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Abstract
Backgrounds  and  objective:  Incidence  of  lower  extremity  amputations  (LEA)  in the  population
with and  without  diabetes  mellitus  (DM)  was  assessed  after  implementation  of a  Multidisci-
plinary  Diabetic  Foot  Unit  (MDFU)  during  2008.
Material  and  methods:  Non-traumatic  LEA were  analyzed,  and  those  performed  before
(2001---2007)  and  after  (2008---2014)  introduction  of  the  MDFU  were  compared.  LEA  were  grouped
by age and  sex. Their  incidence  was  expressed  as  a  rate  per  100,000  population  per  year,
adjusted to  the  standard  European  population.
Results: A total  of  664 LEA  were  performed  during  the 2001---2014  period,  486  (73%)  of  them
in patients  with  DM.  Total  LEA incidence  was  11.2/105 population  in  DM  versus  3.9/105 in  the
population without  DM.  Incidence  of major  LEA  in  patients  with  DM  significantly  decreased
from 6.1/105 population  in the  2001---2007  period  to  4.5/105 in  the  2008---2014  period  (p  =  0.03).
Joinpoint regression  analysis  also  showed  a  reduction  in the  trend  of  incidence  of  major  LEA  in
patients  with  DM,  with  an  annual  percentage  change  of  −3.3%  [95%  CI, −6.2---0.3]  (p  = 0.025).
No significant  differences  were  found  for  all  other  incidences  and trends  in the diabetic  and
non-diabetic populations.
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Conclusions:  Implementation  of  a  MDFU  has  been  shown  to  be associated  with  a  significant
reduction  in  major  amputation  rate  in  the  diabetic  population,  although  the  results  are not
optimal yet.  Both  results  and  work  at  the  MDFU  should  be improved.
©  2017  SEEN.  Published  by Elsevier  España,  S.L.U.  All  rights  reserved.
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Tendencia  de la  incidencia  de amputaciones  de  miembro  inferior  tras  la
implementación  de  una  Unidad  Multidisciplinar  de  Pie  Diabético

Resumen
Antecedentes  y  objetivo:  Evaluamos  la  incidencia  de amputaciones  de  miembro  inferior  (AMI)
en población  con  y  sin  diabetes  mellitus  (DM)  tras  la  implementación  en  nuestro  centro  de  una
Unidad Multidisciplinar  de Pie  Diabético  (UMPD)  durante  el  año 2008.
Material  y  métodos:  Analizamos  las  AMI  de  causa  no traumática  y  comparamos  las  realizadas
antes del  inicio  de  la  UMPD,  2001-2007;  vs.  las  realizadas  después,  2008-2014.  Las  AMI se  agru-
paron por  edad  y  sexo.  Su  incidencia  se  expresó  por  100.000  habitantes  y  año,  ajustada  a  la
población europea  estándar.
Resultados:  Se  realizaron  664 AMI,  486  (73%)  en  población  con  DM durante  el  período  2001-2014.
La incidencia  de  todas  las  AMI  en  DM fue de 11,2/105 habitantes  vs.  3,9/105 en  población  sin
DM. La  incidencia  de AMI  mayores  en  DM  se  redujo  de  manera  significativa  de 6,1/105 habitantes
en el  período  2001-2007  a  4,5/105 en  el  período  2008-2014  (p  = 0,03).  El  análisis  de  regresión
jointpoint, también  demostró  una  reducción  en  la  tendencia  de  la  incidencia  de  AMI  mayores
en la  población  con  DM,  observándose  un  cambio  porcentual  anual  del -3,3%  [IC  95%,  -6,2-0,3]
(p = 0,025).  No encontramos  diferencias  significativas  en  el  resto  de  incidencias  y  tendencias  en
población con  y  sin  DM.
Conclusiones:  La  puesta  en  funcionamiento  de  una  UMPD  en  nuestro  centro  ha  demostrado  que
se asoció  a  una  reducción  significativa  en  la  tasa  de  amputaciones  mayores  en  la  población
diabética,  si  bien  estos  resultados  aún  no son  óptimos.  Se  precisa  mejorar  estos  resultados  y  el
funcionamiento  de  la  UMPD.
©  2017  SEEN.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.

Introduction

The  population  with  diabetes  mellitus  (DM)  has  a 15-  to  45-
fold  greater  risk  of  suffering  lower  extremity  amputation
(LEA)  than  the  population  without  DM.1 It  is  estimated  that
up  to  25%  of all  patients  with  DM  will  develop  foot ulcer  at
some  point  in life,  and  this precedes  amputation  in  up to
80%  of  cases.2

Infection  and  peripheral  artery  disease  are the  two  con-
ditions  most  commonly  leading  to  amputation,3 but  these
factors,  along  with  others  such  as  ethnicity  or  socioeconomic
parameters,  are  unable  to fully  explain  the  differences  in
amputation  rates  seen  in diabetic  populations  from  differ-
ent  geographical  areas.4 Amputation  is  not  simply  a phase
in  the  natural  history  of  diabetic  foot,  but  should  rather  be
regarded  as  a treatment  option.  In  addition,  aspects  such
as  differences  in access  to healthcare  and the  way  in which
care  is  provided  for  this  complication  are determinant  fac-
tors  for  the  incidence  of  LEA in the  population  with  DM.5

Different  scientific  position  statements,  such  as  those  of
the  ADA,  NICE  and  IDF,  make  it clear  that  patients  with  dia-
betic  foot  and  at  a  high  risk  of ulceration  should be seen
by  multidisciplinary  teams including  specialists  in different

areas:  podiatrists,  surgeons,  internists  (specialists  in infec-
tious diseases)  and endocrinologists,  among  others.6---8 This
strategy  has  been  shown  to decrease  the incidence  of  LEA
by  up to  60%.9,10 The  incidence  of  LEA  in the  diabetic  popu-
lation  has  therefore  been  established  as  an  indicator  of the
adequate  intervention  of  healthcare  systems.11

In 2008,  Príncipe  de Asturias  University  Hospital  (HUPA,
Madrid,  Spain)  inaugurated  a  diabetic  foot clinic  served
by  an  endocrinologist  and  a podiatrist  to  provide  care  for
patients  with  diabetic  foot.  Over  the following  8  years,  coor-
dination  with  different  related  disciplines  was  established
and  gradually  improved.  This  has  resulted  in a Multidis-
ciplinary  Diabetic  Foot  Unit (MDFU)  involving  different
specialties:  vascular  surgery,  general  surgery,  vascular  and
interventional  radiology,  orthopedic  surgery,  infectious  dis-
eases,  and  physical  medicine  and  rehabilitation.12

Awareness  of  the trend  in the  incidence  of LEAs  during
the  period  of  implementation  of  the MDFU  and  how  it  has
changed  as  compared  to  historical  series  is  important  when
assessing  the outcomes  of  the  Unit.  This  study  examines  how
LEA  has evolved  in the population  with  or  without  DM dur-
ing  the  period  2001---2014,  its  distinctive  features,  and  the
associated  hospital  mortality.
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Table  1  Census-based  population  in the  HUPA  catchment
area.

Year  Males  Females  Total

2001  144,723  147,789  292,512
2002 153,894  153,894  307,788
2003 160,069  161,507  321,576
2004 164,816  164,966  329,782
2005 171,223  170,188  341,411
2006 175,479  174,034  349,513
2007 175,725  174,588  350,313
2008 182,377  180,408  362,785
2009 184,043  181,330  365,373
2010 184,307  182,403  366,710
2011 186,414  185,035  371,449
2012 125,275  124,855  250,130
2013 126,186  125,977  252,163
2014 123,915  124,758  248,673

Source: Institute of Statistics of the Community of Madrid.13

Patients and  methods

A  retrospective  cohort  study  of LEAs  of  non-traumatic  ori-
gin  was  conducted  in the population  of our  healthcare  area
from  1 January  2001  to  31  December  2014.  This  popula-
tion  initially  comprised  those  people  living  in the town  of
Alcalá  de  Henares  (Madrid,  Spain)  and in 12  nearby  localities
who  historically  and for  reasons  of  proximity  have  preferen-
tially  attended  the  reference  hospital  (HUPA),  though  since
2010  the  Madrid  Department  of Health  regards  the  entire
Community  of  Madrid  as  a single  healthcare  area. During
the  study  period,  the registered  population  decreased  from
292,512  inhabitants  in 2001  to  248,673 inhabitants  in 2014
(Table  1).13

Identification  of amputations

Data  on  LEAs  were  collected  from  the Minimum  Basic  Data
Set  (MBDS)  of  the Madrid  Department  of  Health.  The  MBDS
records  information  regarding  hospital  discharges  (in  our
case  those  corresponding  to  all  Madrid  hospitals),  and  the
data  on  admissions  include  details  for  identification  pur-
poses  and  the codes  corresponding  to  the diagnoses  and
surgical  procedures  performed  during  the hospital  stay,14

with  a  mean  coding  incidence  of 98%.
The  captured  procedure  codes  were  84.11---84.18  of  the

International  Classification  of  Diseases  (ICD-9-CM).  Minor
LEA  was  defined  as  amputation  distal  to  the  ankle  joint
(codes  84.11---84.12),  while  major  LEA  was  defined  as
amputation  through  or  proximal  to  the  ankle  joint  (codes
84.13---84.17).  Traumatic  and cancer-related  amputations,
corresponding  to codes  895---897,  905.9,  213.7,  213.8,  170.7,
170.8,  and  195.5,  and  the major diagnostic  categories  14
(pregnancy,  delivery,  and  puerperium)  and  15  (newborns
and  perinatal  conditions)  were  excluded.  Episodes  corre-
sponding  to  the  diabetic  population  were  identified  by code
250.xx  in  any  diagnostic  field.  When  more  than  one  ampu-
tation  was  coded  in  the  same  episode,  only the highest
level  amputation  of each hospital  discharge  was  taken  into

account.  The  codes  were  reviewed  by  two  independent
observers.

Selection  of  the individuals  belonging  to  the  population
census  of the  catchment  area  of  the HUPA  was  carried  out
using  the Healthcare  Identification  Code  (CIAS  pro):  1603.XX
for  the  period  2001---2011,  and  1603.01XX-1603.10XX,
1603.17XX,  1603.18XX  and  1603.21XX  for  the period
2012---2014,  because  in the last  three  years  the refe-
rence  population  of  the HUPA  decreased  (Table  1). The
CIAS  pro  identifies  those  subjects  usually  attending  the
basic  healthcare  areas  of  the localities  dependent  upon  the
HUPA.

Data  reporting  and statistical  analysis

Quantitative  data  were  reported  as median  (P25,  P75),  while
qualitative  data  were  given  as  absolute  value  and  percent-
age  (%).  LEA  incidence  (mean  and  95%  confidence  interval
[95%CI])  was  calculated  globally,  as  well  as  for  major  LEA
and  minor  LEA,  per  year  and  taking  into  account whether  the
subject  had  DM  or  not. Data  were  adjusted  for  age  and  sex,
expressed  as  ratios  per  105 inhabitants  (according  to  census
data),  and  adjusted  to  the standard  European  population
using  the direct  method.15

Differences  in the incidence  of  LEA were  evaluated
by  comparing  the incidence  during  the period  2001---2007,
before  the  start  of the activity  of  the MDFU,  to  data  for  the
period  2008---2014,  during  the implementation  of the  Unit,
in individuals  with  and  without  DM. Quantitative  variables
were  compared  using a Student’s  t  test  or  a Mann---Whitney
U  test  depending  on  whether  the data  exhibited  were  nor-
mally  or  non-normally  distributed  (as  determined  by  the
Kolmogorov---Smirnov  test).  A Chi-squared  test  was  used  to
compare  qualitative  variables.  Trends  in amputations  were
also  explored  by  a joinpoint  regression  analysis,  using  a Pois-
son  distribution.  This  analysis  allows  for  the identification  of
points  where  the distribution  significantly  changes  direction,
and  these  changes  were  quantified  by  means  of  the  annual
percentage  change  (APC).  SPSS  version  15.0  statistical  soft-
ware  and Joinpoint  Regression,  version  4.2.0.2,  June  2015
software  were  used.16 Values  of p < 0.05  were  considered
statistically  significant.

Functioning  of the  Multidisciplinary  Diabetic  Foot
Unit (Fig.  1)

Diabetic  patients  with  foot  lesions  are  preferentially
referred  to  the  MDFU  from  any  primary  or  specialized  care
center,  or  emergency  room.  The  MDFU  determines  the diag-
nostic  and management  approach  in  each case,  according
to  the  International  Diabetic  Foot  Consensus  guidelines,17

and  coordination  with  other  specialties  is  established  where
required,  with  preferential  referral  to  the  departments  of
general  and  vascular  surgery  on  an outpatient  basis  or  for
hospital  admission.  Regardless  of  whether  assessment  by
other  specialties  is  required  or  not, all patients  are  followed
up  at the MDFU until  the end  of  the  episode.  Once  the  lesions
have  healed,  the  need  for regular  monitoring  by  the  MDFU
is  evaluated.
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Figure  1 Schematic  representation  of  the  functioning  of  the  MDFU  of  the  HUPA.

Table  2  Data  on  amputations,  with  differentiation  between  patients  with  and  without  diabetes.

LEAs  in  patients  with  DM,  n  =  486 LEAs  in patients  without  DM,  n  =  178  p

Age,  median  (P25---P75)  73  (64---79.2)  75.5  (60.7---85)  0.141
Males, n  (%) 338 (69.5)  127  (71.3)  0.654
Females, n  (%)  148 (30.5)  51  (28.7)  0.654
Minor/major  LEAs  255/231  73/105  0.009
Minor/major  LEA  ratio  1.10  0.69  0.009
In-hospital  mortality,  n  (%)  42  (8.6)  29(16.3)  0.005
Hospital stay,  median  (P25---P75)  15  (9---26)  17  (9---31)  0.007

LEA: lower extremity amputation; DM: diabetes mellitus. p-value patients with versus without DM.

Results

A  total  of  664  LEAs  of non-traumatological  and  non-
oncological  origin  were  recorded;  486  of  them  in patients
with  DM  (73%).  Table 2  shows  the clinical  characteristics  of
the  population  with  or  without  DM  subjected  to  LEA.  Ampu-
tation  was  more  frequent  in  individuals  over  60  years  of age,
with  no  differences  in  age  distribution  between  the  popula-
tion  with  and  without DM.  Analysis  of  LEAs  by  sex  revealed  no
significant  differences  between  patients  with  DM  and  with-
out  DM,  though  amputation  was  more  frequent  in males  in
both  groups.  The  minor/major  amputation  ratio  was  greater
among  the  diabetic  population,  i.e.  minor amputations  were
more  frequent  in  patients  with  DM. In-hospital  mortality
and  length  of  hospital  stay  were  greater  in the  population
without  DM.

Table  3  shows  the  incidence  of LEA  in diabetics  and non-
diabetics  during  the  overall  study  period  (2001---2014)  and
the  two  individual  periods  (2001---2007  and 2008---2014).  The
table  shows  a significant  decrease  in major  LEAs  in patients
with  DM,  from  6.1/105 inhabitants/year  [95%  CI 4.9---7.2]  in
the  period  2001---2007  to  4.5/105 inhabitants/year  [95%  CI
3.6---5.5]  in  the period  2008---2014  (p  =  0.030).  All  other  anal-
yses  of  incidences,  corresponding  to  total  and major  LEAs,
showed  no  significant  differences  between  the two  periods.

The  analysis  of  LEA incidence  by  sex  in  the  populations
with  and  without  DM  (Tables  4  and  5)  revealed  a  signif-
icant  decrease  in the  total  incidence  of LEAs  in women
with  DM  from  7.6/105 inhabitants/year  [95%  CI 5.2---10.1]  to
4.4/105 inhabitants/year  [95%  CI 3.3---5.5]  (p  = 0.013)  during
the  period  2001---2007  versus  2008---2014  respectively.  The
decrease  was  not significant  in  males.  An  increase  was  also
seen  in the  minor/major  LEA  ratio  in the  DM  population  dur-
ing the study  period,  which  was  significant  in  males:  1  [95%
CI  0.7---1.4]  during  the period  2001---2007  versus  1.6  [1.1---2.2]
during  the  period  2008---2014  (p  = 0.049).

Fig.  2 shows  the change  over  time  in LEA  incidence  in  the
populations  with  (Fig.  2A)  and  without  DM  (Fig.  2B).  The  join-
point  regression  analysis  only  showed  significant  changes  in
trend  in major  LEAs  during the  study  period  in patients  with
DM,  with  an APC  of  −3.3% [95%  CI  −6.2---0.3)  (p  = 0.025).  No
significant  changes  in  trend  were  seen  in  minor  and  total
LEAs  in  the diabetic  population  or  in any  LEAs  in the popu-
lation  without  diabetes.

Discussion

The  results  of  this  study  suggest  that  implementation  of
a  multidisciplinary  team  for the  diagnosis  and  treatment
of diabetic  foot,  coordinated  by  an  endocrinologist  and
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Table  3  Incidence  of  lower  extremity  amputations  in  patients  with  and  without  diabetes  per  100,000  inhabitants/year.

Period  LEAs  in  patients  with  DM,  n = 486 LEAs  in  patients  without  DM,  n = 178

All  Minor  Major  All  Minor  Major

2001---2014  11.2  [6.8.9.9---12]  5.9 [4.8---6.9]  5.3  [1.4---6]  3.9  [1---3.3.4.6]  1.5  [1.2---1.8]  2.3  [1.7---2.9]
2001---2007 11.8  [3.3---9.9---14]  5.7 [3.9---7.5]  6.1  [4.9---7.2]  4.3  [2.3.3---5.5]  1.5  [1.0---2.1]  2.6  [1.5---3.76]
2008---2014 10.7  [6.7.7.8.8---12]  6.1 [4.4---7.7]  4.5  [3.6---5.5]  3.4  [2---5]  1.5  [1.0---2.0]  1.9  [1.1.2.7]
p-value 0.405  0.715 0.030  0.182  0.893  0.235

LEA: lower extremity amputation; DM: diabetes mellitus. Data are given as mean [95% CI]. p-value period 2001---2007 vs 2008---2014.
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Figure  2  Change  over  time  in  the  incidence  of  minor,  major,  and  total  LEAs  in  diabetics  (A)  and  patients  without  diabetes  (B),
expressed per  100,000  inhabitants  in the  catchment  area  of  the HUPA  during  the  period  2001---2014.  *p  =  0.025  (joinpoint  regression
analysis). The  annual  percentage  change  (APC)  was  calculated  during  the  study  period  (2001---2014).  The  population  was  taken  from
the census  data  of  the  Community  of  Madrid.13

a  podiatrist,  who  in turn  coordinate  different  specialties,
is  associated  with  a  significant  decrease  in major  LEA
incidence  in diabetic  patients.  The  care  of patients  with  dia-
betic  foot  and  subjects  at high  risk  of recurrent  ulceration
(such  as  those  who  have  already  suffered  an amputation)  by
multidisciplinary  teams  coordinated  to  provide  integral  and

multifactorial  care  is  vital  in order  to  reduce  the  suffering
caused  by diabetic  foot  problems.15

The  main differences  in amputations  between  patients
with  and  without  DM  are well  known5, and include  a  greater
minor/major  amputation  ratio  among  diabetic  patients.  Par-
ticular  mention  should  be  made  of  the  greater  in-hospital
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Table  4  Incidence  adjusted  to  age  and  standard  European  population  per 100,000  inhabitants  in  the  population  with  DM.

Year Both  sexes Males  Females

All  Minor  Major  Minor/
major
ratio

All  Minor  Major  Minor/
major
ratio

All  Minor  Major  Minor/
major
ratio

2001  11.51  4.69  6.82  0.69  12.49  6.63  5.87  1.13  10.03  2.79  7.25  0.38
2002 14.43  6.65  7.77  0.86  17.25  9.02  8.22  1.10  11.61  4.28  7.33  0.58
2003 7.69  2.19  5.50  0.40  10.28  3.22  7.06  0.46  5.86  1.26  4.60  0.27
2004 14.07  7.72  6.34  1.22  20.43  9.22  11.21  0.82  7.98  6.04  1.94  3.11
2005 13.05  6.72  6.33  1.06  18.57  9.59  8.97  1.07  8.51  4.08  4.42  0.92
2006 8.51  4.79  3.72  1.29  13.52  8.51  5.01  1.70  3.85  1.42  2.43  0.59
2007 13.71  7.44  6.27  1.19  22.54  13.12  9.42  1.39  5.90  2.23  3.67  0.61
2008 8.03  2.65  5.38  0.49  12.48  4.11  8.37  0.49  4.38  1.64  2.74  0.60
2009 9.99  6.10  3.89  1.57  18.42  11.95  6.47  1.85  3.16  1.17  1.98  0.59
2010 9.8  6.52  3.28  1.99  17.81  11.64  6.17  1.89  3.13  1.90  1.23  1.55
2011 8.66  4.97  3.69  1.35  13.20  9.09  4.11  2.21  4.84  1.63  3.21  0.51
2012 13.21  7.59  5.62  1.35  20.80  13.63  7.17  1.90  6.48  2.34  4.14  0.57
2013 13.78  7.82  5.96  1.31  23.80  13.99  9.82  1.42  5.23  2.25  2.98  0.76
2014 11.47  7.20  4.28  1.68  19.41  12.77  6.64  1.92  3.97  1.79  2.18  0.82
2001---2014 11.2

[9.8---12.6]
5.9
[4.8---6.9]

5.3
[4.5---6.1]

1.1
[0.9---1.4]

17.2
[14.8---19.6]

9.7
[7.7.7---9]

7.4
[6.3---8.6]

1.4
[1---1.7]

6
[4.5---7.56]

2.4
[1.6---3.2]

3.5
[2.5---4.6]

0.8
[0.4---1.2]

2001---2007 11.8
[9.3---14.3]

5.7
[3.9---7.5]

6.1
[4.9---7.2]

0.9
[0.6---1.2]

16.4
[12.2---20.5]

8.4
[5.6---11.2]

7.9
[5.9---9.9]

1
[0.7---1.4]

7.6
[5.2---10.1]

3.1
[1.5---4.7]

4.5  [2.4---6] 0.9
[0.01---1.8]

2008---2014 10.7
[8.6---12.7]

6.1
[4.4---7.7]

4.5
[3.6---5.5]

1.3
[0.9---1.8]

17.9
[14.2---21.7]

11
[7.8---14.2]

6.9
[5.3---8.6]

1.6
[1.1---2.2]

4.4
[3.3---5.5]

1.8
[1.4---2.1]

2.6
[1.7---3.5]

0.7
[0.4---1.1]

p-value 0.405  0.715  0.03  0.066  0.509  0.166  0.362  0.049  0.013  0.070  0.053  0.709

Results are given as mean or mean [95% CI].
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Table  5  Incidence  adjusted  to  age  and  standard  European  population  per  100,000  inhabitants  in the  population  without  DM.

Year  Both  sexes  Males  Females

All  Minor  Major  Minor/
major
ratio

All  Minor  Major  Minor/
major
ratio

All  Minor  Major  Minor/
major  ratio

2001  3.66  0.89  2.77  0.32  1.11  1.88  4.59  0.41  1.35  0.00  1.11  ---
2002 3.64  1.40  2.24  0.62  0.52  2.79  3.97  0.70  0.65  0.00  0.52  ---
2003 4.23  1.96  2.27  0.86  0.78  4.07  4.13  0.99  0.62  0.00  0.78  ---
2004 4.55  2.28  2.27  1.00  1.50  5.54  2.87  1.93  1.82  0.00  1.50  ---
2005 6.91  2.34  4.57  0.51  2.19  5.56  6.95  0.80  2.35  0.00  2.19  ---
2006 3.07  2.16  0.91  2.36  3.01  2.87  0.77  3.72  2.87  1.76  1.25  1.41
2007 4.66  1.16  3.50  0.33  3.12  2.82  3.67  0.77  4.01  0.00  3.12  ---
2008 3.66  1.19  2.47  0.48  0.00  2.83  5.59  0.51  0.00  0.00  0.00  ---
2009 1.76  0.99  0.76  1.31  0.89  1.19  1.94  0.61  1.10  0.89  0.00  ---
2010 2.62  1.04  1.58  0.66  1.00  1.68  2.38  0.71  1.64  0.33  0.67  0.50
2011 4.01  1.56  2.45  0.64  3.59  2.22  2.33  0.96  5.40  1.17  2.41  0.49
2012 2.81  1.88  0.94  2.00  1.17  3.04  1.58  1.92  1.60  0.74  0.42  1.76
2013 3.89  1.27  2.62  0.49  2.66  1.50  4.18  0.36  3.97  1.13  1.53  0.74
2014 5.49  2.54  2.95  0.86  3.59  4.22  3.64  1.16  4.81  1.09  2.50  0.44
2001---2014 3.9

[3.1---4.6]
1.6
[1.2---1.9]

2.3
[1.7---2.9]

0.8
[0.5---1.2]

6.4  [5---7.9]  3 [2.2---3.8]  3.4
[2.5---4.4]

1.1
[0.5---1.6]

1.8
[1.0---2.4]

0.5
[0.1---0.8]

1.2
[0.7---1.8]

0.8
[0.3---1.4]

2001---2007  4.3
[3.2---5.5]

1.7
[1.2---2.2]

2.6
[1.5---3.7]

0.8
[0.2---1.5]

7.4
[4.9---9.9]

3.6
[2.3---4.9]

3.8
[2.1---5.5]

1.3
[0.2---2.4]

1.7
[0.7---2.7]

0.2
[---0.3---0.8]

1.4
[0.6---2.3]

---

2008---2014  3.4
[2.3---4.5]

1.5  [0.9---2]  1.9
[1.1---2.7]

0.9
[0.4---1.4]

5.4
[3.6---7.3]

2.4
[1.4---3.3]

3.1
[1.7---4.4]

0.8
[0.5---1.2]

1.8
[0.5---3.1]

0.7
[0.3---1.1]

1.0
[0.1---2.0]

0.7
[0.09---1.4]

p-value  0.183  0.436  0.235  0.857  0.136  0.087  0.410  0.376  0.889  0.116  0.442  ---

Results are given as mean or mean [95% CI].
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mortality  in  the population  without  DM,  shown  by histori-
cal  series  in  Spain  during  the 2001---2012  period18 and  which
may  be related  to the greater  frequency  of  major amputa-
tions  in  the  non-diabetic  population  and,  thus, to  a  greater
extent  of vascular  disease  in such  individuals.  Some  authors
reported  a  greater  frequency  of  cerebrovascular  disease  in
patients  who  have  suffered  a  first  amputation,  a situation
that  was more  prevalent  among  non-diabetic  subjects  and
which  could  reflect  the fact that  this  is a population  at
greater  cardiovascular  risk19.

In  Spain,  the most  recent  data  on  LEAs  in diabetics  are not
encouraging.  During  the period  2001---2008,  López-de-Andrés
et  al.  found  that  age-  and  sex-adjusted  major  LEA rates
had  increased  in patients  with  type 2 from  7.12  to  7.47  per
105 inhabitants.20 Using  the  same  methodology,  there  was  a
decrease  in  LEAs  in  patients  with  type 1 diabetes.  However,
in  patients  with  type  2  diabetes,  which  accounted  for  95%
of  all  the  amputations  performed,  no  major  changes  were
seen  in  the  historical  series  corresponding  to  2001---2012.18

Few  global  data  comparing  LEA  rates  in diabetics  from
different  countries  are available.  The  Organization  for  Eco-
nomic  Cooperation  and  Development  (OECD)  has  published
these  data  for  years,  reporting  LEA  rates in Spain  that  are
double  the  average  of the OECD,  and with  major  LEA  rates
that  are  double  the average  found  in  neighboring  countries
such  as  Ireland,  Italy,  and the  United  Kingdom,11,21 with
virtually  no  changes  in the historical  series  covering  the
2000---2013  period.  This  situation  indicates  the  urgent  need
for  measures  to  deal  with  this  complication.22

The  Diabetic  Foot  Group  of  the Spanish  Diabetes  Society
examined  the  reasons  for  these  poor  results,  and  attributed
them  to several  factors.23 First  of  all,  there  is  an important
shortage  of diabetic  foot  units  in Spain,  and  second,  there
is  only  limited  access  to  podiatrists  in the  national  health
system  because  they are  not  among  the  professionals  con-
tracted  by  the  public  health  system.  This  study  estimated
that  only  one  out of  every  four  Spanish  patients  with  DM  is
able  to  benefit  from the care  available  in  MDFUs,23 as  rec-
ommended  by  the  International  Diabetic  Foot  Consensus.17

Our  group  reported  LEA  incidence  in  diabetics  in
our  healthcare  area  during two  consecutive  periods,
1997---200024 and  2001---2006,25 during  which  a  progressive
increase  was  seen  in amputation  rates.  This  prompted  a
change  in the  approach  to, and in  the  management  of
these  complications.  The  first  (i.e.  preliminary)  results  four
years  after  the  implementation  of the MDFU  showed  a  33%
decrease  in the amputation  rate  in patients  with  DM,  from
6.1/105 inhabitants/year  to  4/105 inhabitants/year  during
the  2001---2007  and  2008---2011  periods  respectively,  with  no
significant  changes  in minor  amputations  or  in  amputations
in  the  non-diabetic  population.26 It seems  reasonable  to
infer  that  these  good  outcomes  achieved  in only  four  years,
which  are  at  variance  with  the overall  Spanish  data,  are  a
consequence  of  the adoption  of this  new  approach.

However,  there  have  been  changes  in the operation  of the
MDFU  that  require  knowledge  of  the long-term  LEA trends
in  the  diabetic  population  attending  the healthcare  area  of
the  HUPA,  which  has  been  performing  vascular  surgery  for
the  past  four  years,  and more  recently  vascular  and  inter-
ventional  radiology.  As  a result, in the last  three  years  our
hospital  has  been  responsible  for  almost  all  admissions  due
to  this  disease  (data  not shown),  while  previously,  until  2011,

patients  who  required  hospital  admission  for  some vascu-
lar  surgical  or  interventional  radiology  procedure  attended
some  other  center  in  the Community  of  Madrid.

Another  aspect  to  be taken  into  account  is  the  method-
ology  involved.  In  this regard,  changes  in LEA  incidence
between  different  years  may  be very  striking  if the popu-
lation  from  which  the data  are  taken  is  not  very  large.  In
our  study,  the  population  ranged  from  248,673 to  252,163
inhabitants  in the  last  three  years.  However,  larger  popula-
tions  ensuring  greater  stability  of  the rates  or  longer  study
periods  are  required.5

This  study  recorded  25%  reductions  in the major  LEA  rate
among  diabetic  patients,  but  no  significant  reductions  in the
population  without diabetes.  These  findings  are consistent
with  those  reported  by  other  multidisciplinary  teams  in  dia-
betic  foot  management  (40%---60% decreases  in major  LEA
rates),9,10,27 but  are noticeably  poorer  than  those  previously
reported  by  our  group.26 It  should  also  be taken  into  consid-
eration  that  the mean  incidence  of  major LEAs  in this  study
was  5.3/105 inhabitants/year,  which  is  markedly  lower  than
the  rate  reported  during  the same  period  in  Spain  for  the
population  with  type  2  diabetes,18 which  was  slightly  greater
than  7/105 inhabitants/year.

LEA  incidence  significantly  decreased  in females,  but  not
in males.  This  data  does  not  appear  in most  studies  ana-
lyzing  this quality  indicator.  We  have  no  explanation  for
this  finding.  Aspects  such  as  sex  differences  in  the  sever-
ity  of  peripheral  artery  disease  and  smoking  may  possibly
contribute  to a  greater  difficulty  in achieving  greater  reduc-
tions in males.  An  increase  was  seen  in the minor/major
LEA  ratio  during  the  study  period,  reflecting  a significant
decrease  in  major  amputations.  The  joinpoint  regression
analysis,  revealing  a significant  decrease  in  APC  in major
amputations  in the  diabetic  population,  was  consistent  with
this  observation.

Overall,  these data  demonstrate  that  the  results  in terms
of  the  LEA  rate  obtained  following  the implementation  of
the  MDFU have been positive,  though  the  outcomes  are
still  not  optimum,  and there  is  still  room  for  improvement.
Aspects  in  need  of  improvement  include:  a) coordination
and  communication  within  the team,  reducing  delays  in the
care  of  patients  with  foot  lesions.  A key  element  in  this
sense  is  communication  between  the professionals  of the
team  and  between  primary  and  specialized  care;  b)  the
optimization  of  revascularization  in the ischemic  patient;
and  c) increased  preventive  efforts  in the case  of feet  at
risk,  particularly  in patients  at risk  but  with  no  prior  foot
lesions,  because  prevention  is  currently  not being  applied  in
a  structured  manner.28,29

The  present  study  has  the  following  limitations:

---  The  data  source  of  the MBDS is  an  administrative  database
that  does not include  all  clinical  history  variables,  such
as  chronic  complications,  year  of  diagnosis,  treatment
or  laboratory  test  results,  among  others.  These  variables
could  have  explained  the  changes  in LEAs  during  the study
period.

---  We  were  unable  to  differentiate  between  type  1  dia-
betes  and  type  2 diabetes;  although  the two  conditions
are stated  with  different  codes,  these are not  always
accurately  specified.
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The  present  study  has  the following  strengths:

--- The  period  of  the study  was  long  (14  years),  and  methods
standardized  in previous  studies  were  used.

--- The  MBDS  codifies  98%  of  LEAs  performed  in the  public
healthcare  system  of  the  Community  of  Madrid,  and  since
the  coding  system  is  standardized  and  the  same  in all
centers,  our  study  included  the great  majority  of ampu-
tations  performed  in  our  healthcare  area  in the  period
2001---2014.

---  Selection  of  hospital  admissions  for LEAs  based  on  the
CIAS  pro  allowed  us to  enroll  only those  subjects  who  rou-
tinely  used  the  healthcare  services  provided  by  the HUPA,
including  the MDFU.

In  conclusion,  implementation  of the  MDFU  has been
shown  to  be  associated  with  a significant  decrease  in the
major  amputation  rate  in the diabetic  population  of  our
healthcare  area. Although  the results  are positive,  they  are
still  far  from  optimum,  and  additional  strategies  and  the
combined  efforts  of  all  the professionals  involved  are  still
needed.
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