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Summary
Background:  Endotracheal  suctioning  is  a  common  procedure  performed  by  intensive  care  nurses
in order  to  establish  and  maintain  gas  exchange,  adequate  oxygenation  and  alveolar  ventila-
tion in  critically  ill  patients  under  mechanical  ventilation.  As  this  procedure  is  associated  with
several complications  and  risks  nurses  should  have  an  adequate  knowledge  on  how  to  perform
the procedure  according  to  the  evidence-based  practice.  Previously  only  a  few  studies  have
analysed nurses’  knowledge  of  the  guidelines  on  endotracheal  suctioning.
Aim: To  evaluate  the  knowledge  of  the  American  Association  of  Respiratory  Care  (AARC,  2010)
evidence-based  guidelines  on  the  endotracheal  suctioning  technique  by  Italian  intensive  care
nurses in  different  hospitals.
Materials  and  methods:  An  anonymous  questionnaire  based  on  previous  studies  was  sent  to

a selected  sample  composed  of  the  intensive  care  unit  (ICU)  nurses  of  16  ICUs  in  11  Italian
hospitals.
Results: The  questionnaire  was  sent  to  379  nurses,  with  65%  of  questionnaires  returned
completed.  The  total  percentage  of  correct  answers  was  58%,  and  nobody  completed  the  ques-

tionnaire  without  mistakes.  Moreover,  only  2.5%  (n  =  6)  of  the  nurses  gave  9/10  correct  answers.
Correct answers  were  more  common  amongst  the  more  experienced  ICU  nurses.
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Conclusion:  Italian  ICU  nurses’  knowledge  of  guidelines  on  endotracheal  suctioning  was  not
complete; however,  experienced  nurses  demonstrated  a  better  knowledge  of  the  subject.
© 2014  Elsevier  Ltd.  All  rights  reserved.
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Implications  for  Clinical  Practice

•  Endotracheal  suctioning  is  associated  with  risks  and  complications  and  it  is  considered  one  of  the  most  painful
experiences  among  ICU  patients.

•  The  lack  of  updated  knowledge  about  endotracheal  suctioning  among  ICU  nurses  could  be  dangerous  for  mechanically
ventilated  ICU  patients.

•  A  better  training  and  education  about  the  updated  guidelines  among  nurses  is  warranted.

ntroduction

ndotracheal  suctioning  is  one  of  the  most  common  proce-
ures  performed  by  intensive  critical  care  nurses  in  order
o  establish  and  maintain  gas  exchange,  adequate  oxygen-
tion  and  alveolar  ventilation  in  critically  ill  mechanically
entilated  patients  (AARC,  2010;  Pedersen  et  al.,  2009).
hysiologically,  there  are  several  mechanisms  that  allow
emoval  of  dangerous  microorganisms  from  the  respiratory
ystem;  the  ciliate  cells,  the  local  immune  system  and
he  cough  reflex.  Nevertheless,  in  patients  on  mechanical
entilation  the  endotracheal  tube  inhibits  these  physiolog-
cal  processes,  making  suctioning  unavoidable  in  order  to
emove  endotracheal  secretions  and  to  prevent  atelecta-
is  and  alveolar  collapse.  This  procedure  is  associated  with
omplications  and  risks:  bleeding,  lesions  of  the  tracheal
ucosa,  infections,  atelectasis,  hypoxaemia,  cardiovascular

nstability  and  elevated  intracranial  pressure  (AARC,  2010;
edersen  et  al.,  2009).  Moreover  it  is  considered  one  of  the
ost  painful  experiences  among  ICU  patients  (Patak  et  al.,

004).  Several  studies  (Day  et  al.,  2002a,b;  Pedersen  et  al.,
009)  and  guidelines  provide  data  on  when  and  how  to  per-
orm  the  procedure.

In 2010  the  American  Association  of  Respiratory  Care
AARC)  published  the  AARC  Clinical  Practice  Guidelines  on
ndotracheal  suctioning  of  mechanically  ventilated  patients
ith  artificial  airway,  based  on  10  recommendations.  Nev-
rtheless,  only  a  few  studies  analysed  if  the  guidelines  for
ndotracheal  suctioning  are  known  and  correctly  followed
y  ICU  nurses.  Day  and  collaborators  in  the  UK  conducted
he  most  important  research  on  the  topic  (Day  et  al.,  2001,
002a,b,  2009).  They  showed  that  nurses  are  often  not
ware  of  the  existence  of  guidelines  and  studies  on  this
ssue;  moreover  they  found  that  there  is  a  considerable
iscrepancy  between  guidelines  and  nurses’  practice.  Endo-
racheal  suctioning  guidelines  are  widely  available  in  Italy
hrough  websites  and  scientific  literature,  though  not  in  the
talian  language.  No  study  evaluated  the  knowledge  of  Ital-
an  ICU  nurses  about  endotracheal  suctioning  guidelines.

on  the  endotracheal  suctioning  technique  by  Intensive  care
nurses  in  different  Italian  hospitals.

Materials and methods

Design

Cross-sectional  survey  (Lo  Biondo-Wood  and  Haber,  2001).

Research  questions

What  is  the  knowledge  of  Italian  ICU  nurses  about  best  prac-
tices  regarding  endotracheal  suctioning?  Does  knowledge
vary  among  experienced  vs.  inexperienced  ICU  nurses?

Setting

Eleven  hospitals  situated  in  five  Regions  in  the  North-centre
of  Italy  (Liguria,  Lombardy,  Piedmont,  Umbria  and  Tuscany)
were  recruited  to  participate  by  convenience  sampling.  At
the  time  of  the  survey  there  were  413,616  nurses  in  Italy,
while  the  number  of  Italian  ICUs  was  approximately  333;
there  is  no  official  national  register.  The  number  of  ICUs  in
the  regions  investigated  was  85.

Instrument  development

A  panel  of  experts  in  the  field  of  critical  care  nursing  tech-
niques  developed  a  multiple-choice  questionnaire,  lacking
a  validated  model  from  the  literature,  with  only  one  cor-
rect  answer.  The  questionnaire  was  subjected  to  a  brief  test
phase,  conducted  with  a  small  subset  of  respondents.  In
every  question  the  ‘‘I  do  not  know’’  choice  was  offered.
The  questionnaire  was  anonymous  and  it  requested  some
supplementary  information  about  the  respondents,  to  inves-
tigate  how  long  they  had  been  working  as  nurses  and  how
long  they  had  worked  in  an  ICU.  The  questionnaire  included
10  questions,  each  describing  a  clinical  case  to  facilitate  the
im

o  evaluate  the  knowledge  of  the  evidence-based  Ameri-
an  Association  of  Respiratory  Care  (AARC,  2010)  guidelines
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nterpretation  of  the  questions  and  the  context  of  the  proce-
ures.  The  questions  were  based  on  the  10  recommendations
f  the  American  Association  of  Respiratory  Care  guidelines
AARC,  2010) and  the  review  by  Pedersen  et  al.  (2009).
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Table  1  AARC  recommendations  (2010).

16.1  It  is  recommended  that  endotracheal  suctioning
should  be  performed  only  when  secretions  are
present,  and  not  routinely.  (1C)

16.2  It  is  suggested  that  pre-oxygenation  be  considered
if the  patient  has  a  clinically  important  reduction  in
oxygen  saturation  with  suctioning.  (2B)

16.3 Performing  suctioning  without  disconnecting  the
patient  from  the  ventilator  is  suggested.  (2B)

16.4 Use  of  shallow  suction  is  suggested  instead  of  deep
suction,  based  on  evidence  from  infant  and  paediatric
studies.  (2B)

16.5  It  is  suggested  that  routine  use  of  normal  saline
instillation  prior  to  endotracheal  suction  should  not
be performed.  (2C)

16.6  The  use  of  closed  suction  is  suggested  for  adults
with high  FIO2,  or  PEEP,  or  at  risk  for  lung
derecruitment  (2B)  and  for  neonates.  (2C)

16.7  Endotracheal  suctioning  without  disconnection
(closed  system)  is  suggested  in  neonates.  (2B)

16.8  Avoidance  of  disconnection  and  use  of  lung  —
recruitment  manoeuvres  are  suggested  if  suctioning  —
induced  lung  derecruitment  occurs  in  patients  with
acute  lung  injury.  (2B)

16.9  It  is  suggested  that  a  suction  catheter  is  used  that
occludes  less  than  50%  of  the  lumen  of  the  ETT  in
children  and  adults,  and  less  than  70%  in  infants.  (2C)

16.10  It  is  suggested  that  the  duration  of  the  suctioning

Table  2  Description  of  the  sample  and  distribution  of
returned  questionnaires.

No.  of
ICU

No.  of
nurses

No.  of
questionnaire
returned

General  9  214  142
Cardiosurgical  3  80  57
Neurosurgical  3  63  39
Coronary 1  22  9
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in  a  general  ICU,  23%  (n  =  57)  in  a  Cardiovascular  ICU,  16%
(n  =  38)  in  a  Neurosurgical  ICU  and  4%  (n  =  9)  in  a  Coronary
care  unit  (Tables  3  and  4).

Table  3  Distribution  of  years  of  work  in  ICU.

Years  of  work  Number  of  nurses  %

<1  5  2
event  be  limited  to  less  than  15  seconds.  (2C)

The  order  of  the  questions  followed  the  sequential  phases
of  the  endotracheal  suctioning,  from  the  preparation  of  the
materials  to  the  execution  of  the  procedure.  The  question-
naire  is  presented  in  Appendix  A  (Table  1).

Procedures

After  obtaining  the  required  authorisation  for  the  distri-
bution  of  the  questionnaire  from  the  nursing  and  health
departments  of  the  various  hospitals,  we  proceeded  to  con-
tact  by  telephone  the  nursing  coordinators  of  the  operating
units,  in  order  to  agree  on  how  and  when  to  forward  the
research  material.  Different  modes  of  delivery  and  collec-
tion  of  the  questionnaires  were  adopted,  according  to  the
needs  and  preferences  of  the  various  operating  units.  Pri-
marily  they  were  distributed  and  collected,  in  paper  form,
either  manually  or  by  correspondence.  In  cases  where  the
questionnaires  were  sent  by  e-mail,  the  nurses  were  obliged
to  personally  send  answers  by  e-mail.  The  questionnaire
was  accompanied  by  a  presentation  letter,  instructions  for
the  correct  compilation  of  the  document  and  information
regarding  data  protection.

Data  analysis
Collected  data  were  analysed  statistically  using  the  Graph-
Pad  Prism  5  program,  performing  a  Fisher’s  Exact  Test
two-tailed,  for  the  analysis  groups  small  in  number  (n  <  300),
care  unit

nd  a  Chi-square  test  to  examine  all  the  answers  together,
iven  the  great  abundance  of  data.

he  sample

 purposeful  sample  was  selected.  The  questionnaire  was
dministered  to  the  nurses  of  16  ICUs.  The  sample  was  com-
osed  of  379  nurses  from  16  ICUs  of  11  Hospitals,  forming  a
esearch  network  of  experts.

Inclusion  criteria:  Italian  ICU  nurses,  caring  for  adult
atients.

Exclusion  criteria:  Paediatric  and  neonatal  Italian  ICU
urses.

The  research  was  conducted  from  May  to  September  2011
Table  2).

thical  issues

he  study  was  approved  by  the  Internal  Review  Hospital
oard  of  each  participating  hospital.  Each  participant  was
sked  for  their  consent  after  the  research  project  design  and
ts  purposes  were  explained  in  detail  through  the  presenta-
ion  of  the  whole  protocol.  Anonymity  and  confidentiality
ere  assured  as  was  the  freedom  to  leave  the  study  at  any

ime.  The  participants  gave  their  consent  at  the  beginning  of
he  study,  after  its  presentation.  All  participants  remained
nvolved  voluntarily  in  the  study  until  its  completion.

esults

he  questionnaire  was  administered  to  379  nurses;  247  (65%)
uestionnaires  were  compiled  and  returned.  Among  the  247
urses  who  returned  the  questionnaire,  57%  (n  =  142)  worked
1—5 72  29
6—10 59  24
>10 111  45
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Table  4  Distribution  of  years  of  work  of  nurses.

Years  of  work  in  ICU  No.  of  nurses  %

<1  22  9
From 1  to  5  103  42
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From 6  to  10  65  26
>10 57  23

The  percentage  of  correct  answers  was  58%  and  nobody
ompleted  the  whole  questionnaire  without  mistakes.  More-
ver,  only  2.5%  (n  =  6)  of  the  nurses  answered  9/10  questions
orrectly.

Nurses  who  had  been  working  for  less  than  five  years  had
 lower  percentage  of  correct  answers  than  the  others  (cor-
ect  answers:  383/770  vs.  1033/1699,  p  ≤  0.0001  Chi-square
est)  (Tables  5  and  6).

Nurses  working  for  more  than  five  years  answered  the
uestions  about  the  diameter  of  the  suction  catheter,  vol-
me  of  saline  to  be  injected,  the  depth  of  insertion  of  the
uction  catheter  into  the  endotracheal  tube  and  the  nega-
ive  pressure  to  be  applied  better  than  the  less  experienced
olleagues.

Regarding  the  length  of  working  experience  in  ICU,  nurses
orking  in  an  ICU  for  more  than  five  years  answered  the
uestionnaire  better  than  less  experienced  colleagues  (cor-
ect  answers:  735/1220  vs.  669/1250,  p  =  0.0009  Chi-square
est).  A  statistically  significant  higher  percentage  of  cor-
ect  answers  were  observed  from  nurses  working  in  an  ICU
or  more  than  one  year  compared  to  nurses  with  less  than
ne  year  experience.  With  the  question  about  the  correct
uration  of  endotracheal  suctioning  (188/225  people  vs.
3/22  people  who  work  in  a  I.C.U.  for  less  than  one  year,

 =  0.0093  Fisher’s  Exact  Test),  on  the  negative  pressure  to
e  applied  (correct  answers  165/225  vs.  11/22,  p  =  0.0235
isher’s  Exact  Test)  and  the  disconnection  of  the  patient
rom  the  ventilator  during  the  procedure  (correct  answers:
12/225  vs.  16/22,  p  =  0.0032  Fisher’s  Exact  Test).  Moreover,

urses  working  in  an  ICU  for  more  than  five  years  had  a
tatistically  significant  higher  number  of  correct  answers
ompared  to  their  less  experienced  colleagues  for  the

Table  5  Correct/incorrect  answers  and  years  of  work.

Years  of  work  Correct  answers  Wrong  answers

<1  21  29
From 1  to  5  362  358
From 6  to  10  350  240
>10 683  426

Table  6  Correct/incorrect  answers  and  years  of  work  in
ICU.

Years  of  work  in  ICU Correct  answers  Incorrect  answers

<1  103  117
From 1  to  5  566  464
From 6  to  10  381  269
>10 354  216
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uestion  about  the  diameter  of  the  suction  catheter  (correct
nswers:  92/122  vs.  63/125,  p  ≤  0.0001  Fisher’s  Exact  Test),
bout  pre-oxygenation  (correct  answers  42/122  vs.  29/125,

 = 0.0672  Fisher’s  Exact  Test)  and  the  volume  of  saline  to
e  instilled  (correct  answers  80/122  vs.  60/125,  p  =  0.0069
isher’s  Exact  Test).

Nurses  from  General  ICU  performed  better  than  others
855/1420  correct  answers  vs.  311/570  correct  answers  for
ardiosurgical  ICU,  p  =  0.0235,  vs.  201/390  correct  answers
or  the  Neurosurgical  ICU,  p  =  0.0025,  vs.  42/90  correct
nswers  for  the  Coronary  care  unit  CCU,  p  =  0.0145  Fisher’s
xact  Test).

iscussion

everal  nurses  in  the  study  were  unaware  of  recommended
ractices  and  a  number  demonstrated  potentially  unsafe
ractices.  In  agreement  with  previous  research  (Day  et  al.,
001),  there  is  a  lack  of  relevant  knowledge  regarding  the
racheal  suctioning  procedure,  although  there  can  be  no
eal  comparison  between  the  two  studies,  due  to  the  differ-
nces  in  the  research  methodology.  In  Italy,  this  data  could
e  explained  by  a  lack  of  knowledge  of  guidelines,  perhaps
ue  to  the  understanding  of  the  English  language  by  many
urses.  Even  the  basic  and  advanced  training  programmes
vailable  may  partially  explain  this  lack  of  knowledge  of
he  guidelines.  Intensive  and  Critical  Care  Nursing  course
rogrammes  in  our  country  do  not  reach  this  level  of  special-
sation  and  are  reserved  for  postgraduate  courses  that  are
requented  by  a  minority  of  nurses.  Sole  in  an  interesting
ultisite  survey  on  suctioning  techniques  and  airway  man-

gement  practice  found  many  differences  in  nurses’  clinical
ractice,  stating  that  one  reason  for  the  finding  may  be
hat  most  staff  members  (83%)  do  not  base  their  practice
n  published  reports  (Sole  et  al.,  2003).

The  question  about  the  closed  suction  circuit  obtained
ew  correct  answers:  this  could  suggest  that  nurses  are  not
p  to  date  regarding  the  new  guidelines.  Otherwise,  it  may
e  a  misunderstanding  caused  by  the  misinterpretation  on
he  known  indications,  which  indeed  recommend  closed  cir-
uit  suction  only  for  patients  who  need  a  high  FiO2  and
EEP  or  at  risk  of  lung  depression  and  advise  suction  without
isconnecting  the  patient  from  the  ventilator  (AARC,  2010).

The  increase  in  the  answers  ‘‘I  do  not  know’’  for  question
umber  9  about  the  negative  pressure,  may  be  due  to  the
act  that  the  pressure  of  the  aspirator  on  the  wall  is  usually
reset  at  the  same  level;  consequently  the  nurses  do  not  pay
ttention  to  checking  it  prior  to  suction.

Nurses  with  more  than  five  years  of  work  experience  and
hose  with  at  least  one  year  of  ICU  experience  had  a  better
nowledge  of  the  procedure.

Nurses  who  worked  less  than  one  year  in  an  Intensive
are  Unit  have  little  knowledge  about  the  duration  of  the
uction,  the  negative  pressure  and  the  disconnection  of  the
atient  from  the  ventilator.  This  result  probably  explains
hat  the  nurses  do  not  have  enough  experience  to  know  each
eature  of  the  procedure.  These  results  suggest  that  work

xperience  could  improve  the  knowledge  of  the  nurses  in
hese  wards.

It  is  also  noticeable  how  the  ward  influences  the  knowl-
dge  of  the  nurses.  For  example  the  results  show  that  the
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nurses  who  work  in  General  ICU  have  more  knowledge  about
endotracheal  suctioning  compared  to  nurses  of  other  wards.
In  particular  General  ICU  nurses  who  have  been  working  for
more  than  five  years  have  accurate  information  about  the
diameter  of  the  suction  catheter,  the  saline  instillation  and
the  pressure.  This  outcome  might  suggest  that  it  is  only  with
experience  that  nurses  can  understand  and  become  confi-
dent  with  these  technical  and  specific  procedures.

Overall,  beside  the  limited  knowledge  of  the  guidelines,
there  is  probably  an  incorrect  interpretation  of  them.  The
English  language  of  the  guidelines  could  be  an  obstacle  that
limits  its  understanding  of  them;  it  would  be  appropriate  to
provide  a  translation.

Moreover,  we  believe  there  is  an  unmet  need  for  the
training  and  education  of  tracheal  suctioning,  e.g.  with  the
introduction  of  simulation  techniques,  which  give  the  oppor-
tunity  to  practice  without  the  risk  of  harming  an  actual
patient  (Jarzemsky  and  McGrath,  2005).

One  limitation  of  this  investigation  is  that  it  did  not  ana-
lyse  how  nurses  perform  the  procedure  during  daily  practice.
Findings  of  Day  et  al.  (2002a,b)  indicate  that  there  was  no
significant  relationship  between  nurses’  theoretical  knowl-
edge  and  observed  practice,  so  it  would  be  interesting  to
understand  if  there  is  a  discrepancy  between  theory  and
practice  and  to  understand  the  nurses’  motivation  for  their
actions.

Limitations
The  questionnaire  we  used  was  not  validated;  however,  it
was  developed  by  experts  in  the  field  of  nursing  in  criti-
cal  care,  it  underwent  a  brief  test  phase  before  the  final
version.

C

T

ioning  343

Years  of  experience  were  grouped  and  treated  as  a  cate-
orical  variable;  this  stratification  of  a  continuous  variable
ay  have  introduced  more  bias.
The  sample  could  not  be  representative  of  the  Italian  ICU

urses,  due  to  the  convenience  sampling  method  used.
It  would  be  important  to  know  potential  reasons  for

urses’  refusal  to  participate.  There  may  be  a  selection  bias,
n  that  nurses  with  limited  knowledge  may  have  declined  to
articipate  in  the  study.

Although  the  aim  of  the  survey  was  to  evaluate  the  knowl-
dge  of  evidence-based  guidelines  on  the  endotracheal
uctioning  technique,  there  could  be  some  misunderstand-
ng  in  the  interpretation  of  these  guidelines  and  results  could
artly  be  a  reflection  of  procedures  and  daily  practice.

onclusion

ndotracheal  suction  is  an  invasive  procedure  that  can  cause
ignificant  problems;  the  lack  of  up  to  date  knowledge
evealed  by  our  survey  could  increase  the  risk  of  compli-
ations.  A  better  training  and  education  programme  about
pdated  guidelines  among  nurses  is  warranted.  A  better
asic  training  and  continuing  education  on  critical  care  pro-
edures  and  guidelines  among  Italian  nurses  is  also  needed.

This  study  may  be  the  beginning  of  action-research
rojects  for  the  activation  and  implementation  of  meth-
ds  to  improvement  in  hospitals,  in  order  to  better  clinical
ractices.
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