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Abstract
Introduction: Peripheral arterial diseases in patients with diabetic foot have significant features in
pathogenesis, manifestations and course compared with peripheral arterial disease. These features require different
approaches to treatment and the the angiosome theory can help increase the effectiveness of revascularization in
patients with diabetic foot.
The aim: Analyse the results of revascularisation of lower extremity arteries in the patients with ischemic
diabetic foot ulcers according to the angiosome theory.
Materials and metods: We analysed 98 revascularisations of arteries of 77 lower limbs in 74 ischemic diabetic foot patients for the period from 2014 to 2019. Angioplasties were performed in 90 cases (73,2%), open
operations – in 24 (19,5%), hybrid operations – 9 (7,3%). Results of endovascular interventions were combined
with hybrid ones for correct statistical analysis. According to angiosome theory we divided the revascularizations
into two groups. І group – direct revascularizations (DR) – 91 cases, ІІ group – indirect revascurizations (IR) – 32
cases.
Results: Within 6 months foot lesions healing fixed in І group (DR) - 81.7%, in ІІ group (IR) – 78.6%. Major
amputations were the consequences of 17,1% revascularizations: DR group – 12,4%, IR group – 33,3%. Functional
capacity of the lower extremity within one year was saved in 79,3% in DR group and in 57,9% in IR group.
Repeated revascularizations accounted for 21,4% of cases: in DR group – 20,5%, in IR group – 25%.
The results of the statistical analysis revealed the dependence of the risk of amputation on adherence to angiosome theory during revascularization.
Conclusions: Angiosome-targeted revascularization in the area of foot lesions increases efficiency of the
revascularization and improves immediate and long-term treatment results.
Keywords: Diabetic foot, foot lesions, angiosome, revascularization, angioplasty.
Definitions:
Revascularization we defined as restoration of
blood flow by intervention in the arteries.
By “Ischemic diabetic foot” we meant as trophic
changes of the foot and leg due to a combination of diabetes mellitus and peripheral arterial diseases.
Direct revascularization (DR) – restoring blood
flow followingo the angiosome concept.
Indirect revascularization (IR) – restoring blood
flow without following the angiosome concept.
INTRODUCTION
Diabetes, according to dates of WHO, has a tendency to increase in the whole world. In Ukraine the
number of the diabetics was 9,1% in 2016 [1].

The diabetics have susceptibility to peripheral arterial deceases (PAD) 2,7 times more than people of the
same age without diabetes [2]
Мajor amputations caused by PAD ranged from
54% to 70%, PAD with diabetes - 37-47% of them,
PAD without diabetes – 16,2%-22,1% 3 [3, 4]. Mortality after major amputations reaches 47% during 2 years
[5] and 90% during 5 years [6].
Ischemic lesions of the foot and the leg because of
combination PAD and diabetes currently remain an
open problem and algorithm for its solution is constantly improved.
Application of revascularization allows significantly improve results of treatment of patients with ischemic diabetic foot. Limb salvage after revascularisation is 78-85% during one year, it can be compared to
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54% after conservative treatment [7]. The introduction least one of the arteries of the foot, preferably the one
of various methods of revascularisation allows to sig- that supplies the affected area». IWGDF Guideline
nificantly reduce the risk of primary major amputation 2019 [14].
[8, 9].
Data from several meta-analyzes prove greater efHowever, revascularization in the patients with di- ficiency of direct (angiosome) revascularization comabetic foot is used much less than there are indications pared to indirect one. [15, 16, 17].
for it. According to 14 European diabetic foot treatment
centers, published in EURODIAL study, in the patients
THE AIM
with ischemic diabetic foot angiography was made in
Make a comparative analysis of the results of dithe middle in 54% (14 - 86%), and revascularization - rect and indirect revascularizations in patients with
in 43% [10]. Main causes were the choice of the sur- ischemic diabetic foot.
geon and patient’s severe clinical condition.
MATERIALS AND METHODS
According to an experience of the medical centres
Study design
and institutions of all parts of the world in July 2019
We analysed 123 endovascular, open and hybrid
approaches to the treatment of critical lower extremity revascularizations of 94 lower extremities in 91 paischemia were revised and new recommendations were tients with ischemic diabetic foot, operated from 2014
issued – «Global Vascular Guidelines on the Manage- to 2020.
ment of Chronic Limb-Threating Ichemia»[11].
We choose revascularisations as object of the
Patients with diabetes actually were excluded study for correct estimation, because one patient or one
from these recommendations “due to confusing mani- lower extremity could be operated more than one time.
festations of ischemia, neuropathy and infection”. Vas- Revascularizions were divided in 2 groups according to
cular surgeons usually use Fontain or Rutherford clas- the angiosome theory.
sifications, specialists in diabetic foot prefer WIFi,
І group – direct revascularization. Blood flow in
SINBAD and Wagner classifications. The use multiple the angiosome was restored through appropriate artery
classification systems has hindered the development of that supplies this angiosome.
optimal treatment algorithms and has contributed to
ІІ group - indirect revascularization. Blood flow
variability of care for all patients with chronic ischemia was restored in no-angiosome artery with supply
of the lower extremities [11].
through collateral arterial branches.
Features of ischemic lesions of the arteries of the
The monitoring period was 1 year.
lower extremities in diabetes mellitus, as well as the dePatients
velopment of X-rays endovascular surgery created conAll patients had ischemic foot lesions, in three of
ditions for the application of the angiosome theory for them on two lower extremities (4,1%), and underwent
revascularization of the arteries of the leg and foot.
open, endovascular or hybrid revascularisation. Gender
Angiosome theory [12] is the anatomical and was dominated by males - 73 (59,3%), females - 50
physiological patterns of blood supply to areas skin and (40,7%).
subcutaneous tissues through branches of the main arThe average age of the patients was 68,5 years.
teries that perforate the superficial fascia of the body.
The localizations of lesions are presented in Tab.1
To restore blood flow, adherence to the angiosome
The toes were most often affected by ischemic letheory, allow in areas with ischemic trophic lesions sions – in 45 cases (58,4%). Non-healing postoperative
[13] – “wound-related revascularization”.
wounds were in 11 cases (14.3%).
«During the revascularization in a patient with diabetic foot, you should try to restore blood flow to at
Таb 1.
Localization of lesions.
Patients
91
Lower extremities
98
Revascularizations
123
Type of lesion
61 (49,5%)
- Necrosis
45 (36,7%)
- No-healing wound after minor operations
17 (13,8%)
- Ulcer
Choice of the revascularization technique.
Features of arteries damages and possibility of using one of the method of revascularization we determined by Doppler ultrasound on the scanners Mindray
5 and Sonoace R3. Localization and elongation of the
zone hemodynamically significant lesion were determined by dates of blood flow rate, resistance index and
Doppler curve, determined the potential of the outflow
arteries of the foot and the lower third of the leg.
If the date was not enough to choose the method
of revascularization, we planned angiography with a

possible transition to revascularization. Angiographies
were performed on the apparatus Philips Alura F920.
Based on the obtained data, was chosen the optimal method of revascularization for this case - endovascular technique (angioplasty), surgery or hybrid.
The feasibility of the chosen intervention in each
patient was assessed according to the "risk / benefit"
ratio. This approach is in line with the latest recommendations International Working Group on the Diabetic
Foot [14].
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Determining the risk-benefit ratio was based on
A hydrophilic guidewire 0.035 ” was inserted,
the following data:
supported by a 5F catheter, into the occlusion zone.
- estimation of probability of successful revascu- Passage of the occlusion zone was performed inlarization.
tralaminar with a 0.014” guidewire supported by a bal- assessment of the predicted probability of ische- loon catheter of appropriate size.
mia progression.
If it was impossible to pass with a balloon catheter,
- trauma of the chosen technique for the patient.
we used a microcatheter. The balloon catheter was in- the forecast of preservation of basic function of serted and positioned in the occlusion or stenosis zone
foot.
after which angioplasty was performed. After removal
- daily activity of the patient.
of the catheter, control arteriography assessed the res- individual needs of the patient to improve the toration of blood flow in the angiosome and the limb as
quality of life.
a whole.
- estimated timing of recovery of patient activity
The main open interventions were endarterecand improvement of quality of life.
tomy, thrombectomy and bypass. Preference was given
First of all, we have always considered the possi- to an autovenous bypass, in the absence of an autovein
bility of angioplasty - "Angioplasty-first strategy". we used a prosthesis or a combined bypass.
Other techniques were chosen with the predicted inefHybrid interventions usually began with an open
fectiveness of endovascular intervention.
stage, thrombectomy or endarterectomy, then perSurgery revascularization were planned in case of formed angioplasty, at the end of the operation did a
inexpediency of angioplasty or in case of inefficiency control angiography.
of previous endovascular intervention.
Starting point
Hybrid revascularization is a combination of open
Starting point of limb salvage (amputation-free
and endovascular techniques within a single interven- survival), wound-healing and preservation of a function. Indications: the predicted inefficiency of one of tional foot was defined as date of the first revascularithe above methods, for example in the need to perform zation procedure.
angioplasty after surgery thrombectomy or angioplasty
Follow-up
in the outflow arteries during shunting.
Follow-up period was 1 year, control was perAfter creating the revascularization plan patients formed 2 hours after revascularization, 1 day, 7 days, 2
were introduced of it. Patients who refused the pro- months, 6 months and 1 year. The revascularization efposed treatment were excluded from the study.
fectiveness was evaluated according to the patient’s
complaints, clinical changes, by blood flow parameters
Exclusion group
The exclusion group consisted of the patients with according to ultrasound scanning.
pulsation of arteries of the foot, with intermittent clauFinal point
dication, which does not progress and does not signifiDirect revascularization we considered the restocantly affect the quality of life, patients who refused ration of blood flow in the angiosome’s main artery, resurgical revascularization and patients with indications gardless of the location of vascular lesions and the apfor primary amputation.
plied technique of surgery.
Such indications we considered this to be the conThe result of revascularization was evaluated by
dition of the limb, which precludes the possibility of healing of trophic disorders, avoidance of high ampumaintaining the supporting function of the foot, even tations, repeated surgery, functional capacity of the
after successful revascularization. Mostly, these were foot.
changes at WIFi 5 clinical stage (unsalvageable foot),
Criteria for evaluating the results:
non-functioning limb at WIFi 4 clinical stage.
The following were selected as evaluation criteria:
- amputation-free survival.
Revascularization technique
Angioplasty usually was performed according to
- wound-healing.
standard technics.
- salvage of the functional capacity of the foot.
A puncture of the common femoral artery in the
- repeated revascularization.
distal direction was performed under ultrasound conThe monitoring period was 12 months
trol, a 6 F introducer was installed, through which UlResults
travist 370 20 ml contrast was injected at a rate of 4-6
123 revascularization was performed on 94 afml / s and arteriography was performed.
fected limbs in 91 patients with diabetes. Results of interventions are presented in the Tab. 2
Tab.2
Results of revascularizations
N=123
Number
percents
Amputation-free survival
101
85,40%
Wound-healing
77
62,60%
Without repeated revascularization
97
78,90%
Salvage of the functioncapacity of the foot
98
79,70%
22

Results by study groups are presented in the Tab. 2
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Criteria
direct
angiosome revascularization
concept
indirect
revascularization

23
Tab.2

Direct and Indirect revascularizations.
Amp-free survival
healing
Number
of remediana
mediana
amp-free percents p.value
healing percents
p.value
vascul
survival
survival
92

83

90,2%

2,00

61

67,0%

0,30

1,10

16

51,6%

0,30

0,023
31

22

71,0%

Statistical analisys
Statistical analysis was performed using the statistical open access package EZR v. 1.54 (graphical user
interface for R statistical software version 4.0.3, R
Foundation for Statistical Computing, Vienna, Austria)
[21].
Wound-healing.

0,548

The median healing is 3 months (0.2-0.5 СІ 95%)
in the I group and 3 months (0.2-0.75 СІ 95%) in the II
group.
No statistically significant differences in terms of
healing between two groups were found (p=0.548).
(Figure 1.)

Figure 1. Terms of healing in angiosomal and nonangiosomal revascularization
Amputation-free survival. Major amputation, according to the accepted definition, we considered the level of
amputation above the ankle [16].

Figure 2. Avoidance of amputations in angiosomal and non-angiosomal revascularization.
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The median of amputation-free survival is 24 months (1,5-2,3 СІ 95%) in the I group and 13 months (1,1-1,5
СІ 95%) in the II group.
24

There was a statistically significant difference in
Repeated operation
the number of amputations after angiosome and nonRepeated revascularization was defined as next reangiosome revascularizations (p = 0.023). Amputation- vascularization on the same limb for 1 year.
free survival during one year was noted in group I (PR)
- 90.2% and in group II (HP) – 71.0%.
Re
Revascularizations ReType of
p.valu
;
revascularizations
Criterion
% no-reoper
criterion
e
N=123
N=26
ang
91
18
80,2%
angiosome concept
0,842
no-ang
32
8
75,0%
All re-operations were performed 26 (21,1% from
all interventions). In the I group – 18 (19.8%), in the II
group – 8 (25%). There was no statistically significant

difference in the proportion of re-revascularizations between direct and indirect revascularizations (p = 0.842).

Figure 3. Repeated revascularizations in 1 year.
Functional ability of the limb
Functional ability of the limb we defined as saving
of the supporting function of the foot when walking independently without the need for prosthetics and aids
(crutches, wheelchairs, etc.). In the world literature, this

corresponds to the definition of Tefera et al. [18]. Functional ability of the limb was saved for a year in 76
(77,2%) patients in the 1 group and in 19 (61,3%) patients in the II group ( Figure 4.).

100
80

amputation-free
survival

60

healing

40
20
0

functional ability
of the limb
re-operations

Figure 4. The results of revascularization according to the main criteria
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3.
Spoden
M,
Nimptsch
U,
Mansky
T.
AmputaDiscussion.
In 2017 SPINACH multicenter study on revascu- tion rates of the lower limb by amputation level - oblarization in patients with diabetes mellitus was pub- servational study using German national hospital dislished [19]. Open and endovascular revascularizations charge data from 2005 to 2015. BMC Health Serv Res.
were performed mainly in different clinics. Results of 2019 Jan 6; 19(1): 8. doi: 10.1186/s12913-018-3759amputation-free survival after open and endovascular 5..PMID:
30612550.
https://pubrevascularizations during the year were 75% and 78%, med.ncbi.nlm.nih.gov/30612550/
respectively. Data from the CRITISCH multicenter
4. Ziegler-Graham K, MacKenzie E, Ephraim P.
study (Germany, 2015) were almost identical - 73% for et al. Estimating the Prevalence of Limb Loss in the
open and 75% - for endovascular revascularizations United States: 2005 to 2050. Arch Phys Med Re[20]
habil. 2008
Mar;
89(3):
422-9.
doi:
Amputation-free survival during one year accord- 10.1016/j.apmr.2007.11.005.
https://pubing to our data amounted to 85,4%.
med.ncbi.nlm.nih.gov/18295618/
The rate of amputation-free survival within one
5. Carmona G, Hoffmeyer P, Herrmann F. et al.
year according to the results of multicenter studies Major lower limb amputations in the elderly observed
SPINACH and CRITISH was 73-78%. According to over ten years: the role of diabetes and peripheral artesome studies the best results of amputation-free sur- rial disease. Diabetes Metab. 2005; 31(5): 449–454.
vival during the year were - 89% after angioplasty and PMID: 16357788 doi: 10.1016/s1262-3636(07)7021590% after surgical revascularization.
x. https://pubmed.ncbi.nlm.nih.gov/16357788/
In our opinion, the difference in results are due to
6. Thorud JC, Plemmons B, Buckley CJ et al.
significant differences in the definition of indications Mortality After Nontraumatic
Major Amputafor revascularization and the choice of surgical tech- tion Among Patients With Diabetes and Peripheral
nique depending on the capabilities of the clinic and the Vascular Disease: A Systematic Review. J Foot Ankle
experience of surgeons in the use of different methods Surg. 2016; 55(3) : 591-9 PMID: 26898398 doi:
of revascularization. The possibility of one team to use 10.1053/j.jfas.2016.01.012.
https://pubopen or endovascular methods, depending on the clini- med.ncbi.nlm.nih.gov/26898398/
cal situation and the actual assessment of their own ca7. Lepäntalo M, Mätzke S. Outcome of unreconpabilities, gives an advantage even with the relative structed chronic critical leg ischaemia. Eur J Vasc
technical imperfection in each of the methods sepa- Endovasc Surg. 1996; 11(2):153-7. PMID: 8616645
rately.
DOI: 10.1016/s1078-5884(96)80044-x. https://pubThe priority direction of revascularization is the med.ncbi.nlm.nih.gov/8616645/
restoration of blood flow along the main angiosome ar8. Londero L, Høgh A, Houlind K. et al. Prevatery of the leg with the filling of the angiosome (Direct lence of Major Lower Limb Amputation Across DenRevascularization). In the absence of conditions - re- mark and Its Relationship with Revascularization, Devascularization of the non-angiosomal main artery (In- mography and Disease Risk Factors. Eur J Vasc Endodirect Revascularization), preferably together with the vasc
Surg.
2019;
57(1):111-120.
doi:
branch to the affected angiosome (wound-direct) ar- https://doi.org/10.1016/j.ejvs.2016.07.059. https://pubtery.
med.ncbi.nlm.nih.gov/30293885/
Conclusions:
9. Ebskov L, Schroeder T, Holstein P. EpidemiThe main task of revascularization of the leg and ology of leg amputation: the influence of vascular surfoot arteries in patients with ischemic diabetic foot is gery. Br J Surg. 1994 Nov; 81(11):1600-3. PMID:
improve the quality of life of patients with ischemic di- 7827881 DOI: 10.1002/bjs.1800811111 https://pubabetic foot.
med.ncbi.nlm.nih.gov/7827881/
Angiosome-targeted revascularization increases
10. Prompers L, Huijberts M, Apelqvist J et al.
the efficiency of revascularization and improves imme- Delivery of care to diabetic patients with foot ulcers in
diate and long-term treatment outcomes.
daily practice: results of the Eurodiale Study, a prospecThe possibility of choosing surgical and endovas- tive cohort study. Diabetic Medicine Volume 25, Issue
cular methods of revascularization or their combination 6
June
2008
Pages 700-707
increases the effectiveness of treatment of the lower leg https://doi.org/10.1111/j.1464-5491.2008.02445.x
and foot in patients with diabetes.
11. Conte MS, Bradbury AW, Kohl Ph. et al.
GVG Writing Group for the Joint Guidelines of the Society for Vascular Surgery (SVS), European Society
REFERENCES:
1. Gojka R. WHO Global report on diabetes: A for Vascular Surgery (ESVS), and World Federation
summary. Int J Noncommun Dis Jan 2016; 1 (1): 3-8. of Vascular Societies (WFVS). Global Vascular
doi:10.4103/2468-8827.184853.
Guidelines on the Management of Chronic Limbhttps://www.ijncd.org/article.asp?issn=2468-8827
Threating Ichemia Eur J Vasc Endovasc Surg. 2019;
2. National diabetes audit executive summary 58(1S):S1-S109. doi: 10.1016/j.ejvs.2019.05.006.
2009-10. The NHS Information Centre 2011 Epub
2019
Jun
8.
https://pubhttps://digital.nhs.uk/data-and-information/ publica- med.ncbi.nlm.nih.gov/31182334/
tions/ statistical/ national-diabetes-audit/national-dia12. Taylor GI The angiosomes of the body and
betes-audit-2009-10
their supply to perforator flaps. Clin Plast Surg. 2003;
30(3): 331-42, v. PMID: 12916590. doi:

26
Norwegian Journal of development of the International Science No 71/2021
10.1016/s0094-1298(03)00034-8.
https://pub- 65(4):1208-1219. doi: 10.1016/j.jvs.2016.10.100.
med.ncbi.nlm.nih.gov/12916590/
https://pubmed.ncbi.nlm.nih.gov/28342514/
13. Manzi M, Cester G, Palena LM et al. Vascu18. Tefera G, Hoch J, Turnipseed WD. Limb-sallar imaging of the foot: the first step toward endovas- vage angioplasty in vascular surgery practice. J Vasc
cular recanalization. Radiographics. 2011; 31(6):1623- Surg. 2005;41(6):988-93. PMID: 15944598 DOI:
36.
doi:
10.1148/rg.316115511.
https://pub- 10.1016/j.jvs.2005.03.018.
https://pubmed.ncbi.nlm.nih.gov/21997985/
med.ncbi.nlm.nih.gov/15944598/
14. Nicolaas C. Schaper (chair), Jaap J. Van Net19. Osamu Iida, Mitsuyoshi Takahara,Yoshimitsu
ten, Jan Apelqvist et al. IWGDF Guidelines on the pre- Soga et al. Three-Year Outcomes of Surgical Versus
vention and management of diabetic foot disease Dia- Endovascular Revascularization for Critical Limb Isbetes Metab Res Rev. 2020; 36 (1): e3266. doi: chemia The SPINACH Study (Surgical Reconstruction
10.1002/dmrr.3266.
https://pub- Versus Peripheral Intervention in Patients With Critical
med.ncbi.nlm.nih.gov/32176447/
Limb Ischemia) on behalf of the SPINACH Investiga15. Marco Manzi, Luis M. Palena. Treating Calf tors (Circ Cardiovasc Interv. 2017;10:e005531. DOI
and Pedal Vessel Disease: The Extremes of Interven- 10.1161/CIRCINTERVENTIONS.117.005531.)
tion Semin Intervent Radiol. 2014;31(4):313-9.
https://pubmed.ncbi.nlm.nih.gov/29246911/
doi: 10.1055/s-0034-1393967. PMID: 25435656
20. Stavroulakis K, Borowski M, Torsello G.
PMCID:PMC4232433.
https://pub- One-Year Results of First-Line Treatment Strategies in
med.ncbi.nlm.nih.gov/25435656/
Patients With Critical Limb Ischemia (CRITISCH Reg16. Huang TY, Huang TS, Wang YC et al. Di- istry). J Endovasc Ther. 2018; 25(3):320-329. doi:
rect Revascularization With
the Angiosome Con- 10.1177/1526602818771383.
https://pubcept for Lower Limb Ischemia:
A Systematic Re- med.ncbi.nlm.nih.gov/29968501/
view and Meta-Analysis Medicine (Baltimore). 2015;
21. Kanda Y. Investigation of the freely available
94(34):e1427. doi: 10.1097/MD.0000000000001427. easy-to-use software ‘EZR’ for medical statistics. Bone
https://pubmed.ncbi.nlm.nih.gov/26313796/
Marrow Transplant. 2013; 48:452–458. https://pub17. Jongsma H., Bekken J.A., Akkersdijk G.P. et med.ncbi.nlm.nih.gov/23208313/
al.
Angiosome-directed revascularization in pa- https://doi.org/10.1038/bmt.2012.244
tients with critical limb ischemia J Vasc Surg. 2017;

