3 at 24-month follow-up (paired data).

https://doi.org/10.1016/j.jcin.2020.06.059


CENTRAL ILLUSTRATION Kaplan-Meier Analysis of Major Adverse Events and
Their Components
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No device- or procedure-related death occurred.
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Furthermore, Rutherford class improved signifi-
cantly at follow-up.

STUDY LIMITATIONS. First, BIOLUX P-III has the
limitations inherent to a registry (e.g., a lack of
randomization that hampers comparison with other
devices or procedures). Second, the follow-up
compliance rate was only 79.3% at 24 months, and
only about one-half of patients had Rutherford class
and pain score assessments.

Third, important parameters such as the presence
of wounds and infection were not assessed, other
parameters such as lesion calcification at baseline
were not clearly defined, and ischemic rest pain was
site reported without objective criteria. Furthermore,
life expectancy of <1 year was an exclusion criterion.



PERSPECTIVES

WHAT IS KNOWN? There is still a lack of

knowledge as to which device performs best in

specific peripheral artery disease subsets. In partic-

ular, for patients with CLI, clinical studies include

only small patient numbers, often with <150 pa-

tients. The global vascular guidelines for patients

with CLTI call for further prospective trials in this

indication.

WHAT IS NEW? This is one of the largest prospec-

tive series of the use of DCBs in patients with CLI and

the largest series of the Passeo-18 Lux DCB. It con-

firms the safety and efficacy of this device under real-

world use and adds further knowledge to the field by

determining risk factors for mortality and major

amputations.

WHAT IS NEXT? To ultimately assess the useful-

ness of DCBs, randomized controlled trials powered

for clinical endpoints would be needed. However,

these trials are difficult to conduct, as they

require a large patient number, and enrollment is

usually slow.

TABLE 5 Kaplan-Meier Estimates of Clinical Events at 24 Months in Patients

With Critical Limb Ischemia With BTK Versus FP Lesions

BTK (n ¼ 92) FP (n ¼ 176) p Value

Major adverse events 17 (20.7) 27 (18.5) 0.378

Primary patency, lesion based 16 (81.4) 41 (78.3) 0.738

Clinically driven TLR, lesion based 11 (11.6) 21 (10.7) 0.577

TVR, vessel based 13 (13.1) 26 (16.1) 0.861

Target limb amputation, limb based 15 (20.9) 21 (12.3) 0.076
Major 4 (5.4) 12 (7.2) 0.697
Minor 11 (16.1) 13 (7.7) 0.055

AFS, limb based* 21 (69.5) 42 (75.3) 0.470

Mortality 20 (26.8) 31 (20.4) 0.346
Cardiac death 8 (11.6) 6 (3.9) 0.053
Vascular death 2 (3.1) 1 (0.8) 0.247

Values are number of events (Kaplan-Meier estimate [%]). *Major amputations.

Abbreviations as in Tables 1 and 4.
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This is a subjective criterion, and it is unknown to
what extent that criterion might have affected out-
comes. However, as detailed in the discussion, the
patient population reflects the common CLI popula-
tion, and therefore we believe that the impact of the
criterion is marginal. A positive aspect of this analysis
is the relatively large patient cohort.

CONCLUSIONS

This analysis represents one of the largest prospec-
tive multicenter registries using DCBs in patients with
CLI in a real-world scenario. In a multimorbid patient
population with CLI and complex lesions, such as
moderate or heavily calcified lesions, in about one-
half of the patients, the Passeo-18 Lux DCB has been
demonstrated to be safe and effective, with low major
amputation rates and substantial clinical improve-
ment, confirming the usefulness of the device for this
indication.
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