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Abstract
Introduction  and  Objectives:  The  incidence  of  device  infection  has  increased  over  time  and
is associated  with  increased  mortality  in  patients  with  cardiac  implantable  electronic  devices
(CIEDs). Gentamicin-impregnated  collagen  sponges  (GICSs)  are  useful  in  preventing  surgical  site
infection  (SSI)  in  cardiac  surgery.  Nevertheless,  to  date,  there  is  no  evidence  concerning  their
use in  CIED  procedures.  Our  study  aims  to  determine  the  effectiveness  of  treatment  with  GICSs
in preventing  CIED  infection.
Propensity  score
matching

Methods:  A  total  of  2986  adult  patients  who  received  CIEDs  between  2010  and  2020  were
included. Before  device  implantation,  all  patients  received  routine  periprocedural  systemic
antibiotic  prophylaxis.  The  study  endpoints  were  the  CIED  infection  rate  at  one  year  and  the
effectiveness  of  the  use  of  GICSs  in  reducing  CIED  infection.
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Results:  Among  1524  pacemaker,  942  ICD  and  520  CRT  implantations,  CIED  infection  occurred
in 36  patients  (1.2%).  Early  reintervention  (OR  9  [95%  CI  3.180---25.837],  p<0.001),  pocket
hematoma  (OR  11  [95%  CI  4.195---28.961],  p<0.001),  diabetes  (OR  2.9  [95%  CI  1.465---5.799],
p=0.002)  and  prolonged  procedural  time  (OR  1.02  [95%  CI  1.008---1.034],  p=0.001)  were  indepen-
dent risk  factors  for  CIED  infection.  Treatment  with  GICSs  reduced  CIED  infections  significantly
([95% CI  −0.031  to  −0.001],  p<0.001).
Conclusions:  The  use  of  GICSs  may  help  in  reducing  infections  associated  with  CIED  implanta-
tion.
© 2023  Published  by  Elsevier  España,  S.L.U.  on  behalf  of  Sociedade  Portuguesa  de  Cardiologia.
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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Tratamento  com  esponjas  de  colagénio  impregnadas  de  gentamicina  na  redução da
infeção  de  dispositivos  cardíacos  implantáveis:  análise  de  10  anos  com
correspondência  de  pontuação  de  propensão

Resumo
Introdução  e  objetivos:  A  incidência  de  infeções  em  dispositivos  está  a  aumentar  e  está
associada ao  aumento  da  mortalidade  em  doentes  com  dispositivos  cardíacos  eletrónicos
implantáveis.  As  esponjas  de  colagénio  impregnadas  com  gentamicina  (ECIG)  são  úteis  na
prevenção de  infeções  de  locais  cirúrgicos  em  cirurgia  cardíaca.  No  entanto,  até  à  data,
não existem  provas  da  sua  utilização  em  procedimentos  dos  dispositivos  cardíacos.  O  nosso
estudo visa  testar  a  eficácia  do  tratamento  com  ECIG  na  prevenção  de  infeções  em  dispositivos
cardíacos.
Métodos:  Incluímos  2986  doentes  adultos  submetidos  a  implantação  de  dispositivos  cardíacos  de
2010 a  2020.  Antes  do  implante  do  dispositivo,  todos  os  pacientes  recebiam  profilaxia  sistémica
de rotina  periprocedimento  com  antibióticos.  O  objetivo  principal  foi  a  taxa  de  infeções  em
dispositivos  cardíacos  em  um  ano  e  a  eficácia  da  utilização  de  ECGI  na  redução  das  infeções  por
dispositivos  cardíacos.
Resultados:  Entre  1524  implantações  de  pacemaker,  942  desfibrilhadores  e  520  CRT,  a  infeção
por DCEI  ocorreu  em  36  doentes  (1,2%).  Necessidade  de  reintervenção  precoce  (OR  9  [95%  CI
3,180-25,837],  p<0,001),  hematoma  da  loca  (OR  11  [95%  CI  4,195-28,961],  p<0,001),  diabetes
(OR 2,9  [95%  CI  1,465-5,799],  p=0,002)  e  tempo  de  procedimento  prolongado  (OR  1,02  [95%  CI
1,008-1,034],  p=0,001)  foram  fatores  de  risco  independentes  de  infeção  em  dispositivos  cardía-
cos. O  tratamento  com  ECGI  reduziu  significativamente  as  infeções  em  dispositivos  cardíacos
([95% CI  −0,031  −0,001],  p<0,001).
Conclusões:  A  utilização  de  esponjas  de  colagénio  impregnadas  com  gentamicina  pode  ajudar
a reduzir  as  infeções  associadas  à  implantação  de  dispositivos  eletrónicos  cardíacos.
© 2023  Publicado  por  Elsevier  España,  S.L.U.  em  nome  de  Sociedade  Portuguesa  de  Cardiologia.
Este é um  artigo  Open  Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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mplantation  of  cardiac  implantable  electronic  devices
CIEDs)  has  increased  significantly  over  the  past  decade  due
o  expanded  indications  for  their  use  in  primary  prevention
nd  increasingly  effective  diagnostic  pathways  for  identi-
ying  patients  eligible  for  these  devices.  As  a  result,  there
as  been  a  dramatic  growth  in  CIED  infections.1 Among  CIED
rocedures,  approximately  1---2%  of  CIED  implantations  are
ssociated  with  an  infection.2 Dealing  with  device  infection

s  particularly  challenging,  as  it  may  involve  hospitaliza-
ions,  prolonged  antibiotic  therapy,  and  device  removal.
evice  infection  is  also  associated  with  substantial  morbidity
nd  mortality,  and  increased  healthcare  costs  worldwide.3---9

s
t
c
f

71
n  addition  to  the  standard  use  of  antibiotic  prophylaxis,
arious  measures  can  be  taken  to  prevent  CIED  infection.
ecently,  absorbable  antibacterial  envelopes  have  been
eveloped  which  can  reduce  the  risk  of  major  CIED  infection
y  40%  without  increased  risk  of  complications.3 Although  it
s  effective,  the  costs  of  this  and  other  similar  treatments
re  high  and  their  availability  is  often  limited.

Gentamicin-impregnated  collagen  sponges  (GICSs)  con-
ain  a  broad-spectrum  antibiotic  impregnated  in  a  bovine
ollagen  matrix.  GICSs  have  proved  effective  in  reducing

10
ternal  wound  infections  in  cardiac  surgery. Nevertheless,
o  date  there  is  no  clear  evidence  on  their  use  in  CIED  pro-
edures,  particularly  in  patients  with  predisposing  factors
or  infection  that  are  widely  described  in  the  literature.2,4
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ur  study  aims  to  determine  the  effectiveness  of  treatment
ith  GICSs  in  preventing  CIED  infection.

ethods

e  retrospectively  enrolled  2986  adult  patients  who  under-
ent  CIED  implantation  in  the  cardiology  department  of
oliclinico  Tor  Vergata,  Rome,  Italy,  between  2010  and  2020.
ll  patients  provided  consent  in  their  medical  records  to  the
isclosure  of  data  in  anonymous  form  for  research  purposes.
nclusion  criteria  were  the  following:  age  >18  years,  com-
letion  of  one-year  follow-up,  absence  of  active  infection  or
ctive  inflammatory  disease,  and  New  York  Heart  Association
NYHA)  functional  class  I---III.

The  diagnosis  of  CIED  pocket  infection  was  made  in  accor-
ance  with  the  guidelines  of  the  European  Heart  Rhythm
ssociation,  which  establish  the  diagnosis  of  definite  CIED
ocket/generator  infection  in  the  presence  of  generator
ocket  swelling,  erythema,  warmth,  pain,  and  purulent
ischarge/sinus  formation,  or  deformation  of  the  pocket,
dherence  and  threatened  erosion,  or  exposed  generator  or
roximal  leads.11 In  addition,  purulent  drainage  from  the
ncision  combined  with  clinical  and/or  laboratory  evidence
equiring  reintervention  or  hospitalization,  together  with
he  presence  of  vegetation  on  imaging  tests,  were  consid-
red  to  indicate  a  definite  infection.

Before  device  implantation,  all  patients  received
eriprocedural  systemic  antibiotic  prophylaxis  with  intra-
enous  administration  of  first-generation  cephalosporins
uch  as  cefazolin  (1---2  g)  or  flucloxacillin  (1---2  g).  Van-
omycin  (15  mg/kg)  was  used  in  the  presence  of  allergy
o  cephalosporins  and  since  it  must  be  administered  slowly
over  approximately  1  h),  administration  started  90---120  min
efore  the  incision.11 GICSs  were  implanted  according  to  the
reference  of  the  operator  involved.  Four  physicians  were
nvolved  in  the  selection  and  use  of  the  GICSs.

ata  collection

he  following  demographic  and  clinical  parameters  were
ollected  at  baseline:  date  of  birth,  gender,  clinical  and
edication  history,  body  mass  index  (BMI),  cardiovascular

isk  factors,  and  current  conditions  including  hyperten-
ion,  dyslipidemia,  diabetes,  coronary  artery  disease  (CAD),
bstructive  pulmonary  disease  (COPD),  and  chronic  kid-
ey  disease,  defined  as  estimated  glomerular  filtration  rate
eGFR)  <60  ml/min/1.73  m2.  Hypertension  was  defined  as
ystolic  blood  pressure  >140  mmHg,  diastolic  blood  pres-
ure  >90  mmHg,  or  self-reported  use  of  antihypertensive
edication.  Dyslipidemia  was  defined  as  total  cholesterol

240  mg/dl,  low-density  lipoprotein  cholesterol  >160  mg/dl,
igh-density  lipoprotein  cholesterol  <40  mg/dl,  or  self-
eported  use  of  lipid-lowering  drugs.  Diabetes  was  defined
s  fasting  plasma  glucose  >126  mg/dl  or  self-reported  treat-
ent  with  hypoglycemic  medication.  Smokers  were  defined

s  individuals  who  currently  or  previously  smoked.  Former
mokers  were  defined  as  individuals  who  smoked  at  least

0  cigarettes  in  their  lifetime  but  had  not  smoked  in  the
ast  year.  Obesity  was  defined  as  BMI  >30  kg/m2. COPD  was
efined  as  the  presence  of  chronic  bronchitis  or  emphysema
hat  could  lead  to  the  development  of  airway  obstruction.
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AD  was  defined  as  evidence  from  imaging  modalities  or
nvasive  coronary  angiography  of  atherosclerotic  disease
egardless  of  significance,  or  previous  percutaneous  coro-
ary  intervention.

rocedural  details

e  included  in  our  analysis  patients  who  underwent
mplantation  of  pacemakers  (single  and  dual-chamber),
mplantable  cardioverter-defibrillators  (ICD)  (single  and
ual-chamber),  and  cardiac  resynchronization  therapy
evices  (CRT),  and  elective  replacement  of  device  gen-
rators.  CIED  implantation  was  performed  using  one  of
wo  vascular  approaches,  through  the  right  or  left  subcla-
ian  vein,  or  through  the  left  or  right  cephalic  vein.  Some
atients  underwent  reintervention  during  the  same  hospital
tay  (e.g.,  due  to  need  for  lead  repositioning).

linical  follow-up

 systematic  outpatient  follow-up  was  performed  at  one
eek  (surgical  wound  inspection),  one  month,  six  months,
nd  one  year  after  implantation.  The  following  parame-
ers  were  assessed:  device  function,  status  of  the  surgical
mplantation  site,  and  the  patient’s  clinical  condition.  We
onsidered  as  having  CIED  infection  those  with  local  signs
f  inflammation,  characterized  by  erythema,  warmth,  and
urulent  discharge.  Pocket  deformation,  adherence,  or
hreat  of  erosion  were  considered  signs  of  infection.  Sim-
larly,  exposed  generators  or  leads  were  considered  to  be
irect  signs  of  infection  regardless  of  microbiology  findings,
s  recommended  by  recent  guidelines.  Pocket  hematoma
as  not  considered  to  be  surgical  site  infection  (SSI)  and  was
ifferentiated  from  infection  by  the  absence  of  any  evidence
rom  the  patient’s  blood  tests,  radiological  examinations,  or
linical  symptoms.  Hematoma  was  considered  a  risk  factor,
nd  therefore  analyzed  among  the  confounding  covariates
f  the  propensity  score.

tudy  endpoints

he  study  endpoints  were  the  CIED  infection  rate  at  one  year
nd  the  effectiveness  of  the  use  of  GICSs  in  reducing  CIED
nfection.

tatistical  analysis

tatistical  analyses  were  conducted  with  IBM  SPSS  Statis-
ics,  version  26  (IBM  Corp.,  Armonk,  NY)  and  STATA  statistical
oftware,  version  16.0  (College  Station,  TX:  StataCorp  LLC).
ontinuous  variables  were  expressed  as  mean  (standard
eviation)  or  median  (interquartile  range)  when  they  did  not
how  a  normal  distribution.  Categorical  variables  were  pre-
ented  as  absolute  number  (percentage).  Two  independent
ample  tests  for  continuous  variables  were  performed  using
he  Student’s  t  test  or  the  Mann---Whitney  test.  Propensity
core  estimation  was  performed  using  the  pscore  package
or  STATA.  Various  propensity  score  estimation  models  were

ested,  in  particular  logistic  regression,  random  forests,
lassification  trees  and  fixed-effects  models.  Standardized
ean  difference  (SMD)  was  used  to  assess  the  balance

fter  propensity  score  matching.  An  SMD  greater  than  0.1
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Figure  1  Estimated  groups  for  propen

as  considered  a  sign  of  imbalance.  After  propensity  score
atching,  the  covariates  were  all  balanced  (Figure  1).
The  effectiveness  of  GICSs  was  examined  using  the  t-

ffect  test  and  the  psmatch  package  for  STATA.  Finally,
onditional  logistic  regression  was  performed  based  on  the
eights  of  the  covariates  after  matching  to  identify  pre-
ictors  of  CIED  infection,  validated  by  bootstrapping  to  100
amples  of  the  original  data.  A  p-value  <0.05,  with  a 95%
onfidence  interval  (CI),  was  considered  statistically  signif-
cant.

esults

 total  of  2986  patients  were  included  in  the  present  study.
aseline  and  demographic  characteristics  and  clinical  fea-
ures  of  the  overall  population  are  summarized  in  Table  1.

The  mean  age  of  the  study  population  was  72.81  ±  10.79
ears  and  patients  were  predominantly  men  (71.3%).  A
arge  proportion  of  patients  presented  major  cardiovas-
ular  risk  factors.  Specifically,  2404  (80.5%)  patients  had
ypertension,  1043  (34.9%)  had  diabetes,  1274  (42.7%)  had
AD,  439  (14.7%)  had  COPD  and  468  (15.7%)  had  eGFR  <60
l/min/1.73  m2.  The  majority  of  patients  (52.5%)  were

n  NYHA  functional  class  II.  Among  CIEDs  in  the  study,
524  (51%)  were  pacemakers  (single-  or  dual-chamber),  942
31.5%)  were  ICDs  (single-  or  dual-chamber),  and  520  (17.4%)
ere  CRTs.  Most  procedures  were  performed  via  the  cephalic
ein  (56.6%),  followed  by  the  subclavian  vein  (34.8%).  Lastly,
.6%  of  patients  underwent  elective  generator  replacement.

 total  of  57  patients  underwent  reintervention  (1.9%).
ocket  hematoma  was  found  in  97  (3.2%)  patients.  CIED-
elated  infections  occurred  in  36  patients  (1.2%).

Our  results  showed  a  higher  prevalence  of  diabetes  in
atients  with  early  infection  than  in  those  without  (61.1%
s.  34.6%,  p  0.001)  (Table  2).

In  addition,  we  found  a  higher  prevalence  of  CIED
nfection  with  subclavian  than  with  cephalic  vein  access
55.6%  vs.  34.6%,  p=0.001).  We  also  observed  that  patients

ith  CIED  infection  had  longer  procedure  time  (86.5  min

66.2---110  min]  vs.  71.9  min  [45.0---90.0  min],  p=0.004).
oreover,  we  noted  that  a  second  reintervention  increased

he  risk  of  infection  (13.9%  vs.  1.8%,  p<0.001).
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core  matching  and  balancing  of  groups.

The  efficacy  of  treatment  with  GICSs  was  tested  by
ropensity  score  matching.  Treatment  efficacy  proved  to
e  statistically  significant  in  treated  patients  ([95%  CI]
.03---0.001,  p<0.001).  The  results  of  conditional  logistic
egression  based  on  propensity  score  are  summarized  in
able  3.

The  need  for  reintervention  appeared  to  be  one  of
he  main  predictors  of  CIED  infection  (OR  9.0  [95%  CI
.180---25.837],  p<0.001),  together  with  diabetes  (OR  2.9
95%  CI  1.465---5.799],  p=0.002),  and  procedure  time  (OR  2.9
95%  CI  1.008---1.034],  p=0.001).  Finally,  pocket  hematoma
as  the  major  contributor  to  the  development  of  infections

OR  11.0  [95%  CI  4.195---28.961],  p<0.001).

iscussion

he  results  of  the  present  study  show  that  reintervention,
rolonged  procedure  time,  pocket  hematoma,  and  diabetes
re  independent  risk  factors  for  the  development  of  CIED
nfection.  After  propensity  score  matching,  treatment  with
ICSs  was  shown  to  be  effective  in  reducing  infections  in  our
nalysis.  Although  infection  associated  with  CIED  implan-
ation  is  a  serious  complication  with  high  morbidity  and
ortality,  to  date  no  study  has  tested  the  efficacy  of  GICSs

n  preventing  CIED  infection.
The  main  predictors  of  CIED  infection  that  we  found

gree  with  several  previous  analyses.2,12 A  large  prospective
tudy  in  2007  showed  that  early  reintervention  was  associ-
ted  with  an  increased  risk  of  developing  a  perioperative
nfection.13 A  more  recent  review  also  confirmed  that  CIED
nfection  was  often  related  to  the  complexity  of  the  pro-
edure  and  early  re-exploration  of  the  pocket,  which  may
onfer  an  increased  infectious  risk.14 In  particular,  Cheng
t  al.  observed  13%,  17%,  and  37%  increased  risk  for  every
5  min,  30  min,  and  60  min  of  surgery,  respectively.15,16

ccording  to  our  results,  subclavian  vascular  access  was  also
ssociated  with  a  higher  relative  risk  of  SSI.  This  may  be
ue  to  the  routine  use  of  cephalic  venous  access  in  our

nstitution.  Subclavian  venous  access  is  performed  as  a  sec-
nd  choice  or  in  the  event  of  failure  of  cephalic  insertion.
herefore,  in  these  cases,  the  procedural  time  is  gener-
lly  longer.  Other  observational  studies  have  shown  that
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Table  1  General  characteristics  of  the  study  population.

Overall  population  With  GICS  Without  GICS  Unadjusted  SMD  Adjusted  SMD
n (%)  or  mean  ±  SD  n  (%)  or  mean  ±  SD  n  (%)  or  mean  ±  SD

Patients  2986  (100)  919  2067
Men 2129  (71.3)  668  (73)  −0.127  −0.05
Age, years  72.81  ±  10.79  73.1  ±  7.49  72.7  ±  8.11  0.119  0.01
BMI, kg/m2 26.22  ±  4.51  25.61  ±  3.34  25.61  ±  3.34  0.097  0.05
Hypertension  2404  (80.5)  795  (81)  1609  (78)  −0.102  −0.02
Diabetes 1043  (34.9)  333  (36)  710  (34)  −0.113  −0.04
CAD 1274  (42.7)  413  (45)  861  (43)  −0.151  −0.07
CKD 468  (15.7) 180  (20) 288  (14)  −0.287  −0.10
COPD 439  (14.7) 137  (14) 302  (14) 0.075  0.01
GICS 919  (30.8)
Procedure  time,  min  72.81  ±  30.21  75.1  ±  25.38  70.6  ±  28.19  −0.098  −0.04
Device −0.107  −0.019

PM 1524  (51.0)  398  (43)  1126  (54)
ICD 942  (31.5)  331  (36)  611  (30)
CRT 520  (17.4)  186  (20)  334  (16)

Vascular access  −0.069  −0.02
Cephalic 1690  (56.6)  522  (56)  1168  (56)
Subclavian  1040  (34.8)  349  (37)  691  (34)
Previous implantation  256  (8.6)  67  (7)  189  (9)

Reintervention  57  (1.9)  14  (2)  43  (2)  0.054  0.04
Pocket hematoma  97  (3.2)  36  (4)  61  (3)  −0.121  −0.05
CIED infection  36  (1.2)

BMI: body mass index; CAD: coronary artery disease; CIED: cardiac implantable electronic device; CKD: chronic kidney disease; COPD:
chronic obstructive pulmonary disease; CRT: cardiac resynchronization therapy device; GICS: gentamicin-impregnated collagen sponges;
ICD: implantable cardioverter-defibrillator; PM: pacemaker; SD: standard deviation; SMD: standardized mean difference.

Table  2  Comparison  between  patients  with  and  without  cardiac  implantable  electronic  device  infection.

No  CIED  infection  CIED  infection  p

Patients,  n  (%)  2950  (98.8)  36  (1.2)
Age, median  (IQR) 72.8  (67.0---81.0)  71.52  (64.25---78.0)  0.265
Male, n  (%) 2101  (71.2) 28  (77.8)  0.387
BMI, median  (IQR) 26.2  (23.2---28.6)  26.2  (21.8---28.7)  0.772
Diabetes, n  (%) 1021  (34.6) 22  (61.1)  0.001
Hypertension,  n  (%) 2374  (80.5) 30  (83.3) 0.667
CAD, n  (%)  1260  (42.7)  14  (38.9)  0.645
CKD, n  (%) 461  (15.6)  7  (19.4)  0.531
GICSs, n  (%)  910  (30.8)  5  (13.9)  0.028
Procedure time,  min,  median  (IQR)  71.98  (45.0---90.0)  86.53  (66.25---110.0)  0.004
Need for  re-exploration,  n  (%)  52  (1.8)  5  (13.9)  <0.001
Pocket hematoma,  n  (%)  91  (3.1)  6  (16.7)  <0.001
Device 0.256

PM, n  (%)  1508  (51.1)  16  (44.4)
ICD, n  (%)  932  (31.6)  10  (27.8)
CRT, n  (%)  510  (17.3)  10  (27.8)

Vascular  access  0.016
Cephalic, n  (%)  1678  (56.9)  12  (33.3)
Subclavian,  n  (%)  1020  (34.6)  20  (55.6)
Previous  implantation,  n  (%)  252  (8.5)  4  (11.1)

BMI: body mass index; CAD: coronary artery disease; CIED: cardiac implantable electronic device; CKD: chronic kidney disease; COPD:
chronic obstructive pulmonary disease; CRT: cardiac resynchronization therapy device; GICSs: gentamicin-impregnated collagen sponges;
ICD: implantable cardioverter-defibrillator; PM: pacemaker; SD: standard deviation; SMD: standardized mean difference.
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Table  3  Conditional  regression  for  main  risk  factors  for  cardiac  implantable  electronic  device  infection.

Treatment  with  GICSs  SE  z  p  OR  CI

ATE  0.004  −3.49  <0.001  −0.219  to  −0.006
ATET 0.007  −2.20  <0.001  −0.031  to  −0.001
Independent risk  factors  for  CIED  infection

Diabetes  0.35  1.07  0.002  2.915  1.465---5.799
GICSs 0.49  −1.16  0.019  0.312  0.0528---0.6119
Procedure time  0.06  0.02  0.001  1.021  1.008---1.034

Need for  re-exploration  0.53  2.20  <0.001  9.065  3.180---25.837
Pocket hematoma  0.49  2.40  <0.001  11.023  4.195---28.961

 on t
es; O

i
a
a
v
c
t
i
k
i

h
o
p

v
a
e
C
i
i
i
s
w
d
o
s
a
t
C

t
k
e
t
a
n
G
p
w
p
u
n

S

O
b

p
p
t
b

C

T
o
p
p

E

T
U
e

A

A
M
f
M
A
v
t

F

N

C

T

R

ATE: average treatment effect; ATET: average treatment effect
electronic device; GICSs: gentamicin-impregnated collagen spong

mplantation  performed  via  subclavian  vein  puncture  was
ssociated  with  CIED  infections.17,18 However,  recent  meta-
nalyses  comparing  subclavian  vein  puncture  and  axillary
ein  puncture  versus  cephalic  vein  access  showed  no  signifi-
ant  increase  in  the  risk  of  infection.19 We  also  observed  that
he  prevalence  of  diabetic  patients  was  higher  in  the  CIED
nfection  group.  As  widely  recognized,  these  patients  are
nown  to  have  a  higher  overall  infection  risk,  as  well  as  an
ncreased  risk  of  developing  hospital-related  infections.20,21

Another  known  risk  factor  for  infection  is  pocket
ematoma.19,21,22 As  reported  above,  this  represented  one
f  the  most  important  predictors  of  CIED  infection  in  our
opulation.

To  date,  evidence  on  prophylactic  strategies  to  pre-
ent  device  infections  is  limited.23---25 The  WRAP-IT  trial26

imed  to  assess  the  safety  and  efficacy  of  antibiotic-
luting  absorbable  envelopes  in  reducing  the  incidence  of
IED-associated  infections.  They  significantly  reduced  the

ncidence  of  CIED  infections  in  high-risk  patients  without  an
ncreased  incidence  of  complications.  However,  routine  use
s  limited  by  availability  and  high  costs.3 Other  preventive
trategies  for  cardiac  device  infections  are  pocket  irrigation
ith  antibiotic  agents,  the  benefit  of  which,  however,  is  still
ebated.27---29 The  recent  PADIT  score  showed  that  the  risk
f  infection  increases  with  the  type  of  procedure  and  sub-
equent  reinterventions.2 However,  the  trial  did  not  analyze
ny  strategies  to  prevent  CIED  infection,  nor  did  it  consider
he  effectiveness  of  GICSs  or  any  impact  they  may  have  on
IED  infections.

GICSs  have  been  widely  used  in  surgical  procedures  and
heir  preventive  role  in  the  development  of  SSI  is  well
nown.30---32 However,  no  evidence  is  available  in  the  lit-
rature  on  the  use  of  GICSs  in  CIED  implantations.  Ours  is
he  first  study  to  show  that  the  addition  of  GICSs  to  routine
ntibiotic  therapy  during  procedures  is  associated  with  a  sig-
ificant  reduction  in  CIED  infections.  Moreover,  the  cost  of
ICSs  is  significantly  lower  than  that  of  other  proposed  tools,
otentially  saving  the  costs  of  CIED  infection  management
ith  minimal  use  of  resources.3 The  efficacy  of  GICSs  is  sup-
orted  by  propensity  score  matching  analysis,  which  enabled
s  to  overcome  the  limitations  imposed  by  the  observational
ature  of  the  study.
tudy  limitations

ur  study  has  some  limitations.  The  results  obtained  are
ased  on  the  analysis  of  a  single  university  hospital  center

71
he treated; CI: confidence interval; CIED: cardiac implantable
R: odds ratio; SE: standard error.

opulation.  Since  CIED  infections  are  a  relatively  rare  event,
redictors  of  infection  risk  may  vary  worldwide.  Therefore,
he  efficacy  of  GICSs  needs  to  be  tested  in  randomized  trials
efore  they  become  routine  practice.

onclusion

his  study  demonstrated  for  the  first  time  the  effectiveness
f  using  GICSs  in  reducing  CIED  infection.  Reintervention,
ocket  hematoma,  diabetes,  and  procedure  time  are  inde-
endent  risk  factors  for  the  development  of  CIED  infection.
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