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Pestome. Kputnueckas nwemus, yrpoxaroLiast KOHeYHOCTM, — Hanbonee pacnpocTpaHeHHas hopma 3aboneBaHms
nepudepuyecknx apTepuit, KoTopas CBsizaHa Co 3Ha4YUTENbHON 3a60NEBAEMOCTbLI0, CMEPTHOCTBIO 1 UCMONb30BaAHNEM
PECYPCOB 3A4paBOOXPAHEHMS. OTO KMUHUYECKMIA CUHOPOM UWEMUYECKON BONW B NOKOE UM NOTEPU TKaHEN, Hanpumep
He3aXuBaloLLMX 3B UMW FraHrpeHa, CBA3aHHbIN ¢ 3aboneBaHnem nepudepuyecknx aptepuin. XpoHuyeckas uemms
yrpoxatowlen notepu koHeuHocTu (XUYTK) nMeeT BbICOKMI KpaTKOCPOYHBIN PUCK NOTEPU KOHEYHOCTEN U CEPAEYHO-
COCyAUCTbIX COBbITUI. HenHBa3MBHas N MHBa3WBHas aHruorpagus noMoraeT onpeaeniTb BO3MOXHOCTb M NOAXOA K
apTepuanbHoM peeackynspusaumn. Yacto npegnaraeTcs NoAXo4 «CHavana SHA0BaCKyNSpHbIA», OCHOBaHHbIN Ha 6onee
HW3KOM pUCKe NpOoLeAypbl, OAHAKO NPy onpeAeneHHbIX hopMax 3aboneBaHns fyyLle BCEro neYnTb OTKPLITYH XMUpYp-
rMYeckyto peBackynspusaumio. bannoHHas aHrmonnacTka u CTEHTUPOBaHWE COCTABMAT OCHOBY 9HA0BACKYNAPHbIX
METOZOB, MPK 3TOM CTEHTbI C NIEKAPCTBEHHBIM NOKPLITUEM W 6ANMOHbI C NEKAPCTBEHHBLIM NOKPbITUEM 0becneunsatoT
HW3KYI0 BEPOSTHOCTb MOBTOPHOM peBackynspusaumn. KombuHaums aHTerpagHoro v peTporpagHoro noaxo40B MOXET
MOBBICUTb YCNEX MPW NPOTSXKEHHON TOTATbHON OKKIH03MM. AHTMOMNACTIKA HIKE KONEHa, HanpaBrieHHas Ha aHrMoCcoMbl,
MOXeT NPUBECTY K Bonee ObICTPOMY 3aXMBEHMIO PaH, HO CIK 3TO HE YAANoCh, TO COXPaHAeTCs Ntobon NPsSMON NOTOK
kpoBm B cTony. [MOpMaHbIe XMpyprvvyeckne MeTofbl, Take Kak CTEHTUPOBaHKUE NOAB3AOLWHON apTepum 1 begpeHHas
9HAAPTEPIKTOMMS, 0OBIYHO MCMOMB3YKOTCS AN CHIKEHWS ONEPaLMOHHOT0 pucka. LLyHTMpoBaHue HKHIUX KOHEYHOCTEN
Hanbonee apeKTUBHO NPU UCMONB3OBAHUM MUHHOW OLHOCErMEHTAPHOM ayTOreHHOW BEHbl XOPOLLEro KavyecTBa
AnameTpom He MeHee 3,5 MMm. HeGonblume amnyTaumm yacto TpebytoTcs 13-3a NoTEPU TKaHe B pamMkax cTpaTernm
neyenus. bonbluve amnyTayum (Ha ypoBHE NOABIKKM UK BbILLE) OrPaHNYMBAIOT (OYHKLIMOHAMBHYI0 HE3aBUCUMOCTb, 1
VX NpeAOoTBPaLLEHIE SBMSAETCS KIHOYEBOW LIENbIO TEPANN KpUTUYECKON ULIEMMN HIKHUX kKoHeuHocTe (KUHK)/XYTIK.
MegaukameHTO3Has Tepanus nocne peBackynspusaLmm HaleneHa Ha hakTopbl pucka atepockyieposa u oLeHnBaeT
3aXMBMEHME paH 1 HOBblE UMK PeLManBMpYyLLe 3ab0neBaHNs, OrpaHNuMBaloLLE KPOBOTOK.

KntoueBble cnoBa: 3aboneBaHns nepudepuyecknx apTepuit, 3HA0BACKYNSPHbIE BMeLLATeNbCTBa, COCYANCTbIE
BMeLLaTeNbCTBa, COCYANCTbIE 3ab0mneBaHNs KOHEYHOCTEN, COCYANCTas XUPYPIUs, KpUTUYECKas UeMUS, YrpoxatoLyas
KOHEYHOCTU, BaNNOHbI C NEKapPCTBEHHBIM NOKPbITUEM, CTEHT C JIEKApCTBEHHBIM MOKPLITUEM

CRITICAL LIMB THREATENING ISCHEMIA AND ITS MANAGEMENT

© Arshed A. Kuchay' 3, Alexander N. Lipin® 3, Nikita N. Gruzdev?, Aleksey G. Borisov®, llyas S. Kashapov*

"Med2 clinic. Vosstaniya str., 11, Saint Petersburg, Russian Federation, 191036

2Military Medical Academy named after S.M. Kirov. Akademician Lebedev str., 6, Saint Petersburg, Russian Federation, 194044
3Limb Salvage Center, City Hospital Ne 14. Kosinova str., 19/9, Saint Petersburg, Russian Federation, 198099

4 Saint Petersburg City Polyclinic No. 120. Lenskaya str., 4/1, Saint Petersburg, Russian Federation, 195426

Contact information: Arshed A. Kuchay — cardiovascular surgeon, clinical researcher of the City Limb Salvage Center.
E-mail: drarshedcvs@gmail.com ORCID: https://orcid.org/0000-0002-7974-9369 SPIN: 5455-9033

& RUSSIAN BIOMEDICAL RESEARCH VOLY N1 2024 ISSN 2658-6584




OPUTMHAJIBHBIE CTATBI 39

For citation: Kuchay AA, Lipin AN, Gruzdev NN, Borisov AG, Kashapov IS. Critical limb threatening ischemia and its management. Russian Biomedical
Research. 2024;9(1):34-47. DOI: https://doi.org/10.56871/RBR.2024.68.81.005

Received: 04.12.2023 Revised: 11.01.2024 Accepted: 04.03.2024

Abstract. Critical limb threatening ischemia (CLTI), the most advanced form of peripheral artery disease, is associated
with significant morbidity, mortality, and health care resource utilization. It is a clinical syndrome of ischemic pain at rest
or tissue loss, such as non-healing ulcers or gangrene, related to peripheral artery disease. CLTI has a high short-term
risk of limb loss and cardiovascular events. Non-invasive or invasive angiography helps determine the feasibility and
approach to arterial revascularization. An “endovascular-first” approach is often advocated based on a lower procedural
risk; however, specific patterns of disease may be best treated by open surgical revascularization. Balloon angioplasty
and stenting form the backbone of endovascular techniques, with drug-eluting stents and drug-coated balloons offering
low rates of repeat revascularization. Combined antegrade and retrograde approaches can increase success in long
total occlusions. Below the knee, angiosome-directed angioplasty may lead to greater wound healing, but failing this,
any straight line flow into the foot is pursued. Hybrid surgical techniques such as iliac stenting and common femoral
endarterectomy are commonly used to reduce operative risk. Lower extremity bypass grafting is most successful
with a good quality, long, single-segment autogenous vein of at least 3.5 mm diameter. Minor amputations are often
required for tissue loss as part of the treatment strategy. Major amputations (at or above the ankle) limit functional
independence and their prevention is a key goal of CLTI therapy. Medical therapy after revascularization targets risk
factors for atherosclerosis and assesses wound healing and new or recurrent flow limiting disease.

Keywords: peripheral artery disease, endovascular, vascular intervention, vascular disease extremities, vascular
surgery, critical limb threatening ischemia, drug coated balloons, drug-eluting stent

Tabnuua 1

Knaccudmkauus cumntomoB 3abonesaHuii nepucepruyecknx
aptepun: ®oHTeHa, Pesepdopaa u A.B. Mokposckoro

INTRODUCTION

Critical limb threatening ischemia is a clinical syndrome of
ischemic pain at rest and/or ischemic tissue loss such as non- Table 1

healing ulcers or gangrene, related to peripheral artery disease Peripheral artery diseasg symptom classification: Fo.n.tain_e
of the lower limbs. It differs from acute limb threatening ischemia, ~ stages, Rutherford categories and A.V. Pokrovsky classification

which is a sudden loss of limb perfusion (defined as within Fontaine classification Rutherford classification

14 days) typically due to embolus or in-situ thrombus. In contrast, Stage Symptoms Category Symploms
critical limb ischemia occurs over several weeks to months, but

is at the extreme end of the spectrum of chronic limb ischemia ! Asymptomatic 0 Asymptomatic
(Rutherford classification 4-6, Fontaine IlI/IV, A.V. Pokrovsky I Intermittent 1 Mild claudication
IV — Table 1). Its importance is due to the much higher risks claudication 2 Moderate claudication
of limb loss and cardiovascular events than asymptomatic —
peripheral artery disease and intermittent claudication [1, 2]. 3 Severe dlaudication
The poor prognosis demands more rapid assessment, a greater Il | Ischemic rest pain 4 Ischemic rest pain
role for wound care, and the earlier use of revascularization [3]. v Ulceration 5 Ischemic ulceration
As a result, a multidiscipline approach involving specialists in or gangrene (minor tissue loss)
endpvascular revascularization, open .sur_gicelll revasculari_zation, 6 Ischemic gangrene
podiatry, wound care, and other specialties is often required to (major tissue loss)

maximize patient outcomes.

A.V. Pokrovsky classification

DEFINITIONS

Stage Symptoms
Definitions of CLTI aim to identify patients who are risk of ! Asymptomatic or pain in calf muscles (>1 km)
major limb amputation without specific treatment such as revas- lIA Intermittent claudication (>200 meters)
cularization or wound care. Traditionally CLTI is defined as rest B Intermittent claudication (>200 meters)

pain or tissue loss (ulcers, or gangrene) supported by ischemia
defined by the hemodynamic criteria of low ankle or toe pressures, '
or low transcutaneous oxygen (TcO,) values. Ankle pressure cri- v Ulceration or gangrene

]} Intermittent claudication, rest pain
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teria range from less than 40-70 mmHg, toe pressures less than
30-50 mmHg, TcO, less than 20-40 mmHg. Higher cut points are
often used for tissue loss on the assumption that greater perfusion
is required for wound healing, but expert consensus on these he-
modynamic criteria differs between guidelines [2, 4-7]. The original
definitions were designed to standardize entry criteria for clinical
trials of CLTI in patients without diabetes to permit comparisons
across studies [4, 6] or to assess the likelihood of wound hea-
ling [8]. However, their value as diagnostic tests of CLTI in clini-
cal practice are more controversial [2, 5, 9]. Defining specific cut
points of toe pressure or TcO, for the clinical diagnosis of CLTI is
difficult because of the considerable overlap in values among CLTI
patients who do or do not progress to major amputation or cardio-
vascular events (Figure 1) [10, 11]. One trial suggests they don’t
impact the decision for revascularization [12]. Other definitions of

% M TcO, <35 mmHg
100 1 TcO, = 35 mmHg

80
£ 60+
c
2
g
s 40

20 1

0° Revascularization No Surgery o
or amputation
% Il Toe Pressure <38 mmHg
100 4 Toe Pressure 238 mmHg

80
2 60 -
[
8
&
se 40+

20 A

L |
Revascularization No Surgery
or amputation
Puc.1. PesynbTaTbl nepekpbitna TcO, U AaBneHus Ha nanew cTo-

Nbl Yy NauMeHTOB, HYXAAKOWMNXCA B peBacKynspusauuu
unu amnytauumn no nosoay KUHK, n y naumenTos, nony-
YaLwwmx MeanKaMeHTO3HOe neyeHune (no JaHHbIM Y66uHka
u ap. [11])

Overlap in TcO, and toe pressure results between patients
requiring revascularization or amputation for CLI and
patients managed medically (from data in Ubbink et al. [11])

Fig. 1.

CLTI incorporate wound infection and osteomyelitis in addition to
ischemia [13].

For clinical purposes rest pain or non-healing wounds may
suffice as a definition to justify the use of expensive techno-
logy (angiography and revascularization) which are fundamental
to the clinical treatment of this condition.

NATURAL HISTORY OF CLTI

Patient outcomes in critical limb ischemia are largely deter-
mined by morbidity and mortality due to cardiovascular events
and functional impairment due to limb loss. Although, over the
whole spectrum of PAD, cardiovascular events such as myocardi-
al infarction and stroke occur in 30-50% of subjects over a 5 year
period, patients with CLI face this risk over a one year period [1, 2,
14] — an outcome worse than many cancers or severe heart fai-
lure. Similarly, although the risk of major amputation (at or above
the ankle) is less than 5% over 5-10 years in patients with clau-
dication, it is at least 30-50% in the first year in patients with CLI
who do not have revascularization [2].

ASSESSMENT AND INITIAL TREATMENT

The clinical presentation of CLI depends on the degree of
ischemia, the presence of infection, and co-existing neuropathy
[1]. Ischemic pain is usually worse when the patient is supine and
often requires narcotics for analgesia. It may waken patients from
sleep and prevent them from walking. Infection can increase pain
even without severe ischemia. Neuropathy can contribute to tis-
sue injury or mask pain from an ulcer.

Current guidelines recommend measuring the ankle pressure
or ankle brachial index [1, 2, 5], although medial calcinosis may
yield artificially high values in which case toe pressures may in-
dicate arterial obstruction. TcO, or skin perfusion pressures may
indicate the likelihood of wound healing.

The primary goal is to preserve limb function. Revasculariza-
tion is a fundamental strategy to limb preservation, but in some
patients, this does not improve limb function and mobility. For
example, cognitive impairment, non-ambulatory status prior to
CLI, and severe comorbidities portend a poor prognosis even with
revascularization [15]. When revascularization is considered, ar-
terial imaging identifies the targets and mode of revascularization.

Duplex ultrasound, and non-invasive angiography with com-
puterized tomography (CTA) or magnetic resonance (MRA), can
demonstrate arterial obstruction. Duplex ultrasound does not re-
quire contrast but requires specific training and may not image
the tibial arteries very easily. In infra-inguinal disease, vein map-
ping is required to determine the feasibility of surgical bypass with
autogenous vein.

CTA requires iodinated contrast and may cause contrast
nephropathy in patients with impaired renal function. Heavily arte-
rial calcification can create artefacts that limit CTA particularly in
distal disease. Non-contrast time-of-flight MRA is prone to artifact
with non-laminar flow typical of atherosclerotic plaque, and con-
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cerns of nephrogenic systemic fibrosis from gadolinium contrast
limit its use in advanced kidney disease [16]. CTA and MRA are
sometimes inadequate to assess the smaller tibial arteries. Ne-
vertheless, CTA and MRA can help localize disease targets and
help plan the mode and approach to revascularization.

Due to limitations in imaging distal arteries non-invasively, in-
vasive angiography is often used to clarify the potential for revas-
cularization and should be considered prior to major amputation.
Invasive angiography uses iodinated contrast and provides the
highest spatial resolution. Diagnostic cases can use as little as
30 mL of contrast for both legs with conventional and digital sub-
traction angiography.

Initial treatments include control of pain, which may require
narcotics, pressure relief of ulcers, sheepskin boots to increase
superficial collateral supply, and tilting the bed downward to in-
crease limb dependency and perfusion [2]. Pain relief may re-
verse sympathetic-mediated vasoconstriction. Although some of
these measures only marginally improve perfusion, they may re-
duce the discomfort associated with CLI while planning definitive
treatment.

ENDOVASCULAR REVASCULARIZATION

In many centers, endovascular revascularization is the fa-
vored approach to CLI, because of lower morbidity and morta-
lity compared to open surgery (Figure 2). The optimal treatment
strategy (endovascular versus open surgery) will depend on ana-
tomical factors, comorbidities, patient preference and operator
experience and skill. Although claudication can be relieved by in-
flow revascularization (aorto-iliac and femoral), CLI is often asso-
ciated with multilevel disease and usually requires outflow (tibial)
revascularization as well as treating inflow disease. Much of the
evidence for endovascular treatment of inflow disease is based
on studies of patients with claudication or a mix of claudication
and CLI [52].

INFLOW AND FEMORAL-POPLITEAL DISEASE

Aorto-iliac disease can be approached from the ipsilateral or
contralateral common femoral arteries, or brachial and radial ar-
teries. Rarely a retrograde approach from the popliteal artery can
assist crossing superficial femoral artery occlusions which cannot
be traversed antegrade [3] (Figure 3). The retrograde popliteal
approach requires access from above from the contralateral or
antegrade common femoral artery, then turning the patient prone
on the table and using ultrasound with a micro puncture needle to
access the popliteal artery at or just above the knee joint. Small
sheaths (4-5 French) provide access for a wire which can be
snared from above once it traverses the occlusion. A wire that
is exteriorized above and below and occlusion provides a rigid
rail to assist pushing catheters and balloons through an occlusion
(the “dental floss” technique).

Avariety of systems are used to cross lesions including 0.035",
0.025",0.018", and 0.014" diameter wires and balloons. Concerns
of recoil of ostial lesions and dissections associated with occluded
or calcified disease has led to the almost universal practice of pri-
mary stenting in iliac disease [17]. Balloon expandable stents of-
fer greater radial force and a more precise deployment (especially
useful in ostial locations), whereas nitinol self-expanding stents
may useful in long tapered lesions. Covered stents are useful for
life-threatening perforations of the iliac artery during endovascular
treatment. Their value in preventing restenosis is uncertain [3],
due to concerns of increased rates of stent thrombosis and the
potential to jail and occlude branch vessels.

Common femoral disease often involves the profunda and
SFA origins. Endovascular treatment alone can achieve durable
results with acute dissection of the common femoral artery from
arterial closure devices. Stents are avoided in this region due to
the repeated flexion and extension of this artery and potential for
stent fracture, as well as jailing the profunda artery — an important
collateral in the event of SFA occlusion [84-86, 91-93]. Preserva-

| Critical limb Ischemia. Non-Healing Ulcer. Rest Pain |

'

| MRA, CTA or invasive angiography shows lesion treatable by endovascular approach |

Yes

\ 4

Yes

No

v
| Lesion treatable by open surgery at acceptable operative risk |

No

/ A

Endovascular revascularization | |

Surgical revascularization

Consider primary amputation |

\ 4

| Wound care & atherosclerosis risk factor modification |

Puc. 2.
Fig. 2.

Anroput™ noaxoAa K peBackynsipusauum y 60nbHbIX C KPUTUHECKON ULLEMUEN KOHEYHOCTEN
Algorithm for the approach to revascularization in patients with critical limb ischemia
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Brachial
Retrograde Antegrade
Contralateral Ipsilateral
Common Common
Femoral Femoral
Retrograde
Popliteal
/ : \
Retrograde
Tibial
Puc. 3. MMopaxon k apTepuanbHoMy AOCTYyny npv 3HAOBAacKynsp-
HOWN peBacKynapu3aLmm HNKHUX KOHeYHOCTe
Fig. 3. Approach for arterial access for endovascular revascu-

larization of the lower limbs

tion of both branches with balloon angioplasty alone can be difficult
with complex calcified plaques, and often surgical endarterectomy
with patch angioplasty offers a more durable result. Hybrid endo-
vascular-surgical approaches using endovascular approaches for
iliac or superficial femoral disease and endarterectomy for common
femoral disease are increasingly used [18]. New developments in
atherectomy and drug coated balloons have renewed interest in
endovascular approaches for common femoral disease, although
this paradigm needs formal testing in clinical trials.

The SFAis the longest artery in the leg and subject to flexion,
compression and torsion. These forces are particularly important
close to the knee and the common femoral artery. Balloon angio-
plasty offers similar results to stenting in short lesions (<100 mm)
when there is good arterial expansion without flow limiting dissec-
tions [19]. Minor dissections often heal without long-term sequela.
Nitinol self-expanding stents offer better long-term patency in
longer lesions [20] and re-expand after external radial compres-
sion. Stent fracture is thought to increase instent restenosis, but is

much rarer with the newer self-expanding stent platforms [20-23].
Recent drug-eluting stents designs offer a lower rate of restenosis
compared to bare-metal self-expanding stents [24].

Drug-coated balloons offer lower rates of restenosis than bal-
loon angioplasty alone in patients with SFA disease and claudica-
tion [25-27]. Drug-coated balloons also prevent restenosis when
used prior to bare-metal stent deployment [28], and offer more du-
rable treatment of instent restenosis of the femoral artery[29]. The
evidence supporting drug-eluting stents and drug-coated balloons
is much stronger than for covered-self expanding stents, which
have uncertain effects on restenosis and stent thrombosis [30].

Chronic total occlusions of the SFA are common in sympto-
matic PAD [87-90]. A variety of techniques and devices for cross-
ing total occlusions and re-entering the true lumen in the distal ar-
tery are available, but few have been tested in randomized trials.
These include hydrophilic wires to dissect through the intima or
the medial (“subintimal”) layers of the artery. Specialty catheters
include those with dissection devices, vibrational energy, drilling
heads, and laser capabilities to penetrate the fibrous cap and
length of occluded plaque. Intravascular ultrasound can confirm
an intraluminal location of a wire in an occlusion (Figure 4), and
other devices to redirect a 0.014" wire from a dissection plane
into the distal true lumen can facilitate crossing femoral artery
occlusions. A number of atherectomy devices are also available
to debulk lesions and may have utility in niche areas such as
heavily calcified lesions resistant to balloon and stent dilation
[3]. However, a meta-analysis suggested no clear benefit from
using atherectomy devices alone compared to balloon angioplas-
ty [31]. Recent interest in the use of atherectomy combined with
drug-coated balloons requires further testing, particularly in areas
where stents are avoided (over the knee and hip joints). Given
the high risks of major amputation, stenting over the knee joint is
sometimes required to maintain patency. A number of specialty
stents with greater durability to repeated flexion are designed for
the popliteal artery in particular [23].

TIBIAL DISEASE

There is rarely a justification for tibial interventions in clau-
dication. However, wound healing and relief of CLTI is more de-
pendent on establishing straight-line flow into the foot. Therefore
below-knee popliteal and tibial artery interventions are more com-
monly pursued in CLTI.

Access is more limited for distal tibial disease as a contrala-
teral common femoral approach or brachial approach are often too
distant for most equipment based on 130-150 mm shaft lengths.
An antegrade femoral approach also gives more “pushability” to
drive through long occlusions. The retrograde tibial approach
can be used for tibial and popliteal occlusions which cannot be
crossed antegrade (Figure 3), but if unsuccessful may create a
non-healing ulcer at the access site. The retrograde pedal or ti-
bial artery approach uses ultrasound and a micropuncture need-
le for access and the dilator of the micropuncture kit or a small
sheath for wire access. Access from above (e.g. antegrade
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Puc. 4. Buytpucocyamctoe ynstpassykoBoe uccregosanme (BCY3HN)
ucrnonb3yeTcs ANA OLEHKM BHYTpUapTepuanbHOro pac-
NONOXeHua npu nNpoxXoxpeHuun AHMTeanOﬁ OKKITHO3UWN:
A — katetep BCY3U (C) BupeH yepe3 nmetneobpasHyto
NPOBONIOKY B OKKMIO3UPOBAHHOM CerMeHTe cpefHeii no-
BEpPXHOCTHOW GeapeHHoI apTepuu. Npunerarowmin npososa
ABNAETCA BHeapTepUuanbHbIM. HOBerHOCTHaﬂ Gep,peHHaﬂ
aptepua (MBA) ykasbiBaeT Ha AUCTanbHYH MOBEPXHOCT-
Hylo 6epeHHyl0 apTepuio 3a npegenamu okkniouu; B —
n3obpaxenue BCY3W, nokasbiBatouiee katetep (C) B cepe-
LVvHe apTepun, pagom ¢ 6eapeHHoli BeHon (BB). inametp
apTtepum coctaBnan 6,1x6,2 MM, 4YTO COOTBETCTBYET cpeae
U UHTUME WU, BEPOATHO, 3aBbllaeT 3TanoHHbIN AnameTp
npocBeTa; C — packpbITUe CTEHTa nochne yCnewHoro ne-
peceyeHns OKKNO3UpoBaHHO apTepumn; D — okoHyaTens-
HbIIA pe3ynbTaT aHrmorpadgum

Intravascular ultrasound (IVUS) used to assess the intra-
arterial location while traversing a long occlusion: A — the
IVUS catheter (C) is seen over a looped wire in an occluded
segment of the mid superficial femoral artery. An adjacent
wire is extra-arterial. SFA indicates the distal superficial
femoral artery beyond the occlusion; B — IVUS image
showing the catheter (C) in the middle of the artery and
adjacent to the femoral vein (FV). The diameter of the artery
was 6.1x6.2 mm, which represents to media and intima
and likely overestimates the reference lumen diameter;
C — stent deployment after successfully traversing the
occluded artery; D — final result on angiography

Fig. 4.

femoral) allows a retrograde wire to be snared and exteriorized
above and below the tibial or popliteal occlusion to provide a
rigid rail to drive catheters and balloons through an occlusion
(Figure 5, 6, 7).

The value of angiosome directed revascularization versus
restoring any straight-line flow into the foot is debated. The for-
mer assumes that revascularization of a tibial artery supplying the
angiosome of the ulcer or gangrenous region (Figure 8) is more
likely to promote healing than non-angiosome revascularization

'ﬁl

ala 6/b

B/C r/d

Puc.5. AHTerpapHbIi 6GeapeHHbI 4OCTYN Yepe3 o6y GeapeH-
Hyto apTepuio (OBA) cnpaBa. UHTpaonepauuoHHas aHruo-
rpacdmsa: a — OBA, rny6okas 6eppenHas aptepus (FBA),
NpoKCMManbHbI aHacTomMo3 rny6oko GeapeHHO-NOAKO-
neHHoe wyHTMpoBanue (F6MMLW); 6 — MGMLL, auctanbHbIA
aHacToMO3; B — CFenoil CerMeHT NOAKONEHHOW apTepumn
(MkA); r — nepepHsn Gonblebepuosas aptepus (MBBA),
OKKII031sA apTepuin roneHn

Antegrade femoral approach through CFA on the right
side. Intraoperative angiography: a — CFA, DFA, proximal
anastomosis DfPB; b — DfPB, distal anastomosis; ¢ —
blind segment of PopA; d — ATA, occlusion of the arteries
of the leg

Fig. 5.

which relies on increased collateral flow to an ischemic region. In
observational studies, wound healing was greater and amputation
lower with angiosome-directed compared to indirect (non-angio-
some) tibial revascularization [32]. However, these observations
may be confounded. Indirect revascularization, may be a marker
for more complex tibial disease, which may be associated both
with no option for angiosome directed revascularization and poorer
limb salvage. In one study, changes in foot microcirculation as-
sessed by skin perfusion pressure improved regardless of whether
the angiosome related tibial artery or the non-angiosome related
artery was revascularized [33]. Although it makes intuitive sense to
use an angiosome directed treatment wherever possible, if this is
not successful, any straight-line flow should be better than none.

Primary balloon angioplasty of tibial disease provides a
good response in most situations. Long balloons are specifically
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Puc. 6.

JTanbl onepauun: a — pekaHanusauns nepegHen 6onbleGepLOBON apTepu ¢ UCNONbL30BaHNEM MOANMULIMPOBAHHOTO KaTeTepa;

6 — TpaHcKonnarepanbHasi pekaHanusauus 3agHen 6onble6epLOBOi apTepun Yepes KOMMYHUKaHTHYIO BETBb Manoi GepLoBoi
apTepuu; B — peTporpagHas pekaHanusauus 3agHeii 6onblebepLoBoi apTepum; r — pekaHanu3aums UCToka 3agHeil 6onbebep-
LLOBOIA apTepun BCTPeYHbIMU NPOBOAHMKAaMU NPU NoAAepkKe MOAUGMLIMPOBAHHOTO KaTeTepa; A — peKaHanu3aums natepansHon

NaHTapHOM apTepuu
Fig. 6.

Stages of the operation: a — recanalization of the anterior tibial artery using a modified catheter; b — transcollateral recanalization

of the posterior tibial artery through the communicating branch of the small tibial artery; ¢ — retrograde recanalization of
the posterior tibial artery; d — recanalization of the origin of the posterior tibial artery with counter conductors supported by
a modified catheter; e — recanalization of the lateral plantar artery

designed to treat the often diffuse tibial disease with prolonged in-
flations. Stents are reserved for poor balloon results (re-occlusion,
recoil to more than 50% stenosis, flow-limiting dissection). Tibial
arteries are about 2.5-3.5 mm in diameter, and are usually trea-
ted with balloon expandable coronary stents with a spot-stenting
philosophy. Proximal lesions are somewhat protected by the bulk
of the calf muscle, but can theoretically be crushed by external
compression. Stent crush is more likely with extensive stenting
and stents in the distal calf. Poor outflow theoretically increases
the risk of stent thrombosis and may reduce the enthusiasm for
stenting. Randomized studies in tibial arteries show better paten-
cy and less need for reintervention with drug-eluting compared to
bare-metal coronary stents [34-36], with one trial showing lower
rates of amputation [35].

Compared to conventional balloon angioplasty, drug-coated
balloons for tibial interventions provided promising results in ear-
ly series and single center trials [37]. However, restenosis rates
were higher than drug-eluting stents in one small trial [38], and
the multicenter randomized IN.PACT DEEP study raised concerns
because of a trend to more amputations in the drug-coated versus
standard balloon angioplasty arms (8.8% versus 3.6%, p=0.08)
[39]. Reasons for the lackluster results compared to femoral-
popliteal disease include reduced drug delivery due to drug coa-
ting after balloon wrapping and poor drug-release characteristics.
Further randomized trials will explore their value in tibial arteries.

Atherectomy in tibial arteries is of uncertain value beyond
balloon angioplasty and stenting [31]. Long segment tibial
atherectomy could cause embolization which decreases out-
flow and distal perfusion. One recent report showed greater
acute success, but no difference in amputation, repeat revas-

Puc. 7. KoHTponbHas aHrnorpadus — npsimasi peBackynsipusaums
cTonbl U Tpodmyecknx gedekton
Fig.7.  Control angiography — direct revascularization of the foot

and trophic defects

cularization or mortality with laser assisted versus conventional
angioplasty [40].

Wire perforation of the tibial arteries is usually easily treatable
by low-pressure balloon angioplasty, but larger perforations may
require longer balloon inflations or covered stents to avoid a com-
partment syndrome which can cause ischemic muscle and nerve
injury and threaten the viability of the lower limb.

OPEN SURGICAL REVASCULARIZATION

The goals of surgical revascularization are to provide straight-
line flow into the foot, promote wound healing, and to limit the level
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AHIMOCOMBI HUXHEW KOHEYHOCTM HUXKE KomneHa
Angiosomes of the below-the-knee lower extremity

of amputation. Open surgery has higher risks of peri-operative myo-
cardial infarction, death and stroke than endovascular revascula-
rization. However, in critical limb ischemia, the potential loss of limb
and function may favor surgery when endovascular therapy is not
possible or not successful and patients otherwise have a reasonable
2 year survival [18]. Risk scores can help risk-stratify CLTI patients
having infrainguinal bypass surgery. For example, the PREVENT ||
risk score includes dialysis, tissue loss, age =75 years, and coronary
artery disease [41]. A higher score associates with a lower risk of
survival free from amputation. In addition to patient risk, assessment
includes vein mapping of saphenous vein to determine available
autogenous conduit. This is particularly important in patients who
may have had vein harvested for coronary artery bypass in the past.

Multilevel disease is often treated with hybrid revasculariza-
tion using endovascular techniques to treat inflow disease (e.g.,
iliac stenting), and surgical revascularization for femoral or infrain-
guinal disease (Figure 4) (e.g., common femoral endarterectomy,
and femoral popliteal bypass) [18]. Rarely, occlusion of the distal
aorta and iliac disease may require aorto-bifemoral bypass, cont-
ralateral femoral to femoral bypass [84-93], or axillary-femoral
bypass [18] (Figure 5, 6, 7).

Common femoral endarterectomy may extend into the pro-
ximal SFA or profunda artery. Closure is usually achieved with a
bovine or synthetic patch to reduce restenosis, or sometimes
with primary closure without a patch [18]. Complications include
wound infection (particularly in obese patients), hematoma and
lymph leak. This procedure offers a high long-term patency rate
(>90%) and considered superior to endovascular treatment par-

Peroneal angiosome

Peroneal

/ artery

Anterior
tibial artery

Anterior tibial angiosome

ticularly for heavily calcified disease involving the SFA and pro-
funda origins.

As with endovascular treatment, infrainguinal bypass relies on
good inflow and outflow. The three types of saphenous vein by-
pass are reversed (translocated) vein, nonreversed vein, and in
situ bypass where vein branches are ligated and the distal ends
mobilized and anastomosed to the artery. The latter two configura-
tions require excision of the valves with a valvulotome, which can
sometimes injure the vein conduit. Observational studies suggest
similar outcomes with all three configurations [18, 42]. Limb sal-
vage and graft patency are best with good quality, long, single-seg-
ment, autogenous vein with a diameter of at least 3.5 mm [43-45].
In the PREVENT IlI trial, bypass grafts with these characteristics
had a low 30day failure rate (less than 2%), and high secondary
patency and limb salvage at one year (approximately 90%) [45].

In pooled analyses, autogenous saphenous vein provided
better long-term patency than prosthetic grafts for above- and be-
low-knee grafts [44, 46, 47]. Prosthetic grafts of heparin-bonded
polytetrafluoroethylene may provide better outcomes than older
prosthetic grafts [48] with comparable results to autologous vein
in a one retrospective study [49]. Cryopreserved cadaveric vein
has poorer long-term patency results [50].

AMPUTATION

Minor amputations such toe, ray (toe and metatarsal), or
transmetatarsal amputations require an adequate blood supply
into the foot to maximize healing and are usually part of the treat-
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HuTpoaniocep

Puc.9. OHpapTepaktomma uz OBA cneBa ¢ nnacTuKoli ayToBEHO3HOI 3annaToii (a); 3aBeAeHNe MHTPOAbOCepa B NPUTOK ayTOBEHO3HOM
3annartbl (6). BoinonHeHa oTKpbITas 3HAapTepaKTOMMUA U3 06Lei GeapeHHON apTepum C NNacTUKOW ayTOBEHO3HOM 3annaTon. Mpu
BbleNeHUN ayTOBEHO3HOTO KOHAYMTA COXPaHeH KPYNMHbINA NPUTOK, 3aBeAeH UHTpoAbocep

Fig. 9. Endarterectomy from the CFA on the left side repair with an autovenous patch (a); insertion of the introducer/sheath into the inflow

of the autovenous patch (b). An open endarterectomy was performed from the common femoral artery with autovenous patch
repair. When the autovenous conduit is isolated, a large inflow is preserved, and an introducer is inserted

ment plan for gangrene or tissue loss after successful revascu-
larization. Generally, minor amputation does not limit functional
independence or require a prosthesis.

Major amputations (at or above the knee) limit functional
independence and require a prosthesis to walk. Although pre-
venting major amputation is a key goal, amputation may be
indicated for failed revascularization, patients with extensive
tissue loss or infection, patients unfit for surgical revascular-
ization with no endovascular options, and potentially non-am-
bulating patients. Up to one third of below-knee amputations
may require further surgery or an above-knee amputation due
to poor healing [53]. A patent popliteal pulse reduces the failure
rate of healing to less than 10%. More than 90% of above-knee
amputations heal, but only about 20% of amputees regain full
mobility with a prosthesis compared to 60% with a below-knee
prosthesis [53, 54]. Factors related to poor prosthesis use and
function after major amputation include increasing age, bila-
teral or above-knee amputations, dementia, and poor function
prior to amputation [54].

WOUND CARE

Wound care principles include improving perfusion into the
limb, treating infection, avoiding pressure on a wound, debride-
ment, and adequate nutrition (Figure 9, 10). Debridement of
devitalized or infected tissue by scalpel, collagenases, or even
maggots [55], promotes wound healing. Antibiotics may be re-
quired to treat infection to prevent osteomyelitis. Avoiding pres-
sure on the wound (e.g., off-loading the foot) also assists wound
healing [56]. The local temperature of the limb can be increased
using sheepskin (Rooke) boots and may improve superficial col-
lateral flow to help perfuse a limb [57]. Negative pressure dres-
sings (e.g., vacuum-assisted) increase capillary flow and help

Puc. 10. St. localis Ha MOMEHT BbINUCKN. AKTUBHO rpaHynupytowas
paHa npaBoW NATOYHoOI o6nacTu. Ha TpeTby cyTkn nocne
peBackynsipusauun BbINONIHEHA 3TanHas HEeKPIKTOMuUA
Tpochmyeckoit A3BbI NPaBOW NATOYHOW ob6nacTu. [lanee
aBa kypca NPWT-tepanuu. PaHa ounctunacb, aKTMBHO
rpaHynupyer. MauueHT BbinUcaH Ha ambBynaTopHoe neye-
Hue Ha 62-e CyTKW rocnuTanu3aumm.

Fig. 10. St. localis at the time of discharge. Actively granulating
wound of the right heel area. On the third day after
revascularization, a staged necrectomy of the trophic
ulcer of the right calcaneal region was performed. Next
two courses of NPWT therapy was done. The wound has
cleaned up and is actively granulating. The patient was
discharged for outpatient treatment on the 62nd day of

hospitalization

drain wounds [58]. Hyperbaric oxygen therapy offers no advan-
tages for amputation prevention, but may improve the more sub-
jective endpoint of wound healing in diabetes [59].
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In patients where there are no revascularization options, in-
termittent pneumatic compression may assist wound healing and
prevent major amputation [54]. To date, cell-based therapies such
as infusion of bone marrow derived mononuclear cells have not
prevented major amputation in patients with no revascularization
options [60].

MEDICAL THERAPY AND SURVEILLANCE
AFTER REVASCULARIZATION

Failure of endovascular and surgical treatment of CLTI due
to thrombosis, neointimal proliferation, or progression in athero-
sclerosis demands close surveillance of patients by providers with
vascular expertise. Surveillance also includes intensively treating
risk factors for atherosclerosis to reduce the high risk of cardio-
vascular events.

Recurrent ischemic pain in the leg, lack of progression in
wound healing, or a decline in ABIs are indicators of restenosis or
occlusion. Duplex ultrasound of bypass grafts is commonly prac-
ticed to identify graft stenoses for revision and preserve long-term
patency. However, this practice was not associated with lower am-
putation or better patency in one randomized trial [61], and there
are no randomized trials of its value after endovascular therapy.
Our practice after endovascular therapy includes a history and
exam, and to use duplex ultrasound in the femoral artery parti-
cularly after treating long segment disease or when symptoms or
poor wound healing raise concerns of patency [62, 63].

Evidence for therapies to prevent thrombosis or restenosis
after endovascular interventions is sparse and often extrapolated
from studies of coronary artery interventions. Low-dose aspirin is
usually given for life to prevent thrombosis of a treated segment,
but also other cardiovascular events. The duration of clopidogrel
to prevent occlusion of segments treated by endovascular tech-
niques is uncertain. Most clinical trials of bare-metal stenting use
dual-antiplatelet therapy for 1-3 months [19-21, 24], but data
extrapolated from medical studies of patients with peripheral ar-
tery disease, could justify longer treatment [64]. Clinical studies
from Japan suggest that cilostazol may reduce in-stent restenosis
[65-67], but this is not yet incorporated in recent guidelines of
revascularization for CLTI.

The value of anticoagulation for lower extremity bypass is con-
flicting with some trials showing benefit over aspirin for autoge-
nous vein versus prosthetic conduit and vice-versa [18]. Given the
increased risk of bleeding, most surgeons reserve anticoagulation
for graft thrombosis, or hypercoagulable disorders. There is no
benefit of adding clopidogrel to aspirin for graft patency [68].

Evidence for the value of intensive atherosclerosis risk factor
reduction is derived largely from observational studies and sub-
groups of patients with PAD in clinical trials. For example, PAD
patients who stop smoking have fewer cardiovascular events than
those who continue smoking [69, 70, 84, 92, 93]. Antiplatelet the-
rapy with aspirin [71, 72] or clopidogrel [73, 85], and angiotensin
converting enzyme inhibitors [74] decrease cardiovascular events
in patients with PAD. Intensive statin therapy consistently lowers

cardiovascular events in PAD patients compared to no statin or
low intensity statins [75-77]. In observational studies of patients
receiving revascularization for PAD, statin therapy is associated
with lower risks of cardiovascular events [63, 78-80], and limb
loss [63,81,82, 84-93]. In population studies, intensive risk factor
modification in patients with peripheral artery disease is impro-
ving, but still lags behind its use in patients with symptomatic co-
ronary disease [83].

CONCLUSIONS

Patients with CLTI have a high risk of limb loss without revas-
cularization and a high short term risk of cardiovascular events
compared to less severe forms of chronic peripheral artery di-
sease. Revascularization is indicated if it will prevent limb loss
and preserve ambulation and function, while intensive medical
therapy targets the risk factors for atherosclerosis progression
and cardiovascular events. Endovascular revascularization offers
a lower initial risk than open surgery, but recurrent disease from
restenosis is common in patients with CLTI. New drug-eluting
balloons and stents offer better longer-term outcomes after some
endovascular revascularizations, but further long-term data on du-
rability is required in order to assess their overall benefit given the
increased costs of initial treatment. Close follow-up focusing on
wound care and prevention, risk factor management, and surveil-
lance for new and recurrent disease is required.

AOMONHUTENBbHAA UHOOPMALIUA

Bknapg aBTOpoB. Bce aBTOpbI BHECNU CYLLECTBEHHbIA BKNa
B pa3paboTKy KOHLEMLWW N NOArOTOBKY CTaTbM, MPOYnu 1 0406-
punu huHanbHy BEPCUIO nepes nybnukaumnen.

KoHdnukt uHTepecoB. ABTOpbI AEKNapUpYT OTCYTCTBUE
SIBHbIX W NOTEHLManbHbIX KOH(IMKTOB MHTEPECOB, CBSA3aHHbIX C
nybrnukaumen HacTosILLen cTaTbi.

WUcTouHuk chmHaHcuMpoBaHus. ABTOpbI 3asBNsOT 06 OT-
CYTCTBWM BHELHEro (hMHaHCMPOBaHWA.
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