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Abstract

Objectives:  To  compare  the  characteristics  of  patients  undergoing  treatment  with  continuous

intestinal  infusion  of  levodopa—carbidopa  (CIILC)  for  advanced  Parkinson’s  disease  and  the  data

on the  effectiveness  and  safety  of  CIILC  in the  different  autonomous  communities  (AC)  of  Spain.

Methods:  A retrospective,  longitudinal,  observational  study  was  carried  out  into  177 patients

from 11  CAs  who  underwent  CIILC  between  January  2006  and  December  2011.  We  analysed

data  on  patients’  clinical  and  demographic  characteristics,  variables  related  to  effectiveness

(changes in  off  time/on  time  with  or  without  disabling  dyskinesia;  changes  in Hoehn  and  Yahr

scale and  Unified  Parkinson’s  Disease  Rating  Scale  scores;  non-motor  symptoms;  and  Clinical

Global Impression  scale  scores)  and safety  (adverse  events),  and  the  rate  of  CIILC  discontinua-

tion.

� Please cite this article as: Santos-García D, Catalán MJ, Puente V, Valldeoriola F,  Regidor I, Mir P, et al. Uso de la infusión intestinal

continua de levodopa-carbidopa en pacientes con enfermedad de Parkinson avanzada en España. Subanálisis por  comunidades autónomas.
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Results:  Significant  differences  were  observed  between  CAs  for  several  baseline  variables:

duration of  disease  progression  prior  to  CIILC  onset,  off  time  (34.9%—59.7%)  and  on  time

(2.6%—48.0%;  with  or without  disabling  dyskinesia),  Hoehn  and Yahr  score  during  on time,  Uni-

fied Parkinson’s  Disease  Rating  Scale-III  score  during  both  on and off  time,  presence  of  ≥4

motor symptoms,  and CIILC  dose.  Significant  differences  were  observed  during  follow-up  (>24

months in  9  of  the  11  CAs  studied)  for  the  percentage  of  off  time  and  on time  without  disabling

dyskinesia, adverse  events  frequency,  and  Clinical  Global  Impression  scores.  The  rate  of  CIILC

discontinuation  was  between  20%  and  40%  in 9 CAs  (78%  and  80%  in remaining  2  CAs).

Conclusions:  This  study  reveals  a  marked  variability  between  CAs  in terms  of  patient  selection

and CIILC  safety  and  effectiveness.  These  results  may  have  been  influenced  by  patients’  baseline

characteristics,  the  availability  of  multidisciplinary  teams,  and  clinical  experience.

© 2017  Sociedad  Española  de Neuroloǵıa.  Published  by  Elsevier  España,  S.L.U.  This  is an open

access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Uso  de la  infusión  intestinal  continua  de levodopa-carbidopa  en  pacientes  con

enfermedad  de Parkinson  avanzada  en  España.  Subanálisis  por comunidades

autónomas

Resumen

Objetivos:  Comparar  las  características  de los  pacientes  con  enfermedad  de  Parkinson  avan-

zada en  tratamiento  con  infusión  intestinal  continua  de levodopa-carbidopa  (IICLC)  y  los  datos

de efectividad  y  seguridad  de IICLC  entre  diferentes  comunidades  autónomas  (CC.  AA.).

Métodos:  Estudio  longitudinal  observacional  y  retrospectivo.  Se  incluyeron  177  pacientes  de

11 CC.  AA.  que  iniciaron  tratamiento  con  IICLC entre  enero  de 2006  y  diciembre  de  2011.  Se

compararon  las  características  clínicas  y  demográficas,  las  variables  de efectividad  (cambios  en

el tiempo  OFF,  ON  con  y  sin  discinesias  discapacitantes,  cambios  en  la  escala  de  Hoehn  y  Yahr

y puntuación  de  la  Unified  Parkinson’s  Disease  Rating  Scale, síntomas  no  motores  e  Impresión

Clínica Global)  y  seguridad  (acontecimientos  adversos),  y  la  tasa  de  suspensión  de IICLC.

Resultados:  Se hallaron  diferencias  significativas  entre  las  CC.  AA.  en  diversas  variables

basales:  duración  de  la  enfermedad  hasta  el inicio  de  IICLC,  tiempo  OFF  (34,9-59,7%)  y  ON  (con

o sin  discinesias;  2,6-48,0%),  Hoehn  y  Yahr  en  ON,  Unified  Parkinson’s  Disease  Rating  Scale-III

en ON  y  OFF,  presencia  de  ≥ 4 síntomas  motores  y  dosis  de  IICLC.  En  el  seguimiento  (> 24  meses

en 9  de  11  CC.  AA.)  hubo  diferencias  significativas  en  el porcentaje  de  tiempo  OFF,  tiempo

ON sin  discinesias  discapacitantes,  frecuencia  de acontecimientos  adversos  e Impresión  Clínica

Global.  La  tasa  de  suspensión  fue  de entre  20-40%  en  todas  las  CC.  AA.,  excepto  en  2  (78  y  80%).

Conclusiones:  Este  estudio  muestra  una  amplia  variabilidad  en  la  selección  de  los  pacientes  y

en la  efectividad  y  seguridad  de IICLC  entre  las  diferentes  CC.  AA.  Podrían  influir  las  caracterís-

ticas basales  de  los  pacientes,  la  disponibilidad  de un  equipo  multidisciplinar  y  la  experiencia

clínica.

© 2017  Sociedad  Española  de Neuroloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un

art́ıculo Open  Access  bajo  la  licencia  CC BY-NC-ND  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Levodopa  continues  to  be  the gold  standard  of  pharmaco-
logical  treatment  for  Parkinson’s  disease  (PD).1 The  drug
has  repeatedly  been  shown  to increase  independence  in
the  activities  of  daily  living  and to  improve  quality  of
life  in  patients  with  PD.  However,  patients  develop  such
complications  as  motor  fluctuations  and dyskinesia  several
years  after  treatment  onset.2—4 These  are  difficult  to  man-
age  with  the  conventional  treatments  currently  available,
and  considerably  worsen  patients’  quality  of life.5 Contin-
uous  infusion  of  levodopa—carbidopa  intestinal  gel  (LCIG)
was  developed  to  reduce  adverse  drug  reactions  resulting

from  levodopa-induced  pulsatile  stimulation  of  dopamine
receptors.6 LCIG  therapy  has  been  found  to  be efficacious,7,8

effective,9—11 and safe,7—11 and to  improve  patients’  quality
of  life7—11 and  independence,7—9 constituting  an interesting
treatment  alternative  to  reduce  the  motor  complications
associated  with  advanced  PD.5,8,9,12

In  Spain,  LCIG  was  approved  in 2006. Although  sev-
eral  sets  of  guidelines  have  been  published  on  its  use  for
advanced  PD,13 the treatment  is  not  widespread;  indica-
tion  depends  on  multiple  factors,  including  experience  with
the  procedure,  resources  available,  internal  protocols,  and
healthcare  management  factors  (each  Spanish  autonomous
community  has its own  healthcare  system).  Therefore,  the
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treatment  varies  greatly  in clinical  practice.  Few  data  are
available  on  the  characteristics  of  patients  with  advanced
PD  treated  with  LCIG  in Spain,  or  on  the treatment’s  effec-
tiveness,  safety,  and  tolerability.  Our  study  was  intended  as
a  subanalysis  of  the E-DUO  study,14 a multicentre  retrospec-
tive  study  of  the effectiveness  and  safety  of LCIG  therapy
in  Spain:  we  aimed  to  compare  the characteristics  of  the
patients  included  and  the effectiveness  and safety  of the
procedure  between  the participating  autonomous  commu-
nities.

Patients and  methods

We  conducted  a retrospective,  observational,  longitudi-
nal,  multicentre,  open-label  study  of  18  hospitals  in  11
autonomous  communities.  The  study  was  approved  by  the
research  ethics  committees  of the participating  hospitals
and  complies  with  the principles  of  the Declaration  of
Helsinki.  We  obtained  informed  consent  from  all  participants
except  those  who  died  before  the  study  began.

We included  consecutive  patients  diagnosed  with
advanced  PD  according  to  the  MRC  London  Neurodegenera-
tive  Diseases  Brain  Bank criteria15 who  had  started  receiving
LCIG  therapy  between  January  2006  and  December  2011
(whether  or  not  they  continued  with  the treatment  at the
time  of  inclusion).  A minimum  of  11  months’  follow-up  by
a  neurologist  at the same  centre  was  required  for  inclusion
in  the  study.  Participating  centres  were required  to  have
experience  with  LCIG  therapy  with  at least 5  patients.

Variables  and data  collection  procedures

Baseline  was  considered  to  be  the  time  point  when  patients
started  LCIG  therapy;  participants  were  included  in  the
study  at  the  inclusion  visit  (V1).

Patients’  medical  histories  were  used  to  gather  baseline
data  on  sociodemographic  characteristics,  disease  status,
previous  treatments  for  PD,  concomitant  treatments,  and
data  on  LCIG  therapy  (dose  and  hours  of  infusion  per  day).
The  researcher  responsible  for  patient  assessment  at  each
centre  determined  whether  patients  may  have  been  eligi-
ble  at  baseline  for  other  second-line  treatments.  At  V1,
data  were  collected  on disease  progression  and  LCIG  ther-
apy  (dose,  hours  of  infusion  per  day,  effectiveness,  and
safety)  through  clinical  assessment  and  administering  ques-
tionnaires.

To  define  disease characteristics  and  treatment  effec-
tiveness,  we  gathered  the  following  information  both  at
baseline  and  at V1: Hoehn  and  Yahr  (H&Y)  stage during  ‘‘on’’
and  ‘‘off’’  periods;  percentage  of waking  day  in ‘‘on’’  state
with  no  disabling  dyskinesia,  percentage  of  waking  day in
‘‘on’’  state  with  disabling  dyskinesia,  and  percentage  of
waking  day  in ‘‘off’’  state  as  measured  with  the Unified
Parkinson’s  Disease  Rating  Scale  [UPDRS]17 part  IV;  UPDRS
part  III  score  during  ‘‘on’’  and  ‘‘off’’  periods;  changes  in
motor and  non-motor  symptoms  (V1  compared  to  baseline)
on  a  7-point  linear scale  (1:  great  improvement;  2: moder-
ate  improvement;  3: mild  improvement;  4: no  changes;  5:
mild  worsening;  6: moderate  worsening;  7:  severe  worsen-
ing);  and  changes  in  Clinical  Global  Impression  (CGI)  scale

scores  at  V1  compared  to  baseline  according  to the patient
and  the neurologist.

To evaluate  treatment  safety  we  collected  data  on  drop-
outs  and adverse  reactions  to  the treatment;  our  results
focus  on severe  adverse  reactions.  Adverse  reactions  were
classified  by  the participating  neurologists  using  the follow-
ing  categories:  (1)  related  to  levodopa;  (2)  related  to  the
procedure  (gastrostomy);  and (3)  related  to  the  device.  For
adverse  reactions  related  to  levodopa,  neurologists  had  to
indicate  the type of  causal relationship  (definite,  probable,
or  possible).

Statistical  analysis

Effectiveness  variables  were  analysed  at  V1  in the  sample  of
patients  receiving  LCIG  therapy,  whereas  safety  data  were
analysed  in the  initial  sample  (including  patients  dropping
out  before V1).  We  performed  a  descriptive  analysis  of  the
data,  with  categorical  and  discrete  variables  expressed  as
frequencies  (%) and  continuous  variables  as  means  (SD)  or
medians  (IQR),  as  appropriate.  Minimum  and  maximum  val-
ues  were  compared  with  the Fisher  exact  test,  the  Wilcoxon
test,  or  the t  test,  as  appropriate.  Comparisons  were made
between  the 11  autonomous  communities  participating  in
the  study.  The  primary  variable  of  treatment  effectiveness
was  a  decrease  in  the  mean  percentage  of  ‘‘off’’  time;
this  was  estimated  using  the  mean  of  the  range  of UPDRS
item  39  (part  IV): (1)  0%;  (2)  1%—25%;  (3)  26%—50%;  (4)
51%—75%;  (5)  76%—100%.  The  level  of  improvement  in motor
and  non-motor  symptoms  (7-point  scale)  was  categorised
as  follows:  1—3 points  =  improvement;  4 points  = no  change;
and  5—7 = worsening.  All  tests  were  two-tailed;  statistical
significance  was  set  at  P  < .05.  All  statistical  analyses  were
performed  using  the SAS  software,  version  9.2  (SAS  Institute,
Cary,  NC,  USA).

Results

We initially  selected  185 patients  with  advanced  PD; 8  were
excluded  for not adhering  to  the  protocol.  The  final  sam-
ple  comprised  177  patients  who  had  started  LCIG  therapy
during  the study  period.  At  the time  of  inclusion,  patients
had  been  receiving  treatment  for  a  median  of 34.7  months
(IQR,  18.9—49  months).  Patient  distribution  by  autonomous
community  and baseline  clinical  and  demographic  charac-
teristics  are shown  in  Table  1.  Age differences  between
autonomous  communities  were not  significant  (P  = .204).
Median  disease  progression  time  at  the onset  of  LCIG  ther-
apy  was  >10 years  in 9  of  the  11  autonomous  communities;
significant  differences  were  observed  between  Navarre  and
the  Canary  Islands  (P = .0015).

In  the  group  of  patients  dropping  out  of  treatment,  time
to  drop-out  ranged from  a median  of  39.1  (IQR,  23.5—60.3)
in  the region  of  Valencia  (n =  8)  to  a median  of  2.8  months
(IQR,  2.3—3.3)  in  the Basque  Country  (n = 6) (P  =  .08).

Clinical  characteristics  of patients  receiving  LCIG
therapy

At  baseline,  statistically  significant  differences  were
observed  between  autonomous  communities  for  H&Y  stage
during  ‘‘on’’  periods  (P = .0136)  and  for  UPDRS-III  scores
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Table  1  Clinical  and  demographic  data  of  the  study  sample  at  the  time  of  onset  of  continuous  infusion  of levodopa—carbidopa  intestinal  gel.

Patients,

n  (%)

Men, n

(%)

Age  (years),

median  (IQR)

PD  durationa

(years),  median

(IQR)

Phenotype,  n  (%)  H&Y  stage,  median  (IQR)  UPDRS-III  score,  median  (IQR)

Tremor-

dominant

Akinetic-

rigid

Mixed  ‘‘On’’  ‘‘Off’’  ‘‘On’’  ‘‘Off’’

Andalusia  10  (5.7)  4 (40)  66  (64—74)  11.41  (8.7—17)  —  9  (90)  1  (10)  3  (2.5—3)  4  (3—5)  29  (19—33)  45  (41—54)

Balearic

Islands

9 (5.1)  4 (44.4)  63  (58—80)  10.56  (9.7—12.7)  —  4  (44.4)  5  (55.6)  2.5  (2—2.5)  3  (2.75—4)  20  (14.5—26)  43  (36—45)

Canary Islands  15  (8.5)  10  (66.7)  70  (61—79)  8.7  (6.3—13.3)  8  (53.3)  7  (46.7)  —  3  (2.5—3)  4  (3—4)  27  (21—43)  49  (37—54)

Catalonia 32  (18.1)  14  (43.8)  71  (68—75)  14.17  (9—18.5)  3  (9.4)  12  (37.5)  17  (53.1)  2.5  (2—3)  4  (3—4)  19  (10—24)  40  (32—43)

Galicia 13  (7.3)  9 (69.2)  70  (66—72)  10.52  (8.7—13.5)  —  4  (30.8)  9  (69.2)  3  (2.5—3)  4  (3—4)  15.5  (14.5—31)  49.5  (38—62)

Castile-Leon 9 (5.1)  3 (33.3)  75  (70—77)  9 (7.2—18.1)  —  5  (55.6)  4  (44.4)  2  (2—3)  4  (3—4)  23  (19—30.5)  44.5  (36—50.5)

Castile-La

Mancha

5 (2.8)  2 (40)  75  (72—78)  11.26  (8.5—13.4)  —  1  (20)  4  (80)  3  (3—3)  4  (4—4)  16  (13—36)  46.5  (32—55.5)

Region of

Madrid

65  (36.7)  34  (52.3)  72  (62—77)  15.4  (10.5—20.4)  25  (38.5)  24  (36.9)  16  (24.6)  3  (3—4)  4  (3—5)  35  (24—49)  56  (39.5—71.5)

Navarre 5 (2.8)  4 (80)  79  (78—80)  16.3  (15.4—22)  4  (80)  1  (20)  —  2.8  (2.3—3.5)  3  (2.8—3.5)  21  (17—34)  48.5  (39—58)

Basque

Country

6 (3.4)  2 (33.3)  70.5  (68—78)  12.2  (10.5—18.9)  —  1  (16.7)  5  (83.3)  3 (3—4)  4.5  (3—5)  22.5  (17.5—27.5)  37  (33—40.5)

Region of

Valencia

8  (4.5)  7 (87.5)  71.5  (65.5—77.5)  13.52  (10.5—16.2)  1  (12.5)  6  (75)  1  (12.5)  2.5  (2—3)  4  (4—4)  19.5  (16—24)  43.5  (41.5—47)

Total 177  93  (52.5)  72  (66—77)  13.33b (9—18.6)  41  (23.2)  74  (41.8)  62  (35)  3c (2.5—3)  4c (3—4)  24d (18—35)  43e (38—57)

H&Y: Hoehn and Yahr scale; IQR: interquartile range; PD: Parkinson’s disease; UPDRS: Unified Parkinson’s Disease Rating Scale.

The highest and lowest values of some variables are highlighted in bold type.
a Progression time of  Parkinson’s disease at baseline (before onset of  continuous infusion of  levodopa—carbidopa intestinal gel).
b Unavailable in one patient.
c Unavailable in 2 patients.
d Unavailable in 41 patients.
e Unavailable in 38 patients.
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Table  2  Motor  and  non-motor  symptoms  at  baseline,  before  onset  of continuous  infusion  of  levodopa—carbidopa  intestinal  gel.

Motor  symptoms,  n  (%)  Non-motor  symptoms,  n  (%)

Tremor  Dystonia  GD  Falls  Hypophonia  Dysphagia  >4  symptomsa CI  Depression  PS  All  3  symptomsa

Andalusia  (n  =  10)  6 (60)  7  (70)  10  (100)  9 (90)  10  (100)  7  (70)  8  (80)  5 (50)  10  (100)  5  (50)  3  (30)

Balearic Islands  (n  =  9)  5 (55.6)  4  (44.4)  6  (66.7)  2 (22.2)  6  (66.7)  1  (11.1)  1  (11.1)  1 (11.1)  4  (44.4)  2  (22.2)  —

Canary Islands  (n  =  15)  15  (100)  9  (60)  15  (100)  5 (33.3)  13  (86.7)  7  (46.7)  5  (33.3)  4 (26.7)  11  (73.3)  7  (46.7)  4 (26.7)

Catalonia (n  =  32)  21  (65.6)  15  (46.9)  29  (90.6)  22  (68.8)  21  (65.6)  6  (18.8)  8  (25)  7 (21.9)  19  (59.4)  11  (34.4)  3 (9.4)

Galicia (n  = 13)  12  (92.3)  9  (69.2)  13  (100)  8 (61.5)  10  (76.9)  6  (46.2)  8  (61.5)  1 (7.7)  11  (84.6)  4  (30.8)  1 (7.7)

Castile-Leon (n  =  9)  7 (77.8)  1  (11.1)  7  (77.8)  6 (66.7)  9  (100)  2  (22.2)  1  (11.1)  1 (11.1)  5  (55.6)  5  (55.6)  —

Castile-La Mancha  (n  =  5)  3 (60)  2  (40)  4  (80)  2 (40)  4  (80)  2  (40)  —  1 (20)  3  (60)  3  (60)  —

Region of  Madrid  (n = 65)  47  (72.3)  25  (38.5)  60  (92.3)  52  (80)  44  (67.7)  17  (26.2)  21  (32.3)  14  (21.5)  37  (56.9)  26  (40)  5 (7.7)

Navarre (n  =  5) 2 (40)  —  5  (100)  3 (60)  5  (100)  1  (20)  —  3 (60)  —  3  (60)  —

Basque Country  (n  =  6)  4 (66.7)  4  (66.7)  5  (83.3)  4 (66.7)  6  (100)  0  (0)  —  1 (16.7)  1  (16.7)  2  (33.3)  —

Region of  Valencia  (n =  8)  4 (50)  3  (37.5)  8  (100)  5 (62.5)  8  (100)  2  (25)  2  (25)  2 (25)  3  (37.5)  3  (37.5)  —

Total (N = 177)  126  (71.2)  79  (44.6)  162  (91.5)  118  (66.7)  136 (76.8)  51  (28.8)  54  (30.5)  40  (22.6)  104  (58.8)  71  (40.1)  16  (9)

CI: cognitive impairment; GD: gait disorders; PS: psychiatric symptoms.

The most common symptom in each autonomous community is indicated in bold type.
a Patients with more than 4 motor symptoms, and patients with all  3  of the non-motor symptoms analysed.
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during  ‘‘on’’  and ‘‘off’’  periods  (P  <  .0001)  (Table  1).  The
highest  H&Y  stages  during  ‘‘on’’  and  ‘‘off’’  periods  were
found  in  the  Basque  Country.  Table  2  shows  the  percent-
age  of  patients  with  motor  and non-motor  symptoms  at
baseline.  In  5  autonomous  communities,  all  patients  had
gait  disorders  (the  most  frequent  symptom  in all  regions)
and  hypophonia.  Andalusia  was  the  autonomous  community
with  the  highest  proportion  of  patients  with  more  than  4
motor  symptoms  (80%),  whereas  the Balearic  Islands  had the
lowest  proportion  (11.1%);  differences  between  the  2 were
statistically  significant  (P = .0325).  Andalusia  was  also  the
autonomous  community  where  most  patients  presented  all
3  of  the  non-motor  symptoms  analysed  (cognitive  impair-
ment,  depression,  and  psychiatric  symptoms)  at baseline.
In  all  autonomous  communities,  patients  had  received  at
least  3  oral drugs  before  starting  LCIG  therapy  (median:  3;
IQR,  3—4;  Supplementary  Table  1);  the most  frequent  reason
for  starting  LCIG  therapy was  increased  duration  of ‘‘off’’
periods  (mean,  85.9%),  followed  by  lack  of response  to  oral
treatment  (mean,  63.3%).  A highly  variable  percentage  of
patients  met eligibility  criteria  for  treatment  with  apo-
morphine  or  deep  brain  stimulation  (Supplementary  Table
1).  The  mean  dose  of LCIG  showed  no  remarkable  changes
between  baseline  and  V1,  although  we  did  find  statistically
significant  differences  between  autonomous  communities.
The  mean  (SD)  dose  at baseline  ranged  from  91.5  mL  (25.7)
in Navarre  to  61.1  mL (17.3)  in  Castile-Leon  (P  =  .0277);  the
mean  final  dose  ranged from  92.7  mL  (23.9)  in Navarre  to
65.1  mL  (10.5)  in  Castile-Leon  (P  = .0459).

At  baseline,  the  mean  percentage  of  waking  day  in ‘‘off’’
state  was  above  33%  in all  autonomous  communities,  with
significant  differences  between  the autonomous  communi-
ties  showing  most divergence  (P  =  .0024;  Fig.  1).  We also
observed  significant  differences  in the  mean  percentage  of
waking  day  in ‘‘on’’  state  with  and  without  disabling  dyski-
nesia  between  regions.

Effectiveness  of LCIG  therapy

The mean  percentage  of  waking  day in  ‘‘off’’  state
decreased  significantly  at V1  in  all  autonomous  communi-
ties  except  Navarre;  this  decrease  was  accompanied  by  an
increase  in  the percentage  of  waking  day  in ‘‘on’’  state
without  disabling  dyskinesia  (Fig.  1).  At  V1, we  observed
significant  differences  between  regions  in  the  mean  dura-
tion  of  ‘‘on’’  (P  = .005)  and  ‘‘off’’  periods  (P  =  .0068).  Most
patients  showed  a decrease  in  ‘‘off’’  time  and an increase
in  ‘‘on’’  time  without  disabling  dyskinesia  (Fig.  2). However,
the  effect  of LCIG  therapy  on  mean  ‘‘on’’  time  with  dis-
abling  dyskinesia  was  more  variable  (Fig.  2), with  decreases
in  7  regions  and  increases  in the remaining  4 (Fig.  1).

Regarding  H&Y  stage  (Supplementary  Fig.  1),  most
patients  showed  no  changes  in ‘‘on’’  or  ‘‘off’’  times in more
than  half  of  the autonomous  communities  (6/11).  UPDRS-
III  scores  during  ‘‘on’’  periods  increased  in the  majority
of  patients  from  6  regions,  whereas  scores  during  ‘‘off’’
periods  decreased  in most  patients  from  6 regions (Supple-
mentary  Fig.  2).  Supplementary  Tables  2  and  3 show the
percentages  of patients  in each  autonomous  community  pre-
senting  improvements,  lack  of  change,  or  worsening  of the
motor  and  non-motor  symptoms  analysed  in our  study.

Patient-  and  neurologist-rated  CGI  scores  revealed
improvements  in a  majority  of  patients  in all  autonomous
communities,  except  for  Navarre  and the Balearic  Islands;
neurologists  reported  improvements  in  109  of  the 123
patients  for whom  CGI  scores  were  available,  whereas  106
patients  perceived  improvements  in  their  condition  (Supple-
mentary  Fig.  3).

Analysis  of safety

The  percentage  of patients  presenting  severe  adverse  reac-
tions  varied  between  autonomous  communities  (Fig.  3).
Discontinuation  rates  were  similar  between  regions,  except
for  the Balearic  Islands  and Castile-La  Mancha,  where  they
were  considerably  higher  than  the  mean  (Fig.  3). The  reasons
for  early  withdrawal  of  LCIG  therapy  are listed  in  Supple-
mentary  Table  4.

Discussion

This  study  provides  a  subanalysis  of  the data  reported  by
the  E-DUO  study,14 the largest  study  of  patients  treated  with
LCIG  therapy  to  be conducted  in Spain  to  date.  Our  results
reveal  significant  differences  between  autonomous  com-
munities  in patient  selection  and  management  and  in  the
effectiveness  and safety  of  treatment.  This  is  the first  study
to  analyse  the  management  of these  patients  by  autonomous
community;  comparison  between  regions  provides  useful
data  as  it can  help  determine  which  management  strategy
achieves  the  best  results  with  a  view  to  implementing  it in
regions  with  poorer  results.

The  treatment  of advanced  PD  is  complex.  Worsening
of  symptoms  and  the appearance  of complications  require
thorough  assessment  and  consideration  of more  invasive
treatment  alternatives,  which may  not be  suitable  for  all
patients.18—22 The  factors  involved  in treatment  success
include  selecting  the  most appropriate  treatment  option
for  each patient,  availability  of  a  multidisciplinary  team,
the  hospital’s  experience  with  the  procedure,  and the
learning  curve.  Other  factors  include  healthcare  manage-
ment,  population  characteristics,  and  factors  related  to
clinical  practice  (e.g.,  geographical  proximity,  role  of  sci-
entific  societies).  These  factors  justify  the  need  to  compare
autonomous  communities,  as  we  did  in our  study.

One  major issue  in  PD  management  is  classifying
‘‘advanced  PD’’20 and  determining  when  patients  should  be
considered  eligible  for non-conventional  treatment  (surgery
or  continuous  infusion  pump).  Progression  times in our  study
are  similar  to  those  reported  in other  studies  of patients
with  PD  treated  with  LCIG.  These  studies  report  a  mean
disease  progression  time  of  over 10  years.7—11,23—27 How-
ever,  very  long  progression  times  (median  of  over  15  years)
were  observed  in the  regions  of  Madrid  and  Navarre.  Age
at onset  of  LCIG  therapy  is  higher  in our  sample  than  those
reported  in  the  literature,28 particularly  in Navarre  (n  =  5;
IQR:  78—80  years).  A  subanalysis  of  this  cohort  revealed  that
patients  with  a disease  progression  time  below 10 years  at
treatment  onset  showed  significantly  shorter  ‘‘off’’  peri-
ods  and  presented  fewer  adverse  reactions.29 Older age
has  been associated  with  higher  drop-out  rates.24,30 Some

106



Neurología  36  (2021)  101—111

“Off” time
100%

90%

80%

70%

60%

50%

40% 5
8
.0

%

3
1
.8

%

3
4
.9

%

5
9
.7

%

3
.9

%

5
2
.1

%

1
5
.6

%

4
3
.8

%

5
.8

%

4
3
.6

%

2
9
.7

%

5
6
.8

%

1
3
.0

% 4
6
.7

%

1
7
.8

%

5
3
.0

%

2
9
.7

%

5
8
.8

%

1
2
.8

%

3
8
.0

%

1
3
.0

%30%

20%

10%

0%

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Baseline

Baseline

Baseline

Inclusion visit (V1)

Inclusion visit (V1)

Inclusion visit (V1)

P
e
rc

e
n
ta

g
e
 o

f t
im

e
 (
m

e
a
n
, S

D
)

P
e
rc

e
n
ta

g
e
 o

f t
im

e
 (
m

e
a
n
, S

D
)

P
e
rc

e
n
ta

g
e
 o

f t
im

e
 (
m

e
a
n
, S

D
)

And
al
us

ia
 (n

 =
 8

)

And
al
us

ia
 (n

 =
 8

)

And
al
us

ia
 (n

 =
 8

)

Bal
ea

ric
 I.

 (n
 =

 2
)

Bal
ea

ric
 I.

 (n
 =

 2
)

Bal
ea

ric
 I.

 (n
 =

 2
)

C
an

ar
y 
I. 

(n
 =

 1
0)

C
an

ar
y 
I. 

(n
 =

 1
0)

C
an

ar
y 
I. 

(n
 =

 1
0)

C
at

al
on

ia
 (n

 =
 2

3)

C
at

al
on

ia
 (n

 =
 2

3)

C
at

al
on

ia
 (n

 =
 2

3)

G
al
ic
ia
 (n

 =
 9

)

G
al
ic
ia
 (n

 =
 9

)

G
al
ic
ia
 (n

 =
 9

)

C
.-L

eo
n 

(n
 =

 6
)

C
.-L

eo
n 

(n
 =

 6
)

C
.-L

eo
n 

(n
 =

 6
)

C
.-L

a 
M

an
ch

a 
(n

 =
 1
)

C
.-L

a 
M

an
ch

a 
(n

 =
 1
)

C
.-L

a 
M

an
ch

a 
(n

 =
 1
)

R
. o

f M
ad

rid
 (n

 =
 5
2)

R
. o

f M
ad

rid
 (n

 =
 5
2)

R
. o

f M
ad

rid
 (n

 =
 5
2)

N
av

ar
re

 (n
 =

 3
)

N
av

ar
re

 (n
 =

 3
)

N
av

ar
re

 (n
 =

 3
)

Bas
qu

e 
C
ou

nt
ry
 (n

 =
 4
)

Bas
qu

e 
C
ou

nt
ry
 (n

 =
 4
)

Bas
qu

e 
C
ou

nt
ry

 (n
 =

 4
)

R
. o

f V
al
en

cia
 (n

 =
 5
)

R
. o

f V
al
en

cia
 (n

 =
 5
)

R
. o

f V
al
en

cia
 (n

 =
 5
)

“On” time without disabling dyskinesia 

“On” time with disabling dyskinesia

2
1
.6

%
1
2
.8

%

1
2
.8

%

1
2
.9

%

0
.0

%

1
5
.4

%

8
.0

%

7
.3

%

9
.9

%

5
.8

%

1
7
.0

%

4
.3

%

3
.3

%

0
.0

%

1
5
.6

%

1
3
.3

%

0
.0

% 4
.3

%

4
.3

%

6
.5

%

1
4
.3

%

2
.6

%

2
5
.3

%
5
2
.0

%

3
6
.4

%

7
5
.5

%

2
.6

%

5
5
.5

%

2
0
.8

%

6
1
.4

%

1
5
.1

%

6
5
.8

%

1
5
.7

%

2
5
.5

%

3
1
.8

%

6
3
.0

%

2
1
.2

%

5
3
.1

%

4
8
.0

%

4
6
.3

%

2
3
.3

%

5
6
.8

%

3
1
.8

%

7
3
.0

%

Figure  1  Duration  of  ‘‘off’’  time  and  ‘‘on’’  time  with  and  without  disabling  dyskinesia  before  (baseline)  and  after  treatment  with

continuous infusion  of  levodopa—carbidopa  intestinal  gel  (V1).

studies  propose  earlier  onset  of  LCIG  therapy21,24,30—33 in
order  to maximise  its  benefits.  Indeed,  in our  study,  patients
from  Navarre  (who  were  older  with  longer  disease  progres-
sion  times)  had  poorer  objective  (‘‘on’’  and  ‘‘off’’  times)
and  subjective  outcomes  (CGI  scores).  However,  time  from
diagnosis  is  not  necessarily  correlated  with  age,  and dis-
ease  duration  is  not  always  correlated  with  severity.  In a
recent  open-label  phase  III study  analysing  the  baseline
characteristics  of  307  patients,7 improvements  were  found
to  be  independent  of age  and  disease  duration.34 Further-
more,  many  patients  had  cognitive  impairment,  depression,
or  other  neuropsychiatric  symptoms,  which  suggests  that
LCIG  therapy  may  be  indicated  for  a  broader  range  of

patient  profiles  than  other  treatments.35,36 In  fact,  some
patients  from  the various  autonomous  communities  showed
improvements  in motor  and  non-motor  symptoms;  this is
consistent  with  the evidence  currently  available.  This  may
be  due  in part  to  the  fact that  LCIG  is  frequently  adminis-
tered in monotherapy  (levodopa/carbidopa),  as  well  as  the
drug’s  action  mechanism  in  the central  nervous  system.37—40

Although some  patients  with  contraindications  for  deep
brain  stimulation  or  apomorphine  infusion  may  benefit  from
LCIG  therapy,  higher  scores  on the Neuropsychiatric  Inven-
tory  have  been  associated  with  higher  drop-out  rates.21 In
our  study,  the  regions  of  Castile-La  Mancha  and  Navarre,
where  60%  of  patients  presented  neuropsychiatric  symp-
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Percentage of patients presenting changes in “off” time with LCIG therapy

Percentage of patients experiencing changes in “on” time without disabling dyskinesia with LCIG therapy

Percentage of patients experiencing changes in “on” time with disabling dyskinesia with LCIG therapy

Increase No change Decrease

Increase No change Decrease

Increase No change Decrease

Andalusia ( n = 8)

Balearic I. ( n = 2)

Canary I. ( n = 10)

Catalonia ( n = 23)

Galicia (n = 9)

C.-Leon (n = 6)

C.-La Mancha (n = 1)

R. of Madrid (n = 52)

Navarre ( n = 3)

Basque Country (n = 4)

R. of Valencia (n = 5)

Andalusia ( n = 8)

Balearic I. ( n = 2)

Canary I. ( n = 10)

Catalonia ( n = 23)

Galicia (n = 9)

C.-Leon (n = 6)

C.-La Mancha (n = 1)

R. of Madrid (n = 52)

Navarre ( n = 3)

Basque Country (n = 4)

R. of Valencia (n = 5)

Andalusia ( n = 8)

Balearic I. ( n = 2)

Canary I. ( n = 10)

Catalonia ( n = 23)

Galicia (n = 9)

C.-Leon (n = 6)

C.-La Mancha (n = 1)

R. of Madrid (n = 52)

Navarre ( n = 3)

Basque Country (n = 4)

R. of Valencia (n = 5)

0% 10 % 20 % 30%

75%

100%

100%

100%

100%

74%

50%

79%

75%

80%

38%

20%

22%

19%

33%

50%

20%

25%

20%

38%

67%

61%

80%

100%

50%

100%

42%

56%

33%

25%

67%

60%

44%

17%

13%

67%

8%

17%

22%

25%

33%

33%

4%

13%

20%

40% 50 % 60 % 70 % 80 % 90 % 100%

0% 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100%

0% 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100%

13%

50%

13%

15%

33%

20%

4%

100%

100%

80%

81%

67%

50%

100%

100%

83%

50%

88%

4%

50%

Figure  2  Percentage  of  patients  presenting  changes  in ‘‘off’’  time  and  ‘‘on’’  times  with  and  without  disabling  dyskinesia  after

continuous infusion  of  levodopa—carbidopa  intestinal  gel  (LCIG).

toms  and  were  older  than  in  the  remaining  regions,  showed
the  highest  and the  third-highest  drop-out  rates.  Unlike in
other  clinical  practice  studies  with  similar  methodologies,24

in  our  study  LCIG  was  not  regarded  as  the  final  treatment
alternative,  behind  deep  brain  stimulation  and apomorphine
infusion,  considering  that  a  sizeable  percentage  of  patients
could  instead  have been  given  other  treatments,  according
to  the  neurologist’s  expert  opinion.

Motor  complications  improved  in all autonomous  commu-
nities  except  for  Navarre  (‘‘off’’  time  decreased  but  ‘‘on’’
time  without  disabling  dyskinesia  did  not);  these findings
are  consistent  with  those  reported  by  other  studies  into  the
efficacy  and/or  effectiveness  of  LCIG  therapy.7—12,23—25,27,28

Furthermore,  a large  percentage  of patients  and  neurol-
ogists  reported  subjective  improvements  (CGI  scale)  with
LCIG:  three-quarters  of  patients  showed  moderate  or  great
improvements.  This  was  not  true  for  Navarre,  where objec-
tive  improvements  were  less  marked.

Regarding  treatment  safety, 16%  of patients  presented
severe  adverse  reactions,  with  considerable  differences
between  regions.  Other  studies  have  shown  good  tolerability
to  levodopa  infusion  therapy.41 The  percentage  of adverse
reactions  to  medication  (levodopa)  was  low,  except  for  the
Basque  Country  and the  region  of  Madrid.  The  other  types  of
complications  (those  related  to  the  procedure  or  the device)
were  more  frequent  and variable  between  autonomous  com-
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Figure  3  Percentage  of  patients  presenting  severe  adverse  reactions  to  continuous  infusion  of  levodopa—carbidopa  intestinal  gel

(top) and  dropping  out  of  treatment  (bottom),  by  autonomous  community.

munities;  this  may  be  due  to  differences  in each hospital’s
level  of  experience  with  the procedure  or  the  availability
of  a  multidisciplinary  team.  Most  autonomous  communities
showed  similar  drop-out  rates  to  those  reported  in the  litera-
ture  (20%—30%).24,30,40,42 The  highest  rates of  severe  adverse
reactions  to  gastrostomy  were  observed  in the  2 autonomous
communities  with  the oldest patients  (Navarre  and Castile-
La  Mancha).

Our  study  has  several  significant  limitations  due  to
its  methodology,  including  its  retrospective  design  and
the  variability  in  follow-up  periods.  Although  the study
includes  a  large  number  of patients,  the samples  from
some  autonomous  communities  are small,  which  may  have
biased  our  results.  The  phenotype  was  not  defined  accord-
ing  to  the  literature,43 but  rather  to  the neurologist’s
opinion.  The  study  is  based  on  2011 data,  and  manage-
ment  of  these  patients  may  have  changed  due  to  greater

familiarity  with  this  treatment  in Spain.  Some  regions
included  hospitals  with  differing  levels  of  experience  (treat-
ment  protocols,  availability  of  a  multidisciplinary  team,
neurologist’s  and  gastroenterologist’s  experience,  etc.)  and
care  (secondary  vs  tertiary  hospitals)  or  with  different  char-
acteristics  (patient  referral  protocol,  urban  vs  rural  areas,
etc.)  that  may  have  biased  results  by autonomous  com-
munity.  Future  studies  should  aim  to  control  for  these
covariates  and  to  analyse  each region’s  needs  to  improve
healthcare  quality.

In  conclusion,  our  study  shows  great  heterogeneity  in
terms  of  selection,  management,  and  treatment  response
of  patients  with  PD treated  with  LCIG  in  Spain.  In  some
autonomous  communities  where  experience  with  LCIG  ther-
apy  has been  less positive,  age  at  treatment  onset  may
have  played a pivotal  role;  prospective  analyses  with  larger
patient  samples  are necessary  to  confirm  this  hypothesis.
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