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Percutaneous Transluminal Angioplasty in Patients
With Infrapopliteal Arterial Disease

Systematic Review and Meta-Analysis
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Background—Contemporary outcomes of percutaneous transluminal angioplasty for the treatment of infrapopliteal
atherosclerotic lesions are not well characterized. Hence, a systematic review and meta-analysis was performed to
determine the safety and effectiveness of this approach in patients with advanced below-the-knee arterial disease.

Methods and Results—MEDLINE and EMBASE databases were searched for contemporary studies (2005-2015) on the
effects of percutaneous transluminal angioplasty for the treatment of infrapopliteal lesions. A random effects meta-analysis
model was used to analyze procedural (technical success, flow-limiting dissection, provisional stent placement) and long-
term (primary patency, repeat revascularization, major amputation, all-cause mortality) outcomes. Ultimately, 52 studies
encompassing 6769 patients with 9399 below-the-knee lesions were included in the analysis. Technical success was 91.1%
(95% confidence interval [CI], 88.8-93.0), and the incidence of flow-limiting dissections and bailout stenting was 5.6%
(95% CI, 3.2-9.8) and 9.1% (95% CI, 6.3—-12.9), respectively. Outcomes at 1 year were primary patency, 63.1% (95%
CI, 57.3-68.6); repeat revascularization, 18.2% (95% CI, 14.5-22.6); major amputation, 14.9% (95% CI, 12.3-18.0); and
all-cause mortality, 15.1% (95% CI, 12.8-17.7). Significant heterogeneity and publication bias were observed for most

percutaneous transluminal angioplasty outcomes.

Conclusions—Contemporary studies of the use of percutaneous transluminal angioplasty as primary treatment for patients
with infrapopliteal arterial disease reveal suboptimal procedural and 1-year clinical outcomes. (Circ Cardiovasc Intery.
2016;9:e003468. DOI: 10.1161/CIRCINTERVENTIONS.115.003468.)
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Cn’tical limb ischemia represents the terminal stage of obstruc-
tive, atherosclerotic, peripheral arterial disease. Patients
affected by critical limb ischemia are the most complex subset
of those with peripheral arterial disease and typically bear the
long-term pathological consequences of hypertension, hyperlip-
idemia, diabetes mellitus, and renal failure. Anatomically, they
frequently present with infrapopliteal disease, characterized by
diffuse, multilevel, and multivessel calcific involvement. Due in
part to the heterogeneous complexity of these patients, there is
a drought of generalizable scientific evidence to support the use
of percutaneous revascularization,' and the optimal treatment
modality remains controversial. Currently, percutaneous trans-
luminal angioplasty (PTA) is the endovascular modality used
as the standard of care?; however, PTA outcomes in this patient
population remain suboptimal.> A recent meta-analysis revealed
that PTA in below-the-knee (BTK) lesions results in inferior
procedural and short-term outcomes relative to other endo-
vascular modalities.* In 2008, Romiti et al® authored the only

meta-analysis to date that has comprehensively assessed long-
term outcomes in infrapopliteal PTA studies. Given the paucity
of modern data reflective of the current status of endovascular
interventions for the treatment of atherosclerotic infrapopliteal
disease, we conducted a systematic review and meta-analysis of
contemporary studies on the use and outcomes of PTA in this
population, while attempting to comprehensively characterize
potential sources of data heterogeneity.

See Editorial by Shishehbor and Hammad

Methods

Eligibility Criteria and Information Sources

This study was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA).®
Medline and EMBASE databases were searched for randomized or
nonrandomized controlled studies and prospective or retrospective
case series published between January 2005 and October 2015 on
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WHAT IS KNOWN

Although PTA is the endovascular modality used as
the standard of care in the treatment of patients with
infrapopliteal arterial disease, the optimal treatment
modality remains controversial.

WHAT THE STUDY ADDS

® This study reports the largest known meta-analysis
in patients treated with PTA for infrapopliteal ath-
erosclerotic lesions.

¢ Contemporary studies of PTA in infrapopliteal arter-
ies report suboptimal short-term and 1-year clinical
outcomes.

¢ Significant heterogeneity was observed for all main
outcomes and hinders interpretability of current
findings.

® Large-scale, multicenter, prospective studies evalu-
ating infrapopliteal treatment modalities are essen-
tial to advance uniform treatment standards.

the effects of PTA for the treatment of infrapopliteal lesions. The
details of the database search strategy are listed in Table I in the
Data Supplement. Additionally, manual searches were conducted
using the Directory of Open Access Journals, Google Scholar,
and the reference lists of included papers and other relevant
meta-analyses.

Study Selection

One reviewer selected studies for inclusion in the review. Articles
were then independently assessed by a second reviewer, who con-
firmed eligibility. Titles were initially screened to exclude all non-
English, review articles, commentaries, letters, and case reports.
Full texts of the included manuscripts were retrieved and reviewed.
Studies of PTA in BTK lesions were included regardless of study
design if BTK-specific outcomes were reported. Studies were ex-
cluded if all treated lesions were inframalleolar; if all patients were
included solely based on previous procedural success or failure; if
stents were routinely placed; or if a kin relationship was identified
(multiple publications describing the same or overlapping series of
patients). In these instances, we included only the manuscript with
the largest sample size.

Data Extraction

A database was developed, pilot-tested, and subsequently refined
to develop the final source for data extraction. Two authors in-
dependently extracted the data; discrepancies were resolved by
consensus.

Outcomes

The main outcomes of the present study included immediate proce-
dural (technical success, flow-limiting dissection, provisional stent
placement) and 1-year outcomes (primary patency, repeat revascu-
larization, major amputation, all-cause mortality). Outcome defini-
tions followed the recommendations of Diehm et al” unless described
otherwise. As noted for primary patency and repeat revascularization
in Table II in the Data Supplement, outcome definitions were incon-
sistent. For this meta-analysis, reported outcomes were based on the
number of respective studies that published the specified finding, de-
spite these inconsistences.

Meta-Analysis of Infrapopliteal PTA

Table 1. Baseline Patient and Lesion Characteristics
No of
Variable Studies* Value
Patients
No of patients 52 6769
Age, y, mean (min-max) 47 70 (55-79)
Male sex, % (n/N) 47 66% (4416/6717)
Diabetes mellitus, % (n/N) 48 75% (5071/6753)
Hypertension, % (n/N) 46 75% (4978/6651)
Hyperlipidemia, % (n/N) 32 53% (2194/4105)
Smoking history, % (n/N) 43 40% (2530/6348)
Renal disease, % (n/N) 33 34% (1982/5875)
Lesions
No of lesions 52 9399
Rutherford class, % (n/N) 28
1 <1% (2/4255)
2 % (56/4255)
3 2% (81/4255)
4 18% (766/4255)
5 44% (1853/4255)
6 35% (1497/4255)
Lesion location, % (n/N) 29
Anterior tibial 37% (2050/5605)
Peroneal 28% (1568/5605)
Posterior tibial 22% (1248/5605)
Tibioperoneal trunk 7% (400/5605)
Inframalleolar 4% (245/5605)
Popliteal 2% (94/5605)
Calcification, % (n/N) 10 61% (1218/1984)
Occlusion, % (n/N) 31 52% (2439/4700)
RVD, mm, mean (min—max) 10 .7(2.4-3.2)
Lesion length, mm, mean 29 105 (12-350)
(min—-max)

RVD indicates reference vessel diameter.

Data Analysis

A random effects meta-analysis model was selected a priori based
on the assumption that treatment effects were heterogeneous given
the differences in study designs and patient characteristics among
studies. Denominators were adjusted, where appropriate, to include
the number of patients, procedures, limbs, or lesions. One-year data
were extracted from studies with mean follow-up ranging from 9
to 15 months or from studies with longer follow-up where 1-year
outcomes were explicitly reported. Kaplan—-Meier survival estimates
were converted to proportions using the number enrolled, number
at risk, or follow-up distribution (when number at risk was not re-
ported), and the survival estimate at the respective time point. For
each outcome, the incidence and 95% confidence interval were
calculated. A forest plot was used to illustrate the individual study
findings and the random effects meta-analysis results. We used the
P statistic to estimate heterogeneity of effects across studies with
values of <25%, 50%, and >75% representing low, moderate, and
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Meta-Analysis of Infrapopliteal PTA

Krankenberg, 2005% 66.4 53.0 775
Kudo, 20053 320 208 457
Bosiers, 2006"® 68.6 576 779
Haider, 2006 66.9 492 80.8
Conrad, 20097 78.0 70.8 838
Gandini, 2009% 774 596 88.8
Casella, 201028 56.1 414 699
Randon, 2010%° 65.9 445 824
Brodmann, 201134 60.6 434 75.6
Karnabatidis, 2011*° 46.0 349 575
Rand, 2011¥/ 64.4 496 769
Ryu, 20124 70.7 619 782
Scheinert, 201244 58.1 46.6 68.8
Sigala, 20124 82.5 775 86.5
Lo, 20134 57.0 52.2 61.7
Sadaghianloo, 20134 13.0 54 280
Todd, 2013~ 69.0 63.9 737
Davies, 2015% 70.3 64.3 757
Mathur, 2015°¢ 65.5 613 694
ETI BT

Event Rate and 95% ClI
—_——
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25% 50% 75% 100%

Figure 1. Primary patency through 1 year with percutaneous transluminal angioplasty in infrapopliteal atherosclerotic lesions. /? for hetero-
geneity =86% (P<0.001). Egger’s P value for publication bias =0.41. Cl indicates confidence interval.

high inconsistency, respectively.® Publication bias was visually as-
sessed with funnel plots (not shown) and quantitatively assessed us-
ing the Egger regression test.” Subgroup analyses were undertaken
to explore potential sources of heterogeneity in 1-year outcomes. All
analyses were performed using Comprehensive Meta-Analysis (ver-
sion 2.2, Biostat, Englewood, NJ).

Results
Study Selection

After screening 1068 studies, 156 full-text articles were
reviewed for eligibility. The most common reasons for study
exclusion were BTK-specific outcomes not reported (71 stud-
ies), kin relationships (23 studies), sample size <15 (6 stud-
ies), and inclusion of only technical successes or failures (4
studies). Ultimately, 52 studies>!* representing 6769 distinct
patients with 9399 BTK lesions were included in the final
analysis. A flow diagram of study identification and selection
is shown in Figure in the Data Supplement.

Study Characteristics

Most studies included in this review were conducted in European
countries (63%), at single centers (83%), and using retrospective
designs (65%). Sample sizes varied considerably, ranging from
15 to 1268. The median treatment period of included studies
ranged from 1992 to 2012 (Table III in the Data Supplement).

Patient and Lesion Characteristics
Mean patient age was 70 years with males accounting for 66%
of patients. The most commonly reported comorbidities were

diabetes mellitus (75%), hypertension (75%), and hyperlipid-
emia (53%). Most (97%) patients had critical limb ischemia
(Rutherford Classification IV-VI). Treated lesions were most
commonly located in the anterior tibial artery (37%), peroneal
artery (28%), or posterior tibial artery (22%). Most treated
lesions were calcified (61%) or occluded (52%), with a mean
length of 105 mm (range: 12-350 mm; Table 1).

Procedural Outcomes

In 44 studies, technical success with PTA was 91.1% (95%
CI, 88.8-93.0). In 24 studies, the incidence of flow-limiting
dissection was 5.6% (95% CI, 3.2-9.8), which were treated
with provisional stent placement (92%) or dilatation only
(8%). Overall, the incidence of provisional stent placement
was 9.1% (95% CI, 6.3-12.9) in 36 studies.

One-Year Outcomes

In 19 studies, primary patency at 1 year was 63.1% (95% ClI,
57.3-68.6; Figure 1). Significant heterogeneity in primary
patency outcomes was identified among studies (I’=86%,
P<0.001); no publication bias was evident (Egger’s P=0.41).
In 27 studies, the rate of repeat revascularization at 1 year
was 18.2% (95% CI, 14.5-22.6; Figure 2). There was sig-
nificant inconsistency (I’=80%; P<0.001) and evident pub-
lication bias (Egger’s P=0.04) identified among studies for
this outcome. In 37 studies, the major amputation rate at 1
year was 14.9% (95% CI, 12.3-18.0; Figure 3). There was
significant inconsistency (’=82%; P<0.001) with evident
publication bias (Egger’s P<0.001). In 33 studies, all-cause
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Aulivola, 2005" 233 15.7 332
Brosi, 2005"% 23.7 128 396
Krankenberg, 2005% 154 96 236
Conrad, 20097 16.1 ni 228
Gandini, 2009% 226 N2 404
Kuusela, 2009% 154 59 345
Manzi, 2009% 70 35 134
Casella, 2010% a1 35 21.8
Schmidt, 2010 1.0 01 13.6
Soderstrom, 2010# 21.3 16.8 267
Brodmann, 20113 21.2 105 383
Rand, 2011% 13.6 6.3 272
Redlich, 20113 14.3 55 324
Tan, 2011* 45.0 253 664
Manzi, 20124 8.3 21 279
Odink, 20124 10.0 53 181
Scheinert, 2012% 16.5 10.0 259
Shammas, 20124 20.0 8.6 400
Sigala, 2012 0.2 0.0 28
Liistro, 20134 373 266 494
Lo, 20138 26.0 220 305
Sadaghianloo, 2013%° 65.9 495 793
Sultan, 2013*° 21.0 1n.2 358
Tewksbury, 2014 23.0 148 339
Zeller, 20145 13.5 83 21.2
Schulte, 2015 234 13.5 375
Zhu, 2015%° 6.4 3.6 1.2
EETEN KT

Event Rate and 95% ClI

10% 20% 30% 40% 50%

Figure 2. Repeat revascularization through 1 year with percutaneous transluminal angioplasty in infrapopliteal atherosclerotic lesions. /?
for heterogeneity =80% (P<0.001). Egger’s P value for publication bias =0.04. Cl indicates confidence interval.

mortality at 1 year was 15.1% (95% CI, 12.8-17.7; Figure 4),
with significant inconsistency (I’=74%; P<0.001); however,
there was no evidence of publication bias (Egger’s P=0.17).

Subgroup Analysis of 1-Year Outcomes

Subgroup analyses were performed to explore potential
sources of heterogeneity in 1-year outcomes. Higher pri-
mary patency rates were identified in studies with larger ver-
sus smaller sample sizes (69.1% versus 53.1%), studies that
enrolled younger patients (75.0% versus 61.3%), and those
that enrolled a lower percentage of diabetic patients (69.9%
versus 55.9%) and a higher percentage with renal disease
(71.1% versus 55.7%). No variables influenced the incidence
of repeat revascularization. The incidence of major amputa-
tion was lower in prospective studies (6.2% versus 18.6%),
multicenter studies (6.2% versus 16.8%), and in studies with
a higher percentage of occluded lesions (9.3% versus 17.8%).
One-year mortality rates were lower in studies with higher
percentage of male patients, lower percentage with renal
disease, longer lesion lengths, lower percentage of calcified

lesions, and higher percentage of occluded lesions. Many
comparisons were limited by nonreporting of the variables of
interest (Table 2).

Discussion

This study reports the largest known meta-analysis in patients
treated with PTA for infrapopliteal atherosclerotic lesions. In
52 studies with nearly 7000 total patients, PTA was associated
with 91% technical success, 5.6% flow-limiting dissection,
and 9.1% provisional stent placement. Additionally, primary
patency was 63%, and repeat revascularization, major ampu-
tation, and all-cause mortality through 1 year ranged from
15% to 18%, respectively.

Significant heterogeneity was identified for all 1-year
outcomes. Subgroup analysis identified several factors that
were associated with clinical outcomes, although some of
the findings were counterintuitive. Specifically, studies with
a higher percentage of occluded lesions and longer lesion
lengths reported lower 1-year mortality rates. We performed
an exploratory post hoc analysis that showed studies with
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Aulivola, 2005" 220 142 325
Brosi, 20057 26.3 148 424
Krankenberg, 2005" 0.6 0.0 93
Kudo, 20053 227 133 360
Sigala, 2005™ 15.0 76 274
Bosiers, 2006% 33 1.0 105
Haider, 2006™ 18.1 83 352
Conrad, 20097 16.0 N0 226
Gandini, 2009 1.6 0.1 206
Kuusela, 2009% 34,6 19.1 54.3
Manzi, 2009% 2.6 0.9 78
Casella, 2010%® 26.6 157 414
Peregrin, 2010% 239 21.7 261
Randon, 2010%¢ 10.0 27 309
Schmidt, 2010% 1.0 0.1 13.6
Soderstrom, 20103 14.5 10.7 19.3
Brodmann, 20113 1.5 0.1 19.6
Karnabatidis, 2011 a1 26 225
Rand, 2011% 45 11 16.4
Redlich, 20113 393 233 580
Tan, 2011* 270 1211 498
Manzi, 20124 20 01 251
Odink, 20124 18.9 121 283
Ryu, 2012 20 06 69
Scheinert, 20124 20.0 128 298
Shammas, 2012 1.9 0.1 24.4
Sigala, 20124 8.8 59 127
Liistro, 2013 13 0.2 85
Lo, 20134¢ 16.0 129 196
Sultan, 2013%° 14.0 6.7 271
Todd, 2013 21.0 170 257
Tewksbury, 2014 223 146 325
Zeller, 20145 36 1.4 9.2
Davies, 2015 36.0 302 422
Schulte, 2015 85 32 206
Zhu, 2015%° 234 176 303
Strem, 2016%° 15.7 26.2
R T m

Event Rate and 95% ClI

10% 20% 30% 40% 50%

Figure 3. Major amputation through 1 year with percutaneous transluminal angioplasty in infrapopliteal atherosclerotic lesions. /? for het-
erogeneity =82% (P<0.001). Egger’s P value for publication bias <0.001. Cl indicates confidence interval.

longer lesions, and greater occlusive disease tended to report
less calcification. Because 1-year mortality rates were almost
50% lower in studies with more occlusive disease, it seems
that the influences of lesion length and occlusive disease on
mortality are confounded by the deleterious effects of arte-
rial calcification. Additionally, there was a moderate-to-strong
positive association among studies between proportion of
patients with calcified lesions and those with renal disease
(r=0.64). Although a more robust analysis was not possible
given limited data availability, it seems that the inter-related

effects of arterial calcium and renal disease may have been
primary drivers of mortality risk in this meta-analysis.

In 2008, Romiti et al> published the only meta-analysis
to date that comprehensively assessed long-term outcomes
of infrapopliteal PTA studies. Their meta-analysis included
studies published between 1990 and 2006, whereas the cur-
rent meta-analysis included those published between 2005
and 2015, with 43 (83%) published after 2006. Consequently,
there is little overlap between these 2 reports. Despite the dis-
parate inclusive periods, the outcomes of each meta-analysis
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95% CI (%) Event Rate and 95% CI
Aulivola, 2005" 21.5 13.8 21.9
Brosi, 2005% 17.2 74 353 L
Sigala, 2005™* 15.0 76 274 L
Haider, 2006% 1.9 44 282 i
Conrad, 20092 220 160 295 —.
Gandini, 2009% 1.6 01 20.6
Kuusela, 2009% 35.0 17.7 574 L >
Werneck, 2009 16.0 79 297 i
Peregrin, 20102 121 104 140 E B
Randon, 2010+° 30.9 153 525 . | >
Schmidt, 2010* 10.5 4.8 21.5 '}
Soderstrom, 2010 267 27 324 ——
Brodmann, 201134 18.2 84 35.0 1
Karnabatidis, 20113 171 78 335 1
Mendiz, 2011%¢ 21 0.4 91 . E——
Rand, 2011¥ n4 48 245 s
Redlich, 2011%® 21.4 10.0 402 .
Ciccone, 20124 49 2.0 11 ——
Manzi, 20124 20 01 251
Ryu, 2012% 14.0 85 222 ——
Scheinert, 20124 1.9 6.9 19.8 —a—
Shammas, 2012 24.0 N2 442 T
Sigala, 20124¢ 7.7 5.0 1.5 ——
Liistro, 2013¥ 4.5 15 13.0 o E——
Lo, 20134 170 137 209 —m—
Sadaghianloo, 20134° 8.8 29 240 =
Todd, 2013° 230 188 278 ——
Tewksbury, 2014% 15.5 89 257 B
Zeller, 2014% 81 43 149 S —
Davies, 2015% 20.0 15.4 255 ——
Mathur, 2015% 170 139 206 —m—
Schulte, 2015 43 11 15.5 — .
Strem, 2016%° 220 13.8 332

—r o rEe _

10% 20% 30% 40% 50%

Figure 4. All-cause mortality through 1 year with percutaneous transluminal angioplasty in infrapopliteal atherosclerotic lesions. I?> for
heterogeneity =74% (P<0.001). Egger’s P value for publication bias =0.17. Cl indicates confidence interval.

are consistent with one another. Comparing 1-year outcomes
from the current meta-analysis to their results, primary
patency was 63% versus 58%, major amputation was 15%
versus 14%, and all-cause mortality was 15% versus 13%.
Additionally, technical success rates were comparable
between studies (91% versus 89%). These findings sug-
gest that outcomes of PTA for infrapopliteal disease have
not changed over the last decade, despite newer techniques,
approaches, and available technologies. Comparing baseline
characteristics of our study that were common to those of
Romiti, main findings included age (70 years in both), dia-
betes mellitus (75% versus 61%), hypertension (75% versus
54%), smoking (40% versus 50%), renal disease (34% versus
23%), tissue loss (79% versus 76%), and occlusive disease

(52% versus 41%). Therefore, it is plausible that the lack of
outcome improvement over time with PTA may be influenced
by treatment of patients with increasingly more comorbidi-
ties and complex lesion characteristics.

Over the last 10 years, there has been an exponential
increase in the body of knowledge and understanding of the
pathophysiological processes governing critical limb isch-
emia. These advances span the spectrum from enhanced
disease awareness, screening, and diagnosis to the imple-
mentation of standardized protocols for clinical and nonin-
vasive follow-up, wound care, and concomitant risk factor
treatment, as well as to the design of novel and disruptive
technologies (atherectomy, cryoplasty, focal force bal-
loons, crossing, and reentry devices),®" which have provided
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Table 2. Subgroup Analysis of Baseline Factors on Main Outcomes at 1 Year

Primary Patency Repeat Revascularization Major Amputation Mortality
Subgroup Studies Point Estimate Studies Point Estimate Studies Point Estimate Studies Point Estimate
Overall 19 63.1% 27 18.2% 37 14.9% 33 15.1%
Study design
Prospective 7 54.1% 11 19.8% 13 6.2%* 12 12.9%
Retrospective 12 67.1% 16 17.3% 24 18.6% 21 16.0%
No of centers
Single center 16 62.9% 22 18.3% 31 16.8% 28 15.8%
Multicenter 3 63.6% 5 16.6% 6 6.2%t 5 11.2%
Sample size
>55 10 69.1%t 14 15.5% 20 14.0% 18 14.6%
<55 9 53.1% 13 22.1% 17 16.1% 15 16.3%
Age
>71y 13 61.3% 19 20.8% 22 13.4% 20 16.2%
<71y 3 75.0%t 8 12.4% 12 18.5% 12 14.1%
Male sex
>68% 7 61.3% 12 18.7% 16 11.5% 16 12.7%1
<68% 9 65.0% 15 17.6% 18 17.9% 16 18.5%
Diabetes mellitus
>74% 7 55.9% 16 18.6% 19 17.5% 18 15.1%
<74% 9 69.9%t 11 17.5% 15 12.2% 14 15.1%
Renal disease
>32% 5 71.1%t 9 21.0% 13 19.1% 13 20.1%
<32% 5 55.7% 9 20.7% 1 13.4% 12 12.9%%
Rutherford 5 or 6
>80% 4 56.3% 11 21.3% 12 13.4% 14 15.2%
<80% 6 66.7% 7 16.0% 1 11.2% 11 15.8%
Lesion length
>88 mm 2 41.9% 10 20.2% 10 15.6% 8 9.4%%t
<88 mm 5 57.3% 7 19.0% 9 12.8% 10 16.5%
RVD
>2.7 mm 2 64.9% 3 23.4% 4 4.3% 5 11.1%
<2.7 mm 1 58.1% 4 15.6% 4 71% 4 9.6%
Calcified lesions
>37% 1 64.4% 3 19.1% 3 8.5% 3 17.0%
<37% 1 58.1% 5 24.3% 5 10.5% 3 8.8%T
Occluded lesions
>38% 5 57.7% 10 18.4% 11 9.3%t 10 10.6%T
<38% 7 65.6% 10 18.1% 12 17.8% 10 17.6%
*P<0.001.
TP<0.05.
1P<0.01.
operators with an unprecedented ability to revascular- infrapopliteal endovascular treatment continues to rise,
ize lesions in patients who were previously thought to be it is possible that PTA outcomes have plateaued. Large-
no option cases. As the complexity of patients undergoing scale, multicenter, prospective studies of currently available
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disruptive therapies with inclusion criteria that encompass
the real-world patient are imperative to generate relevant and
generalizable data that can be used to develop evidenced-
based standards to treat this multifaceted disease.

Study Limitations

Within the meta-analysis, heterogeneity and publication bias
were frequently observed, which confounded data interpreta-
tion, and there was considerable variation in the completeness
of data reported among studies. In addition, inclusion of PTA
data from nonrandomized, noncontrolled, and retrospective
studies may have introduced bias into the results. Unreported
confounding factors such as patient and procedural (lesion,
techniques) characteristics, medical history, disease severity,
and physician and center experience may diminish the gen-
eralizability of the outcomes. This was limited by extracting
possible confounders and performing subgroup analyses to
determine their influence on primary patency. Unfortunately,
the number of available studies with complete data was inad-
equate for some comparisons.

Conclusions

Contemporary studies of PTA in infrapopliteal arteries
reveal suboptimal short-term and 1-year clinical outcomes;
however, significant heterogeneity for main outcomes hin-
ders interpretability and generalizability of current findings.
Procedural failures and loss of patency remain therapeutic
challenges to be solved in this expanding patient population.
Large-scale, multicenter, prospective studies that system-
atically evaluate existing infrapopliteal treatment modalities
are needed to advance contemporary evidenced-based treat-
ment standards.
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Supplementary Table 1 (online only). MEDLINE search strategy

Diagnostic Search Terms
Atherosclero*
Critical limb ischemia
Intermittent claudication
Limb salvage
Occlusive
Peripheral arter* disease
. Steno*
omic Search Terms
Below (the) knee

9. Crural

10. Infragenicular

11. Infrapopliteal

12. Peroneal

13. Popliteal

14. Submalleolar

15. Tibial

16. Tibioperoneal
Therapeutic Search Terms

17. Angioplasty

18. Atherectomy

19. Bare metal

20. Drug-eluting

21. Endovascular

22. Paclitaxel

23. Percutaneous

24. Revascularization

25. Sirolimus

26. Stent*

27. Transluminal
Combination Terms

28. or/1-7

29. or/8-16

30. or/17-27

31. and/28-30

el N =

No o,

Ana

_CD:—.-

The “*” represents a wildcard symbol used in a search query to represent end truncation.
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Supplementary Table 2 (online only). Primary patency and repeat revascularization assessments

Study

Reason for Revascularization

Ascher, 2005 *
Aulivola, 2005 ?
Brosi, 2005 3

Krankenberg, 2005 *

Kudo, 2005 ®
Sigala, 2005 ©
Bosiers, 2006 ’
Haider, 2006 8
Rand, 2006 °
Mijailovic, 2007 °
Graziani, 2008 1
Bosiers, 2009 12
Conrad, 2009 %3

Ferraresi, 2009 4
Gandini, 2009 °
Kuusela, 2009 16
Manzi, 2009 ¥
Wang, 2009 18
Werneck, 2009 °
Casella, 2010 %
Peregrin, 2010
Randon, 2010 %

Schmidt, 2010 %
Soderstrom, 2010 %*
Tepe, 2010 ®
Brodmann, 2011 %6

Karnabatidis, 2011 %

Mendiz, 2011 %
Rand, 2011 %
Redlich, 2011

Primary Patency Definitions
*

*

*

DS < 50% without any reintervention performed on or at the margins of the
treated segment

"Primary patency"

*

"Primary patency"

Cumulative primary patency defined as freedom from occlusion or reintervention
*

*
*

*

Freedom from ABI decrease > 0.10 and PVR > 5 mm due to recurrent
tibioperoneal disease, regardless of symptoms
*

Freedom from repeat revascularization and restenosis/reocclusion

*
*
*

*

"Primary patency"
*

Freedom from restenosis, occlusion w/ recurrence of ischemic rest pain, or
ulceration, leading to redo angioplasty, bypass surgery, or major amputation

*
*

*

Freedom from restenosis >70% detected with duplex ultrasound
Maintenance of angiographic visualization detected flow with the previously
treated lesion without any additional repeat interventional procedure

*

Freedom from stenosis > 50%

*
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*

Clinical

**

Angiographic / clinical

* ok ok % ok %

Angiographic / clinical
*
**
**
*%
*

*

Angiographic / clinical

*

**
**
*

**
*

*
**

**



Tan, 2011 3¢
Ciccone, 2012 %
Manzi, 2012 32
Odink, 2012 34
Ryu, 2012 %

Scheinert, 2012 36

Shammas, 2012 %7
Sigala, 2012

Liistro, 2013 %
Lo, 2013 %
Sadaghianloo, 2013 #

Sultan, 2013 #2
Todd, 2013 *3
Tewksbury, 2014 4
Zafarghandi, 2014 #°
Zeller, 2014 4
Davies, 2015 4
Mathur, 2015 “8
Nakano, 2015 #°
Schulte, 2015 %
Zhu, 2015 %!
Strem, 2016 2

*
*
*
*

Persistent patency w/o any reintervention including angioplasty, surgical
procedures performed on or at the margins of the treated lesion, or amputation
Absence of clinically-driven target lesion revascularization and binary restenosis
assessed by angiography or duplex ultrasound

*

Intraoperative angiographic depiction of a non-occluded treated tibial artery w/o
any additional reintervention or major amputation
*

"Primary patency"

Uninterrupted patency with no additional procedures performed on or at the
margins of the treated segment

*

Uninterrupted patency post-procedure unaided by follow-up procedure

*

*

According to SVS reporting standards
The period of uninterrupted patency in the treated target arterial segment
*

*
*

*

Angiographic

**

**

*

Clinical

**

**

Clinical
**

**

**
*
**
*
Clinical
*
*
*
**

Clinical

*

*Qutcome not reported, **Reason for repeat revascularization not reported
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Supplementary Figure 1 (online only). PRISMA flow diagram

Eligibility Screening Identification

Included

Records identified through Records identified through
database searching other sources
(n=1,056) (n=12)
Records screened Records excluded

(n=1,068)

(n=912)

v

Full-text articles

assessed for eligibility

(n=136)

Full-text articles
excluded
(n=104)

b 4

v

Included studies
(n=52)
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Supplementary Table 3 (online only). Study characteristics

Study Country (N:g'n ters Study Design gg??;énf nt Patients *
Ascher, 2005 * United States 1 Retrospective  [2003-2005] 30
Aulivola, 2005 ? United States 1 Retrospective ~ 2000-2003 79
Brosi, 2005 * Switzerland 1 Retrospective  1995-2004 29
Krankenberg, 2005 4 Germany 1 Retrospective ~ 1999-2000 78
Kudo, 2005 ° United States 1 Retrospective  1993-2004 [42]
Sigala, 2005 © Germany 1 Retrospective  2001-2004 52
Bosiers, 2006 ’ Belgium 2 Prospective 2002-2005 79
Haider, 2006 8 Ireland 1 Retrospective  1998-2002 [29]
Rand, 2006 ° Adustria 3 Prospective [2003-2004] 27
Mijailovic, 2007 1° Serbia 1 Prospective [2005-2006] 15
Graziani, 2008 Italy 1 Retrospective ~ 2002-2005 24
Bosiers, 2009 12 International (Europe) 13 Prospective 2005-2007 57
Conrad, 2009 3 United States 1 Retrospective ~ 2002-2006 144
Ferraresi, 2009 4 Italy 1 Retrospective ~ 2000-2005 101
Gandini, 2009 *° Italy 1 Retrospective ~ 2007-2007 31
Kuusela, 2009 Finland 1 Retrospective ~ 1994-2003 20
Manzi, 2009 ' Italy 1 Prospective 2007-2008 114
Wang, 2009 18 China 1 Retrospective ~ 2007-2008 34
Werneck, 2009 ° Canada 1 Retrospective ~ 2001-2007 45
Casella, 2010 2° Brazil 1 Retrospective  2000-2007 44
Peregrin, 2010 Czech Republic 1 Retrospective ~ 1999-2007 1268
Randon, 2010 % Belgium 1 Prospective 2004-2008 22
Schmidt, 2010 23 Germany 1 Retrospective ~ 2003-2007 58
Soderstrom, 2010 % Finland 1 Retrospective ~ 2000-2007 262
Tepe, 2010 % Germany 1 Prospective [2005-2007] 19
Brodmann, 2011 2¢ Austria 1 Prospective [2009-2010] 33
Karnabatidis, 2011 %"  Greece 1 Prospective 2006-2009 34
Mendiz, 2011 28 Argentina 1 Retrospective ~ 1992-2009 77
Rand, 2011 % International (Europe) 6 Prospective 2006-2008 44
Redlich, 2011 % Germany 1 Prospective 2006-2008 28
Tan, 2011 3¢ United States 1 Retrospective ~ 2003-2007 15
Ciccone, 2012 * Italy 1 Retrospective ~ 2007-2009 103
Manzi, 2012 % Italy 1 Prospective 2010-2011 24
Odink, 2012 3 The Netherlands 1 Retrospective  2005-2010 90
Ryu, 2012 % Korea 1 Retrospective ~ 2002-2008 101
Scheinert, 2012 3¢ International (Europe) 16 Prospective 2008-2010 101
Shammas, 2012 ¥’ United States 8 Prospective 2009-2010 25
Sigala, 2012 Germany 1 Retrospective ~ [2006-2011] 268
Liistro, 2013 *° Italy 1 Prospective 2010-2011 67
Lo, 20134 United States 1 Retrospective ~ 2004-2012 413
Sadaghianloo, 20134 France 1 Prospective 2011-2011 34
Sultan, 2013 4 Ireland 1 Retrospective ~ 2005-2010 42
Todd, 2013 % United States 1 Retrospective ~ 2008-2010 339
Tewksbury, 2014 4 Australia 1 Retrospective ~ 2009-2011 74
Zafarghandi, 2014 4 Iran 1 Retrospective ~ 2010-2011 24
Zeller, 2014 International (Europe) 13 Prospective 2009-2012 119
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Davies, 2015 United States 1 Retrospective ~ 2007-2012 242
Mathur, 2015 8 United Kingdom 1 Retrospective ~ 2003-2010 478
Nakano, 2015 #° Japan 14 Retrospective ~ 2004-2012 1091
Schulte, 2015 % Intercontinental 11 Prospective 2009-2009 47
Zhu, 2015 % China 1 Retrospective ~ 2010-2012 113
Strem, 2016 2 Denmark 1 Retrospective ~ 2010-2012 70
*Brackets represents estimated values.
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