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Abstract

Background: To compare clinical outcomes and technical success when direct versus indirect revascularization was
achieved after endovascular technique for critical limb ischemia patients with isolated below-the-knee lesions. Fifty
patients were included, 34 male and 16 female, their age from 49 to 77 years (mean 63 ±16). All patients were
subjected to infra-genicular angioplasty and divided into direct 28 (31 limbs) and indirect groups 22 (24 limbs).
Antegrade approach through ipsilateral CFA was used in 48 patients, while retrograde approach through tibiopedal
access was used in 2 patients. Diagnostic angiography was done for all cases and duplex ultrasound was used for
follow-up.

Results: One hundred thirty-two lesions were encountered, 46 in the ATA, 43 in PTA, 29 in peroneal artery, and 19
in dorsalis pedis artery. Transluminal approach was done in 47 limbs while subintimal cross was used in 8 limbs.
After 1 year follow-up, AFS was 75% in the direct group and 67% in the indirect group. Freedom from MALE was
65% in the direct group and 55% in the indirect group. Freedom from MA was 86% in the direct group and 75% in
the indirect group.

Conclusion: When there is a choice of target artery for revascularization, preference should be given to the artery
directly feeding the wound’s angiosome.
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Background
The main task of revascularization in critical limb ische-
mia patient is limb salvage, improving quality of life, and
survival prolongation [1, 2]. In clinical practice, two mo-
dalities of revascularization exists, either surgical bypass
or through endovascular technology [3], and an achieve-
ment of revascularization in surgically high-risk patients
has led many to predilect endovascular therapy (EVT) as
the treatment of choice [4].
Successful revascularization does not ensure freedom

from major amputation and wound healing [5, 6]. This
failure may be due to inefficient local revascularization
as no adequate vascular connections exist between the
revascularized artery and the local ischemic area [7],

inadequate wound treatment, systemic factors associated
with delayed wound healing, and characteristics of the
lesions [8].
There is also increasing evidence that treatment of

chronic limb ischemia (CLI) patients either by bypass
surgery or EVT mostly could provide best results if
based on angiosome concept [9, 10], which was intro-
duced by Palmer and Taylor in 1987. Angiosome con-
cept refers to the three-dimensional block of tissue that
is supplied by a specific artery and has a specific vein to
drain it [11].
There are six angiosomes on the foot according to the

regions supplied by the posterior tibial artery (PTA), an-
terior tibial artery (ATA), and peroneal artery (PeA).
The calcaneal branch of the PTA supplies the medial
ankle and plantar heel. The medial plantar branch of
PTA supplies the medial plantar foot and the lateral
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plantar branch of PTA that supplies the lateral forefoot,
plantar midfoot, and entire plantar forefoot. On the dor-
sum of the foot, the ATA continues as the dorsalis pedis
artery. The calcaneal branch of the PeA supplies the
plantar heel and lateral ankle while the anterior branch
of PeA feeds the anterior upper ankle [12].
Evidence-based angiosome concept in managing pa-

tients with CLI gives rise to wound healing and limb sal-
vage as well as avoid major amputation [13].
The aim of this study was to study the outcome after

EVT for CLI patients with isolated below-the-knee
(BTK) lesions and compare results of the direct and in-
direct revascularization.

Methods
The study protocol was developed in accordance with
the Declaration of Helsinki and was approved by the
local ethical committee.
We conducted a case series of 50 consecutive patients

(55 limbs) who presented with either life-threatening non-
healing ulceration, gangrene, or both (Rutherford 5 or 6),
due to isolated BTK lesions. They subjected to infragenicu-
lar angioplasty presented to our hospitals from September
2015 to January 2017.
Our enrolled patients were divided into direct and in-

direct groups. Twenty-eight patients (31 limbs) were in-
cluded in the direct group when the feeding artery flow

to the site of ulceration/gangrene was successfully
achieved by EVT according to the angiosome concept
(Fig. 1) . Twenty-two patients (24 limbs) were included
in the indirect group in whom the feeding artery flow to
the site of ulceration/gangrene could not be achieved by
EVT. Success was achieved if the flow was obtained
through at least one vessel to the pedal arch without by-
pass surgery.

Procedures

� The antegrade approach from the ipsilateral CFA
was preferred using 6F sheath. The retrograde
tibiopedal access in addition to the antegrade access
is used when antegrade crossing fails.

� Diagnostic angiography was done to all cases (using
Philips BV Pulsera C-Arm, Germany), with fluoro-
scopic capability and automatic injector to exclude
any supragenicular arterial lesions, confirm infrapo-
pliteal arterial disease, and determine the TransAt-
lantic Inter-Society Consensus (TASC) group and
the target revascularization vessel.

� Crossing the lesion: Our policy is that in long tibial
occlusions, we try to cross by stiff 0.018 wire, as this
gives us the opportunity to use low profile balloons
and if it fails, we try using the 0.035 wire.

� Ballooning dilatation: In our institute, we try to
cross occlusive lesions transluminally, and if failed,

Fig. 1 Different patients’ comorbidities
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subintimal technique is tried. Our policy is that
when the lesion is crossed by the wire, we use
balloons with diameters ranging from 2.5 to 3 mm,
lengths slightly longer than the lesion to do the PTA
with the least number of inflations as we believe that
this reduces complications. Inflation pressure ranges
between nominal and burst pressure dedicated to
each balloon type. Inflation time ranged between 1
and 3 min.

� Stent deployment: It is our policy not to put stents
except in complicated cases.

� Following deflation of the balloon, the catheter was
withdrawn to the mid-superficial femoral artery.
One hundred to two hundred micrograms of intra-
arterial nitroglycerin was used routinely if not con-
traindicated. A check angiogram was performed
with a wire across the lesion for access. Redilatation
was done whenever required.

� The procedure is considered to be successful
depending on the following:

� Clinical success, i.e., regain of pulse,
revascularization warmness, edema, and
disappearance of rest pain if present pre-procedure.

� Angiographic success defined as less than 30%
residual stenosis measured at the narrowest point of
vascular lumen.

� In the case of isolated PTA or the peroneal artery, a
successful procedure was defined as good distal
collateralization to the foot circle.

Post-procedural management
The arterial sheath was routinely removed immediately
after the procedure. Digital compression was held over
the puncture site for 15–20 min and mobilization was
delayed for 12–24 h.
Most patients were discharged on the second day fol-

lowing the procedure after receiving instructions on risk
factor control and treatment including low molecular
weight heparin subcutaneously for 2 days, aspirin 81 mg/
day for life, clopidogrel 75 mg/day for at least 3 months,
and antihyperlipidemic drugs according to the presence
or absence of dyslipidemia.
The patients received foot care consisting of wound

dressing, minor debridement, limited amputations, infec-
tion control, and appropriate footwear before discharge.

Follow-up
The patients were followed up at 1 month intervals.
Clinical follow-up consisted of pulse examination, evalu-
ation of the ulcer or amputation site healing, resolution
of infection, and study outcome assessment. Using du-
plex surveillance program (Logiq P5, GE Medical Sys-
tems, Korea) with linear (5–12MHz), 2 months interval
was dedicated as strong guidance for the condition

progress. The patients were examined in the supine or
sitting position, as clinically appropriate. Gray-scale
ultrasound was used first to localize the affected arterial
segment then a color Doppler examination was per-
formed and estimated the length of affected segment,
degree of patency of stenosis, and the distal runoff
(Fig. 2).

Study outcomes
Healing of the ulcer of any wounds was assessed as well
as the amputation-free survival (AFS). Freedom from
major amputation (MA) also assessed and compared be-
tween the two groups of patients. These outcomes sug-
gested by the international Society of Vascular Surgery
as objective performance goals for evaluating catheter-
based therapies in CLI (Fig. 3).

Statistical analysis
Comparisons between the two groups were tested using
chi-squared test for categorical data. For quantitative data,
comparison between two groups was done using t test. A P
value less than 0.05 was considered statistically significant.

Results
Fifty-five limbs from 50 consecutive CLI patients were
included in this study complaining from life-threatening
non-healing ulceration, gangrene, or both (Rutherford 5
or 6), due to isolated BTK lesions (Fig. 4).
Our inclusion criteria were considered in the enroll-

ment of the patients in the study. The patients were di-
vided into direct group, 28 patients (31 limbs), and
indirect group, 22 patients (24 limbs) (Figs. 5 and 6).

Patient characteristics (demographics and co-morbidity)
The patient’s age ranged from 49 to 77 years with a
mean age of 63, and they included 34 males (68%) and
16 females (32%).
The mean duration of diabetes mellitus was 15 years

and 54% of the patients were receiving insulin. Mean gly-
cated hemoglobin (HbA1c) was 7.6% ± 1.8%. Thirty-eight
patients (76%) had arterial hypertension; 16 patients (32%)
had a history of coronary artery disease, 25 patients (50%)
were smoker, 27 patients (54%) were hyperlipidemic, only
3 patients (6%) had end-stage renal disease (ESRD) and on
regular hemodialysis, and 9 patients (18%) had previous
cerebrovascular events (Table 1).

Lower limb and lesion characteristics
Trans-Atlantic Inter-Society Consensus (TASC) classifi-
cation was assessed for the individual limb that under-
went intervention, 16 patients (18 limbs) TASC-C and
34 patients (37 limbs) TASC-D.
The lesions were found in 137 below-the-knee (BTK)

vessels: 46 anterior tibial, 43 posterior tibial, 29 peroneal,
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Fig. 2 Curves showing freedom from major adverse limb events between direct and indirect groups

Fig. 3 Curves showing freedom from major amputations between direct and indirect groups
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and 19 dorsalis pedis arteries, determined by diagnostic
angiography done during the procedure. The distribu-
tion of diseased vessels is shown in (Table 2).
According to the location of lesions either (ulcer or

gangrene): 33 toes lesions, 13 heel lesions, 5 dorsal foot
lesions, 8 plantar foot lesions, and 3 ankle lesions
present. Seven limbs had more than sole lesion.

During procedure
In this study, five patients underwent treatment in more
than one limb. The ipsilateral femoral approach was
used in 52 (94.5%) of cases and the contralateral (cross-
over) approach was used in 3 (5.5%) of the cases. In two
cases, the retrograde distal approach was used in
addition to the antegrade approach due to failure to
cross a lesion in infragenicular vessels from above.
PTA was considered successful in 50 patients (55

limbs). No stents were implanted at all cases. Translumi-
nal cross was used in 47 lesions, while the subintimal
cross was used in 8 lesions. The procedure was success-
ful in all patients, as we control patient enrollment to
the research.
Groin hematomas occurred in only two cases and did

not require any special treatment, wire perforation

occurred in three cases during targeting the direct vessel,
and there were no other choices than attempting to di-
late the non-target vessel and therefore the overall com-
plication rate was four cases (7% of cases) (Table 3).

Study outcomes
The follow-up after intervention was every month. All the
patients’ examination was completed at the 12th month.
Nine patients (18%) were lost during follow-up. AFS, free-
dom from MALE and MA, was estimated and compared
between the groups using Kaplan-Meier curves.
All major endpoints in patients with CLI due to an

isolated BTK lesion had higher estimated percentage
values in the direct group than in the indirect group.
After 1 year follow-up, AFS percentage was 75% in the
direct group vs 67% in the indirect group. Regarding the
freedom from MALE, percentage was 65% in the direct
group vs 55%in the indirect group. Also, the freedom
from MA percentage was 86% in the direct group vs
75% in the indirect group (Table 3).

Discussion
Attractive theory of angiosome-directed revascularization
is a widely accepted concept, helping interventionist to

Fig. 4 A 67-year-old male patient comes with large unhealed Rt. foot ulcer at the dorsum extending to the big toe as well as second toe: a Pre-
procedure below-knee arterial angiogram where the vertical arrows refer to the radio-opaque landmark and the horizontal arrow indicates the
markedly stenosed segment of PTA. b Post-procedure angiogram where the horizontal arrow refers to the recanalized segment of the PTA. c The
foot before intervention. d The foot few months after revascularization. e, f Post-procedure foot angiogram with average foot vasculatures
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plan their infrapopliteal angioplasty; this theory was devel-
oped as an effort of plastic surgeon (Ian Taylor since
1987) [11] It provides not only the guidelines for choice of
the target artery, but also influence the indications for
endovascular or open repair according to which target ar-
tery is accessible by which method.
In this study, EVT was the primary choice for the

management of all CLI patients due to BTK lesions even
young patients those are generally fit for anesthesia.
A study done by Iida et al. [10] suggested that achieving

direct flow based on the angiosome concept gives better
results in freedom from MA, AFS, and MALE. Clinically,
successfully achieving arterial perfusion to an ulcer by
angioplasty was limited in comparison to the surgical by-
pass; therefore, the angiosome concept is considered rela-
tively important for both modalities of revascularization,
especially the EVT.
Azuma et al. [14] concluded that all previous studies to

compare the results of direct vs indirect revascularization
were retrospective and thus, liable for heterogeneity in pa-
tient selection. Also, the angiosome-specific artery will also
be the most diseased artery while we most probably select

the least atherosclerotic patients to the “direct revasculariza-
tion” group.
Azuma et al. [14] also suggested that we should at-

tempt the direct revascularization firstly and only go to
the indirect revascularization option when this attempt
failed. He stated that the preoperative variability in dis-
ease extent reflects the differences in healing rate and
limb salvage between groups.
Some authors do infrapopliteal intervention in claudi-

cants as Melki et al. and Soder et al. [15, 16] usually in as-
sociation with proximal disease intervention as true
lifestyle limiting claudications from isolated infrapopliteal
disease is rare. Indications of intervention in this study
were gangrene in 23 limbs (43.9%) and non-healing ulcers
in 32 limbs (56.1%) with or without rest pain. The compli-
cation rate from infrapopliteal PTA procedures was min-
imal, only five cases during the procedures, and may make
us offer infrapopliteal PTA in our claudicant patients.
As regards methods of crossing the lesions, Wang

et al. [17] stated that 0.014-in. hydrophilic-coated can
cross the stenosis and penetrate occlusive lesions. How-
ever, it is not possible to provide enough support to

Fig. 5 A 56-year-old male patient presented with unhealed Rt. foot ulcer affecting mainly the big toe: a Pre-procedure angiogram, lateral view
where the two arrows indicate the markedly stenosed segment of peroneal artery. b During procedure and the balloon is noted inflated inside
the stenosed arterial segment. c Post-procedure angiogram with accepted recanalization of the previously stenosed arterial segment. d, e The
foot at pre- and post-intervention
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cross extremely long occlusions, and it cannot replace
the 0.035-in. hydrophilic-coated guide wire (Wang et al.)
[17]. In our study, we used 0.014 in five cases and 0.018
in 35 cases of total occlusions and 0.035 in 15 cases of
total occlusions. Crossing stenosis with 0.014 is usually
straightforward but crossing the occlusions is very chal-
lenging, so if we have long occlusions that are uncross-
able with 0.014 wire, we usually cross with 0.018 or
0.035 and then we exchange the larger wire through an
exchange catheter, continue the PTA on 0.014 with a
long low profile balloons to minimize the number of in-
flations, and reduce complications.
The lesions in our study were TASC-B in 11 patients

(12 limbs), TASC-C in 16 patients (18 limbs), and TASC-
D in 23 patients (25 limbs). This means that a high tech-
nical success rate can be achieved even in situations trad-
itionally considered unfavorable for angioplasty.
Fusaro et al. [18] restored the continuity between plan-

tar and dorsalis pedis arteries using subintimal

Fig. 6 A 60-year-old male patient presented by unhealed Rt. foot ulcer: a Pre-procedure foot with large lateral aspect ulcer overlying the lateral
malleolus. b Post-procedure follow-up with evident healing of the ulcer in few weeks. c Pre-procedure angiogram antero-posterior view for the
distal leg and foot revealed attenuated terminal part of the peroneal artery. d Post-procedure angiogram showed recanalized peroneal artery as
well as the ATA

Table 1 Patient characteristics (demographics and comorbidity)

Variable Overall Direct Indirect P

Patients status (patient demographics)

Age 63 ± 13 64 ± 13 63 ± 15 .79

Sex (M:F) 34:16 18:7 16:9 .85

Comorbidity (risk factors)

Hypertension 38 19 19 .99

Smoking 25 13 12 .92

Insulin therapy 27 14 13 .98

Duration of DM 15 years

Hyperlipidemia 27 15 12 .76

Dialysis 3 2 1 .67

Coronary disease 16 8 8 .92

Cerebrovascular disease 9 4 5 .41
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angioplasty (SIA) in an 84-year-old lady who presented
with ischemic foot ulcer. We have used this technique in
eight cases when transluminal crossing of the lesions is
impossible, and in two cases, we failed to cross by either
technique (20% failure rate of SIA). We have not found
this technique easy as it appears in Bolia publications
[19] that is why we reserved it to cases of failed translu-
minal crossing.
Scheinert et al. [20] presented the follow-up data of

112 patients treated with either PTA or PTA+ stent in
the infrapopliteal vessels in 2004 concluding that 1-year
patency rates were significantly superior with 83% in the
stented group. A study done by Graziani et al. [21]
showed that PTA alone is successful in salvaging 90% of
the limbs. In our study, PTA only was done in all cases,
as we believed that the late occlusion of the PTA did not
affect the limb salvage rate and recanalization temporar-
ily increases blood flow to the foot and has a positive

effect in eradicating infection and healing ulcers and sur-
gical wounds. As foot tissue healing reduces oxygen de-
mand, less blood flow is generally required to maintain
tissue integrity and keep the limb asymptomatic.
We tried the retrograde approach in only two cases

(we punctured the dorsalis pedis artery and successfully
recanalized its proximal portion; also, we punctured pos-
terior tibial artery and successfully recanalized its mid-
portion). It has been clearly shown that the retrograde
approach is a highly successful option in patients with
no antegrade access as has been shown by Montero-
Baker et al. [22].
One puncture site hematoma occurred and managed

conservatively while three perforations of the target ves-
sel was managed by sustained balloon inflation across
the perforation for 3 min, and all of them did not affect
the outcome. So, the overall procedural complications
were only four cases (7% of cases).
The follow-up after intervention was every month. All

the patients’ examination was completed at the 12th
month. Nine patients (18%) were lost during follow-up.
AFS and MALE are defined as MA or any re-
intervention and MA compared between the groups
using Kaplan-Meier curves.
Iida et al. [10], on a study done during 4 years follow-

up on 203 limbs in 177 consecutive patients with CLI
treated by endovascular approaches. The results were
significantly higher limb salvage rate in patients with dir-
ect revascularization than the indirectly revascularized
wounds. Also, they postulated that it is not important
how much blood can be provided to the foot but rather
whether it reaches the ischemic area.
As regards, AFS between the two cohorts, after 1 year

follow-up, was 75% in the direct group vs 67% in the in-
direct group. This percentage on a study done by Iida
et al. [10] found to be 71 ± 4% in the direct group vs
50 ± 5% in the indirect group at 1 year and 49% ±8% vs
29 ± 6% at 4 years, respectively (P = .0002(.
In the study done by Iida et al. [23], the estimated

freedom from MALE percentage was 61 ± 5% in the dir-
ect group vs 53 ± 5% in the indirect group at 1 year
follow-up, and after 4 years follow-up, the percentage
was 51 ± 8% vs 28 ± 8%, respectively (P = .008(. Also, the
percentage of freedom from MA was 85 ± 4% in the dir-
ect group vs 74 ± 5% in the indirect group at 1 year, and
after 4 years, it was 82 ± 5% vs 68% ± 5%, respectively
(P = .01).
Open bypass surgery should be restricted to lesions

technically unsuitable for EVT or patients who did not
benefit from angioplasty. This was concluded by Ryer
et al. [24] who considered the PTA as the first line of
treatment for high-risk patients or those lacking an au-
togenous conduit. Other authors support the fact that
PTA and surgical revascularization can be used

Table 3 Procedural data

Variable Overall Direct Indirect

Access site 57 32 25

Ipsilateral femoral approach 52 29 23

Contralateral (crossover) approach 3 2 1

Retrograde distal approach 2 1 1

Crossing lesion 55 31 24

Transluminal cross 47 25 22

Subintimal cross 8 3 5

Minor complication 4 1 3

Major complication 0 – –

Stenting 0 – –

Table 2 Lower limb and lesion characteristics

Variable Overall Direct Indirect P

Rutherford classification

5 32 19 13

6 23 12 11

Diseased artery before angioplasty

Anterior tibial artery 46 25 21

Posterior tibial artery 43 22 21

Peroneal artery 29 14 15

Dorsalis pedis artery 19 11 8

Location of ulcer or gangrene

Toes 33 18 15

Heel 13 8 5

Dorsum of foot 5 2 3

Planter of foot 8 4 4

Ankle 3 1 2

ABI before angioplasty 0.72 ± 0.25 0.71 ± 0.26 0.72 ± 0.25 .71
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sequentially and do not exclude each other [25]; for all
these reasons, PTA is currently considered as the pro-
cedure of the first choice in diabetic subjects with ische-
mic foot ulcer and is not limited to those patients who
cannot undergo an operation while surgery is considered
a second-line procedure after PTA.
There are many limitations for this study. Firstly, it

was a non-randomized analysis and the characteristic
baselines were similar on the studied groups. Secondly,
healing time and the details of the ulcer regarding size
and depth were not evaluated and not compared in both
groups. Thirdly, the angiographic follow-up was not ob-
tained. It is promising to do a multicenter prospective
cohort study model to combat these issues.

Conclusion
In CLI patients with a choice of target artery for revas-
cularization, preference should be given to the artery
directly feeding the wound’s angiosome.
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