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ABSTRACT

A formal systematic review and study-level meta-analysis of randomized controlled trials investigating treatment of the infrapopliteal
arteries with paclitaxel-coated balloons compared with conventional balloon angioplasty for critical limb ischemia (CLI) was conducted.
Medical databases and online content were last screened in September 2019. The primary safety and efficacy endpoint was amputation-
free survival defined as freedom from all-cause death and major amputation. Target lesion revascularization (TLR) constituted a sec-
ondary efficacy endpoint. Summary effects were synthesized with a random-effects model. Some 8 randomized controlled trials with
1,420 patients (97% CLI) were analyzed up to 1 year follow-up. Amputation-free survival was significantly worse in case of paclitaxel
(13.7% crude risk of death or limb loss compared to 9.4% in case of uncoated balloon angioplasty; hazard ratio 1.52; 95% confidence
interval: 1.12–2.07, p ¼ .008). TLR was significantly reduced in case of paclitaxel (11.8% crude risk of TLR versus 25.6% in control;
risk ratio 0.53; 95% confidence interval: 0.35–0.81, p ¼ .004). The harm signal was evident when examining the high-dose
(3.0-3.5 μg/mm2) devices, but attenuated below significance in case of a low-dose (2.0 μg/mm2) device. Actual causes remain largely
unknown, but non-target paclitaxel embolization is a plausible mechanism.

ABBREVIATIONS

AFS ¼ amputation-free survival, CI ¼ confidence interval, CLI ¼ critical limb ischemia, DCB ¼ drug-coated balloon, GRADE ¼
Grading of Recommendations, Assessment, Development and Evaluations, HR ¼ hazard ratio, OR ¼ odds ratio, PCB ¼ paclitaxel-
coated balloon, RCT ¼ randomized controlled trial, TLR ¼ target lesion revascularization

Infrapopliteal obstructive arterial disease most often
manifests with symptoms of critical limb ischemia (CLI)
and constitutes a predominant cause of life and limb loss,
especially in patients with diabetes (1). Both endovas-
cular and surgical revascularization are valid treatment
options, and individualized decisions for optimal
therapy by a multidisciplinary team of physicians are

recommended (2,3). Endovascular therapies of infrapo-
pliteal arterial occlusions are often preferred considering
their inherently less invasive nature and because of
multiple patient background comorbidities or absence of
a suitable vein conduit (4). Hence, percutaneous revas-
cularization has been developed as mainstream treatment
of below-the-knee arterial occlusive disease, offering
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No	finding	of	paclitaxel	effect	
on	death	at	6-12	months

paclitaxel was driven by a nonsignificant individual
increase of both all-cause death (OR 1.39; 95% CI,
0.94–2.07; P ¼ .10) and major amputations (OR 1.63;
95% CI, 0.92–2.90; P ¼ .09) (Fig 3a, b). For the primary
AFS endpoint, the number needed to harm was estimated
to be 22 patients (95% CI, 11–94) (30). There was no

significant heterogeneity between studies (I2 ¼ 0%, P ¼
.93) and no evidence of publication bias (Egger
test: "0.87, P ¼ .19). Following the GRADE approach,
quality of evidence was downgraded from high to mod-
erate because of either imprecision driven by sparse data
or risk of incomplete/unpublished outcome data.

Figure 2. AFS. Random effects forest plot of freedom from all-cause death or major limb loss through 1 year. The summary effect was
expressed as HR. seTE ¼ standard error of treatment estimate; TE ¼ estimated treatment effect.

Figure 3. (a) All-cause death and (b)major amputations. A generalized linear mixed (GLM) effects model was employed for sparse data.
The summary effect was expressed as OR.
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No	finding	of	paclitaxel	effect	
on	major	amputations	at	6-12	months
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Finding	of	a	paclitaxel	effect	on	
amputation-free	survival	at	6-12	months
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AFS endpoint, the number needed to harm was estimated
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significant heterogeneity between studies (I2 ¼ 0%, P ¼
.93) and no evidence of publication bias (Egger
test: "0.87, P ¼ .19). Following the GRADE approach,
quality of evidence was downgraded from high to mod-
erate because of either imprecision driven by sparse data
or risk of incomplete/unpublished outcome data.

Figure 2. AFS. Random effects forest plot of freedom from all-cause death or major limb loss through 1 year. The summary effect was
expressed as HR. seTE ¼ standard error of treatment estimate; TE ¼ estimated treatment effect.

Figure 3. (a) All-cause death and (b)major amputations. A generalized linear mixed (GLM) effects model was employed for sparse data.
The summary effect was expressed as OR.
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Exploratory	analysis:	dose	effect

Target Lesion Revascularization
There was consistent evidence that paclitaxel signifi-
cantly reduced the need for TLR in below-the-knee ar-
teries. There were 103 TLR events reported among 875
cases treated with infrapopliteal PCBs (11.8% crude risk
of TLR) compared with 159 TLR cases among 620
control subjects (25.6% crude risk of TLR). The calcu-
lated pooled risk ratio was 0.53 (95% CI, 0.35–0.81; P ¼
.004) (Fig 4) with a corresponding number needed to
treat of 8 patients (95% CI, 4–25). There was high
heterogeneity between studies (I2 ¼ 70%, P ¼ .003)
and no evidence of publication bias (Egger test: "4.87,
P ¼ .43). Following the GRADE approach, quality of
evidence was downgraded from high to moderate
because of significant heterogeneity.

Sensitivity and Subgroup Analyses
Results were largely stable in terms of magnitude, direction,
and consistency for both AFS and TLR when applying a
fixed-effects model versus the random-effects model and
with Bayesian methods (noninformative priors) as outlined
in Table 3 in detail. The harm signal was also similar
between published and unpublished trials, but the pooled
estimate attenuated below level of significance when
excluding the latter. The efficacy effect was similar across
different sensitivity tests but attenuated below level of
significance when excluding the single-center studies and
focusing on the multicenter studies (Table 3). The potential
presence of a dose-response relationship was also explored
by examining low-dose (2.0 μg/mm2) versus high-dose
(3.0–3.5 μg/mm2) devices. AFS was significantly
decreased in cases with high-dose devices (HR 1.62; 95%
CI, 1.16–2.27; P ¼ .005), but the single low-dose 2.0-μg/
mm2 trial was found to be safe (HR 1.06; 95% CI, 0.48–
2.34) and effective (Table 3). There was evidence of
publication bias when analyzing the individual AFS
components (Egger test: P < .05). Bias-adjusted summary
effect of all-cause death (n ¼ 3 studies imputed) was OR
1.34 (95% CI, 0.93–1.93; P ¼ .12). Bias-adjusted pooled
estimate (n ¼ 3 studies imputed) of risk of major amputa-
tions was OR 2.10 (95% CI, 1.18–3.76; P ¼ .01). Funnel
plots with regression lines for all outcome measures are
shown in Figure 5a–d. Event counts extracted by the
individual studies and used for the meta-analyses are pro-
vided in Table 4 for transparency.

DISCUSSION
Paclitaxel has been the most promising agent to treat
restenosis in the lower limbs so far (7,8). Following positive
results from several industry-sponsored studies in the fem-
oropopliteal segment with regard to improved primary
patency and reduced TLR (31–33), PCBs have also been
tested in long-segment disease of the infrapopliteal arteries
with the aim to forestall neointimal hyperplasia and improve
vascular outcomes in the severely morbid CLI patient popu-
lation (22). However, a recent meta-analysis has produced

Figure 4. Random effects forest plot of TLR through 1 year. The summary effect was expressed as risk ratio.

Table 3. Sensitivity and Subgroup Analyses

Amputation-Free Survival Hazard Ratio (95% CI)
Random effects 1.52 (1.12–2.07)
Fixed effects 1.52 (1.12–2.07)
Bayesian random effects 1.49 (1.01–2.16)
Bayesian fixed effects 1.52 (1.12–2.07)
Multicenter studies 1.57 (1.11–2.23)
Published studies 1.39 (0.96–2.02)
Unpublished studies 1.84 (1.06–3.19)
3.0–3.5 μg/mm2 devices 1.62 (1.16–2.27)
2.0 μg/mm2 device 1.06 (0.48–2.34)

Freedom from TLR Risk Ratio (95% CI)

Random effects 0.53 (0.35–0.81)
Fixed effects 0.52 (0.41–0.65)
Bayesian random effects 0.50 (0.28–0.89)
Bayesian fixed effects 0.50 (0.40–0.62)
Multicenter studies 0.69 (0.44–1.07)
Published studies 0.54 (0.35–0.83)
Unpublished studies 0.47 (0.11–2.11)
3.0–3.5 μg/mm2 devices 0.55 (0.33–0.91)
2.0 μg/mm2 device 0.43 (0.25–0.76)

CI ¼ confidence interval; TLR ¼ target lesion revascularization.
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Inadequate	numbers	to	construct	a	study-level	meta-analysis	
with	significant	risk	of	Type	I	error	(False	positive)

Preferred	Reporting	Items	for	Systematic	Reviews	and	Meta-Analysis	(PRISM)	Flowchart



Katsanos’	analysis	falls	short	in	the	
relevant	time	periods	

Enrollment	by	duration	of	trial	follow	up
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Included	studies	with	
non-standard	follow-up:	
mixed	6	month	to	1	year

paclitaxel doses were also analyzed to query a dose-
response gradient of the treatment effect.

RESULTS
Included RCTs
The literature search produced 339 articles eligible for in-
clusion based on their title and abstract. Of these articles, 18
were considered to be relevant and were processed in depth.
Another 10 articles were excluded because they did not meet
the predefined inclusion criteria. Thus, 8 RCTs encom-
passing 1,420 subjects were included in the present quan-
titative meta-analysis (Fig 1). Details about the design and
properties of the tested paclitaxel-coated devices are pro-
vided in Table 1. Two randomized studies had a 2:1
allocation ratio (22,23), and 5 of 8 were multicenter
studies (22–26), 2 of which were conducted in Asia (24,25).
Two studies investigated a 3.5-μg/mm2 paclitaxel balloon
surface density (22,27), 5 studies investigated a 3.0-μg/mm2

paclitaxel balloon surface density (24–26,28,29), and 1
study investigated a low-dose 2.0-μg/mm2 paclitaxel
balloon surface density (23). PCBs were applied in the
infrapopliteal arteries for treatment of CLI in the vast
majority of the patients (1,380 of 1,420 patients; 97.1%).
Baseline patient and lesion characteristics were uni-
formly representative of the CLI patient population,
which is characterized by heightened morbidity, and
appeared to be generally well balanced across arms in all

studies as presented in Table 2. Overall, most patients
were men with a high prevalence of diabetes,
hypertension, and hyperlipidemia. Renal insufficiency
was variable with reported rates ranging from 11% (27)
to 53% (22). Tissue loss and foot ulcers were reported in
about three quarters of the randomized limbs. One study
allowed for inclusion of bilateral limbs with CLI main-
taining the same treatment allocation (28). Three studies
reported 6-month clinical results (23,24,29), and 5
studies reported 1-year clinical results (22,25–28).
Randomization and allocation concealment were per-
formed adequately in all trials, but there was no sys-
tematic blinding of the researchers during application of
the devices. There was also risk of incomplete outcome
data and attrition bias.

Amputation-Free Survival
Major amputations and mortality events were reported by
all included studies. Through 1 year, there were 74 deaths
and 40 major amputations among 835 patients in the
paclitaxel arms (13.7% crude risk of death or limb loss)
compared with 39 deaths and 17 major amputations
among 585 patients in the uncoated balloon arms (9.4%
crude risk of death or limb loss). There was consistent
evidence from the randomized studies that freedom from
major amputation or death was significantly lower in
cases with PCBs with a pooled HR of 1.52 (95% CI,
1.12–2.07; P ¼ .008) (Fig 2). Worse AFS in cases with

Table 1. Characteristics of Included Randomized Controlled Trials

Reference; RCT Design, Sample Paclitaxel-
Coated Balloon

Paclitaxel Dosage;
Excipient

CLI Status, Tissue
Loss

Lesion
Length (cm)

Follow-up

Liistro et al, 2013 (27);
DEBATE-BTK

Single-center, 132
patients (65 vs 67)

IN.PACT
Amphirion*

3.5 μg/mm2; urea 100% CLI, 96.5%
ulcers

13.0 ± 8.0 1 y

Zeller et al, 2014 (22);
IN.PACT DEEP

Multicenter, 358 patients
(239 vs 119)

IN.PACT
Amphirion*

3.5 μg/mm2; urea 99.7% CLI (84.6%
ulcers)

11.1 ± 9.0 1 y

Zeller et al, 2015 (26);
BIOLUX P-II

Multicenter, 72 patients
(36 vs 36)

Passeo-18 Lux† 3.0 μg/mm2; BTHC 77.8% CLI (72.2%
ulcers)

11.4 ± 8.7 1 y

Haddad et al, 2017
(28)

Single-center, 93 patients
(45 vs 48)

Luminor 14‡ 3.0 μg/mm2;
organic ester

100% CLI NA 1 y

Tan et al, 2019 (25);
SINGA-PACLI

Multicenter, 138 patients
(70 vs 68)

Passeo-18 Lux† 3.0 μg/mm2; BTHC 100% CLI (96.5%
ulcers)

8.6 ± 7.4 1 y

Liistro, 2019 (29);
ACOART BTK

Single-center, Italian
study (41 vs 44)

Litos§ 3.0 μg/mm2;
magnesium
stearate

100% CLI (94.0%
ulcers)

18.1 ± 11.2 6 mo

Guo et al, 2019
(24); ACOART II

Multicenter, Chinese
study (61 vs 59)

Litos§ 3.0 μg/mm2;
magnesium
stearate

99.0% CLI (56.7%
ulcers)

18.1 ± 8.6 6 mo

Mustapha, et al, 2019
(23); Lutonix BTK

Multicenter, 442 patients
(287 vs 155)

Lutonixk 2.0 μg/mm2;
polysorbate
and sorbitol

90.5% CLI (56.1%
ulcers)

10.6 ± 9.3 6 mo

Note–The ACOART II (Chinese) and the ACOART-BTK (Italian) had the same study design and drug-coated balloon catheter and were
pooled together for the present analyses.
BTHC ¼ butyryl trihexyl citrate; CLI ¼ critical limb ischemia; NA ¼ not available; RCT, randomized controlled trial
*Medtronic, Minneapolis, Minnesota.
†Biotronik, Berlin, Germany.
‡iVascular, Barcelona, Spain.
§Acotec Scientific, Beijing, China.
kBard Peripheral Vascular, Tempe, Arizona.
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presence of publication bias. For example, the PICCOLO
study (clinicaltrials.gov identifier NCT00696956) and the
EUROCANAL clinical trial (clinicaltrials.gov identifier
NCT01260870) both investigated PCBs in the infrapopliteal
arteries several years ago but have not been released to the
public yet. Finally, there were different effect sizes when
comparing high-dose and low-dose devices. This observa-
tion most likely speaks to underlying effect heterogeneity
owing to variations of paclitaxel crystallinity, coating
chemistry, and patient clinical and anatomic diversity among
the different studies.

In conclusion, there appears to be increased risk of death
or major limb loss during the first year when PCBs are
applied in the infrapopliteal arteries for CLI treatment.
Actual causes for this detrimental clinical outcome remain
largely unknown, but downstream and systemic paclitaxel
embolization is a plausible mechanism. Further adequately
powered multicenter studies with longer-term follow-up are
urgently warranted.
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IN.PACT	Deep:	the	math	is	wrong

An electronic reader (SilhouetteMobile, Aranz
Medical Limited, Auckland, New Zealand), consisting
of a laser-assisted camera, was used to obtain
accurate, operator-independent wound areas and
depths at baseline and at follow-up; all data and
images were analyzed by the Wound Core Lab (Syn-
vaCor, Springfield, Illinois). Both wound and angio-
graphic core laboratories were blinded to the assigned
treatment. The IN.PACT DEEP trial was conducted
in compliance with the principles of the Declaration
of Helsinki, ISO 14155, and Good Clinical Practices
guidelines. Written informed consent was obtained
from all enrolled patients and ethics committees of
all investigational sites approved the trial protocol.
Statistical methods and analysis were performed by
the study sponsor and were previously reported in
detail (16). All patients with iliac or femoropopliteal
inflow lesions were treated accordingly during the
index procedure. Failure to obtain <30% residual
stenosis post-treatment constituted an exclusion
criterion.

STATISTICAL ANALYSIS. The total sample size for
the IN.PACT DEEP trial was calculated at 357 subjects,
which fully powers the coprimary endpoints of LLL
(80%) for superiority and the primary composite
safety endpoint (80%) on the basis of initial estimates
of event rates and effect sizes of the 2 arms for non-
inferiority, IA-DEB and PTA randomized 2:1. The

primary coefficacy endpoint of 12-month TLR was
powered to 65% with the indicated sample size.

The first primary efficacy endpoint was LLL,
assessed at 12 months or at the time of TLR. The
second primary efficacy endpoint was incidence of
CD-TLR assessed through 12 months. Each was tested
for superiority in comparison of the randomized
groups. All analyses were on the basis of the
intention-to-treat principle. Statistical analyses were
performed using IBM SPSS Software. An interim
analysis was performed on the first 150 subjects,
incurring a 0.2% adjustment to the alpha level.

PRIMARY EFFICACY ENDPOINT: ANGIOGRAPHIC

COHORT. The statistical hypothesis of superiority for
LLL at 12 months was assessed using a 2-sample
Student t test of IA-DEB versus PTA, with a 4.8%
2-sided alpha.

PRIMARY EFFICACY ENDPOINT: CLINICAL COHORT.

For the efficacy endpoint of 12-month TLR, the sta-
tistical hypothesis was tested using Fisher’s exact test
for proportions of IA-DEB versus PTA with 4.8%
2-sided alpha.

PRIMARY SAFETY ENDPOINT. The primary safety
endpoint for the trial was a composite of all-cause
death, major amputation, and CD-TLR at 6 months
tested for noninferiority with a 10% margin and 4.8%
1-sided alpha.

RESULTS

From September 2009 to July 2012, a total of 358 pa-
tients were enrolled across 13 European sites (Online
Appendix) and randomized 2:1 to IA-DEB versus PTA
with all subjects evaluated in the clinical cohort and
167 of these subjects studied in the angiographic
cohort. Patient distribution within the 2 cohorts and
through 12 months is described in the patient flow
diagram (Figure 1).

KEY CLINICAL CHARACTERISTICS. Patients in the
IA-DEB and PTA arms presented predominantly with
Rutherford Category 5 (84.1% and 77.3%, respec-
tively) when compared with Rutherford Category 4
(14.2% and 17.6%, respectively) and 6 (1.7% and 4.2%,
respectively). The salient demographic features of the
2 cohorts are detailed in Table 1 and reflect the chal-
lenging nature of CLI patients: 75.7% and 68.9% were
diabetics, 8.6% and 12.5% had renal insufficiency
(glomerular filtration rate <30 ml/min), and 6.7% and
3.4% were confined to bed in the IA-DEB and PTA
arms, respectively. None of the previously mentioned
characteristics differ significantly between the 2
arms. Prior TLR was significantly higher in the IA-DEB
(32.2%) versus the PTA (21.8%) arm (p ¼ 0.047).
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FIGURE 1 Patient Consort Diagram (ITT Population)

amp ¼ amputation; DEB ¼ drug-eluting balloon; ITT ¼ intention to treat;
PTA ¼ percutaneous transluminal angioplasty.
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paclitaxel was driven by a nonsignificant individual
increase of both all-cause death (OR 1.39; 95% CI,
0.94–2.07; P ¼ .10) and major amputations (OR 1.63;
95% CI, 0.92–2.90; P ¼ .09) (Fig 3a, b). For the primary
AFS endpoint, the number needed to harm was estimated
to be 22 patients (95% CI, 11–94) (30). There was no

significant heterogeneity between studies (I2 ¼ 0%, P ¼
.93) and no evidence of publication bias (Egger
test: "0.87, P ¼ .19). Following the GRADE approach,
quality of evidence was downgraded from high to mod-
erate because of either imprecision driven by sparse data
or risk of incomplete/unpublished outcome data.

Figure 2. AFS. Random effects forest plot of freedom from all-cause death or major limb loss through 1 year. The summary effect was
expressed as HR. seTE ¼ standard error of treatment estimate; TE ¼ estimated treatment effect.

Figure 3. (a) All-cause death and (b)major amputations. A generalized linear mixed (GLM) effects model was employed for sparse data.
The summary effect was expressed as OR.
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The	lost-to-follow	up	(LTFU)	and	
withdrawals	(WD)	are	not	

completely/accurately	accounted	for	



THUNDER	trial

After	WD	and	LTFU:
mortality	at	5	years=

33%	(12/36)	and	28%	(8/29)	

RR:	1.17	(not	1.69)

At	year	2
Control:	12	LTFU	
DCB:	 4	LTFU

At	year	5
Control:	13	LTFU	
DCB:	 7	LTFU



Dose	“analysis”	is	highly	flawed

• No	lesion	length,	number	of	balloons	used,	or	
adjustments	for	selection	bias	or	cross-trial	
differences	

• Inconsistent	with	prior	methodology



The	purported	effect	was	noted	at	2	
and	5	years,	but	not	at	1	year





This	brings	the	entire	mechanistic	
explanation–which	was	already	a	tortured	

one---into	even	further	question

Hoisted	by	his	own	petard!



PTA	group	is	likely	not	paclitaxel	naïve	
for	the	entirety	of	the	analysis	

• Paclitaxel	device	approvals	in	EU	and	US	preceded	
all	of	the	trial	data



Device	approval	vs.	trial/TLR	timelines
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Summary

This	“analysis”	is	very	poorly	constructed	and	
conducted,	and	therefore	should	have	no	

meaningful	impact	on	this	high-risk,	in-need	CLI	
population,	especially	given	the	marked	
improvement	documented	in	the	same	

manuscript	in	patency



It’s the 
studies 

that got  
small


