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IN PATIENTS WITH DIABETIC FOOT

D. Shapovalov, Y. Hupalo, V. Shaprynskyi, A. Shamray-Sas, A. Kutsin, V. Gurianov

State Institution of Science «Research and Practical Center of Preventive and Clinical Medicine» State Administrative Department, Kyiv, Ukraine

Summary

Background. Peripheral arterial diseases in patients with diabetic foot (PAD/DF) have significant
differences in pathogenesis, manifestations and course compared with peripheral arterial diseases
(PAD). These differences cause creating classifications to access severity PAD/DF and PAD sepa-
rately. But approaches to revascularizations in PAD/DF and PAD remain the same. The choice of
revascularization method taking into account the features can significantly improve its results.
Aim: to determine specific features of peripheral arterial diseases in patients with diabetic foot that
influence the choice of revascularization method.

Material and methods. We analyzed results of 98 revascularizations of 77 lower extremities in
74 patients in the period from 2014 to 2019. Angioplasties were performed 72,3%, open operations —
21,4%, hybrid procedures 6,1%.

Results. Amputation-free survival during the year was 84,6%. Healing of trophic disorders during
the year was 70,5%.

Conclusions. At the diagnostic stage, patients with PAD and PAD / DF should be separated for
creating the optimal treatment plan and the choice of revascularization technique. Different ap-
proaches to the PAD/DF patients can improve the results of revascularizations.

Key words: peripheral arterial diseases, diabetic foot, angiosome-targeted revascularization,
angioplasty

INTRODUCTION

PAD of the lower extremities are common age-re-
lated pathology which significantly impair the quality of
life and lead to disability of people over 50 years. In the
trial PARTNERS (PAD, Awareness, Risk and Treatment:
New Resources for Survival) were examined 6979 people
over 50 years in 320 clinics (USA). PAD were found in
29% (1865 patients) [1].

Diabetics are 2.7 times more prone to peripheral
artery disease than people of the same age without dia-
betes [2].

The probability of large amputation in PAD/DF is

were analyzed, the monitoring period was 3 years. Open
interventions were performed 228, endovascular inter-
ventions — 224.

50-90% of patients survived for 2 years. The large
discrepancy is due to risk factors: old age, overweight, di-
abetes, renal failure, arteries below the knee, and so on.

172 patients (38%) escaped high amputation By the
end of the follow-up period — 3 years — 202 (45%) of which
survived. That is, 84.4% of the survivors were patients
whose limb was saved. The authors of the study empha-
size the need for a differentiated approach to the choice
of revascularization techniques taking into account risk

six times higher than in non-diabetics [3].

Amputation-free survival as an important factor
of the lifetime.

The results of a multicenter randomized BASIL study
were published in 2010. The results of revascularization in
452 patients with severe ischemia of the lower extremity
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factors [4].

Mortality after major amputation is significantly
higher for patients with diabetes compared to non-dia-
betes patients. At the first week mortality rate was 30%
for diabetes patients versus 8% non-diabetes patients, at
1 year 80% versus 57% [5].
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PATHOMORPHOLOGICAL FEATURES PAD/DF
Typical localisation of artery lesions in PAD/DF:

According to the literature the arteries lesions in di-
abetes are localized in below-the-knee arteries in 74% [6].

According to our data, hemodynamically significant
lesions in below-the-knee arteries were found in 83.33%
of cases.

Knee-level lesions

M Above

M Below

Microangiopathy: DM is characterized by patho-
logical changes in the arterioles and capillaries thickening,
which is another factor that impairs the trophism of the
tissue of the foot. Microangiopathy is an additional factor
that enlarges tissue ischemia of the foot and speeds up the
development of necrotic changes.

Neuropathy and PAD/DF: One of the leading fac-
tors in the development of PAD /DF, in addition to those
mentioned above, is diabetic neuropathy. The common
consequences of neuropathy are the absence of pain, re-
duced local tissue response, impaired human behavioral
response to tissue damages.

Neuropathy affects pathological changes in the arte-
rial wall. The damage to the autonomic innervation of the
arterial wall causes dysfunction of myocytes, their transfor-
mation into connective tissue cells, replacement of myo-
cytes with connective tissue, which leads to the formation
of atherosclerotic plaques [7].

Mediacalcinosis is typical for diabetic lesions of the
arterial wall and is also a consequence of neuropathy. Nor-
mally, vascular smooth muscle cells under the influence
of sympathetic innervation produce inhibitors of calcium
uptake and retention. In diabetic neuropathy, sympathetic
nerve damage inhibits the synthesis of calcification inhib-
itors and promotes calcium deposition in the middle layer
of the arterial wall [8].

Dependence of diabetic neuropathy on PAD. In a cohort
study by E. Faglia et al. [9]. Angiography was performed on

36

567 diabetics with signs of critical foot ischemia (trophic
disorders, pain at rest) to diagnose arterial lesions. Ac-
cording to her results, out of 567, only 3 patients did not
have hemodynamically significant (> 50% of the lumen)
stenoses of the arteries of the lower extremities.

Infection: A pathological state caused by invasion
and multiplication of microorganisms in host tissues ac-
companied by tissue destruction and/or a host inflam-
matory response. Typical progression of the diabetic foot
infection is in the IDSA/IWGDF [10].

Studies of the amputated limb arteries have
shown infection of atherosclerotic plaques much prox-
imal to the area of trophic lesions of the foot and leg.
The authors suggest that the accession of bacterial infection
of the walls of arteries or atherosclerotic plaques may be
a synergistic factor that worsens the course of the disease
and leads to amputation of the limb faster [11].

PAD AND PAD/DF CLASSIFICATIONS

The correct choice of classification allows to ade-
quately assess the clinical case and choose the right treat-
ment tactics

Confusion due to the use of several classification sys-
tems prevents the development of optimal treatment algo-
rithms for patients with chronic lower extremity ischemia [12]

The main clinical signs of PAD are given in the most
common classifications Fontain and Rutherford.

In cases PAD without diabetes the main symptom
is intermitten claudication. Foot trophic disorders are
considered signs of the last stages before the threat of the
loss of the limb.

Fontain classification.
I cT. Asymptomatic, incomplete blood vessel obstruction.
II ct. Mild claudication pain in limb.
[Ia. Claudication at a distance < 200 m
116. Claudication at a distance < 200 m
III cT. Rest pain, mostly in the feet
IV ct. Necrosis and/or gangrene of the limb.

The classification is based on the patient’s sub-
jective assessment of the pain syndrome, the objective
signs — necrotic changes — are assessed only at the last
stage. Rutherford’s classification is similar in principle,
but uses the ankle-shoulder index as an objective criterion.

PAD/DF: COMPARATIVE FEATURES

When combining PAD and diabetes mellitus, the de-
velopment and manifestations of ischemia are significantly
influenced by the above pathogenetic factors.

Infection, ulceration or destruction of tissues of the
foot associated with neuropathy and/or peripheral artery
disease in the lower extremity of a person with (a history
of) diabetes mellitus [10].
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In PAD/DF, unlike PAD, trophic changes of the
lower leg and foot in the form of ulcers and focal necrosis
may be only the beginning of the disease, ischemia is not
always a mandatory component.

Correct assessment of the severity of tissue damage,
the influence of certain pathogenetic factors required de-

Modern classifications recommended by the Inter-
national Working Group of Diabetic Foot [10] — WIFi,
IWGDF/IDSA and SYNBAD.

SINBAD classification is recommended for severity
assessment trophic disorders.

. e SINBAD classification.
tailed classifications.
Category Definition Score
Forefoot 0
Site
Middlefoot or hitefoot 1
Pedal blood flow intact: at least one palpable pulse 0
Ischemia
Clinical evidence of reduced pedal flow 1
) Protective sensation intact 0
Neuropathia
Protective sensation lost 1
Bacterial infection None 0
Present 1
Area Ulcer < 1sm 0
Ulcer > 1 sm 1
Depth Ulcer confined to skin and subcutaneous tissue 0
Ulcer reaching muscle, tendon or deeper 1
Total 6

So a small uninfected trophic ulcer gains 0-1
points in contrast to the Fontain classification, ac-
cording to which trophic changes correspond to stage
IV, the most severe. To assess the severity of the infec-

tious process IWGDF/IDSA System is recommended.
WISI system classification is recommended for a com-
prehensive assessment of the severity of the foot and
treatment prospects

WIfl system: Wound, Ischemia, Foot infection

il Diabetic foot ulcer (DFU) Gangrene
grade

0 No ulcer No gangrene
Clinical description: minor tissue loss. Salvageable with simple digital amputation (1 or 2 digits) or skin coverage.
Small, shallow ulcer(s) on distal leg or foot; no No eanerene

1 exposed bone, unless limited to distal phalanx gang
Clinical description: minor tissue loss. Salvageable with simple digital amputation (1 or 2 digits) or skin coverage.
Deeper ulcer with exposed bone, joint or tendon; generally not . ..

5 involving the heel; shallow heel ulcer, without calcaneal involvement Gangrenous changes limited to digits
Clinical description: major tissue loss salvageable with multiple (>3) digital amputations or
standard transmetatarsal amputation (TMA) = skin coverage.
Extensive, deep ulcer involving forefoot and/or midfoot; Exten§1ve ge%ngrene. involving forefoot gnd

. . /or midfoot; full thickness heel necrosis 6

deep, full thickness heel ulcer * calcaneal involvement .

3 calcaneal involvement
Clinical description: extensive tissue loss salvageable only with a complex foot reconstruction or non-traditional
TMA (Chopart or Lisfranc); flap coverage or complex wound management needed for large soft tissue defect
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Is(c;hemia Ankle-Brachial Index Ankle systolic pressure

rade (mmHg)
0 >0.80 >100 =60
1 0.6-0.79 70-100 40-59
2 0.4-0.59 50-70 30-39
3 <0.39 <50 <30

Foot infection

Clinical manifestation

* Local tenderness or pain
* Local warmth

Grade
No symptoms or signs of infection
Infection present, as defined by the presence of at least 2 of the following items:
* Local swelling or induration
0 * Erythema >0.5 to <2 cm around the ulcer

* Purulent discharge (thick, opaque to white, or sanguineous secretion)

Local infection involving only the skin and the subcutaneous tissue (without involvement of

deeper tissues and without systemic signs as described below).

Exclude other causes of an inflammatory response of the skin (e.g., trauma, gout, acute Charcot neuro-
osteoarthropathy, fracture, thrombosis, venous stasis)

Local infection (as described above) with erythema >2 cm, or involving structures deeper than skin and
2 subcutaneous tissues (e.g., abscess, osteomyelitis, septic arthritis, fasciitis), and
No systemic inflammatory response signs (as described below)

the following:
» Temperature >38°C or <36°C
* Heart rate >90 beats/min

Local infection (as described above) with the signs of SIRS, as manifested by two or more of

* Respiratory rate >20 breaths/min or PACO2 <32 mm Hg
» White blood cell count >12,000 or <4000 cu/mm or 10% immature (band) forms

The leading pathogenetic factor in PAD is ischemia and
surgical revascularization is the main way to the limb salvage.

In PAD/DF the foot revascularization is only a com-
ponent of comprehensive treatment in contrast to PAD.
Adequate and timely debridement, control of infection,
unloading of the affected parts of the foot, preservation of
active support function of the foot are necessary to save
the limb.

CLINICAL PURPOSE OF REVASCULARIZATION
IN THE PAD/DF

The main purpose of revascularization is the Improv-
ing of Quality of Life (IQL). We defined IQL as sufficient
distance of active walking, reduction of pain and healing
of trophic disorders.

Limb salvage we defined not only as amputation-free
survival, but also the saving of the supporting function of
the foot without additional mobility devices (wheelchairs,
crutches). This is the similar to the definition of Tefera et
al. 2005 [13].

Improving of quality of life
| 2. Limb salvage |

3. Healing of trophic disorders
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TECHNICAL PURPOSE OF REVASCULARIZATION
IN THE PAD/DF

In PAD and PAD/DF the main task is to increase
blood flow to the limb.

In 2007 within the framework of the internation-
al consensus TASK-II, a classification of lesions of the
arteries of the lower extremities was developed with rec-
ommendations for the use of surgical methods of revas-
cularization [14].

In patients with PAD/DF is important to direct blood
flow to the one of foot arteries, preferably the artery that sup-
plies the lesion area — wound related revascularization [10].

Wound-related revascularization is possible due to
the angiosome theory [15].

Angiosome-directed revascularization is directing of
the blood flow to the affected area according to anatomical
pattern of blood supply to the skin and subcutaneous tissue.

Adherence to the angiosomal concept can signifi-
cantly increase the likelihood of limb salvage and healing
of trophic lesions in patients with PAD / DF [16,17,18].

Development of endovascular techniques allows to
restore blood flow in the small arteries of the foot [19].
This can be achieved through the use of X-ray endovas-
cular techniques. Therefore in patients with PAD/DF an-
gioplasty is the first strategy in the world [20].
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OUR RESULTS OF REVASCULARIZATIONS IN PAD/DF.

Materials and methods

We analyzed results of 98 revascularizations of 77
lower extremities in 74 patients in the period from 2014
to 2019pp.

Males — 47 (59,5%), females — 30 (40,5%). Average
age of patients — 68,4 p. All patients had trophic disorders
of the foot (100%), in three of them — on the two lower
extremities (4,1%). The most common type of lesions was
focal necrosis or gangrene of the toes — 45 (58,4%). The
second typical lesion was postoperative wounds that do
not heal —11 (14,3%).

Planning of revascularization.

Indications for revascularization were considered to
be trophic disorders of the lower extremity and the absence
of pulsation of the arteries of the foot.

Details of occlusal-stenotic lesions and the possibility
of using one of the methods of revascularization were deter-
mined using ultrasound performed on Mindray 5 and Sono-
ace R3. If the obtained data were insufficient for the choice
of revascularization method, angiography was planned. An-
giography was performed on a Philips Alura F920.

Based on the obtained data, the optimal method of
revascularization was chosen — X-ray endovascular angio-
plasty, open or hybrid. The feasibility of the chosen inter-
vention in each patient was assessed according to the «risk
/ benefit» ratio [10].

First of all, we considered the possibility of angio-
plasty — «Angioplasty-first strategy». Other techniques

were chosen with the predicted ineffectiveness of endo-
vascular intervention.

Open vascular surgery was planned in case of pre-
dicted ineffectiveness of angioplasty or inefficiency of pre-
vious endovascular intervention.

Hybrid interventions were chosen mainly for stenoses
and occlusions of the tibial and foot arteries complicated
by proximal or distal thrombosis.

Angioplasty, open and hybrid surgical techniques
were used to restore blood supply.

Type of operation

B Angioplasty
B Open

6,1%

® Hybrid

Statistical analisys

The analysis of the research results was performed
in the package EZR v.1.50 (R statistical software version
4.0, R Foundation for Statistical Computing, Vienna,
Austria) [21].

Results
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amputation.time
Number at risk

178 49 35 15 5 3
223 16 12 10 6 5
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Amputation-free survival during the year was 84,6%.

There was no statistically significant difference in the type of
operation (p.value = 0.141).

Type 1 — angioplasty and hybrid revascularization.

Type 2 — open revascularization.
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Healing of the trophic disorders was 70,5% during the year.
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Wound-related revascularization

According to our data, adherence to the angiosomal
theory increases the probability of preservation of the limb
(p.value=0,939), but has almost no effect on the timing of
healing (p.value=0,0118). The timing of healing in gen-
eral is very variable due to many factors that affect them.

Discussion

Revascularization in PAD/DF patients has different con-
sequences than in PAD. Restoration of blood flow in PAD /
DF causes the activation of inflammation aimed at the rejec-
tion of necrotized infected tissues — reperfusion syndrome. The
result may be an outbreak of purulent-septic processes with the
spread of the fascial spaces of the foot, which is typical for di-
abetes. This requires active control of infection, debridement.

Elimination of nerve ischemia can lead to increased
pain and reduces the running activity of the patient. At the
same time, active dosed walking is a necessary component
of maintaining the blood supply to the foot in the post-
operative period. Therefore, the treatment of neuropathy
and analgesia plays an important role.

The need for debridement, off-loading with si-
multaneous active maintenance of foot support func-

There was also no statistically significant difference in the type of
operation (p.value = 0.182).

Type 1 — angioplasty and hybrid revascularization.

Type 2 — open revascularization.

All types of operations were equally effective when following the
algorithm for selecting the method of revascularization. This
confirms the correct choice of technique in each case.

tion, VAC-therapy, control of infection and increased
local inflammation due to reperfusion syndrome requires
a proper multidisciplinary approach to treatment after
revascularization.

Conclusions:

The same treatment of PAD and PAD/DF pa-
tients leads to a large number of major amputations
due to incorrect assessment of the consequences of
revascularization.

At the diagnostic stage, patients with PAD and
PAD / DF should be separated for creating the optimal
treatment tactics.

The revascularization technique should be chosen
taking into account the characteristics of the PAD/DFE

Different approach to the PAD/DF patients can im-
prove the results of revascularizations

Next research prospects:

Study of the revascularization results based on the
differences between PAD and PD / DM can improve the
treatment of these pathologies or prove the effectiveness
of the overall approach.
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0COB/IMBOCTI PEBACKYJIAPU3ALIT HUXHIX KIHLIIBOK Y XBOPUX HA AIABETUYHY CTYMHIO
[. Wanosanog, 10. Nynano, B. LWanpuHcbkuii, A. Lampaii-Cac, A. KyuuH, B. T'yp’sHoB

[epxaBHa HaykoBa ycTaHoBa «HaykoBO-NPaKTUYHMIA LEHTP NPOdINAKTUYHOI Ta KNIHIYHOI MeAVLMHW» [lepXaBHOro ynpasiHHS

cnpasamu, Kvi, YkpaiHa

Merta: BusHaunTy 0COOAMBOCTI ypaskeHb IlepudepIuHIX apTepill y Mal[ieHTiB 3 CMHAPOMOM AiabeTUYHOI CTO-
IV, SIKi CAIA BpaxoByBaTy IIPY BUOOPI MeTOAA peBaCKyASpU3allil.

Berym: 3axsoproBaHH: IepudepUIHMX apTepiii y MHalieHTiB 3 cMHApoMOM Aiabetnanoi cromm (3ITA/CAC)
CYTT€BO BiAPi3HSIOTBCS 3a ITaTOreHe30M, IIPOsBaMM Ta IIepebirom BiA CyTO aTepOCKAepOTMYHMX ypakeHb. LIi
BiAMIHHOCTI CIIpMUMHUAM CTBOPEHHSI OKpeMIX KAacuiKalliii AAsl BUSHaUeHH:I CTYIIeHIO BaXKKOCTi 3aXBOpIOBaH-
Hs1. OAHAK IIAXOAM AO PeBaCKyAspuM3aliil B 000X BUIIaAKAX 3a3BMYaii 3aAUIIAIOTHCS OAHAKOBUMIL Bubip MeToaa
peBacKyAspusaii 3 ypaxysarHsam ocobamBocTent 3ITA /CAC MOXyTh MOKpaIInUTy e(peKTUBHICTh BTPYYaHHSI.
Marepiaau Ta MeTOANM: M1t ITpoaHaAizyBaAM pe3yAbTaTy 98 peBacKkyAspum3allili 77 HVDKHIX KiHITIBOK y 74 mIarieH-
TiB 3a IIepioa 3 2014 o 2019. AHrionaacTyka BuKoHaHa B 72,3%, Biakpute BTpydaHHs —B 21,4%, ribpuase —5 6,1%.
PesyabTaTn. [TokasHuk BroKMBaHH: 6e3 aMITyTaii poTsarom 1 poxy ckaas 84,6%, 3aroeHHs TpOdiduHIX IIOPY-
11eHb npotarom 1 poxy —70,5%.

BucnoBku. Ille Ha erami AiarHoctmky narientn 3 3ITA/CAC Tta 3ITA MaroTh 6yTi BiAOKpeMAeHi AASI CTBO-
PEeHHsI AMpepeHIiIOBAHOTO AIKyBaHHS Ta OKPEMOro BUOOPY METOAMKM peBacKyAsipusamii. OxpemMmit miaxia
Ao narienTis 3 3[TA /CAC MoXke IOKpAIIMTA Pe3yAbTaTH PeBaCKyASIPU3aIIii.

Kntouoei cnoea: 3axBoproBaHHsI epudepUIHNX apTepiit, CMHAPOM AiaGe TMYHOI CTOIN, aHTiOIAACTHKA,
aQHTiOCOMHO-CIIPSIMOBaHA PeBaCKYAIPU3allist
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OCOBEHHOCTU PEBACKYNSPU3ALMN HUXHUX KOHEYHOCTEN Y BOJIbHbIX C AUABETUYECKOM CTOMOM
[. Wanosanos, 0. Nynano, B. lLanpuHckuii, A. Lampaii-Cac, A. KyuuH, B. l'ypbsiHOB

l'ocypapcTBeHHOe HayyHoe yupexaeHue «HayyHo-NpakTMYeckuin LEHTP NPoGUNaKTUYECKON 1 KIIMHUYECKOH MEOULIMHI»
l'ocypapcTeeHHoro ynpasneHus nenamu, Kues, YkpanHa

ITeAb: onpeAeANTh 0OCOOEHHOCTH 3a60AeBaHMIL ITepyepUIeCcKIX apTepuii Y IaIleHTOB ¢ CMHAPOMOM Auabe-
TUYECKON CTOIIbI, KOTOPbIe CAEAYeT YIUTHIBATD IIPY BBIOOpE METOAA PeBaCKYASIPU3ALINIA.

Bcrynaenne: 3aboreBaHys nepudepudeckux apTepuil y HauyeHTOB C CMHAPOMOM AMabGeTMYecKoii CTOIIbI
(3TTA/CAQC) cyIIiecTBeHHO OTAMYAIOTCS 110 ITaTOTeHe3Y, IIPOSBACHVISIM Y TEUYEHUIO OT YMCTO aTePOCKAEPOTH-
YeCKMX MOPAKEHMIA. DTV 0COOEHHOCTH IIPUBEAN K CO3AAHMIO OTAEABHBIX KAACCH(PUKALINIL AASL OIIPEAEAEHNS
CTeIleHN TsDKeCTH 3ab0aeBaHMs. [TOAXOABI TIOAXOAY K peBaCKYAAPU3aIY B 000X CAyYasX OOBIYHO OCTAIOTCSI
OAMHAKOBBIMI. 3a3BMYaii 3aAMIIAIOTHCS OAMHAKOBBIMU. BBIOOP METOAVIKY peBaCKYASpPU3aIUN C YIETOM OCO-
6ennocreit 3TTA /CAC MoryT yAyqmnmTh 5 HeKTMBHOCTh BMEIIIaTEABCTBA.

Matepuaabl 1 MeTOABI: MBI IIpOaHAAM3MPOBAAY PE3yAbTaThl 98 peBacKyAspm3aluii 77 HVKHUX KOHEUHO-
cTeit y 74 maimeHTos 3a nepmoa ¢ 2014 mo 2019 rr. AHrMonAacTika BhIIIOAHeHA B 72,3% CAydaeB, OTKPBITOE
BMeIIIaTeAbCTBO — B 21,4%, rubpuaHoe — B 6,1%.

PesyabpTaThl [ToKasaTeAb BDKMBaHNS 6e3 aMITyTaluy Ha IIpOTsDKeHmu 1 roaa cocraBua 84,6%, 3a’KMBACHMS
Tpoduyiecknx HapyIeHnii B Tedenue 1 roaa—70,5%.

BriBoasl. Eme Ha Anarsocrtiyeckom stane narmeHTsI ¢ 3[TA /CAC n 3ITA AOAXKHBI OBITh Pa3sA€AEHBI AASI CO3-
AaHVS AL pepeHIIPOBAHHOTO A€UeHsI OTA€ABHOTO BEIOOpA METOAMKIA peBacKyAspusaryy. OTAeAbHBIN ITOA-
x0a K narerTaM ¢ 3ITA /CAC MOXeT yAyUIINT Pe3yAbTaThl PEBACKYASPU3AINN.

Kntouesvie cnosa: 3aboreBaHusI nepudepudecKnx apTepuii, CHHAPOM AMaGeTUYeCcKOi CTOIbI, aHTUO-
IIAACTHKA, aHTMOCOMHO-HaNlpaBA€HHAsI PeBacKyAIpU3amsi.

Inghopmayis npo aemopie 3naxooumscs na caimi http.//www.cp-medical.com.
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