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WHAT THIS PAPER ADDS
When performing revascularisation to the tibial or pedal vessels for tissue loss, the importance of considering
the angiosome concept during planning is uncertain. Relatively small meta-analyses have previously shown an
improvement in wound healing and limb salvage when limbs undergo direct (rather than indirect) angiosomal
revascularisation. This updated review has identiﬁed a number of recent studies (all observational), and shown
that limbs undergoing direct revascularisation appear to do better in terms of wound healing, time to healing,
and limb salvage. When surgical bypasses were considered separately, the importance of angiosomal revascularisation was lost, with a non-signiﬁcant trend towards direct revascularisation only. These results comprise the
strongest evidence to date for the importance of the angiosomal model, although these conclusions are only
based on observational data and require cautious interpretation and application into clinical practice.

Background: The importance of the angiosome concept in tibial artery revascularisation remains controversial.
The aim of this review was to assess the outcomes of direct revascularisation (revascularisation to the
angiosome of tissue loss; DR) versus indirect revascularisation (IR) in infrapopliteal arteries.
Methods: A previously conducted systematic review was updated according to PRISMA guidelines. Studies
comparing DR with IR by both endovascular and surgical means for patients with localised tissue loss were
included. Meta-analyses were performed to assess the effect of DR versus IR on wound healing (total and
time to healing), limb salvage, mortality, and re-intervention rates, with multiple sensitivity analyses. Outcome
data quality was determined using the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) tool.
Results: Seven studies (2278 limbs) were identiﬁed in the updated search, which when combined with the
previous search resulted in 22 studies, comprising 4146 limbs, being included. Wound healing rates (odds
ratio [OR] 0.51; 95% CI 0.39e0.68, p < 0.001), time to wound healing (standard mean difference
[SMD] 1.70; 95% CI e3.34 to 0.07, p ¼ .04) and limb salvage (OR 0.37; 95% CI 0.24e0.58, p < .0001)
were signiﬁcantly better with DR compared with IR. Sensitivity analyses were concordant with the primary
analysis for these outcomes, with the exception of the effect of wound healing rates between DR and IR,
which was lost on sensitivity analysis for bypass surgery. Mode of revascularisation had no effect on mortality
or on re-intervention rates. GRADE outcomes were very low.
Conclusion: DR of the tibial vessels appears to result in improved wound healing and limb salvage rates
compared with IR, with no effect on mortality or re-intervention rates. For surgical revascularisation the
importance of DR appears to be lost for wound healing. When possible, these low quality data suggests DR
should be undertaken in preference to IR.
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INTRODUCTION
The angiosome concept, ﬁrst described in 1987, deﬁnes an
angiosome as an area of tissue comprising skin, subcutaneous tissue, fascia, muscle, and bone supplied by a
speciﬁc artery and drained by a speciﬁc vein.1 The foot
consists of six angiosomes: three arising from the posterior
tibial artery, two from the peroneal artery, and one from the
anterior tibial artery2,3 (Fig. 1). Patients with critical limb
ischaemia (CLI) who develop tissue loss in a speciﬁc
angiosome(s) and undergo tibial artery revascularisation are
considered to have a “direct revascularisation” (DR) when
the artery of interest supplies the area of tissue loss, and
“indirect revascularisation” (IR) when it does not.
There is some debate as to the importance of the
angiosome concept when undertaking tibial artery revascularisation.1,4 Initial small observational studies suggested
that DR was superior to IR for both open bypass surgery5
and endovascular revascularisation.3,6,7 More recent
studies have tended to highlight the importance of DR over
IR, but have also stressed the importance of adequate
collaterals, with some suggesting IR in the presence of
adequate collaterals has equivalent outcomes to DR.6,7
Meta-analysis of these earlier studies showed a trend towards superior wound healing and limb salvage rates with
DR with no difference in mortality or re-intervention rates
between the two types of revascularisation, although the
quality of evidence was low and total number of included
papers was few.8 There was also a suggestion on certain
sensitivity analyses that the value of DR over IR was less
pronounced for open bypass than endovascular revascularisation.9 Since this initial meta-analysis, a number of
further studies have been published. The results from these
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generally small observational studies vary, and as a result
uncertainty as to the importance of the angiosome concept
remains.10
The aim of this updated systematic review and metaanalysis was to collate all studies of DR and IR of infrapopliteal vessels during both open and endovascular revascularisation, and to provide pooled data for key clinical
outcomes.
METHODS
Search strategy
This systematic review and meta-analysis was undertaken in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for
interventional studies.11,12 The Cochrane collaboration
speciﬁed protocol was utilised.13 Medline (via PubMed),
Embase, the Cochrane Library Database, and the Cochrane
Collaboration Central Register of Controlled Clinical Trials
were searched without date or language restrictions. A
previous search was updated,8 with the last search date on
31 December 2017. The term “angioso*” was used as the
search word, which searches numerous terms including
angiosomal, angiosome and angiosomes. A further search
for other articles was undertaken by ﬁrstly performing a
comprehensive review of the bibliography of key articles,
and also by exploring the “related articles” list of key papers
in PubMed. The European Journal of Vascular and Endovascular Surgery, the British Journal of Surgery, and the
Journal of Vascular Surgery websites were also searched.
Results were restricted to human research published in
English, with review articles excluded.

Figure 1. Angiosomes of the foot and ankle. There are six angiosomes of the foot and ankle which are supplied by three main arteries. The
anterior tibial (ATA) and the dorsalis pedis artery supply the dorsum side of the foot and toes (left image). The posterior tibial artery (PTA)
supplies the plantar aspect of the foot which comprises of three angiosomes, a calcaneal branch to the heel, the medial and lateral foot are
supplied by the medial and lateral plantar artery respectively (middle image). The heel and lateral border of the ankle are supplied by the
peroneal artery (PA) (right image). Figure reproduced with permission from Iida et al.42
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Inclusion and exclusion criteria
All studies that reported outcomes (as given below) between DR and IR of the infrapopliteal vessels either by
endovascular or open surgery (or both) in patients with CLI
were included. Cohorts with patients undergoing concomitant “inﬂow” procedures were included. The following
studies were excluded: non-English language papers; papers
arising or suspected of arising from the same patient
cohort; papers with non-extractable data; papers with no
clinical outcomes reported.
Data extraction and assessment of study quality
Two authors (N.D. and D.C.B.) independently extracted data
and assessed the methodological quality of the studies. If
any disagreements arose a consensus was reached with
reference to the third author (C.P.T.). The following data
were extracted from each study: ﬁrst author; year of publication; study design and type (retrospective or prospective, single or multiple centres, whether consecutive
patients were enrolled, if the angiosome concept was
considered when performing revascularisation), number of
patients and individual limbs undergoing revascularisation,
follow up time, revascularisation modality (endovascular or
surgical bypass, vein or prosthetic conduit, or both), and the
target vessel(s) revascularised. Study quality was assessed
using the NewcastleeOttawa (NO) score.14 The NO score
assigns points which are based on three parameters: (1) the
quality of patient selection (maximum 4 points); (2) the
comparability of the cohort (maximum 2 points); and (3)
outcome assessment (maximum 3 points). Studies which
scored 6 were considered to be of higher quality.
Where studies presented propensity score matched data
(presented because of signiﬁcant baseline differences between patient groups), these were extracted preferentially.
Data were extracted at one year follow up when given, and
at maximum follow up time.
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(GRADE) system.15 Details of parameters used in the GRADE
system are given in Appendix I. The resultant evidence
strength can be “high”, “medium”, “low”, or “very low”.
Statistical analysis and evidence rating
Data analysis was performed using Review Manager version
5.3 (Cochrane Collaboration, Software Update, Oxford, UK).
Statistical analyses of dichotomous variables were performed using odds ratios (ORs) as the summary statistic. The
OR for each study was weighted based on sample size and
reported with 95% conﬁdence intervals (CIs). Continuous
data were analysed using an inverse variance random effects model, and the standard mean difference used as the
summary statistic, and reported with 95% CIs. The methodology described by Hozo et al.16 was used to transform
continuous data presented as a median and range to a
mean and standard deviation (SD). When SDs were missing,
they were imputed as per Cochrane recommendations.13
Wound healing, limb salvage, mortality, and reintervention rates were evaluated in a meta-analysis
comparing DR and IR. In order to account for clinical heterogeneity, a random effects model using the Mantele
Haenszel method was utilised. Heterogeneity was assessed
by means of the I2 test and was considered statistically
signiﬁcant when p < .05. I2 values range from 0 to 100%
(0e24%, no heterogeneity; 25e49%, moderate heterogeneity; 50e74%, high level of heterogeneity; 75e100%,
extreme heterogeneity).17,18
When two or more studies were included for an outcome
measure sensitivity analyses were performed, except for
“time to wound healing” where certain data were based on
imputations. The following sensitivity analyses were undertaken: endovascular treatment alone, surgical bypass
alone, larger studies (n > 100), studies with propensity
score matched groups, studies with a NO score of 6,
studies with a follow up given at one year, and studies
enrolling diabetic patients only.

Outcome measures
Outcome measures were collected and analysed for individual limbs rather than patients, except for mortality. The
outcome measures were deﬁned as
(1) wound healing: complete epithelialisation of the
targeted lesion with or without secondary
interventions such as debridement, skin grafting, etc.
Analysed as dichotomous (healed vs. not at time
points) and continuous (time to healing) depending on
data given.
(2) limb salvage: the absence of major amputation (any
amputation proximal to the tarsometatarsal joint)
(3) mortality
(4) re-intervention.
All outcomes were analysed for the quality of evidence
and strength of recommendation using the Cochrane collaboration’s recommended tool the Grading of Recommendations Assessment, Development and Evaluation

RESULTS
Search and selection process of papers
Paper selection involved the inclusion of papers from a
previous meta-analysis,8 combined with the ﬁndings of an
updated systematic review of which the methodology is
given above. A total of 1881 articles were identiﬁed from
the current literature search, of which 15 were retrieved for
full evaluation. Seven studies (2278 limbs) were identiﬁed
in this current search. The prior meta-analysis included 15
studies,8 resulting in a total of 22 studies (of which two
were conference proceedings), comprising 4146 limbs,
which matched the inclusion criteria and were suitable for
data extraction and meta-analysis (Fig. 2).5,19e39 All
included studies were cohort studies in which DR outcomes
were compared with IR outcomes. One paper included a
group of “combined revascularisation” (CR) when both DR
and IR was performed,33 otherwise CR was reported as DR
in other papers. Only 22 patients were available for CR data
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Figure 2. Flow chart demonstrating the literature search strategy for Systematic Reviews and Meta-Analysis (PRISMA) detailing the process
of identiﬁcation for eligible studies.

speciﬁcally, and because of low numbers were not extracted
for separate analysis. Excluded papers of note included
seven duplicate publications,40e46 two with un-extractable
data,47,48 and one with non-clinical outcome measures
only.49 Two groups presented different outcome data in a
similar clinical group.28,37,42,46 Data extraction used both
publications outcome data to maximise data available for
sensitivity analyses.
Baseline characteristics and the study design
Study demographics are provided in Table 1. All studies
were retrospective except for one prospective study,5 and
one without information.22 Thirteen were single centre

studies5,19e21,23,25,26,28,29,33e35,39 and four were multiple
centre studies24,30,32,37 (no data for 522,27,31,36,38). Thirteen
studies enrolled consecutive patients.19,20,22e26,28,31,33,37e39
Twelve studies (2182 limbs) performed endovascular
revascularisation alone,19,21,22,25e27,29,30,32,35e37 seven
studies (628 limbs) used bypass surgery,5,20,23,24,34,38,39 and
three (830 limbs) performed both.28,31,33 Decisions on
target vessel revascularisation were based on local policy/
protocol in ﬁve studies (873 limbs),20,23,25,28,29 four studies
(814 limbs) based this decision on input from the multidisciplinary team,24,30,33,37 and in two studies (170 limbs)
the decision was at the discretion of the individual surgeon.5,38 Endovascular revascularisation was considered
ﬁrst line over bypass surgery in six studies (748
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Table 1. Demographic data and NewcastleeOttawa (NO) score of included studies.
First author (year)

Retrospective or
Prospective

Number of
centres

Consecutive
patients

Vascular
intervention

Acin (2014)
Retrospective
Single
Yes
Endovascular
Alexandrescu (2008) Retrospective
Multiple
ND
Endovascular
Ambler (2017)
Retrospective
Single
Yes
Both
Azuma (2012)
Retrospective
Single
ND
Bypass surgery
Fossaceca (2013)
Retrospective
Single
ND
Endovascular
Jeon (2015)
Retrospective
ND
ND
Endovascular
Iida (2014)
Retrospective
Multiple
Yes
Endovascular
Kabra (2013)
Prospective
Single
ND
Bypass surgery
Kret (2014)
Retrospective
ND
Yes
Bypass surgery
Lejay (2013)
Retrospective
Single
Yes
Bypass surgery
Neville (2009)
Retrospective
Single
Yes
Bypass surgery
Osawa (2013)
Retrospective
Single
ND
Endovascular
Oshima (2012)
ND
ND
Yes
Endovascular
Rashid (2013)
Retrospective
Single
Yes
Bypass surgery
Ricco (2017)
Retrospective
Multiple
Yes
Bypass surgery
Soares (2016)
Retrospective
Single
Yes
Endovascular
Soderstrom (2013)
Retrospective
Single
Yes
Endovascular
Soon (2012)
Retrospective
ND
ND
Endovascular
Spillerova (2015)
Retrospective
Single
Yes
Both
Troisi (2017)
Retrospective
Single
ND
Endovascular
Varela (2010)
Retrospective
ND
Yes
Both
Zheng (2016)
Retrospective
Multiple
ND
Endovascular
DR ¼ direct revascularisation; IR ¼ indirect revascularisation; ND ¼ no data.

Patients: Diabetic
only (DM),
Mixed or non-DM
DM
DM
Mixed
Mixed
DM
DM
Mixed
Mixed
Mixed
DM
Mixed
No data
No data
Mixed
Mixed
Mixed
DM
Mixed
DM
DM
Mixed
Mixed

Propensity score
matched groups

Follow up
(months)

Patients
(n)

Limbs
(n)

DR
(n)

IR
(n)

NO score
(max. 9)

No
No
No
Yes
No
No
Yes
No
No
No
No
No
No
No
No
No
Yes
No
Yes
No
No
No

12, 24
17.8
12, 24, 36
24
17.5
12
18
6
ND
12
ND
ND
12
12
36
14
12
ND
12, 24, 36, 48
16
12
12

ND
ND
221
ND
201
70
364
64
97
54
ND
38
55
ND
120
92
ND
350
504
93
70
486

85
102
250
96
201
82
364
64
106
58
43
51
60
141
120
109
168
381
504
93
76
486

46
85
115
48
167
63
182
39
54
36
22
29
31
66
55
48
84
197
252
55
45
152

39
17
113
48
34
19
182
25
52
22
21
22
29
75
65
44
84
184
252
38
31
334

5
4
9
9
7
5
8
4
6
5
4
4
4
7
6
5
8
4
8
4
5
6
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limbs).25,26,30,31,33,36 For bypass surgery, four studies (336
limbs) used a venous conduit alone,31,34,38,39 and ﬁve
studies (872 limbs) used both venous and prosthetic material as conduits.5,20,23,24,28 Six studies (1885 limbs) revascularised preferentially to the angiosome containing the
target tissue loss,28,30,32,33,35,37 and four (376 limbs) did not
consider the angiosome containing tissue loss25,34,36,38 (no
data for 12). Details of the target vessel revascularised were
given in ﬁve papers (519 limbs)20,31,38,39,42 (Table 2), which
demonstrated that a signiﬁcantly greater number of limbs
were revascularised via the anterior tibial/dorsalis pedis
artery in the DR group than the IR group (p < .0001, chisquare test, Table 2). Additionally, signiﬁcantly fewer limbs
were revascularised via the peroneal artery in the DR group
than the IR group (p < .0001, chi-square test, Table 2). Tibial
revascularisation alone was reported in three papers (549
limbs),25,29,37 and four papers (518 limbs) included patients
undergoing concomitant inﬂow revascularisation (Appendix
II).5,19,23,33 Revascularisation was to the tibial vessels only in
17 papers (2712 limbs)5,19e21,24e31,33,35e37,39 and both tibial
and pedal vessels in four papers (829 limbs).23,32,34,38 Eight
studies (1293 limbs) enrolled diabetic patients
alone.19,26,28e30,35,36,39 Post-operative anticoagulation
regimen, consisting of either single or dual antiplatelets,
were speciﬁcally stated in seven studies (1743 limbs, no
data for the remaining studies).5,25,26,28,32,33,35 Twelve
studies (2419 limbs) speciﬁed a clinical or radiological postoperative surveillance programme to which patients were
enrolled
(further
details
given
in
Appendix
III).5,19,25,26,28,29,31e33,35,37,39 Four studies (1132 limbs) provided propensity score matched groups,26,28,34,37 which
were extracted preferentially to non-matched data outcomes. No papers reported patient reported outcomes or
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quality of life data. Ten papers had a NO score of 
6.23,24,26,28,32e35,37,38 GRADE quality assessment was very
low for all outcomes (Table 3).
Outcomes
Wound healing. Eighteen studies reported on wound
healing rates (DR, 1557 limbs; IR, 1441 limbs).5,19e
21,23,24,26,28e38
Heterogeneity was signiﬁcant (I2 ¼ 56%,
p ¼ .002). Meta-analysis showed that DR was signiﬁcantly
associated with improved wound healing rates compared to
IR (OR 0.51; 95% CI 0.39e0.68, p < 0.001, Fig. 3; Table 4), a
ﬁnding maintained on sensitivity analysis for endovascular
revascularisation, for larger studies, for propensity score
matched groups, for studies with NO score 6, for those
papers reporting follow up at one year, and for studies in
which only diabetic patients were enrolled. This signiﬁcance
was lost for studies performing surgical revascularisation
(OR 0.64; 95% CI 0.39e1.07, p ¼ .09, Table 4). Time to
wound healing was given in ﬁve studies (DR 339 limbs; IR
308 limbs).20,31,37e39 DR was associated with a more rapid
wound healing time ((SMD): 1.70; 95% CI e3.34 to 0.07,
p ¼ 0.04, I2 ¼ 98%, Table 4).
Limb salvage. Limb salvage rates were provided by 20
studies (DR, 1613 limbs; IR 1531 limbs).5,19e29,31e36,38,39
Heterogeneity was high (I2 ¼ 73%, p < 0.001). DR was
associated with a signiﬁcantly greater limb salvage rate than
IR (OR 0.37; 95% CI 0.24e0.58, p < .001), a ﬁnding maintained on all sensitivity analyses (Fig. 4; Table 4).
Mortality. Nine studies presented mortality rates (DR, 641
limbs; IR, 572).5,19,22,26,28,29,31,38,39 Heterogeneity was signiﬁcant (I2 of 56%; p ¼ .02). Mode of revascularisation had

Table 2. Target vessels revascularised (either to named artery or branch of named artery) for DR and IR, as provided in ﬁve papers.
First author (year)

Direct revascularisation
Indirect revascularisation
AT/DP
Posterior tibial/plantar
Peroneal
AT/DP
Posterior tibial/plantar
Peroneal
arteries
artery
arteries
artery
Iida (2012)
105
72
46
77
54
54
Kret (2014)
27
26
1
15
6
31
Lejay (2013)
31
3
2
17
3
2
Neville (2009)
11
6
5
8
8
6
Varela (2010)
37
6
2
10
1
20
Total
211 (55.5%)
113 (29.7%)
56 (14.7%)
127 (40.1%)
72 (23.1%)
113 (36.2%)
Note. The number of limbs that underwent DR to the anterior tibial (AT)/dorsalis pedis (DP) was signiﬁcantly higher compared with those
that underwent IR (p < .0001, chi-square test). Fewer limbs had revascularisation to the peroneal artery in the DR group compared with
the IR group (p < .0001, chi-square test). Totals greater than limb number given owing to multiple angioplasties.
Table 3. Grading of recommendations assessment, development and evaluation analysis, and assessment of quality of evidence (GRADE).
Outcome

Limbs
Risk of Inconsistency Indirectness Imprecision Publication Bias Overall quality of
(studies)
bias
evidence
Wound healing (overall) 2998 (18) Yes
Yes
NA
No
Yes
Very low
Wound healing (time)
647 (5)
Yes
Yes
NA
No
NA
Very low
Limb salvage
3144 (20) Yes
Yes
NA
No
No
Very low
Mortality
1213 (9)
No
Yes
NA
Yes
NA
Very low
Re-intervention rate
369 (2)
Yes
Yes
NA
No
NA
Very low
Risk of bias was assessed for each included paper and was assumed to be present when a non-consecutive or non-propensity score
matched cohort was analysed, or follow up did not reach 12 months.
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Figure 3. DR vs. IR revascularisation: Forest plot for wound healing. Data were extracted from Spillerová et al.46 for wound healing and limb salvage
sensitivity analysis in the endovascular and bypass revascularisation groups and Spillerová et al.28 was used for all other sensitivity analysis.
CI ¼ conﬁdence interval; DR ¼ direct revascularisation; IR ¼ indirect revascularisation; MH ¼ ManteleHaenszel; NO ¼ NewcastleeOttawa.
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Table 4. Summary of ﬁndings for outcomes of DR and IR.
Sensitivity analysis
Wound healing (overall)
All studies
Endovascular revascularisation
Bypass revascularisation
Larger studies
Propensity score-matched groups
NO  6
1 year FU
Diabetic patients alone
Wound healing (time)

No. of studies
(total limbs)

DR (n)

IR (n)

HG I2
(%)

HG p

OR (95% CI)

Overall effect Z

p

18 (2998)
11 (2174)
8 (865)
9 (2300)
4 (1132)
10 (2414)
10 (2201)
7 (1233)
5 (647)

1557
1147
482
1157
566
1175
1103
750
339

1441
1027
383
1143
566
1239
1098
483
308

56
61
48
33
37
54
43
65
98

.002
.004
.06
.15
.19
.02
.07
.009
<0.001

0.51 (0.39e0.68)
0.48 (0.34e0.67)
0.64 (0.39e1.07)
0.54 (0.43e0.69)
0.60 (0.42e0.87)
0.62 (0.46e0.84)
0.46 (0.34e0.62)
0.43 (0.26e0.70)
1.70 (3.34
to 0.07)

4.57
4.30
1.71
4.94
2.71
3.16
5.19
3.35
2.04

<0.001
<.0001
.09
<0.001
.007
.002
<0.001
.0008
0.04

Limb salvage
All studies
20 (3144)
1613
1531 73
<0.001 0.37 (0.24e0.58) 4.36
<.0001
Endovascular revascularisation
12 (2243)
1158
1085 81
<0.001 0.36 (0.20e0.66) 3.30
.001
Bypass revascularisation
8 (866)
482
384
33
.17
0.56 (0.33e0.94) 2.18
.03
Larger studies
8 (2215)
1087
1128 87
<0.001 0.40 (0.20e0.81) 2.57
.01
Propensity score matched groups 3 (768)
384
384
0
.65
0.63 (0.44e0.89) 2.60
.009
NO  6
9 (2050)
993
1057 84
<0.001 0.44 (0.22e0.88) 2.34
.02
1 year FU
11 (2032)
957
1075 16
.29
0.62 (0.46e0.83) 3.17
.002
Diabetic patients alone
7 (1191)
703
488
11
.34
0.31 (0.11e0.87) 2.22
.03
Mortality
All studies
9 (1213)
641
572
56
.02
0.73 (0.45e1.18) 1.29
.2
Endovascular revascularisation
3 (303)
151
152
0
.54
1.16 (0.69e1.96) 0.57
.57
Bypass revascularisation
3 (237)
138
99
0
.61
0.35 (0.16e0.78) 2.59
.01
Larger studies
3 (778)
390
388
68
.04
0.89 (0.42e1.90) 0.30
.76
Propensity score matched groups 2 (672)
336
336
0
.41
1.29 (0.94e1.77) 1.60
.11
NO  6
3 (778)
390
388
68
.04
0.89 (0.42e1.90) 0.30
.76
1 year FU
5 (884)
448
436
0
.46
0.91 (0.67e1.25) 0.56
.58
Diabetic patients alone
5 (898)
463
435
56
.06
0.96 (0.57e1.61) 0.16
.87
Re-intervention
All studies
2 (369)
251
118
70
.07
0.44 (0.10e1.88) 1.10
.27
Note. Spillerová et al.46 was used in the sensitivity analysis for endovascular and bypass revascularisation, however Spillerova et al.28 was
used in all other appropriate sensitivity analysis with propensity score matched data. HG ¼ heterogeneity; OR ¼ odds ratio;
CI ¼ conﬁdence interval; NO ¼ NewcastleeOttawa; FU ¼ follow up; ND ¼ no data.

no effect on mortality rates when all studies were
compared (OR 0.73; 95% CI 0.45e1.18, p ¼ .2; Fig. 4;
Table 4); however, mortality was signiﬁcantly less with DR
compared to IR on sensitivity analysis for bypass revascularisation (OR 0.35; 95% CI 0.16e0.78, p ¼ .01, Fig. 4;
Table 4). There was no difference in mortality rates between
DR and IR for other sensitivity analyses (Fig. 5, Table 4).

effect of wound healing rates between DR and IR, which
was lost on sensitivity analysis for bypass surgery. Mode of
revascularisation had no effect on mortality or on reintervention rates.

Re-intervention. Two papers provided rates of reintervention (DR, 251 limbs; IR, 118 limbs).26,35 Mode of
revascularisation had no effect on re-intervention rates (OR
0.44, 95% CI 0.10e1.88, p ¼ .27; Fig. 6; Table 4).

This review was undertaken using an extensive literature
search, and has identiﬁed a number of recently published
papers. Sensitivity analyses were generally concordant
with the primary analysis. Unlike a previously published
review,8 data on time to wound healing has been analysed
to complement data on overall wound healing rates.
Furthermore, sensitivity analysis of studies enrolling diabetic patients alone was undertaken, with this analysis
having very similar results to the main analyses. However,
all studies were observational, most were retrospective,
and a number were of poor quality. The resultant GRADE
scores were very low for all outcomes. Owing to a lack of
funding for translation, non-English articles were excluded,
and other important articles could have been missed.

DISCUSSION
This updated systematic review and meta-analysis
comparing direct with indirect angiosomal revascularisation identiﬁed a total of 22 studies comprising 4146 limbs
for analysis. Wound healing rates, time to wound healing
and limb salvage were signiﬁcantly better with DR than IR.
Sensitivity analyses were concordant with the primary
analysis for these outcomes, with the exception of the
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Figure 4. DR vs. IR revascularisation: Forest plot for limb salvage. Data were extracted from Spillerová et al.46 for wound healing and limb salvage
sensitivity analysis in the endovascular and bypass revascularisation groups and Spillerova et al.28 was used for all other sensitivity analysis.
CI ¼ conﬁdence interval; DR ¼ direct revascularisation; IR ¼ indirect revascularisation; MH ¼ ManteleHaenszel; NO ¼ NewcastleeOttawa.
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Figure 5. DR vs. IR revascularisation: forest plot for mortality rates. CI ¼ conﬁdence interval; DR ¼ direct revascularisation; IR ¼ indirect
revascularisation; MH ¼ ManteleHaenszel; NO ¼ NewcastleeOttawa.
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Figure 6. DR vs. IR revascularisation: forest plot for re-intervention rates. CI ¼ conﬁdence interval; DR ¼ direct revascularisation;
IR ¼ indirect revascularisation; MH ¼ ManteleHaenszel; NO ¼ NewcastleeOttawa.

Different authors employed different decision making
regarding the importance of the angiosome concept when
revascularising, with approximately half of the cohort
comprised patients undergoing treatment where the
angiosome concept was considered at the time of revascularisation. By implication a proportion of patients undergoing IR would have had a failed attempt at DR, which
would imply a greater burden of disease and potentially
poorer outcomes. Post-procedural anticoagulation and
follow up practice were poorly reported and may have
been signiﬁcantly different between studies. Reintervention in the angioplasty groups were also poorly
reported and differences in practice between studies may
inﬂuence outcome. Some authors have suggested that
other factors, such as the presence of adequate foot collaterals or pedal arch32,46 or undertaking both DR and IR
during endovascular revascularisation,33 are as important
as the angiosome revascularised. Although only a few papers gave data on artery revascularised, there was clearly a
greater use of AT/PD revascularisation in DR, and peroneal
artery revascularisation in IR, and this factor alone may
account for the improved outcomes in the DR group. Cohorts varied as to their target revascularisation vessel being either tibial or pedal, the conduit used for bypass
procedures (prosthetic vs. autologous vein) and to the
number of “inﬂow” procedures performed in conjunction
with distal revascularisation. Despite four papers presenting propensity score matched groups, no randomised data
exist comparing angiosomal revascularisation, and therefore causation (that DR truly does improve outcomes) is
only implied. Often there is only one suitable outﬂow tibial
vessel or angioplasty target, in which case the angiosome
concept is only of value in prognosis, and does not change
patient management. Most papers did not give data on the
extent of tissue loss for which revascularisation was performed, and even when given33 this was not suitable for
extraction and separate sensitivity analysis. Few data were
given on the exact deﬁnitions used for wound healing, and
on dressings or other adjunctive procedures (such as skin
grafting) used between revascularisation and wound
healing. Other key factors contributing to healing (DM,
renal failure, malnutrition, etc.) were also unaccounted for
in data derived from non-propensity score matched series.
No data on patient reported outcomes or quality of life
was included in any paper.

Explanation of ﬁndings and implications for practice
The overall result of this meta-analysis, that DR is associated with improved limb salvage and wound healing outcomes compared with IR, is concordant with the majority
of reviews on this topic.9,50 This would imply that when
possible, revascularisation should be direct. However,
there are a number of caveats to this statement.51 The
recently published European Society of Cardiology (ESC)
guidelines highlight that when a vessel directly feeds an
area of tissue loss, and is open to foot, clinician preference
would almost invariably be to revascularise this vessel.10
However not infrequently, revascularisation options are
limited to one or two tibial vessels, in which case a suitable
surgical or angioplasty target is of more importance than
their angiosome, especially when the risk of graft failure is
considered. As a result, ESC guidelines state that the
angiosome model should not be used as an absolute for
guiding revascularisation.10 Some data suggest that in the
presence of good foot collaterals, the importance of the
angiosome concept is lost. When adequate foot collaterals
exist, certain authors have demonstrated equivalent outcomes with DR and IR.32 Others have found either minimal
or no difference in outcomes between DR and IR, but
signiﬁcant outcome differences when pedal arch quality
has been analysed.23,24,29 Owing to the way data were
presented pooled analysis by pedal arch status was not
possible.
Bypass patency is dependent on identifying a suitable
outﬂow vessel that crosses the ankle, which is of paramount
importance. On sensitivity analysis, the effect of DR on
wound healing in bypass surgery was lost. It may be that
restoration of pulsatile ﬂow to the ankle in a previously
ischaemic limb provides such a signiﬁcant effect on wound
healing that the importance of the angiosome is lost.
Relatively small observational studies have suggested there
is a greater improvement in post-procedural arterial pressures following bypass surgery than endovascular treatment.52,53 This may account for observational data from
larger studies, including revascularisation to tibial and more
proximal vessels, which demonstrate better wound healing
in bypass than endovascular revascularisation.54 Series
employing propensity score matching have found bypass
performs consistently better than angioplasty for rate of
wound healing.28 The results of the BASIL255 and the BEST-
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CLI56 trials will help illuminate which factors account for
improvements in wound healing. Post-hoc analysis of these
trials evaluating DR versus IR may provide the most
conclusive evidence for the angiosomal model.
DR was far less likely to be undertaken via the peroneal
artery. It is often relatively spared from atherosclerotic
processes.57,58 Historic data have demonstrated adequate
patency and limb salvage following open bypass,59,60 and
more recent data have suggested endovascular revascularisation of the peroneal artery is sufﬁcient for healing tissue
loss.61 However, unlike the other tibial vessels, it does not
cross the ankle and is reliant on cross collateralisation to
supply the foot. It is impossible from the current literature
to determine if some of the beneﬁcial effects seen in DR is
simply a result of improved results from AT and PT revascularisation. To date propensity score matched studies have
not matched for which vessel was revascularised, which
would be of value in teasing this data out.
Endovascular revascularisation gives an option of treating more than one tibial vessel. Ambler et al.33 have shown
that undertaking “combined revascularisation” of both a
direct and indirect angiosome during angioplasty (i.e., two
or three tibial arteries treated) is associated with improved
wound healing outcomes compared with IR. This is
concordant with a large observational series (>1200 patients) presented by Peregrin et al.,62 who demonstrated
the most important variable determining limb salvage in
their cohort was the number of tibial arteries opened. A
recent small randomised control trial (RCT) has suggested
this correlation holds in a randomised cohort of patients
undergoing tibial angioplasty, with patients undergoing
more than one tibial artery angioplasty having quicker
wound healing rates and a trend towards improved limb
salvage than single vessel treatment.63 The greater the
number of tibial vessels opened the greater likelihood of
revascularisation being direct, and the effect of this confounding variable is difﬁcult to tease out in the literature.64
Importantly in the above RCT, DR demonstrated no difference over IR in terms of wound healing and limb
salvage, although numbers involved in this analysis were
small.
In conclusion, DR appears to result in improved outcomes
over IR, although it may only be in a minority of patients
where the option to choose between the two, and therefore alter patient management, is available. In open surgery
the importance of the angiosome concept appears to be
less important.
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APPENDIX I. RATING OF THE QUALITY OF EVIDENCE AND
STRENGTH OF RECOMMENDATION USING THE GRADING
OF RECOMMENDATIONS ASSESSMENT, DEVELOPMENT
AND EVALUATION (GRADE) SYSTEM.

Quality was assessed based on the following ﬁve parameters:
1. Risk of bias, deﬁned as either non-representative cohort
(unless propensity score matched) or inadequate FU
(<12/12)
2. Inconsistency (deﬁned as an I2 of >50%)
3. Indirectness of evidence (assumed not to occur in this
setting)
4. Imprecision of results (deﬁned as fewer than 50 patients
in either cohort)
5. Publication bias, assessed using funnel plots for
outcomes with >10 studies
The resultant evidence strength can be “high”, “medium”,
“low”, or “very low”. Cohort studies, by deﬁnition, have a
“low” quality of evidence prior to further quality assessment. The presence of one or more serious limitations results in a “very low” grade of evidence.
APPENDIX II. ADJUNCTIVE INFLOW INTERVENTIONS.

Study
Acin
Alexandrescu
Ambler
Azuma
Fossaceca
Lida
Jeon
Kabra
Kret
Lejay
Neville
Osawa
Rashid

Ricco
Soderstrom
Soon
Soares
Spillerova
Troisi
Valera
Zheng

Adjunct interventions
Femoropopliteal angioplasty (n ¼ 56)
No data
Iliac and superﬁcial femoral angioplasty
(n ¼ 81)
No
No data
No
No data
Iliac (n ¼ 1) or common femoral artery
(n ¼ 1) stenting
No
No
No
No data
Common iliac (n ¼ 2), external iliac
(n ¼ 1), common femoral (n ¼ 1)
superﬁcial femoral (n ¼ 22), and
superﬁcial femoral/popliteal artery
combined (n ¼ 11) angioplasty
No data
No data
No data
No
No data
No
No data
No data
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APPENDIX 3. FOLLOW UP REGIMENS.
Follow up regimen

Duration of follow
up (months)
12e24

Method for assessing patency

Acin

1, 3, then every 6 months

Alexandrescu
Ambler

No data
Re-discussed at MDM,
seen in a consultant led
vascular surgery clinic
No data
1, 6, 12, then every 6
months
1 week, 1, 3, 6, then every
3 months

36
36

No data
1, 3, and 6 months
No data
1, 3, and 6 months
No data
No data
No data
No data
No data
1, the 1- to 3- month
intervals depending on
clinical status of foot,
surveillance continued
until complete healing
No data
15 days, 1, 3, 6, 12, then
every 6 months

13 (mean)
6
No data
20
No data
No data
12
12e48
36
12

1, 3, and 6 months, if
bypass graft then at 1, 3,
6, and 12 months
1, 6, 12, then every 12
months
1, 3, 6, then every 6
months
1, 3, 6, 9, and 12 months

12e48

No data
Clinical examination, TcPO2 and ultrasound
Doppler examination
Unable to assess patency because average lesion
length was 170 mm, and treated calciﬁed lesions
were difﬁcult to assess by duplex ultrasound
imaging or angiography. Therefore, reintervention rather than patency was evaluated.
Clinical examination
No data
No data
Duplex scan
No data
No data
No data
No data
No data
Clinical examination, ABI, toe pressure
measurements, duplex scanning and/or
angiography was performed in patients with
clinical deterioration corroborated by ABI and toe
pressure ﬁndings
No data
Clinical examination, ABI, where possible arterial
Duplex scan up to ﬁrst year, thereafter arterial
Doppler every 6 months
Duplex ultrasound

1e16 (range)

Duplex ultrasound

12

ABI and colour duplex scanning

12

Clinical examination

Azuma
Fossaceca
Lida

Jeon
Kabra
Kret
Lejay
Neville
Osawa
Oshima
Rashid
Ricco
Soderstrom

Soon
Soares

Spillerova

Troisi
Valera
Zheng

24
17.5 (mean)
18 (mean  16 months)

No data
14
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