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Angiosome-Directed
Therapy for the CLI Patient

Case studies and the literature show the benefits of direct and indirect flow revascularization.

BY JIHAD A. MUSTAPHA, MD; LARRY J. DIAZ-SANDOVAL, MD; AND FADI SAAB, MD

istorically, the initial treatment of choice for
revascularization of patients with critical limb
ischemia (CLI) was lower extremity bypass
grafting with autologous vein.! With the pub-
lication of the randomized PREVENT Il trial, it became
apparent that real-world open revascularization for CLI
patients carried 30-day rates of graft failure, periopera-
tive mortality, and myocardial infarction of 5.2%, 2.7%,
and 4.7%, respectively, as well as an overall primary graft
patency rate of 61% at 1 year.2 As endovascular tech-
niques and technologies have evolved, the paradigm of
lower extremity revascularization has shifted. The BASIL
(Bypass Versus Angioplasty in Severe Ischemia of the
Leg) trial was the first randomized study of patients with
CLI and infrainguinal disease; however, it failed to show
a significant difference in amputation-free survival (AFS)
between revascularization modalities. With the advent of
newer approaches, it has been found that octogenarian
CLI patients and those with high operative risk, such as
patients with advanced kidney failure or end-stage renal
disease, benefit from revascularization and should there-
fore be considered for an endovascular-first approach.*

ANGIOSOME-DIRECTED THERAPY

The concept of angiosome-directed therapy (ADT)
has gained significant relevance. An angiosome is a three-
dimensional anatomic unit of tissue (consisting of skin, sub-
cutaneous tissue, fascia, muscle, and bone) fed by a source
artery and drained by specific veins. The foot and ankle
arterial angiosome is represented as a topographic map
that is divided into six territories; each territory is fed by
three main arteries and their branches. The posterior tibial
(PT) artery feeds three angiosomes: the medial calcaneal,
supplying the medial plantar aspect of the heel; the medial
plantar, supplying the corresponding plantar surfaces;
and the lateral plantar, also supplying the corresponding
plantar surfaces. The peroneal artery (PA) feeds two angijo-
somes: the lateral calcaneal, supplying the lateral aspect of
the heel, and the anterior communicating artery, supplying

Figure 1. The foot and ankle arterial angiosome is repre-
sented as a topographic map divided into five territories,
provided by three main arteries and their branches as shown
in the right foot (A) and the left foot (B).

the anterior aspect of the ankle. The anterior tibial (AT)
provides one angiosome—the dorsalis pedis (DP) angio-
some, supplying the dorsum of the foot (Figure 1).

ADT refers to the establishment of flow to the topo-
graphic area of the foot where the wound is located. This
can be achieved via direct flow, defined as inline, pulsatile
flow through the affected angiosome source artery, or
indirect flow, represented by the strategy whereby flow
to the wound area is provided by collaterals fed by an
arterial conduit that is revascularized, as no direct flow is
considered feasible. When the indirect flow approach is
utilized, the recommendation is to open as many vessels
as possible to increase the volume of blood to the foot
(volume concept). As new techniques are being devel-
oped and carried into practice—including ultrasound-
guided tibiopedal access and interventions, transcollateral
tibial interventions, and digital and transmetatarsal artery
access and interventions—it appears that the future
holds promise with regard to the ability to intervene in
these complex patients.%’
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ISCHEMIC ULCERS

Patients with CLI typically have disease involving multiple
levels (ie, aortoiliac, femoropopliteal [FP], and infrapopliteal
[IP]), but fewer than 10% have hemodynamically significant
disease in all three levels.®1°

Approximately 33% of patients with infrainguinal disease
(FP and IP) present with predominantly isolated IP disease,
and the other 67% present with both FP and IP disease.>'""®
Isolated IP disease is mainly seen in the elderly (age > 80
years), patients with diabetes, or dialysis-dependent patients.'
These patients are at higher risk for amputation and shorter
AFS time compared to those with FP and IP disease (median
AFS, 17 months vs 37 months; P = .001)." The improved
prognosis of patients with combined FP and IP disease is
likely related to the development of collateral systems that
have been observed to mature in four major zones that are
of paramount importance for ADT. The number and quality
(diameter) of these collaterals is related in part to the degree
of disease (high-grade stenosis vs chronic total occlusions
[CTOs]). For the sake of this article, we will refer to these
collateral systems as the Peripheral Registry of Endovascular
Clinical Outcomes (PRIME) zones (Figures 2 and 3).

PRIME zone 1 collaterals originate primarily from the pro-
funda and, to a lesser extent, from the proximal superficial
femoral artery (SFA). PRIME zone 2 collaterals originate in the
distal SFA and the P1-P2 segments of the popliteal artery,
depending on the occlusive state. PRIME zone 3 collaterals
originate from the P3 segment of the popliteal and proximal
tibial arteries, including the tibioperoneal trunk. PRIME zone
4 collaterals originate from the distal tibial arteries, primar-
ily from the PA and, to a lesser extent, from the AT and PT
arteries.

Having determined the type of flow needed for an ischemic
foot, the next step is to visualize the interrupted infrainguinal
arterial flow. When observing an arterial occlusion during
angiography, it is important to remain on cine long enough to
visualize the collateral vessels, which serve to show the inter-
ventionist the points of reconstitution of the multilevel CTOs,
so that a reconstruction strategy can be planned. Multilevel
arterial occlusion requires either single-level revascularization
to provide indirect flow to the ischemic foot (Figure 4) or
multilevel revascularization to provide direct flow to the isch-
emic foot (Figure 5).

Direct flow revascularization is straightforward. The goal is
to re-establish arterial patency in line to the ischemic area. If
revascularization is more complex, it requires basic knowledge
of the different levels of collaterals, as previously described. In
patients with CLI, collaterals at PRIME zones 3 and 4 are cru-
cial for indirect revascularization. Knowing how they function
allows the operators to choose an arterial flow restoration
plan to achieve the best indirect brisk flow possible.

There have been different approaches studied with regard
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Figure 2. The value of collaterals in CLI patients.
Collaterals consistent with high-grade stenosis (A).
Collaterals more common in CTOs (B).
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Figure 3. Multiple-level CTOs, typical in CLI patients
(A). Also shown are the four PRIME collateral zones
that keep the limbs intact while metabolic supply and
demand are balanced (stable state): (1) the collateral
path from the profunda to the popliteal and genicular
branches; (2) the collateral path from the popliteal and
genicular branches to the tibial arteries; (3) the collat-
eral path from the proximal tibials to the distal tibials;
(4) the pedal loop’s collateral paths. Normal, expected,
infrainguinal runoff (B).
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Figure 4. Multilevel arterial
occlusion. Treated segment
of the SFA and popliteal
leads to indirect blood flow
to the ischemic foot via col-
laterals from PRIME zones 3
and 4 after direct flow has
been established to the level
of the infrapopliteal CTO.

Figure 5. Imaging after com-
plete revascularization of
the popliteal and the tibials,
leading to direct flow to the
ischemic foot.

to ADT, and the results are
controversial. Attinger et al
showed a 9% healing failure
rate when wounds were
treated using the angiosome concept to achieve direct
flow compared to a 38% failure rate when revasculariza-
tion was achieved via indirect flow.™ In this study, limb
salvage rates (LSR) were also superior when direct flow
was achieved. lida et al studied 203 CLI limbs, achiev-

ing LSR of 86% with direct flow versus 69% with indirect
flow,” with results originally confirmed by Varela et al.’®
However, in a more recent study, Acin and Varela’s group
found that among diabetic patients with CLI, a direct
flow versus an indirect flow strategy did not influence
outcomes, nor did the number of revascularized tibial
vessels.”” This stands in contraposition to Lejay et al, who
found that among diabetic patients with CLI undergoing
open revascularization, LSR were superior when direct
flow was achieved following ADT."

Only one prospective study has been published com-
paring the strategies of direct flow and indirect flow to
the ischemic angiosome. In 64 CLI patients with single-
vessel runoff to the foot, direct flow was achieved in 61%.
Ulcer healing at 1, 3, and 6 months was superior with
direct flow than with indirect flow. However, there was
no statistically significant difference in LSR."
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Figure 6. These four images show the geographic distribu-
tion of the missing tibial pedal arteries and provide a hint of
what is possibly still patent.

One of the most significant hurdles in the real world is
that direct flow to the ischemic angiosome may not be
attainable in a large number of CLI patients. Berceli et al
reported on the efficacy of DP bypass for ischemic fore-
foot and heel ulcerations.?’ According to the angiosome
concept and this strategy, the forefoot would receive
direct flow, whereas the heel would be perfused via indi-
rect flow. The LSR of 86% indicated that heel ulcerations
can heal with indirect flow, even in the absence of an
intact pedal arch, presumably through interangiosome
connections for perfusion.

ANGIOSOME EVALUATION

It is not always possible to provide direct flow for all
the cutaneous angiosomes, and operators have to use
the indirect flow revascularization strategy to achieve
maximum pedal reconstruction. A patient presented
with distal forefoot gangrene changes that evolved over
4 weeks (Figure 6). The cutaneous angiosome in these
pictures of the foot are consistent with arterial disease

Figure 7. Arterial angiosome mapping. SFA/popliteal CTO
without clear collateral-aided reconstitution of the distal pop-
liteal or proximal tibial arteries (A). Tibial runoff not showing
intact arterial flow (B). Faint dorsalis pedis flow and absent
rest of the pedal circulation (C).
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Figure 8. ADT for tibial access. Tibial sheath (B; arrow).
Retrograde CTO crossing wire (B; arrow). Initial retrograde
arterial tibial angiogram (C).

involving the anterior and posterior circulations of the
foot. This type of data lead operators to further evaluate
the arterial circulation.

Cutaneous angiosome evaluation is a unique first step
during the evaluation process of the CLI patient with
ischemic tissue breakdown. The four images in Figure 6
show the geographic distribution of the missing tibial
pedal arteries and gives a hint as to which vessels are
possibly still patent.

Because CLI is a multilevel, multivessel disease, the
next step for this patient was an arterial angiosome
evaluation. The initial angiogram showed severe arterial
disease with a CTO of the SFA and no sufficient tibial
pedal runoff (Figure 7). The lack of arterial flow in the
popliteal and tibial pedal circulation makes it difficult to
decide a therapeutic option, as there is no visible target
conduit to revascularize into. Again, based on the cuta-
neous angiosome, the operators proceeded to find the
anterior and posterior circulation to restore blood sup-
ply to the ischemic tissue. An antegrade angiogram was
insufficient. A retrograde selective diagnostic angiogram
was obtained, which uncovered valuable hibernating
arterial conduits (Figure 8). The treatment plan was initi-
ated based on the angiosomes evaluated. Both antegrade
and retrograde accesses were achieved. The retrograde
access was achieved in an attempt to provide ADT.
Revascularization was successful in the SFA/popliteal,
along with the PA and PT arteries (Figure 9). Based on
the cutaneous pedal angiosome, the AT was needed for
complete direct revascularization. An attempt to open
the AT was unsuccessful, leaving this patient with indi-
rect angiosome therapy.

In this type of scenario, operators must evaluate the
type of flow that the foot is receiving. A few important
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Figure 9. Antegrade and retrograde CTO crossing wires

and devices (A). Antegrade snare and retrograde wire (B).
Percutaneous transluminal angioplasty (C). Antegrade angio-
gram of the tibial arteries (D), with arrow showing the tibio-
peroneal CTO site.

features when using the indirect flow ADT strategy are
brisk flow to the foot via the indirect tibial artery, an
intact pedal loop, retrograde flow into the occluded
tibial artery via the pedal loop, and contrast blush grade
3 of the ischemic tissue. These features are signs that
the ischemic tissue is able to receive enough supply of
oxygen and nutrients to meet the increased metabolic
demand, restoring the metabolic balance and increasing
the likelihood of healing (Figure 10). Figure 10C shows
pedal revascularization, including the DP and AT. This is
consistent with indirect flow via pedal loop retrograde
filling into the target tibial artery, which did not receive
antegrade direct flow. A final angiogram showed direct
flow in all the vessels above the knee, but below the
knee, there was direct flow into the PT and PA arteries
and indirect flow into the AT (Figure 11). To confirm
successful revascularization, these patients should be fol-
lowed closely in the wound clinic until the ischemic tis-
sue is healed and the skin is intact (Figure 12).

Figure 10. Cutaneous angiosome of the right foot (A).
Cutaneous angiosome model (B). Arterial angiogram of the
pedal circulation (C).
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Figure 11. Imaging after revascularization of the SFA into the
popliteal (A). Restored flow into the tibial arteries (B). Pedal
revascularization, including the dorsalis pedis and AT artery
(C). This is consistent with pedal loop retrograde flow into the
target tibial artery, which did not receive direct antegrade flow.

Figure 12. Right foot before revascularization and transmeta-
tarsal amputation (A). Final results (B).

CONCLUSION

The results from published studies looking at the best
reperfusion strategy to treat CLI are contradictory. Some
favor the angiosome concept, and others favor the vol-
ume concept. Unfortunately, these are retrospective stud-
ies, most of which represent single-center efforts and are
therefore strongly tied to the experience of the operators.
Before generalizable recommendations can be designed
on an evidence-based foundation, further data of better
quality are needed.

In the meantime, the authors can make two recom-
mendations. When treating CLI patients with below-the-
knee lesions, attempts to obtain direct inline and pulsatile
flow to the wound should be undertaken. In cases in
which this is not possible, every effort should be made to
restore as much blood flow as possible to the foot. For
these patients, attempts at restoration of the pedal loop
and arch reconstruction should be carried out as far as
technically feasible to obtain blush flow to the ischemic
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tissue and retrograde flow to the missing vessel. CLI
patients benefit from both direct and indirect angiosome-
based therapies. B
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