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prior and after endovascular revascularization
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Abstract

Objective: The objective of the study was to compare the incidence of major amputation of the lower limbs secondary to the
diabetic foot (DF) before and after the introduction of endovascular therapy as a method of revascularization in patients with
severe ischemia. Methods: This retrospective, observational, and longitudinal study evaluated patients diagnosed with DF from
June 2012 to June 2019. The incidence of major amputation was compared with prior endovascular revascularization and
subsequent use 2016 as the reference year. We compared the higher amputation rates between the two time periods using
the Chi-square test at a significance level of 0.05. Results: A total of 860 patients, 218 (60%) underwent endovascular revas-
cularization. The absolute risk of major amputation was 56% (95% confidence interval [Cl], 0.50-0.52; odds ratio [OR], 1.29) in
the first period of time and 19% (95% CI, 0.16-0.23; OR, 0.24) in the second period of time, with an OR of 0.19 (95% Cl, 0.14-
0.26), relative risk of 0.33, risk reduction relative of 0.66, and risk difference of 0.37 The difference in the incidence of major
amputation between the two time distances was statistically significant. Conclusions: The incidence of PD is increasing
overtime. Revascularization through an endovascular approach may be a feasible alternative to reduce significant amputation
rates, even in countries with a high incidence of diabetes. However, more studies are required to support these conclusions.
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Resumen

Objetivo: Comparar la incidencia de amputaciones mayores de miembros inferiores secundaria al pie diabético (PD) antes y
después de la introduccidn de la terapia endovascular como método de revascularizacion en pacientes con isquemia severa.
Métodos: Estudio retrospectivo, observacional y longitudinal que evalud a pacientes diagnosticados con PD desde junio de
2012 hasta junio de 2019. La incidencia de amputacion mayor se compard con la revascularizacion endovascular previa y
posterior utilizando 2016 como afio de referencia. Comparamos las tasas de amputacion mayor entre los 2 periodos de tiempo
usando la prueba de chi-cuadrado a un nivel de significancia de 0.05. Resultados: Un total de 860 pacientes. 218 (60%) se
sometieron a revascularizacion endovascular. El riesgo absoluto de amputacion mayor fue del 56% (intervalo de confianza del
95% [IC 95%]: 0,50-0,52; odds ratio [OR]: 1,29) en el primer periodo de tiempo y del 19% (IC 95%: 0,16-0,23; OR: 0,24) en el
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segundo periodo de tiempo, con un OR de 0.19 (IC 95%: 0.14-0.26), riesgo relativo de 0.33, reduccidn del riesgo relativo de
0.66 y diferencia de riesgo de 0.37 La diferencia en la incidencia de amputacion mayor entre los 2 periodos de tiempo fue
estadisticamente significativa. Conclusiones: La incidencia de PD esta aumentando con el tiempo. La revascularizacion me-
diante un enfoque endovascular puede ser una alternativa factible para reducir las tasas de amputacion importantes incluso
en paises con alta incidencia de diabetes. Sin embargo, se requieren mds estudios para apoyar estas conclusiones.

Palabras clave: Pie diabético. Isquemia cronica de extremidades. Amputacion mayor. Revascularizacion endovascular.

Introduction

Diabetic foot (DF) is one of the most common com-
plications of diabetes mellitus (DM), which can lead to
major amputation of the lower limb with a considerable
disabling impact. Patients with DM have 25% risk to
develop foot ulcers in their entire life. Among patients
with diabetic foot ulcers, 20% undergo major amputa-
tion, and there is 50% mortality rate from cardiovascular
complications at 5 years; therefore, the prognosis is
similar to that of pancreatic cancer or lymphoma'. It is
reported that 75 people are amputated per day in Mex-
ico, in some regions of the world, an amputation sec-
ondary to DM complications is performed every 20 s.
Major amputation (above and below the knee) is highly
disabling and increases long-term health-care costs??.

It has been reported that up to 60% of patients with
DF have atherosclerosis in the lower limbs being infra-
genicular arteries the most affected vessels®. In addition
to hyperglycemia, DM is associated with dyslipidemia
and vascular inflammation, resulting in structural disor-
ders of the vascular wall, smooth muscle cell alteration,
and endothelial injury®. In addition, infection in patients
with DM may increase the oxygen need and tissue per-
fusion to feet due to increased metabolic activity and
concomitant thrombosis of small vessels®. Moreover,
the ischemia processes increase the severity of infec-
tion and increase the risk of major amputations. There-
fore, revascularization should be indicated immediately
in advanced stages of peripheral arterial disease (PAD)
in DF scenario”®. Open surgery procedures are revas-
cularization options in patients with good cardiac func-
tion, but on the other hand, endovascular procedures
are safer in cases of cardiac dysfunction®. Minimal in-
vasive approaches have gained popularity in recent
years because they reduce patient recovery time, in
some centers of the United States, mayor amputation
incidence was 35% in 1990, when surgical revascular-
ization was a predominant option, but decreased to 6%
in 2010, when minimally invasive procedures were the
revascularization option in 89% of cases’™°.

Few studies have evaluated amputation rates second-
ary to DF in developing countries with high incidence

of diabetes. In Mexico, 10.4% of the population had
diabetes in 2016, Mexican population also has one of
the highest rates of deaths attributable to diabetes and
disability-adjusted life-years''. From 2004 to 2005, hos-
pital admissions due to DF increased in Mexico by 10%
and the rate of major amputation increased by 4%12.
Data from the National Health and Nutrition Survey
(Encuesta Nacional de Salud y Nutricion — ENSANUT)
indicated that from 2004 to 2013, the increased inci-
dence of DF was 7.5%?2. Otherwise, the role of endovas-
cular interventions to reduce the incidence of major
amputations is still unknown in Latin American popula-
tion and actually, we are going through financial cuts to
health system, for this reason, all strategies that have
already proven effective decreasing major amputations
in other countries must be implemented and promoted
in the Mexican population™. The aim of this study was
to determine the incidence of lower limb major ampu-
tation in patients with DM admitted in a single center
from June 2012 to June 2019 and compare the inci-
dence of major amputations during the period starting
3.5 years prior and 3.5 years subsequent to the intro-
duction of endovascular therapy as a revascularization
in severe ischemia cases of DF.

Methods

This retrospective, observational, and longitudinal
study was conducted at Hospital Regional Lic. Adolfo
Lopez Mateos of the ISSSTE in Mexico City, data from
patients diagnosed with DF (defined according to the
World Health Organization [WHO] guidelines'™) admitted
to the vascular surgery division from June 2012 to June
2019 were collected and analyzed. The presence of ul-
cers, ulcer depth, and gangrene was evaluated using the
Wagner classification and the Wound, Ischemia, and
foot infection (WIfl) grading system®. The clinical stage
of PAD was also evaluated according to the Rutherford
classification (only Stages V and VI were considered).

Demographic data, comorbidities, and risk factors
(type of diabetes, high blood pressure, history of smok-
ing, and renal replacement therapy in patients with
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Table 1. Demographic data and comorbidities in the study population

Total number of patients
n = 860 (% or SD)

Men

603 (70)
Women 257 (30)
Average age 66 (11)
Wagner | 7(1)
Wagner Il 36 (8)
Wagner Il 262 (60)
Wagner IV 441 (16)
Wagner V 114 (13)
Peripheral arterial disease 424 (49)
Rutherford V 368 (42)
Rutherford VI 56 (6)
Renal replacement therapy in 67 (7)
patients with CKD
Previous smokers 457 (53)
Active smokers 160 (18)

CKD: chronic kidney disease, NS: not significant.

chronic kidney disease) were analyzed. The primary out-
come was major amputation. Amputation above and be-
low the knee was considered major, whereas
transmetatarsal and toe amputations were considered
minor. The lower limb was preserved in patients with
complete wound healing. The incidence of major ampu-
tation before and after endovascular revascularization
was compared using the year 2016 as the benchmark
year because in January 2016, a facility for endovascular
suite was set up at our center to perform minimally inva-
sive revascularization procedures. The following two time
periods were compared: first period from June 30, 2012
to December 31, 2015, when we first began performing
open revascularization in our department; the second
period from January 1, 2016 to June 1, 2019, when we
first began performing endovascular revascularization.
Demographic and clinical data were analyzed descrip-
tively, tabulated, converted to percentages, and reflected
in central tendency measures. The two time periods were
compared using the Student’s t-test for continuous vari-
ables and comparison of medians for categorical vari-
ables. The Chi-square test was used to compare the
rates of major amputation between the two time points,
and p < 0.05 was considered statistically significant.
SPSS software version 25.0 was used for data

Patients admitted from 2012
to 2015 n = 284 (% or SD)

Patients admitted from 2016
to 2019 n = 576 (% or SD)

202 (71) 401 (69) NS
82 (29) 175 (31) NS
66 (10) 66 (11) NS
5(2) 2(1) NS
7(4) 29 (10) NS
99 (57) 165 (61) NS
128 (23) 313 (12) <0.05
45 (12) 69 (13) NS
112 (39) 312 (50) <0.05
88 (30) 280 (48) <0.05
24 (8) 32 (5) NS
30 (10) 37 (6) NS
164 (57) 293 (50) NS
49 (17) 111 (19) NS

processing and inferential statistics. The study was grant-
ed ethical approval by the Clinical Research and Ethics
Committee of the “Hospital regional Lic. Adolfo Lopez
Mateos (ISSSTE)” in March 2019, with institutional num-
ber 029-2019. Informed consent was not required.

Results

A total of 860 patients diagnosed with DF from June
2016 to June 2019, with a mean age of 66 + 11 years,
were included in the study, 70% of our study population
were male. Demographic data and comorbidities are
described in table 1.

A total of 424 patients were diagnosed with concomitant
PAD (Rutherford Stages V and VI, WIFI Stages Il and IV).
Meanwhile, 359 patients underwent lower limb revascular-
ization, 218 (60 %) underwent endovascular revascular-
ization, and 141 (40%) underwent open revascularization
(Fig. 1). During the study period (2012-2019), 273 patients
underwent major amputation (31.7%) and 265 (30%) had
minor amputation (Fig. 2). A total of 160 major amputations
(59%) were performed from 2012 to 2016 and 113 (41%)
major amputations correspond to after “endo-first ap-
proach” period. The incidence or absolute risk of major
amputation was 56% (95% confidence interval (Cl) [95%
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Figure 1. Distribution of patients with diabetic foot admitted to the Regional Hospital “Lic. Adolfo Lopez Mateos” in

Mexico City, Mexico, from 2012 to 2018.
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Figure 2. Distribution of revascularization procedures and minor amputations in patients with diabetic foot admitted
to the Regional Hospital “Lic. Adolfo Lopez Mateos” in Mexico City, Mexico, from 2012 to 2018.

Cl], 0.50-0.52; OR, 1.29) in the first period (2012-2015) and
19% (95% Cl, 0.16-0.23; OR, 0.24) in the second period
(2016-2019), with an OR of 0.19 (95% ClI, 0.14-0.26), rel-
ative risk (RR) of 0.33, reduction in RR of 0.66, risk differ-
ence of 0.37, and number needed to treat of 2.7 (95% ClI,
2.3-3.3). The difference in incidence between the two pe-
riods was statistically significant (p < 0.05). The number
of procedures and the incidence of major and minor am-
putations per year are shown in table 2.

Endovascular revascularization began in 2016, with
218 procedures performed until July 1, 2019, and the
rate of open procedures decreased from 100% in 2012
to 26.6% in 2019. There were no significant differences

in the average number of open revascularization pro-
cedures between the two time periods.

Discussion

The prevalence of amputation was significantly different
between periods analyzed in our study, in other words,
before and after implementation of “endo-first approach” to
perform revascularization procedures in DF patients. These
findings are relevant for us because the quality standards
in health care of the Organization for Economic Coopera-
tion and Development (OECD, Mexico is a member) con-
sider major amputation as an indicator of the quality of care
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Table 2. Number and percentage of vascular procedures performed between 2012 and 2019 in the Regional Hospital
“Lic. Adolfo Lopez Mateos” in patients who underwent amputation

2013
(n=73)

Endovascular revascularization, n = 218 (%)

Open revascularization, n = 141 (%) 19 (100) 17 (100)
Major amputation, n = 273 (%) 29 (10) 40 (15)
Incidence of major amputations, n = 314 (%) 80 (28) 54 (19)
Minor amputations, n = 265 (%) 31(12) 29 (11)
Incidence of minor amputations, n = 267 (%) 63 (22) 33 (11)

of DM of health institutions®. Complications secondary to
DM represent 87% of treatment costs of the entire disease,
major amputation is a disabling complication of DM asso-
ciated with increased long-term health-care costs; indeed,
an amputation performed in our country in 2013 cost ap-
proximately $ 5000.00 USD. Because direct costs of DF
represent 10% of the total grant of diabetes care', indirect
costs (i.e., from premature death, absenteeism, and dis-
ability) are substantial too. Furthermore, the total treatment
cost of DF exceeded that cardiovascular treatment of com-
plications due to DM. Accordingly, to reduce the rate of
major amputation is a feasible approach to decrease the
burden of DF, improve the quality of life of patients, and
decrease health care costs'®.

It should be noted that revascularization by itself does
not decrease the rate of amputation, the set of increased
understanding of the DF pathophysiology, as well as
advances in endovascular diagnostic and treatment
techniques, stratification tools, and the development of
treatment guidelines could be other causal factors. In-
deed, advances in diagnostic techniques in particular
help determine the status of DF-related complications
before and after the initiation of endovascular therapies,
thereby helping to determine future strategies, identify
cost-effective tools, and optimize clinical outcomes'.
There is little evidence supporting the hypothesis that
revascularization is superior in reducing the number of
amputations when compared to the following: risk detec-
tion and stratification, timely patient referral, patient ed-
ucation, and multidisciplinary care. However, the results
of revascularization procedures are promising mainly in
countries where prevention has not been incentivized
and where the patients seek for specialized medical
attention in advanced stages of the disease’®.

The number of patients with DF admitted to our
department increased, and this phenomenon is

ARSI
(n=81) (n =157)

49 (76) 61(72) 75 (78) 33 (66)
13(100) 16 (100)  15(23) 23 (27) 21 (21) 17 (34)
47 (18) 44 (17) 39 (14) 32 (11) 29 (10) 13 (4)
58 (20) 48 (16) 23(39) 20(34) 18 (3) 13(2.2)
34 (13) 48 (18) 53 (20) 30 (11) 19(7) 21 (8)
36 (12) 44 (15) 33 (5) 20 (3) 13(2) 25 (4)

comparable to results from international studies, as
a meta-analysis performed in 2011 reported that the
rate of major amputation varied from 3.6 to
68.4/1,000,000 year worldwide'®. Moreover, the num-
ber of patients with DF admitted to our center has
increased almost 2-fold from 2012 to 2018, with an
associated increase in health-care costs. According
to the data of the Mexican Health Foundation FUN-
SALUD, the cost of care of DM and its complications
represented 2.2% and 2.6% of the national gross
domestic product in 2012 and 2018, respectively.
Continued increased costs could be catastrophic for
health systems in general?®.

Compared to other statistical data from Mexico reported
in 2013 by the Mexican Social Security Institute (Instituto
Mexicano del Seguro Social — IMSS), in Southern Mexico
City, there were 187 major amputations and 166 minor
amputations in 1 year, which is a 5-fold increase relative
to the number of procedures performed at our hospital.
These results are comparable to the percentage of the
population being assisted by the IMSS since it is estimat-
ed that 6 in 10 Mexicans receive health-care services
from this institute’®. Therefore, the increase in DF, major
amputation, and the cost of diabetes care are a worldwide
trend and not exclusive to our center, and comprehensive
measures are crucial to counteract this increase.

Regarding demographic data, age is a risk factor that
increased the prevalence and incidence of PAD by more
than 10%, especially in the 60-70 years age group. The
mean age in our sample was 66 years®'. The rate of
smoking and its complications has decreased in devel-
oped countries. However, this trend was not observed
in our sample since 53% of our patient population that
were submitted for amputation had a history of smoking.
Furthermore, 21% increase in the amputation rate has
been verified in current smokers?2.
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Since 2005, the WHO and the International Diabetes
Federation have reported that 80% of diabetes-related
amputations are preventable™. Therefore, efforts
should be directed to reduce the risk factors and com-
plications and provide revascularization (open or endo-
vascular) treatment options for high-risk patients (those
with perioperative mortality > 5% or 2-year surviv-
al < 50%)°. Endovascular revascularization may be the
treatment of choice to prevent amputation and has
decreased the rate of amputation from 25% to 50%%22,
as was the case in this series.

This study has several limitations. Anatomical lesions,
joint revascularization procedures (open and endovas-
cular), time to revascularization, levels of glycosylated
hemoglobin and other markers, results of vascular lab-
oratory tests, and survival and cost analyses were not
investigated in this data set. The generalizability of our
results is limited to the assessment of our patient pop-
ulation at a specific period in time. Moreover, in addition
to endovascular revascularization, other strategies that
might decrease the rate of amputation secondary to DM
need to be further studied.

Conclusions

The incidence of DF is increasing overtime. Revascu-
larization by an endovascular approach may be a feasible
alternative to reduce major amputation rates even in
countries with high incidence of diabetes. However, fur-
ther studies are required to support these conclusions.

Acknowledgments

We thank Dr. Rodrigo Lozano — Corona for the sup-
port during the preparation of this manuscript.

Conflicts of interest

The authors declare that they have no conflicts of
interest.

Ethical disclosures

Protection of human and animal subjects. The
authors declare that no experiments were performed
on humans or animals for this study.

Confidentiality of data. The authors declare that
they have followed the protocols of their work center on
the publication of patient data.

Right to privacy and informed consent. The authors
have obtained the written informed consent of the pa-
tients or subjects mentioned in the article. The corre-
sponding author is in possession of this document.

References

1. Hingorani A, LaMuraglia GM, Henke P, Meissner MH, Loretz L,
Zinszer KM, et al. The management of diabetic foot: a clinical practice
guideline by the society for vascular surgery in collaboration with the
American podiatric medical association and the society for vascular me-
dicine. J Vasc Surg. 2016;63:3S-21.

2. Boulton AJ, Vileikyte L, Ragnarson-Tennvall G, Apelqvist J. The global
burden of diabetic foot disease. Lancet. 2005;366:1719-24.

3. Secretaria de Salud. Encuesta Nacional de Salud y Nutricién de Medio
Camino 2016: informe final de resultados. Instituto Nacional de Salud
Publica; 2016. Available from: https://www.gob.mx/cms/uploads/attach-
ment/file/209093/ENSANUT.pdf

4. Criqui MH, Vargas V, Denenberg JO, Ho E, Allison M, Langer RD, et al.
Ethnicity and peripheral arterial disease: the San Diego population study.
Circulation. 2005;112:2703-7.

5. Conte MS, Bradbury AW, Kolh P, White JV, Dick F, Fitridge R, et al.
Global vascular guidelines on the management of chronic limb-threate-
ning ischemia. J Vasc Surg. 2019;69:3S-125.e40.

6. Mills JL Sr., Conte MS, Armstrong DG, Pomposelli FB, Schanzer A, Si-
dawy AN, et al. The Society for vascular surgery lower extremity threa-
tened limb classification system: risk stratification based on wound, is-
chemia, and foot infection (WIfl). J Vasc Surg. 2014;59:220-340.

7. Wiseman JT, Fernandes-Taylor S, Saha S, Havlena J, Rathouz PJ,
Smith MA, et al. Endovascular versus open revascularization for periphe-
ral arterial disease. Ann Surg. 2017;265:424-30.

8. Everett E, Mathioudakis N. Update on management of diabetic foot ul-
cers. Ann N 'Y Acad Sci. 2018;1411:153-65.

9. Brosi P, Dick F, Do DD, Schmidli J, Baumgartner I, Diehm N. Revascu-
larization for chronic critical lower limb ischemia in octogenarians is
worthwhile. J Vasc Surg. 2007;46:1198-207.

10. Goodney PP, Beck AW, Nagle J, Welch HG, Zwolak RM. National trends
in lower extremity bypass surgery, endovascular interventions, and major
amputations. J Vasc Surg. 2009;50:54-60.

11. Levaillant M, Lievre G, Baert G. Ending diabetes in Mexico. Lancet.
2019;394:467-8.

12. Cisneros-Gonzalez N, Ascencio-Montiel IJ, Libreros-Bango VN, Rodri-
guez-Véazquez H, Campos-Hernandez A, Dévila-Torres J, et al. Indice de
amputaciones de extremidades inferiores en pacientes con diabetes. Rev
Med Inst Mex Seguro Soc. 2016;54:472-9.

13. Agren D. AMLO’s Mexico leads to drastic cuts to health system. Lancet.
2019;393:2289-90.

14. World Health Organization. World Diabetes Day: too Many People are Losing
Lower Limbs Unnecessarily to Diabetes. Available from: https://www.who.int/
mediacentre/news/releases/2005/pr61/en. [Last accessed on 2008 Jul 30].

15. OECD. Cardiovascular Disease and Diabetes: policies for Better Health
and Quality of Care; 2015. Available from: https://www.oecd.org/publica-
tions/cardiovascular-disease-and-diabetes-policies-for-better-heal-
th-and-quality-of-care-9789264233010-en.html.

16. Egorova NN, Guillerme S, Gelijns A, Morrissey N, Dayal R, McKinsey JF,
et al. An analysis of the outcomes of a decade of experience with lower
extremity revascularization including limb salvage, lengths of stay, and
safety. J Vasc Surg. 2010;51:878-85, 885.e1.

17. Santander-Becerra ME, Torres-Martinez JA, Gonzélez-Villegas P, Mo-
ya-Jiménez, Serrano-Lozano JA. Ultrasonido vascular en la planeacion
terapéutica endovascular en pacientes con isquemia critica. Rev Mex
Angiol. 2019;47:11-5.

18. Moxey PW, Gogalniceanu P, Hinchliffe RJ, Loftus IM, Jones KJ, Thomp-
son MM, et al. Lower extremity amputations-a review of global variability
in incidence. Diabet Med. 2011;28:1144-53.

19. Criqui MH, Aboyans V. Epidemiology of peripheral artery disease. Circ
Res. 2015;116:1509-26.

20. FUNSALUD. Carga Econdmica de la Diabetes Mellitus en México, 2013;
2015. Available from: http://www.funsalud.org.mx/wp-content/uploads/
publicaciones/carga-economica-diabetes-en-Mexico-2013.pdf.

21. Lombardo FL, Maggini M, De Bellis A, Seghieri G, Anichini R. Lower
extremity amputations in persons with and without diabetes in Italy: 2001-
2010. PLoS One. 2014;9:e86405.

22. International Diabetes Federation. The Diabetic Foot: amputations are
Preventable. Available from: http://www.idf.org/position_statementsdiabe-
tic_foot. [Last accessed on 2008 Jul 30].

23. Conte MS, Farber A. Revascularization for chronic limb-threatening is-
chaemia. Br J Surg. 2015;102:1007-9.



