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RESUMO

Introducdo: A prevaléncia estimada de Diabetes Mellitus (DM) em Portugal é de 13,3% na populacdo adulta. Ao longo da
suavida cercade 15-25% dos diabéticos desenvolvem tlcera no membro inferior. ADM é uma doenca vascular nica que
facilitaainfecdo e tem predilecdo para o atingimento de artérias abaixo do joelho. Neste contexto, arevascularizacdo por
técnicasendovascularesdosdoentes com pé diabético neuroisquémico (PDNI) é hoje considerada, pela maioriados autores,
comode primeiralinha, mostrando consistentemente maiores taxas de salvamento de membro.

Estima-se que a mortalidade dos doentes com PDNI atinja os 50% aos 5 anos (apds revascularizacdo, com viabilidade do
membro mantida), aumentando para50% aos2anossemrevascularizacdo e consequenteamputacdo major. Comeste estudo,
osautorespretendemdescreverasuaexperiéncianarevascularizacdodistalendovascularnotratamento de doentes com PDNI.

Métodos: Estudo restrospectivo que inclui todos os doentes diabéticos submetidos a revascularizacdo endovascular de
artérias distais (janeiro 2010 - dezembro 2017) - 464 membros em 326 doentes.

Foramavaliados osdados demograficos, co-morbilidades e processos clinicos. O objetivo primdrio é avaliar o sucesso técnico,
ataxadesalvamentode membroassimcomo as taxas de amputacdo majore amputacdo minor. Como objetivos secundarios
os autores pretendem descrever a populacdo tratada, os tratamentos endovasculares efetuados assim como caraterizar
aevolucdoadquiridanos dltimos anos nestas técnicas.

Resultados e conclusdes: Osucessotécnicofoialcancado em 85% dos procedimentos. Foi necessariarevascularizacdo
concomitante do setor iliaco em 0,7% e do setor femoro-popliteo em 63,2% dos casos. O acesso femoral anterégrado
foi obtido em 91,3% dos casos. Foi necessaria puncdo distal retrégrada em 7,6% dos procedimentos. A revascularizacdo
angiossémica foi obtidaem 60,9% dos casos. No setor femoro-popliteo, foi efetuada ATP em 56,3% dos procedimentos e
recanalizacdo, ATP e stentingem 42,4%.Durante o follow-up, 14,1% dos doentes foi submetido aamputacdo majore 36,4%
aamputacdo minor. Asobrevidalivre de amputacdo majoraos 12 meses foide 80,1% e ataxadecicatrizacdoaos 12 meses
de63,2%.Asobrevidaglobalaos12 mesesfoide 79,8%. Encontrou-se associacdo entre arevascularizacdo angiossémica
(p=0,014) e o nimero de eixos distais permeaveis (p=0,01) com a presenca de salvamento de membro e a diminuicdo no
tempo até a cicatrizacdo. Encontrou-se adicionalmente associacdo entre o estadio de disfuncdo renal e a auséncia de
cicatrizacdo (p=0,04). A taxa de reintervencdo foide 20,4%. Os resultados do presente estudo sobre a revascularizacdo
endovascularde eixos distais em doentes diabéticos enfatizaanecessidade de uminvestimentoapropriado nesta populacdo,
aumentando o sucessonarevascularizacdo possibilitando a preservacdo de um maior nimero de membros.
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ABSTRACT

Introduction: Currently, the prevalence of Diabetes Mellitus (DM) in Portugal is 13,3% in adult population. Patients with
DM have a 15-25% lifetime risk of developing a foot ulcer. Additionally, diabetic angiopathy is a unique vascular disease
that has predilection for below-the-knee arteries. Meanwhile, endovascular techniques have been revolutionizing the
revascularization of neuroischemic diabetic foot (NIDF) patients, showing consistently higher limb salvage rates.

The survival of NIDF patients reaches 50% at 5 years after revascularization and limb salvage, but decreases to 50% at 2
years after amajor amputation. With this study, the authors intend to describe their experience on endovascular revascu-
larization for the treatment of NIDF patients.

Methods: Retrospective institutional review of consecutive patients requiring endodistal revascularization (January 2010
December2017) - 464 limbs in 326 patients.

We evaluated demographics and co-morbidities data and performed statistic analysis to determine factors and outcomes
as limb salvage, major and minor amputation rates. The primary outcome was to evaluate the technical success, the limb
salvage, the rate of major and minor amputation and the global survival of this population. The secondary outcomes were
to characterize the population, the endovascular procedures performed and the evolution over the last years. Operative
reports were reviewed to analyze the endovascular procedures and techniques.

Results and conclusions: The technical success was achieved in 85% of the procedures. The iliac sector was only treated
in 0,7% of the procedures and femoro-popliteal sector in 63,2%. Antegrade femoral approach, was obtained in 91, 3% of the
procedures. Acomplementary retrograde distal approach was performedin 7,6% of procedures. Direct angiossomic revascular-
izationwas obtainedin 60,9% of the cases. Inthe femoral and popliteal arteries, PTA was performedin 56,3% of the procedures
andrecanalization, PTA and stenting in 42,4%. During FU, 14,1% of patients was submitted to major amputation and 36,4% to
minor amputation. The major amputation free-survival rate was 80,1% at 12 mo and the rate of healing at 12 mo was 63,2%.
Thel2moglobalsurvivalwas 79,8%. Direct angiossomic revascularization (p=0,014) and the number of tibial arteries recanalized
(p=0,01) were both associated with a higher limb salvage rate and a faster healing of the ulcer. In the opposite side, there was
an association between the increasing of renal dysfunction and poor healing (p=0,04). The endovascular reintervention rate
was 20,4%. Theresults of the author’s study on endodistal revascularization, highlights the needto prioritize investigation and
revascularizationin NIDF patients toimprove the outcome of foot ulcer, giving the possibility of salvaging a greaternumber of limbs.
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Diabetic Foot; Endovascular procedures,; Stent; Angioplasty; Limb salvage; Amputation

INTRODUCTION

By 2030itis estimated that there will be 439 million people in
the worldliving with Diabetes Mellitus (DM).® Presently, the
prevalence of DMin Portugal is 13,3% in adult population.®
The annual incidence of foot ulceration is estimated to be
approximately 1%-4%, andits prevalence ranges from 4%
to 10%, whereas, the lifetime risk for the development of a
diabeticfootulcerin patients with diabetes ranges from15%
to as high as 25% - in case of neuropathy with peripheral
artery disease (PAD).4 PAD is an independent risk factor
for subsequent ulceration and limb loss.® The prevalence
of PAD is high in diabetic patients and can be found in up to
50% of cases with lowerlimb lesions.® More recently, some
studies hadreported up to 75% of PADindiabetic patients.”)
Neuroischemic diabetic foot (NIDF) generally affects patients

with long duration of the disease that may also be particularly
fragile anddifficulttomanage clinically. The high rate of co-mor-
biditiesinthese patients (especially cardiovascular) means that
the attention should not be exclusively focused on the foot with
an ulcer, but should take into account the patient as a whole -
diabetic footis alocal manifestation of a systemic condition.®
Diabetic angiopathy is an unique vascular disease that has
a predilection for below-the-knee arteries.® The negative
prognosis of ischemic lesions in diabetic patientsis probably
relatedto the co-existence of factors such as the anatomical
distribution and severity of PAD, infection, neuropathy, renal
disease and the concomitant presence of other coronary and
cerebral vascular manifestations. Some studies comparing
diabetic and non-diabetic patients, verified that interven-
tions torevascularize the lowerlimb on diabetic have poorer
results: lower technical success and worse patency rates
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- both in endovascular and open surgery.®1 Focusing only
on diabetic patients, according to Hinchliffe et al.®V, the
currently available literature suggests that there is no differ-
enceinclinical outcomes for patients treated with endovas-
cularorsurgical revascularization, with existing data being
insufficient to recommend one method over another.

The most severe complication of NIDF is the need of limb
amputation. Besides dramatically affecting functional
status, amputation of a limb significantly increases the
risk of death compared to surgical bypass or endovascular
revascularization.®® The prognosis of NIDF is severe since
30%-50% may require a major amputation and up to 20%
die of cardiovascular disease within 1-year.*®
The survival of neuroischemic diabetic foot patients
reaches 80% at 2 years and 50% at 5 years after revas-
cularization and limb salvage, but decreases to 50% at 2
years after amajor amputation.®®
In the last decade, endovascular techniques have been
revolutionizing the revascularization of neuroischemic
diabetic foot patients.®
Several studies have evaluated the role of percutaneous
transluminal angioplasty (PTA) in NIDF, especially in
infra-popliteal vessels disease. The overall results are
favorable interms of feasibility, technical efficacy, reduction
number of complications and limb salvage rates.>-?Y
Although long-term patency is better after bypass surgery
than after angioplasty, the last one can also be proposed for
patients who cannot be candidates for a bypass because of
significant co-morbidities, areduced life expectancy, infection
or gangrene in the possible sites of distal anastomoses, the
unavailability of suitable veins or the absence of an adequate
‘landing zone'forthe distal part of the bypass.*>72% Additionally,
for critical limb ischemia, the goals of treatment are relieving
ischemic pain, healing ulcers, preventing limb loss, improving
patient function and quality of life, and prolonging survival,
even if the middle and long-term patency of the arteries
submitted to endovascularangioplasty could be worse.
Accordingly, with this study, the authors intendto describe the
experience of their Vascular Surgery Department on endo-
vascularrevascularization for the treatment of NIDF patients.

METHODS

Retrospective institutional review of consecutive patients
requiring endodistal revascularization performed by vascular
surgeons (January 2010 - December 2017). We evaluated
demographics and co-morbidities data and performed
statistic analysis to determine factors and outcomes as limb
salvage, majorand minoramputation rates. Majoramputation
was defined as amputation proximal to the ankle joint whilst

minor amputation was defined as amputation distal to the
ankle joint. The primary outcome was to evaluate the tech-
nical success, the limb salvage, the rate of major and minor
amputation and the global survival of this population. The
secondary outcomes were to characterize our population,
the endovascular procedures performed and the evolution
overthelast years. Operative reports were also reviewed to
analyze the endovascular procedures and techniques.
Categorical variables are presented as frequencies and
percentages and continuous variables as means and stan-
dard deviations, or medians and interquartile ranges for
variables with skewed distribution. Normal distribution was
checked using Kolmogorov Smirnov test or skewness and
kurtosis. All reported P values are two-tailed, with P value
of 0,05 indicating statistical significance. Analyses were
performed with the use of SPSS software, version 22.

RESULTS

This study included 326 patients, which corresponded to 464
limbs. Only endodistal revascularizations in limbs without
surgical bypass were included.

The mean age population was 70,8 years old (yo); 64,7% were
men, with a mean time of diagnosed diabetes of 15 years
(10-24). The comorbidities presented were hypertension (81%),
hypercholesterolemia (30,4%), chronickidney disease (30,4%;
onhemodialysis:57,6%)andsmoking (19,3%) - Table 1. Isolated
restpainwith noulcerwas presentinonly 4,1% of the patients.
Theiliac sector was concomitantly treatedinjust0,7% of the
procedures and femoro-popliteal sector in 63,2%. Figure 1
presents the distribution of the endovascular procedures
according the sector that suffered revascularization.

Tablel Demographicand clinical data of study population

Data n (%)
Age 70,8y (mean) 9,8(sd)
‘ ? 115(35,3)
Gender
‘ g | 211(64,7)
DM Diagnosis (years) 15(10-24)
Risk factors
Hypertension 264 (81)
Dyslipidemia 137 (42)
ChronicKidney Disease 99(30.4)
Hemodialysis 60 (61)
Smoking 63(19,3)
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Figure SEQ Figure \* ARABIC1 - Distribution of the endovascular
procedures by sector

Femoral antegrade approach was always attempted and
was obtained in 91,3% of the procedures and the others
were obtained by retrograde femoral approach. The retro-
grade distal approach was made when the anterograde
revascularization failed to cross the occlusion, and usually
according to the angiosome concept (7,6% of procedures).
The technical success - crossing the lesion, recanalizing the
vessel and reaching adequate foot run-off at least in one
artery - was achieved in 85% of the procedures.

Direct angiossomic revascularization was obtained in
60,9% of the cases.

Inthe femoro-popliteal sector, PTAwas performedin 56,3% of
the procedures, 1,3% with drugeluting balloon - DEB, and reca-
nalization, PTA and stenting in 42,4%. Tibial arteries stenting
was performedin1,9% of procedures, as a bail-out technique,
withdrugeluting stent (DES) overa 0,014"guide wire plataform.
The median follow-up (FU) time was 11 months (mo), with an
interquartile range of 16 mo. During FU, 14,1% of patients was
submittedtomajoramputationand 36,4% tominoramputation.
In Table 2, the authors present the data comparing the group
of patients who suffered amputation and the group with limb
salvage, both after revascularization. There were no signif-
icant differences between the two groups regarding some
criteria, such as cardiovascular risk factors, age or previous
endovascular intervention. In the opposite way, there were
association betweenangiossomicrevascularization (p=0,014)
andthe numberof tibial arteries recanalized (p=0,01) with the
presence of limb salvage and the faster healing of the ulcer.
The major amputation free-survival rate was 80,1% at 12 mo
(graphic1) andthe rate of healing at 12 mo was 63,2% (graphic2).
The12moglobalsurvival was 79,8% (graphic3).

The endovascular reintervention rate was 20,4% and the
median time was 205 days afterthe first procedure. The tech-
nicalsuccess achievedinreinterventions was 90,2 and major

R.Augustoetal.

Table2 Comparison between the majoramputation group and
no majoramputation group

No major Major value

amputation amputation P
Age 70,4 (9,68) 68,1(8,77) p=0,196

Male: 65,6% Male: 75,4%

=0,17
Gender Female: 34,4% Female: 24,6% p=0.175
Hypertension 87,8% 82,5% p=0,902
Dyslipidemia 42,8% 49,1% p=0,478
hronic Ki
ChronicKidney  , 5, 42,1% p=0,115
Disease
Smoking 20,5% 14,1% p=0,244
. Rest pain: 4,1% 1 Amo _
Rest pain/ulcer Ulcer: 95,9% Ulcer:100% p=0,235
Previous revas-
VIOUSTEVAS™ | 59,706 31,6% p=0,436
cularization
Angiossomic 10y 17,7% p=0,02
revascularization
No. patent o 57.6% vs.
Yo vs. 45%

vessels (Ovs. 1 22"5“')/5 ) 55 o, | 246%vs.15% | p=0,001
vs.2vs. 3) DTN s 2,8%

amputation was requiredin13,4% of these patients. Balloon
angioplasty (POBA) was the most common modality used for
reintervention - 84,5% of cases. In 12.6% there was deploy-
mentof stentsandinthe minority of cases - 2,9% - there was
usedDEB. Each patient of this group needed approximately 1,5
endovascular procedures after the first one.

Considering the subgroup of patients with chronic kidney
disease (CKD), 57,6% of the population was in hemodialysis
program. The distribution of the different stages of CKD is
presented in Table 3. According to the author’s data, consid-
ering only patients with CKD, there were no association
between the stage of CKD and the increasing of the mortality
(p=0,13) and major amputation (p=0,844). On the opposite
side, we verified that the increasing of renal dysfunction was
associated with the absence of ulcer healing (p=0,04). There
were no significant statistic differences between the group
of patients in hemodialysis and the group of patients in CKD
stage 5 with no renal replacement therapy.

Comparing the group of patients with CKD and the group
with normal renal function, the authors found significant
statistic differences related with mortality rate, with the
patients with CKD having more mortality (p=0,01). No signif-
icant statistic differences were found concerning the major
amputation rate (p=0,130) between these two groups.
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Table3 Distribution of patients with CKD

CKD stage n (%)
Stage2 7(7.1)
Stage 3 19(19,1)
Stage 4 13(12,8)
Stage 5 60 (61)
Hemodialysis 57(95,4)
TOTAL 99 (100)

The global mortality rate in the present study regarding the
patients with CKD was 26,8% and the major amputation
free-survival rate at 12 mo was 75,9%, demonstrating the
complexity of arterial disease of these patients and the
challenge presented to vascular surgeons to promote the
limb salvage.

Between 2010and 2017 the authors verifiedinthe population
of NIDF who were submitted toendovascular revascularization,
theincreasing of endovascular procedures as the minorampu-
tation and the declining of major amputations (Graphic4).

90
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60 & =<4=Endovascular procedures
50 PN f\ (no)

10 E E !i
0

2010 2011 2012 2013 2014 2015 2016 2017

40 -%Aﬁf ~fd=Major amputations
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Graphic4 Evolutionoverthe years concerning endovascular
procedures, major and minor amputations

They performed a division of the population into 2 groups:
group A - endovascular revascularizations between 2010 -
2014 andgroup Bbetween 2015 - 2017. The authors verified
some interesting conclusions that reflect the progress and
work overthe last years. Despite of the first group including
more years, they verified very similar numbers on endovas-
cularrevascularizations - group A: 241 procedures and group
B: 223 procedures. Overthe last years these population have
comparable characteristics but it was verified more patients
with CKD in group B (63 vs. 86). One of the most interesting
aspectthatthe authors highlightis the crescent use of other
techniques - as retrograde approaches - for the last years
- group A: 7and group B: 25 - reflecting more aggressive
alternatives to achieve limb salvage - a point that revealed
a statistic difference between the two groups (p=0,001).
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The technical successingroup Ais similarto group B (171 vs.
183)andboth groups are similar concerning the healing rate.
The authors verified over the years the increase of endo-
vascular procedures, followed by a bigger number of minor
amputation surgeries. The results additionally show thatthe
Center have invested in more complex patients, with more
comorbidities and consequently the group B have a major
mortality comparing to the other group.

DISCUSSION

Severaldifferenttechniquesareavailable forrevascularizationin

NIDF:infrainguinal bypass and endovasculartechniques, which

haveevolvedgreatly overthe past fewyears - additionally with

recentuse of DEBs and coated stents. Nowadays, infrapopliteal
endovascularrevascularization constitute afirstline treatment
forBTK arterial occlusive disease, since they promote a highlimb

salvage rates and alow morbidity and mortality.?

Taylorand Palmer first described the angiosome concept, in

which human tissue is delineated into blocks according to

how they are fed by specific arterial and venous sources.?¥

Regarding this concept, it has furtherincreased the success
rate and majoramputation-free survival of the endovascular
interventions. According to this principle, the ankle and foot
aredividedintosixdistinct three-dimensional vascular terri-
tories supplied by the posterior tibial artery, the anterior
tibial artery orthe peroneal artery. Some authorsreport that
in patients with ischemic wounds, direct revascularization

of the source artery seems more effective than revascu-
larization of a nonspecific artery with reliance on collateral
arteries. Other studies documented that clinical outcome of
the foot has beendemonstratedto be favorably affected by
increasing numbers of patients crural arteries at the end of
the endovascular treatment. However, all of these results
rely onretrospective data.®®

Angiossomic revascularization is not always feasible and it
isimprecisely defined between institutions.

It appears that this technique results in approximately a

10-15% increase in wound healing rates relative to non-an-
giossomic revascularization.®® In this study, angiossomic
revascularization was associated with the presence of limb

salvage and the faster healing of the ulcer.

One further aspect that needs to be considered is the

patient’s general condition. The mostimportant of the many
factors to consider are life expectancy and the presence of
co-morbidities, such as CKD. Diabetic patients with PAD may
have concomitant CKD requiring hemodialysis, which means
that the vascular damage is more severe and progresses
more rapidly than in diabetic patients without end-stage

renal disease leading to a poorer prognosis. Renal disease is

R.Augustoetal.

one of the most important factors underlying the unfavor-
able course of an ulcerative lesion, being an independent
risk factor for foot ulceration and major amputation.(@27
Distal revascularization in patients on dialysis patients is a
challenge due to their vulnerability toinfections, their delay
in the healing and the presence of marked calcifications on
theirvesselwalls. Furthermore, the risk of majoramputation
in this population is 4.7 times higher than in non-dialysed
subjects.?® Diabetic subjects with CKD also experience more
perioperative complications such as sepsis and heart failure
and there is a high rate of mortality (2.4-13%)?®, with the
subgroup of patients in hemodialysis reaching amortality of
49%, 1 year after an amputation.?® Doing that analysis in
the hemodialysis patients who suffered majoramputationin
this study, it was found a 1-year survival of 37,5%.
However, despite the complexity of the local and general
management of diabetic PAD patients undergoing dialysis,
recent data show that 1-year limb salvage can be as high
as 65-75%.%%39 According to these literature values, in the
presentstudy, the authors verifiedan 1-yearlimb salvagein
the population on dialysis of 76,9%.

Hinchliffe et al*V described limb salvage rates of 78%
atl2moinendovascularrevascularization of NIDF patients.
The present results are comparable to that center with alimb
salvage rates of 80,1% at 1 year. Regarding wound healing,
they described a 1 year rate > 60%, perfectly comparable
with the observedresults of 63,2%.

Low patency rates after endovascular interventions, espe-
cially in infrapopliteal arteries, and high restenosis rates
have beenuniformly noted, with a high rate of restenosis and
requirement for reinterventions. Reinterventions have been
traditionally consideredto be benign and successful, without
significant consequences on limb outcomes. However, the
impact of distal restenosis and reinterventions in patients
with critical limbischemia has not been well characterized®Y
Sagib et al.?Y described in his study (including patients
without diabetes), primary patency rates at 1 year after
endovascular revascularization of 59%, primary-assisted
patency rate of 70% and secondary patency rate of 76%.
Inthe authors department, the follow-up of the revascular-
ized diabetic patients is done by clinical observation of the
lesions and evaluation of quality of Doppler pulses. If there
is adeterioration of the ulcer healing with worsening of the
monophasic Doppler sound or loss of pulses, the patient is
routinely proposedto a secondary endovascular procedure.
Concerning the optimal medical treatment, all patients of
the present study were put under dual antiplatelet therapy
forminimum period of 6 months.
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CONCLUSION

According to the national® and international® data, it is
evident that the increasing use of preventive and vascular
care, especially among patients with diabetes, has been
associated with lower rates of major amputation®?, giving
these patients a better quality of life and increasing their

life expectancy.

Theresults of this study appear to be comparable to special-
ized centers in treating BTK disease. The author’s data
showed that direct arterial flow — angiosomic revascular-
ization — and the number of patent vessels are associated
with better results on limb salvage. In contraposition, the
presence of CKD is associated with more mortality and the
increasing of renal dysfunction was related with the absence
of ulcer healing - making this subgroup of patients a real

challenge to vascular surgeons.

The results of this study on endodistal revascularization,
highlights the need to prioritize investigation and revascu-
larizationin neuroischemic diabetic foot patients toimprove
the outcome of footulcer, giving the possibility of salvaging

agreater number of limbs.
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