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The role of foot collateral vessels on angiosome-oriented
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For many years, it has been generally accepted that distal
vein bypass revascularization performed to the less diseased
angiographic tibial vessel was the most effective treatment
for critical limb ischemia (CLI) and tissue loss, as long as
a direct line of blood flow to the foot was obtained. The
main objective of the revascularization procedure is to
obtain sufficient foot perfusion to ensure ischemic ulcer
healing, since delayed healing increases the risk of limb
loss (1-3). However, the meteoric endovascular therapy
technology developments seen in the last decades have
radically changed this paradigm. Nowadays, distal vein
bypass still stands as the gold standard treatment for CLI
revascularization due to its greater durability and its proven
effectiveness. Nevertheless, endovascular tibial procedures
represent an attractive option for CLI patients, usually
frail elderly individuals with diabetes mellitus and severe
comorbidities, because of its lower procedure-related
complications when compared with bypass. Furthermore,
according to several studies, tibial endovascular procedures
could provide similar clinical outcomes as open surgical
reconstruction surgery (4,5). For these reasons, many
vascular surgeons have implemented the endovascular
therapy as first line of treatment for CLI.

This change of view, coupled with the fact that up to
15% of technically successful infrainguinal revascularization
procedures performed for CLI are associated with ulcer
healing failure and limb loss (6), has led to an increased
interest in the clinical effect of reperfusion depending on the
different anatomical areas of the foot. In other words, ulcers
may fail to heal because of inadequate vascular connections

© Annals of Translational Medicine. All rights reserved.

between the revascularized tibial artery and the local ischemic
area. Thus, obtaining a direct line of blood flow to the foot
may not be enough to optimize pedal wound healing.

As this theory has gained popularity, many centres
apply an angiosome-oriented revascularization for CLI
revascularization planning. The anatomical concept of
angiosomes is widely used in modern plastic surgery. As
first described by Taylor and Palmer, an angiosome is a
3-dimensional block of tissue supplied by a specific source
artery and drained by a specific vein (7). The foot can be
divided into 6 angiosomes arising from the posterior tibial
artery (n=3), the anterior tibial artery (n=1) and the peroneal
artery (n=2, Figure 1). Each angiosome is interconnected
by a vast “small sized” collateral network called choke-
vessel system. These anatomical structures are also linked
by “medium sized vessels” (arterial-arterial connections)
that arise from distal tibial vessels and its branches, which
allow the development of alternative routes of blood flow if
the direct route is compromised (8,9). The most important
arterial-arterial connections of the foot are the plantar arch
and the distal peroneal branches.

Direct revascularization (DR) of the injured angiosome
through its specific tibial artery has shown improved
results in terms of healing and limb salvage in multiple
retrospective cohort studies and meta-analysis (3,10-13).
In fact, the latest AHA/ACC guideline on the management
of patients with lower extremity peripheral artery disease
suggests that an angiosome-directed endovascular therapy
may be reasonable for patients with CLI and nonhealing
wounds or gangrene (14).
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Figure 1 Angiosomes of the foot. Dorsalis pedis artery [1] of the
anterior tibial artery. Anterior branch [2] and calcaneal branch [3] of
the peroneal artery. Calcaneal branch [4], medial plantar branch [5]
and lateral plantar branch [6] of the posterior tibial artery.

In this context, a few months ago, Spillerovi ez al.
published an interesting retrospective observational study
performed in 545 diabetic patients with tissue loss (15). The
relevance of their research is that it is the only one to date
that compares surgical versus endovascular revascularization
using the angiosome concept in diabetic patients with
ischemic ulcers. The authors observed that in diabetics,
indirect revascularization (IR) of the injured angiosome
through a non-specific tibial artery using endovascular
procedures leads to significant worse healing and limb
salvage rates compared with DR. However, in the bypass
arena, achieving a DR or IR offered similar results. Wound-
healing rates were better after bypass surgery than after
endovascular procedures, independent of the angiosome
orientation. The authors conclude that endovascular
procedures should be targeted according to the angiosome
concept. However, in bypass procedures the artery with
best runoff should be selected as the outflow artery. These
results are complementary to those published by the same
group in a previous large cohort of revascularizated patients
that included 60% of diabetics (16).

Unfortunately, studies published by the Spillerova
group, as most of the published researches on the topic,
present several design limitations that may prevent the
applicability of its results. Most studies are retrospective with
all the drawbacks that this entails. Ischemic ulcers are not
described in detail. Ulcer topical treatment, as well as the
need for ulcer surgical debridement or minor amputations,
is frequently not characterized. Patient’s vascular anatomy
prior to revascularization, specifically foot distal vessels, is
usually not analyzed. Furthermore, the revascularization
procedure characteristics are not described in depth in most
of the studies. As gpillerové et al. admit, without doubt,
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well-planned prospective studies are needed to confirm the
usefulness of the angiosome concept in the treatment of CLIL

Having this aim in mind, it is necessary to take into
account the whole set of factors that influence the
ischemic ulcer healing process. Such factors can be
grouped into three areas: (I) patient-dependent factors,
like hypoalbuminemia, diabetes mellitus and chronic renal
disease which could affect negatively the healing process
independently of the results of revascularization (5,15,17);
(II) procedure-related factors, where it is necessary to study
in greater depth the hemodynamic remodelling that occurs
in a critically ischemic limb after an endovascular or surgical
reperfusion and the influence of these hemodynamic
changes on collateral foot vessels and peripheral vascular
bed function. And lastly, (III) ulcer-dependent factors,
like the location of the wound on the foot, as well as the
extension, depth and presence of infection (18).

It is widely accepted that infrainguinal vein bypass
patency depends on a good runoff quality. Achieving
a direct line of blood flow to the foot is sufficient to
preserve the limb and bypass thrombosis often requires
reinterventions with high risk of future limb loss (1,2).
Therefore, as concluded by Spillerova’s study (15), we
do not support that an angiosome-oriented strategy has,
nowadays, a clear clinical utility in the field of open bypass
surgery. However, such strategy may by be useful in
endovascular revascularization planning, since this type of
therapy allows the treatment of more than one tibial vessel,
including vessels below the ankle (3,19). Therefore, in our
opinion, the interest of Spillerové e al. research is more
pathophysiological than clinical, because it raises several
enthralling unanswered questions on revascularization
physiology that need to be clarified by future studies.
For instance, what might be the underlying mechanism
for different results between surgical and endovascular
revascularization according to an angiosome model of
reperfusion? Or which are the mechanisms that justify
different revascularization outcomes in diabetic patients
from the perspective of the angiosome concept?

In order to answer these questions, we must identify
several important disadvantages of the angiosome concept
when it is applied to CLI with tissue loss, which has led to
multiple definitions that makes comparisons between studies
challenging. Angiosomes were designed as dynamic concept
to be applied to non-vascular patients. In a healthy subject,
the choke vessel network represents a notable rescue
system when an angiosome becomes ischemic, leading
to choke vessel-related collateral development in 4 to
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10 days. However, the patient with CLI chronically develops
skin microcirculatory impairment related to endothelial
dysfunction, altered hemorheology and white blood cell
abnormal activation. Furthermore, if diabetes mellitus
coexists, microcirculatory impairment worsens due to
diabetic functional microangiopathy, lower limb neuropathy
and foot local sepsis (19). This situation could lead to foot
choke collateral network dysfunction in CLI patients,
especially in diabetic ones. In addition, several anatomical
variations that can influence the angiosome anatomical
division of the foot have been identified (19). Moreover, the
foot vascular anatomy is seriously affected in CLI, specially
in diabetics and in patients with end-stage renal disease,
with a high prevalence of dorsalis pedis, plantar arteries,
plantar arch or distal peroneal branches occlusions. In
this situation the regional vascular foot perfusion cannot
be statically schematized. In fact, diffuse distal vascular
lesions prevent the DR of the injured angiosome in more
than a half of the revascularization procedures. Patent
foot medium-sized collateral vessels (arterial-arterial
connections) could be the only way to achieve ulcer local
blood perfusion (19). That is why we suggest that we should
seek a foot collateral-vessel guided revascularization for at
least a half of distal endovascular procedures in which an IR
is obtained.

Surprisingly, few studies have investigated the role of
foot collateral vessels in revascularization outcomes. In the
cited article by Spillerov et 4l., patient’s angiographies of
the IR group were classified as “good” or “non-existent
collaterals” and the authors found that foot collateral
vessels patency did not influence bypass clinical results. In
the endovascular treatment group, IR patients presented a
tendency towards better healing rates and significant limb
salvage improvements when foot collateral vessels patency
was identified (15). However, there was no data about the
anatomical relationship between these collateral vessels and
the injured ischemic area of the foot. In our experience, the
restoration of blood flow to the ulcer through medium-sized
collateral vessels (plantar arch or distal peroneal branches)
provided similar clinical results in terms of ulcer healing
and limb salvage to those obtained through its specific
source artery (3,11,19). Our outcomes are consistent with
those observed by other groups and have been included in
several meta-analysis (13).

From a hemodynamic perspective, an arterial occlusion
represents a complex hemodynamic circuit that includes
an injured artery that develops a parallel system of pre-
existing collateral arteries. This system connects the
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inflow to a distal vascular bed and enlarges when the limb
becomes ischemic. Acute changes in collateral resistance
in response to hyperaemic stimulus are relative small.
Revascularization procedures overcome this resistance,
however this process could be different depending on the
type of revascularization (20). A good quality infrainguinal
vein bypass is able to carry a large amount of blood flow
with low-pressure gradients. Nevertheless, endoluminal
therapy drives blood flow through diffused injured arteries.
The diameter of an endovascular-treated tibial artery
could be lower than a bypass conduit and is subject to early
restenosis. Therefore, the quantity of blood flow obtained
after an endoluminal procedure could be lower when
compared to bypass surgery. Distal blood flow achieved
through any type of vascular reconstruction must deal with
other arterial occlusions, which have usually established
another collateral network system on the foot. Bypass
procedures could be less-dependent on foot collateral
vessels patency because this type of revascularization drives
a greater amount of blood flow. In this setting, collateral
network hemodynamic properties could be completely
maximized even in the case of poor quality distal vessels.
On the other hand, the lesser amount of flow obtained after
an endovascular revascularization may require better foot
collateral vessels quality in order to drive enough oxygen
to the injured peripheral vascular bed. This hemodynamic
reasoning may partially explain why in Spillerové research
and in others studies IR of the ischemic ulcer offered worse
clinical outcomes in endovascular treatment than in bypass
surgery (13,15). In many of these studies, foot collateral
network was not analyzed in the IR group. Spillerové et al.
found improved outcomes when “good collaterals” were
identified in the IR endovascular group, which also support
our argument (15). Furthermore, as previously commented,
diabetes mellitus in CLI patients is associated with choke
vessel network depletion and with occlusion of distal
medium-sized foot vessels (19). Therefore, revascularization
procedures in diabetic patients could be more dependent
on foot collateral vessels quality (21). Moreover, IR could
be more frequent in diabetic patients because peroneal
artery that connects to the foot through its distal collateral
branches is relative spared from terminal stages of
atherosclerosis and it is one of the last tibial vessels that
becomes occluded in these patients (3,11,19). On the other
hand, in Spillerovd’s studies, bypass procedures yielded
better ulcer-healing rates when compared to endovascular
procedures (15,16). These results are consistent with those
observed in other researches (13). We also found a trend
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toward a faster healing time after bypass surgery than after
endovascular procedures, although our results were not
statistically significant (5). The greater amount of blood flow
obtained with bypass procedures may justify these findings.

Foot collateral vessels patency could also be crucial
in several situations that require higher ulcer metabolic
activity or in case of a severe peripheral vascular bed
dysfunction, especially if DR of the injured angiosome
cannot be achieved. Diabetic microangiopathy induces by
itself a reduction in skin tissue oxygenation (19), which
may be partially counteracted by a greater oxygen supply if
capillary blood flow is increased through collateral vessels.
On the other hand, the ischemic wound requires more
energy input to overcome infection. Thus, good quality
arterial connections between the revascularized tibial artery
and the infected ulcer may be needed. In Spillerovi research
and in other studies, high C-reactive protein levels (CRP)
were associated with worse infrainguinal revascularization
clinical results (15,16,21). Infections are more severe in
diabetic patients and seriously increase the risk of limb loss
even after a successful revascularization procedure (3,5,19).
Several studies on distal revascularization have defended
that the relation of CRP levels with worse clinical outcomes
could be explained by ulcer infection (21). However, high
CRP levels may also indicate a more advanced and diffuse
vascular disease since this inflammation marker has been
associated with atherosclerosis extension. In addition, the
chronic inflammation process that surrounds atherosclerosis
is closely linked with endothelial dysfunction and may
negatively influence the results of revascularization through
peripheral vascular bed functional impairment (22).

In recent years, several authors have performed
small translational studies that measured the foot
microcirculation function in revascularizated patients with
CLI. Microcirculation function was analyzed by means of
quantitative imaging test (such as perfusion angiography
or indocyanine green angiography) or other better-
known diagnostic tools (such as skin perfusion pressure
or transcutaneous oxygen pressure tests) (23-25). Most of
these studies were designed to validate these tests in the
clinical setting and their follow-up periods were usually
short. It is worth noting that, as compared with the
results of cohort studies, the outcomes of some of these
researches do not support an angiosome-oriented strategy
of revascularization. These differences highlight the need of
a better knowledge of limb reperfusion physiology process
after distal revascularization procedures. In these regard,
we deem that future prospective well-designed studies—
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which include large cohorts and consider the three areas
that influence the ulcer healing process, together with
the anatomic, hemodynamic and functional aspects of
revascularization—will surely improve clinical outcomes and
the quality of life of this frail group of patients. As we await
these studies, we suggest a distal endovascular planning in
three steps. First, it is mandatory to obtain a direct straight
line to the foot through the easier-to-treat tibial artery, even
if the injured angiosome is not anatomically fed. Second, if
in the first step we did not achieve blood flow to the ulcer
it is advisable to attempt the revascularization of another
tibial vessel specifically related to the ulcer or indirectly
related trough collateral vessels. Third, if it is not possible
to obtain a direct line to the foot, a distal vein bypass has to
be considered if feasible.
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