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Abstract

The most common complications after percutaneous vascular interventions are complications at the
site of access. The use of retrograde tibial-pedal access could reduce the risks of significant complications
at the puncture site compared to traditional femoral access.

Purpose: In this study, we aimed to determine the efficacy and safety of primary tibial-pedal access
for revascularization of chronic total occlusion of the femoral-popliteal and infrapopliteal segments in
patients with critical lower limb ischemia.

Materials and Methods: We conducted a retrospective analysis of 18 patients from January 2022
to August 2024. Patients were selected according to the following criteria: patients with categories 3,
4, 5 according to the Rutherford classification and stages 3,4 according to the Fontaine classification;
femoropopliteal (FP) lesion with or without involvement of the infrapopliteal (IP) segment; the presence of
blood flow in one or more distal or pedal segments of the main arteries of the leg and foot; informed consent
of patients for the intervention.

Results: The overall procedural success rate of the intervention was 100%. The average age of
patients was 74+5 years. The majority of the subjects were women (66.7%). Comorbidities such as diabetes
mellitus (66.7%), arterial hypertension (55.5%), coronary artery disease (38.9%), and hyperlipidemia
(77.8%) were diagnosed. The artery of choice in the majority of cases was the anterior tibial artery 13
(72.2%) Balloon angioplasty combined with stent placement was performed in 14 cases (77.8%). Minor
bleeding at the puncture site occurred in 1 case (5.5%). There were no signs of major bleeding, hematomas,
MALE, MACE, or death in any case. All patients experienced relief of pain of ischemic origin.

Conclusion: Retrograde tibial-pedal access is technically easier with a tendency to fewer
complications. This technique can be used as a primary procedure or as an alternative to antegrade femoral
access in complex patients with a high risk of hematoma formation.

Keywords: primary retrograde tibial-pedal access, primary retrograde distal access, critical lower
limb ischemia, CLI, peripheral artery disease, PAD.

Introduction

Critical limb ischemia (CLI) is the
terminal stage of occlusive peripheral arterial
disease and is characterized by chronic pain at
rest and loss of tissue and limbs. The annual
incidence of CLI is 100 cases per 100,000
population, and mortality reaches more than
20% in the first 6 months after diagnosis [1]. The
most common causes of CLI are atherosclerosis
and vascular complications of diabetes mellitus
[2, 3]. There is a close connection between
diabetes mellitus and CLI [4]. Every year, more
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than 1 million lower limb amputation operations
are performed in the world for diabetes mellitus,
more than 600 thousand patients lose their
eyesight, approximately 500 thousand patients
develop kidney failure [4].

Currently, there are open, endovascular
and hybrid methods of vein arterialization
with various modifications and technologies.
However, there are no large studies in the
modern literature comparing the safety and
efficacy of these methods in the short and long
term [5]. Traditionally, endovascular methods of
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revascularization of both the femoral-popliteal
and tibial-pedal segments are performed through
antegrade ipsilateral femoral or retrograde
contralateral femoral access. However, the
most common complications after percutaneous
vascular interventions are complications at the
site of access [6, 7].

Complications at the site of access
include hematoma of varying severity, as well
as stenosis or occlusion of the site of access.
Post-access groin hematomas can be treated
expectantly with transfusions and thrombin
injections only, but if a pseudoaneurysm is
present, re-intervention by open surgery or
endovascular means is necessary. The reasons
for this may be obesity, calcified artery,
stenosis, thickness of the introducer, experience
of the surgeon and others [6]. According to
various data, complications at the puncture site
can reach up to 5%, of which up to 1% require
surgical intervention [8].

Hypothetically, the use of retrograde
tibio-pedal access could reduce the risks of
significant complications at the puncture site
compared to traditional femoral access, due
to the smaller diameter of the artery and the
proximity of the artery to the skin. In addition,
the proximal "cap" of chronic total occlusion
is often denser and presents difficulties with
antegrade intraluminal recanalization even
in experienced endovascular surgeons. In
this regard, retrograde distal access can be
considered as an alternative and safer approach
to endovascular revascularization in order to
save the limb.

A retrograde approach to endovascular
recanalization of femoral-popliteal lesions
was first described more than 30 years ago [9].
Most often, the target artery for puncture with
retrograde access is the artery of the back of
the foot and the anterior tibial artery, but it is
also possible to puncture the posterior tibial or
peroneal artery. Notably, there are limited data
regarding the success rate and safety of chronic
total occlusion (CTO) intervention viaretrograde
access, as published studies have included only
a few patients with femoro-popliteal CTO [10].

Purpose.

In this study, we aimed to determine the
efficacy and safety of primary tibial-pedal access

for revascularization of chronic total occlusion
of the femoral-popliteal and infrapopliteal
segments in patients with critical lower limb
ischemia.

Materials and Methods

We conducted a retrospective analysis
of 18 patients at the Limb Salvage Center of
the Private Clinic Almaty clinic from January
2022 to August 2024. All patients underwent
ultrasound duplex scanning and CT angiography
of the lower extremity arteries for diagnostics
and planning of procedure.

Patients were selected according to the
following criteria: patients with categories 3,
4, 5 according to the Rutherford classification
and stages 3, 4 according to the Fontaine
classification; femoropopliteal (FP) lesion with
or without involvement of the infrapopliteal
(IP) segment; the presence of blood flow in
one or more distal or pedal segments of the
main arteries of the leg and foot; informed
consent of patients for the intervention. Relative
indications were the obesity, flush- occlusion of
the superficial femoral artery, calcified common
femoral artery, severe comorbid background,
rigid scars after previously open surgery in
the groin on the ipsilateral side. Patients with
secondary (auxiliary) retrograde distal access
were excluded from the study. The target artery
for access were a. tibialis anterior, a. dorsalis
pedis, a. tibialis posterior, a. peronea.

In all cases, access was performed under
duplex ultrasound navigation, a linear sensor
was installed transversely or longitudinally to
the access artery, a hydrophilic radial introducer
S5F, 6F with a 22G needle was used. Access was
performed under local anesthesia with Novokain
0.5%. To relieve arterial spasm, Verampamil,
Nitroglycerin, or Papaverine were used. A TR
Band pressure bandage was installed at the
puncture site for 3 hours under ultrasound duplex
navigation in all patients. Further observation of
patients was carried out for 30 days.

The study complies with the Declaration
of Helsinki and was approved by the Institutional
Review Board. The authors and co-authors of
the article have no conflicts of interest.

Results

According to the analysis the average age
of patients was 74+5 years. Risk factors closely
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associated with the development of CLI include
advanced age, diabetes mellitus (DM), smoking,
and female gender. The majority of the subjects
were women (66.7%) with comorbidities such as
diabetes mellitus (66.7%), arterial hypertension
(55.5%), coronary artery disease (38.9%), and

Table 1. Baseline characteristics of patients.

hyperlipidemia (77.8%). A significant number
of patients had a high BMI of 32+5.8. The
majority of patients (83.3%) underwent primary
intervention, while the remaining three patients
had previously undergone interventions in the
lesion area (Table 1).

Age (years)
Male/Female
Hypertension
DM

CAD

Smoking

CKD3 and above
Hyperlipidemia
BMI (kg/m2)
Prior intervention
Hemoglobin (g/1)

74 +4,7
6 (33,3%)/12 (66,7%)
10 (55,5%)
12 (66,7%)
7 (38,9%)
4(22,2%)
2 (11,1%)
14 (77,8%)
32458
3 (16,7%)
112 +£21

DM=Diabetes Mellitus; CAD=Coronary Artery Disease;

CKD=Chronic kidney disease;
BMI=Body Mass Index.

Source: Made by authors

The overall procedural success rate of the
intervention was 100%. The artery of choice in the
majority of cases was the anterior tibial artery 13
(72.2%), while the peroneal artery was not used in
any case. With one patient, after dissection of the
anterior tibial artery, the approach was changed to the
posterior tibial artery. In more than half of the cases,
the femoropopliteal and ipsilateral tibial segment

Table 2. Procedural characteristics.

were revascularized (55.5%). Balloon angioplasty
combined with stent placement was performed in
14 cases (77.8%). Drug eluting balloons (DEB) or
drug coated balloons (DCB) were used only in 5
patients (27.8%), where the main indications for
their use were previous interventions in this lesion
area. (Table 2).

NCo

Success rate

18 (100%)

Primary access to the target artery

ATA/a.dorsalis pedis
PTA
PA

13 (72,2%)
5(27,8%)
0 (0%)

Revascularized segment

Femoro-popliteal (FP)
Tibial
FP+Tibial

12

8 (44,4%)
0 (0%)
10 (55,5%)
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Type of intervention

Balloon angioplasty (POBA)
Balloon angioplasty (DEB, DCB)
Stent placement

Time of fluoroscopy (min)
Contrast volume (ml)

Heparin volume (units)

13 (72,2%)
5(27,8%)
14 (77,8%)
128 + 46
52+ 18
6112 + 1388

ATA=anterior tibial artery; PTA=posterior tibial artery; PA=peroneal artery; POBA=plain old balloon
angioplasty; DEB=drug eluting balloon; DCB=drug coated balloon.

Source: Made by authors

Of all the interventions, there was minor
bleeding at the puncture site in 1 case (5.5%), which
did not require hemotransfusion and was resolved
by using an additional pressure bandage. In one case,
after insertion of the sheath, arterial dissection was
observed, in connection with which it was decided

Table 3. Complications and 30-day follow-up.

to use access through the other ipsilateral tibial
artery with subsequent exposure with a balloon at
the site of the first puncture. There were no signs
of major bleeding, hematomas, MALE, MACE, or
death in any case. All patients experienced relief of
pain of ischemic origin. (Table 3).

Immediate complications

Bleeding

Hematoma

Access artery occlusion
Access artery dissection
MALE

MACE

Death

1(5,5%) (minor)
0(0%)
0(0%)

1(5,5%)
0(0%)
0(0%)
0(0%)

30-day follow-up

Worsening kidney function
MALE

Access artery occlusion
MACE

Death

AV-fistula

2(11,1%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)

MALE=major adverse limb events; MACE=major adverse cardiovascular events; AV-fistula=arterio-

venous fistula.
Source: Made by authors
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Case report

87-year-old woman with critical limb
ischemia and gangrene of 2nd and 3rd fingers.
In past medical history she had CAD, DM and
obesity (BMI=42 kg/m2). Prolonged chronic total
occlusion of superficial femoral artery, posterior

tibial artery and peroneal artery was revealed in
CT-angiography. Using primary retrograde access
to a single ATA, blood flow to all segments was
restored. After the procedure 2,3,4 fingers were
amputated with fast healing of wounds. (Figure 1,
Figure 2).

Figure 1. Technical features of retrograde tibial-pedal access. (A) Fluoroscopy showing
the wire through the distal anterior tibial artery. (B) Introducer inserted percutaneously
into the anterior tibial artery. (C) View after the successful revascularization of femoro-
popliteal and infrapopliteal segments. (D) TR band placement and Introducer removing.

Source: Made by authors
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Figure 2. Follow-up of wound healing after the procedure. (A) Gangrene of 2nd and 3rd
fingers. (B) Second day after the amputation of fingers. (C) View after plastic surgery of
the wound with local tissues of the 4th finger. (D) 2 weeks after the surgery.

Source: Made by authors
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Discussion

CLI patients are prone to higher risk
of limb loss (amputation) and cardiovascular
complications. The main aim of CLI management
is to decrease the limb amputation [11]. Retrograde
transpedal or tibial access has been used as an
alternative approach since 2005, along with the
specialized CTO crossing and reentry devices. With
improved equipment combined with antegrade
and/or retrograde techniques, the success rate of
endovascular therapy in the femoropopliteal (FP)
CTO has significantly improved from 75% in 2001
to 81%—-94% in 2014 [12, 13]. In many instances,
retrograde access with tibio-pedal access (TPA) can
facilitate procedural success. Recently, to prevent
femoral access-related complications, transradial
approach (TRA) and/or TPA may also be an
acceptable treatment strategy for FP CTO.

Interestingly, in our cases, at 30-day follow
up, all patients reported having symptomatic
improvement, while there were no cases of
acute limb ischemia, death, or worsening kidney
dysfunction.

Conclusion

Retrograde tibial-pedal access is technically
easier and tends to have fewer complications.
This technique can be used as a first step or as an
alternative to antegrade femoral access in complex
patients with a high risk of hematoma formation.
Since this is a new technology, further research and
understanding of its ideal use cases is needed.
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AAKTBIH AYBIP NIIEMUSACHI KE3IH/IE BACTAIIKBI PETPOI'PAITBIK TUBHO-
HEJAJBABI XUPYPI'UAJIBIK KOJIBIH KOJJIAHY
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Angarna

Tepi apKbUTBI KaH TAMBIPJIAPBIHBIH apaacyblHaH KEHiHT1 €H JKHi Ke31eCETiH aCKbIHYJAp Kipy OPHBIH/IAFbI
acKbIHyIap OOJIBIN TaOBUTAABL. PeTporpaaThIK JUCTATBIBI KOJI KETKI3Y Il Maiaanany A9cTypiii heMopaibabl KO
’KETKI3yMEH CaJIBICTBIPFaH/1a MyHKIUS OPHBIH/IA eeyITi aCKbIHYIAapAbIH KayIliH a3aiTa bl

Maxcampi. Byn 3epTTeyaiH MakcaThl TOMEHT1 asKThIH ChIHH MIIEMHSCH Oap emaenymiiepae GeMopo-
HOTUTUTAJIBABI KOHE HH(PATOIUIUTENBAbl CETMEHTTEPIHIH CO3BUIMAIBI OKKIIIO3HSIAPhIH PEBACKYIIAPH3ALHMAIAY
YLIiH GacTanKpl peTpOrpaAThIK JUCTANB/IbI TOCUIIIH THIMIUIIT MEH KayilCi3/IiriH aHbIKTay OOJIbI.

Mamepuandap men adicmep. Anmatel Private Clinic Ask cakrtay oprtanbirbiHga 2022 KbUIIBIH
KaHTapbIHaH 2024 KbUIABIH TaMBI3bIHA JIeHiH 18 HayKacKa peTpOCTIeKTUBTI Tanay xacanpl. [laruentrep keneci
KpuTepuiiiep OolibiHIIa Tanaanasl: Pyaepdopa kinaccudukanusicsl 6oiibiHma 3,4,5 canattapsl sxoHe DoHTEHH
Kiaccudukanusicel OobIHINa 3,4 KeseHaepi 6ap HayKacTap; MH(PANOIUIMTEANb/bl CETMEHTIHIH KaTbICybIMEH
HeMece OHCBI3 (heMOPOTIOTUINTAIIB/II 3aKbIMIaHY; asKTHIH Oip HeMece OipHelie OeNnThIp CerMeHTIHIH apTepusiia-
PbIH/A KaH aFbIMBIHBIH OOJTYBI; MAIIMEHTTEP/IIH aKMapaTTaHABIPbIIFaH KeTiCiMi.

Homuoicenepi. Tlponenypanbie cottimiri 100% Oonael. HaykactapabiH opramia skackl 7445 kacTel
kypazsl. [lanmentrepain kemmimiri sienaep 6omast (66,7%). Kant muaderi (66,7%), apTepHsIbIK THIIEPTEH-
3ust (55,5%), KypeKkTiH HIeMUsUIbIK aypysl (38,9%) xone runepnunuaemus (77,8%) CHAKTBI KaTap KYpeTiH
aypynap anbsikTanael. Ken sxarmaiina tTagnay a.tibialis anterior 13 (72,2%) 6omnnpl. 14 xarnaiina (77,8%) creHt
KOIOMEH OipiKTipinreH 0ayIoH bl aHTMOIIACTHKA JKacallibl. BapibIK apanacynapablH ilIiH/e MyHKIUS OpHbIHAA
a3araH KaH kety 1 xkarmaiina (5,5%) Oaiikanael. Embip xarnaiiaa eneymi KaH KeTynep, reMatomManap, xKypek-
TaMBIp XKylHeci TapanblHaH KaFbIMCBI3 KYOBUIBICTAp HeMece oJiM Oenrinepi 0osiraH oK. bapiblk manuenTrep
UIIEMHSIBIK ce0enTepMeH KaThICThI aybIPChIHYIAPBI KEHUTACH/II.

Kopvimsinovl. PeTporpaarsl OIpIHIIUIIK AUCTANbABl SMIC TEXHHKANBIK TYPFBIIAH KapamailbiM jKoHe
ACKBIHYJaphI a3bIpak Oomaabl. By omicTi reMaToOMaHbBIH Maiiaa 00Ny Kayrii sKOFapbl KypAemi eMJIenyIiiepae
HET13T1 9J1iC PeTiH/ie HeMece aHTerpaAThIK (heMOopalb/Ibl 9/licke Oanama peTiHje naiinananyra Oomasl.

Tyiiin ce30ep: Oacmankvl pempocpaomvix MUOUO-NEOAIbObL  XUPYPIUSILIK  JHCOIbL, OACMANKb
DpempozpOmviK OUCIANbObL XUPYPUALLIK HCOTIbL, AAKMbIY APMEPUATAPLIHbIY KPUMUKawlk uuemuscel, AKH.

NPUMEHEHHUE NEPBUYHOI'O PETPOI'PAJHOI'O TUBUO-IIEJAJBHOTI'O JOCTYIIA
Y HAIIAEHTOB C KPUTUYECKON MIIEMHAENX HU)KHUX KOHEUHOCTEM

*T.K. Taxxunodaes, A.A. bayoexos, H.O. Omapos, A.K. HycunakbiHos,
C.T. Hypmarauoer
TOO «Private Clinic Almaty», Ka3zaxcran, AnmaTs
*Koppecnonoupyrowuti agmop

AHHOTaN A
HawnbGosee 4acTbiMU OCIOKHEHUSAMH TOCIIE YPECKOKHBIX COCYAUCTHIX BMEIIATEIbCTB SIBISIOTCS OCTOXK-
HEHHS B MECTE J0CTyMa. Mcmonb30BaHNe PETPOrpagHOro IUCTAILHOTO AOCTYIIA MMO3BOJIAET CHU3UTh PUCKH 3HA-
YUMBIX OCJIOKHEHHUH B MECTE IMyHKIIUH 110 CPABHEHHIO C TPATUIIMOHHBIM OCAPEHHBIM JIOCTYTIOM.
L]envo TaHHOTO UCCIENOBaHUS ObLIO ompenencHue dPpGEeKTHBHOCTH 1 030MAaCHOCTH TIEPBUIHOTO Pe-
TPOTPATHOTO TUCTAIBHOTO J0CTYTIA ISl PEBACKYIISPU3AIIH XPOHUUECKUX OKKITIO3UI OeIpeHHO-TI0IKOJIEHHOTO
1 OEpIIOBOTO CETMEHTOB Y MAI[MEHTOB C KPUTUYECKOM HIIEMHUEN HIKHUX KOHEUYHOCTEH.
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JKYPHAJ KABAXCTAHCKO-POCCHUMCKOIO MEJJULIMHCKOTO YHUBEPCUTETA

Mamepuanvt u Memoowl. TIpoBesieH peTpocneKTUBHbIN aHanu3 18 maruenTtoB B LlenTpe cnacenus ko-
HewHocteill knmunuku Private Clinic Almaty ¢ saBaps 2022 roga nmo asryct 2024 roaa. IlauuenTsl oroupanich
0 CJIETYIONMM KPUTEpUsIM: MalueHTsl ¢ 3,4,5 kareropsmu mo kiaccudukanuu Pynepdopaa u 3,4 cragusimu
no kinaccudukanun OoHTelHa; mopaxeHne 6epeHHO-TI0JKOJICHHOTO ¢ BOBICYEHHEM WK Oe3 BoBIeueHHs Oep-
IIOBOTO CErMEHTa; HAIMYME KPOBOTOKA B OJHOM WJIM HECKOJIBKHUX METCTPalbHBIX apTE€pUil TOJICHU U CTOIIBI;
UH(POPMHUPOBAHHOE COTJIACHE TTAIIUEHTOB Ha BMEIIATENIBCTBO.

Pesynomamur. 'Y cnemnocts npoueaypsl coctaBuisl 100%. Cpeauuii Bo3pact nanueHTOB cOCTaBUA 7445
JeT. BONBIIMHCTBO MAMeHTOB ObUTH kKeHIMHaMU (66,7%). JlnarHoCTUpOBaHbl TaKKe COMYTCTBYIOLIME 3200-
JIeBaHUsl, KaK caxapHblii auadet (66,7%), apTepuanbhas runeprensus (55,5%), umemuueckas 00J1e3Hb cepana
(38,9%) u runepmunuaemus (77,8%). Aprepueii BbiOOpa B 60IbLIIMHCTBE CyyaeB Oblia mepeanss 6onbiiedep-
noBas aptepust 13 (72,2%). U3 Bcex BMeNaTeNbCTB Majioe KPOBOTEUEHHE B MECTE IMyHKIMU Ha0I0Aan0ch B 1
ciydae (5,5%). Hu B ojHOM citydae He ObII0 TPU3HAKOB 3HAUMMOTO KPOBOTEUECHU S, FTEMATOMBI, HeXKeIaTeIbHbIX
CepJIeYHO-COCYANUCTBIX COOBITUI MM cMEpTH. Y BCEX MalieHTOB HAOMIOAANOCH KYyIMpOBaHHE 0OJIEBOTO CHH-
ApOMa UILIEMUYECKOTO XapaKTepa.

Bb1600b1. Petporpaanblii HepBUYHbIA TUCTATBHBIA JOCTYN TEXHUYECKU IPOLIE U UMEET TeHJCHIHUIO K
MEHbIIEMY KOJIMYECTBY OCIOKHEHUH. DTOT METO MOKET OBITh IPUMEHEH B KaUueCTBE OCHOBHOT'O JOCTYTIA WU
KakK aJbTepHATUBA AaHTETPAJHOMY OEAPEHHOMY JOCTYIY Y CIOKHBIX MALMEHTOB C BHICOKMM PHCKOM 00pa3oBa-
HHSI TeMaTOMBI.

Knrouegvie cnosa: nepsuunbviii pempozpaonwlii mubuo-neoarbHbiil 00CmMyn, Nepeuytblil pempocpaoHbiil
oucmanbHbll 0ocmyn, Kpumudeckas uwiemus Huxcnux xoneurnocmeti, KMHK, 3aboneseanus nepughepuyeckux
apmepuil, 311A4.
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