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Abstract
Background  and  objective:  Non  invasive  ventilation  (NIV)  is  currently  employed  for  weaning
from invasive  ventilation  (IMV)  in  the  acute  setting  but  its  use  for  weaning  from  prolonged
ventilation  is  still  occasional  and  not  standardized.  We  wanted  to  evaluate  whether  a  combined
protocol  of  NIV  and  decannulation  in  tracheostomized  patients  needing  prolonged  mechanical
ventilation  was  feasible  and  what  would  be  the  one-year  outcome.
Methods:  We  studied  patients  still  dependent  from  invasive  mechanical  ventilation  with  the
following  inclusion  criteria:  a)  tolerance  of  at  least  8  h  of  unsupported  breathing,  b)  progres-
mechanics;
Rehabilitation

sive hypercapnia/acidosis  after  invasive  ventilation  discontinuation,  c)  good  adaptation  to  NIV,
d) favorable  criteria  for  decannulation.  These  patients  were  switched  from  IMV  to  NIV  and
decannulated;  then  they  were  discharged  on  home  NIV  and  followed-up  for  one  year  in  order
to evaluate  survival  and  complications  rate.

Abbreviations: ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease; FiO2, inspiratory oxygen frac-
tion; HR, Hazard Ratio; ICU, Intensive Care Unit; IMV, invasive mechanical ventilation; LoS, length of stay; MIP, maximal inspiratory pressure;
MEP, maximal expiratory pressure; NIV, non invasive ventilation; PaCO2, arterial carbon dioxide tension; Pdi, transdiaphragmatic pressure;
Pdimax, maximal transdiaphragmatic pressure; PEEPidyn, intrinsic dynamic positive end-expiratory pressure; PTPdi, pressure time product
for the diaphragm; PMV, prolonged mechanical ventilation; PTPpl, pleural pressure time product; RR, respiratory rate; SAPS, Simplified
Please  cite  this  article  in  press  as:  Ceriana  P,  et  al.  Pulmonol.  2019.  https://doi.org/10.1016/j.pulmoe.2019.07.006

Acute Physiology Score; SpO2, pulse oximetry; TE, expiratory time; TI, inspiratory time; TI/TTOT, duty cycle; TTdi, tension-time index of the
diaphragm; TTOT, total cycle duration; VT, tidal volume; VAIs, ventilator-assisted individuals.
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Results:  Data  from  patients  consecutively  admitted  to  a  weaning  unit  were  prospectively  col-
lected between  2005  and  2018.  Out  of  587  patients  admitted  over  that  period,  341  were
liberated from  prolonged  mechanical  ventilation.  Fifty-one  out  of  147  unweaned  patients  (35%)
were eligible  for  the  protocol  but  only  46  were  enrolled.  After  a  mean  length  of  stay  of  35  days
they were  decannulated  and  discharged  on  domiciliary  NIV.  After  one  year,  38  patients  were
still alive  (survival  rate  82%)  and  37  were  using  NIV  with  good  adherence  (only  one  patient  was
switched again  to  invasive  ventilation).
Conclusions:  NIV  applied  to  patients  with  failed  weaning  from  prolonged  IMV  is  feasible  and  can
facilitate the  decannulation  process.  Patients  successfully  completing  this  process  show  good
survival rates  and  few  complications.
© 2019  Sociedade  Portuguesa  de  Pneumologia.  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/).

I

A
U
t
f
p
i
d
t
i
3
w

c
w
i
a

m
t
o
w

t
(
(
r
i
i
a
s
u
f
a
a

M

D
u
I
J

w
f
I
2

S

O
e
p
2
1
c
p
H
5

t
h
f
i

W

A
b
n
A
b
w
c
p
o
a
n
o
r

s

ntroduction

bout  40%  of  all  patients  admitted  to  Intensive  Care
nits  (ICU)  require  mechanical  ventilation,  mostly  through
ranslaryngeal  intubation.1,2 Most  patients  can  be  liberated
rom  mechanical  ventilation  within  one  week,  a  smaller
roportion  requiring  tracheostomy  and  long  periods  of  wean-
ng  from  mechanical  ventilation.  According  to  different
efinitions,3---5 these  patients  may  represent  up  to  14%  of
hose  admitted  to  ICU  for  mechanical  ventilation,  account-
ng  for  37%  of  all  ICU  costs  with  a  hospital  mortality  up  to
8%,  significantly  higher  compared  with  simple  and  difficult
eaning.6---8

Difficult-to-wean  patients  may  be  transferred  from  acute
are  hospitals  to  specialized  weaning  units,  often  located
ithin  rehabilitation  hospitals9 where  patients  also  receive

ntensive  physiotherapy  programs,10 in  an  attempt  to  regain
 satisfactory  quality  of  life.11

A  recent  systematic  review  of  patients  needing  prolonged
echanical  ventilation  reported  a  29%  and  59---62%  hospi-

al  discharge  and  one  year  mortality,  respectively.  However,
nly  19%  of  patients  were  discharged  home  and  only  50%
ere  successfully  liberated  from  mechanical  ventilation.12

Since  non  invasive  ventilation  (NIV)  has  been  shown
o  shorten  the  duration  of  invasive  mechanical  ventilation
IMV)  in  patients  with  chronic  obstructive  pulmonary  disease
COPD),  and  physiologically  to  ‘‘mimic’’  IMV,13 there  is  a
ationale  for  applying  it  in  order  to  remove  the  tracheotomy
n  those  patients  with  incomplete  liberation  from  mechan-
cal  ventilation  and  showing  a  progressive  deterioration  in
rterial  blood  gases  during  spontaneous  ventilation.  In  this
tudy  we  reviewed  data  collected  prospectively  on  patients
nable  to  tolerate  total  unsupported  breathing  and  switched
rom  IMV  to  NIV  and  then  decannulated,  with  the  aim  of
ssessing  the  feasibility  and  effectiveness  of  this  approach
nd  their  one  year  outcome.

ethods
Please  cite  this  article  in  press  as:  Ceriana  P,  et  al.  Pulmonol.  

ata  from  subjects  consecutively  admitted  to  the  weaning
nit  of  the  Istituti  Clinici  Scientifici  Maugeri  IRCCS,  Pavia,
taly,  were  prospectively  collected  between  May  2005  and
anuary  2018  and  retrospectively  analysed.  Subjects  gave

b
w
a
c

ritten  informed  consent  to  the  anonymous  use  of  their  data
or  scientific  purposes,  and  the  study  was  approved  by  the
nstitutional  Ethics  Committee  (Number  359  CEC  on  May  2nd
005).

etting  and  study  participants

ur  weaning  unit  consists  of  seven  fully  monitored  beds
quipped  for  mechanical  ventilation,  located  inside  the  res-
iratory  unit  of  a  multidisciplinary  rehabilitation  hospital.  A
4-h  on-duty  doctor  is  available,  the  nurse-to-patient  ratio  is
:4,  and  the  physiotherapist-to-patient  ratio  is  1:7.  Patients
an  be  treated  with  both  NIV  and  IMV  together  with  a  com-
rehensive  rehabilitation  program.10 The  Italian  National
ealth  System  refunds  a  hospital  length  of  stay  (LoS)  up  to

 weeks.
For the  purpose  of  the  study  prolonged  mechanical  ven-

ilation  was  defined  as  the  need  of  IMV  for  more  than  6  daily
ours  for  more  than  21  consecutive  days.4 Patients  suffering
rom  end-stage  diseases  or  severe  brain  damage  were  not
ncluded  into  the  study.

eaning  strategy

t  admission  patients  underwent  IMV  through  tracheostomy
y  means  of  an  ICU-type  ventilator  (Nellcor  Puritan  Ben-
et  840,  Pleasanton,  CA,  USA  or  Extend  Taema  Air  Liquide,
ntony  Cedex,  France),  with  the  same  setting  as  prescribed
y  the  sending  ICU.  Within  two  hours,  arterial  blood  gases
ere  assessed  in  order  to  evaluate  the  need  (if  any)  of
hanges  in  ventilator  setting.  Within  48  h  of  admission,  all
atients  underwent  chemical  laboratory  tests,  collection
f  urine  and  tracheal  aspirate  samples  for  microbiological
nalysis,  chest  X  ray,  bronchoscopy  through  the  tracheal  can-
ula,  another  arterial  blood  gas  evaluation  and  assessment
f  maximal  inspiratory  and  expiratory  pressures  (MIP,  MEP
espectively)  (Pony  spirometer,  Cosmed,  Rome---Italy).14

During  the  following  days,  when  patients  were  considered
table,  (without  fever,  pain,  anxiety,  haemodynamic  insta-
2019.  https://doi.org/10.1016/j.pulmoe.2019.07.006

ility  or  respiratory  distress),  spontaneous  breathing  trials
ere  attempted15 with  the  tracheal  cuff  deflated,  a  heat
nd  moisture  exchanger  filter  on  the  15  mm  tracheal  cannula
onnector  and  oxygen  supplementation  able  to  maintain
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Noninvasive  ventilation  for  prolonged  weaning  

an  oxygen  saturation  as  assessed  by  pulse  oximetry  (SpO2)
monitoring  of  at  least  90%.  The  spontaneous  breathing  trial
was  interrupted  in  cases  of  signs  or  symptoms  of  distress
such  as  oxygen  desaturation  (SpO2 less  than  90%  despite  an
inspiratory  oxygen  fraction  (FiO2)  above  0.40),  tachypnea
(respiratory  rate  (RR)  higher  than  35  bpm),  diaphoresis,
tachycardia  (heart  rate  above  130  bpm),  haemodynamic
instability  (systolic  arterial  pressure  higher  than  180  o  lower
than  80  mmHg).  Where  any  of  these  conditions  were  present
the  patient  was  connected  again  to  the  ventilator  and  a  new
spontaneous  breathing  trial  had  to  be  carried  out  on  the
following  day,  if  possible.

In  absence  of  the  above  conditions,  patients  started
increasing  periods  of  spontaneous  breathing,  until  they  were
able  to  sustain  round-the-clock  unsupported  breathing.

For  data  analysis,  the  patients  were  categorized  in  3
groups  (Fig.  1):

Group  1.  Patients  weaned  from  IMV:  when  able  to  main-
tain  spontaneous  breathing  over  a  seven-day  period  without
developing  moderate  hypercapnia  (arterial  carbon  dioxide
tension  (PaCO2)  above  50  mmHg)  and/or  pH  less  than  7.33  or
any  of  the  above  conditions  associated  to  failure.15 When
liberated  from  the  ventilator  they  were  considered  for  tra-
cheostomy  removal  according  to  our  decannulation  protocol
based  on  criteria  already  described  in  a  previous  study.16

According  to  the  absence  or  presence  of  these  criteria,
patients  weaned  from  the  ventilator  were  discharged,  in
spontaneous  breathing,  with  or  without  the  tracheostomy
cannula  (Fig.  1).

Group  2.  Patients  discharged  on  home  IMV  through  tra-
cheostomy  (i.e.  whose  that  after  5  weeks  of  hospital  stay
still  completely  or  partially  needed  invasive  mechanical  ven-
tilation).

Group  3.  Patients  switched  from  IMV  to  NIV  and  then
decannulated:  individuals  able  to  maintain  unsupported
breathing  without  signs  of  respiratory  distress  but  showing:

•  moderate  hypercapnia  (PaCO2 higher  than  50  mmHg),
and/or  a  greater  than  5  mmHg  increase  in  PaCO2 from  the
time  of  suspension  of  invasive  ventilation  or

•  respiratory  acidosis  (pH  less  than  7.33)  within  seven  days
of  spontaneous  breathing,

•  all  favorable  criteria  for  decannulation.

These  patients  underwent  the  following  protocol:

1)  fitting  a  proper  NIV  mask;
2)  downsizing  by  1  mm  the  cannula  internal  diameter  with-

out  fenestration  to  leave  more  pericannular  space,  in
order  to  facilitate  airflow  from  upper  airways  during  NIV;

3)  daytime  check  of  patient  tolerance  and  adherence  to  NIV
with  the  capped  cannula;

4)  night-time  increasing  periods  of  NIV  with  the  capped  can-
nula,  with  the  aim  of  at  least  4  consecutive  hours  of
NIV.  After  two  nights  of  good  NIV  adherence,  patients
were  switched  to  a  domiciliary  bilevel  ventilator  (Astral
Please  cite  this  article  in  press  as:  Ceriana  P,  et  al.  Pulmonol.  

100  Resmed,  San  Diego,  CA  or  Vivo  50  Breas,  Mölnlycke,
Sweden)

5)  daily  arterial  blood  gas  assessments,  recording  of  NIV
time,  checks  for  air  leaks  and  asynchronies  through  ven-
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tilator  microchip  analysis  (using  the  dedicated  software:
ResScan  for  Resmed  and  Vivo  PC  software  for  Breas).

When  all  these  above  steps  were  successfully  completed,
ecannulation  was  performed  after  upper  airway  endoscopy
heck  and  the  patient  was  admitted  to  a  domiciliary  NIV
rogram.

In  cases  of  failure  of  adaptation  to  NIV,  defined  as  intol-
rance  to  interfaces  or  inability  to  maintain  NIV  for  at  least
wo  consecutive  hours,  or  in  cases  of  persistence  of  hyper-
apnia  or  respiratory  acidosis  (PaCO2 above  50  mmHg  and  or
H  less  than  7.33),  the  protocol  was  stopped  and  the  patient
emained  in  Group  2  (see  above)  and  was  discharged  on
ome  IMV.

easurements

pon  enrollment  into  the  NIV  protocol,  the  following  data
ere  recorded:  demographics  and  anthropometrics;  cause
f  acute  respiratory  failure;  simplified  acute  physiology
core  (SAPS)  II17; previous  ICU  LoS;  number  of  comorbidities.

Based  on  our  previous  experience,18 patients  enrolled
nto  the  NIV  protocol,  underwent  re-evaluation  of  MIP  and
EP  and  respiratory  mechanics  as  described  elsewhere,19 in
rder  to  acquire  more  data  about  the  load-force  capacity
alance  of  the  respiratory  system.

Briefly,  total  cycle  duration  (TTOT),  inspiratory  (TI),  expi-
atory  time  (TE) and  duty  cycle  (TI/TTOT)  were  calculated
rom  the  flow  signal,  as  average  values  of  5-min  peri-
ds  of  continuous  recording  of  flow  and  volume.  Intrinsic
ynamic  positive  end-expiratory  pressure  (PEEPi,dyn) was
ecorded  and  measured  as  the  negative  deflection  in
ransdiaphragmatic  pressure  (Pdi)  swings  from  the  onset
f  inspiratory  effort  to  the  onset  of  inspiratory  flow,  as
escribed  elsewhere.20 Maximal  Pdi  (Pdimax)  was  calculated
y  means  of  the  maximal  inspiratory  effort  generated  with

 maximal  sniff  maneuver  with  verbal  encouragement  to
reathe  with  the  maximal  strength.21 The  magnitude  of  the
nspiratory  muscle  effort  was  estimated  from  the  pressure
ime  product  for  the  diaphragm  (PTPdi) and  for  the  inspira-
ory  muscle  in  toto  (pleural  pressure  time  product,  or  PTPpl).
he  pressure  time  integrals  were  calculated  per  breath  and
er  minute.  The  tension-time  index  of  the  diaphragm  (TTdi)
as  computed  according  to  the  method  of  Bellemare  and
rassino22: TTdi =  Pdi/Pdi,max ×  Ti/Ttot.  A  value  of  TTdi higher
han  0.15  was  considered  as  an  index  of  respiratory  muscle
atigue.  All  the  signals  recorded  during  the  measurement
f  respiratory  mechanics  were  digitized  by  means  of  an
nalog-to-digital  converter  with  a  12-bit  resolution  (Data
ranslation  2801/A)  and  fed  into  a  Pentium  processor  per-
onal  computer  at  a  sampling  frequency  of  100  Hz.

Upon  discharge  from  the  weaning  unit,  the  following  data
ere  recorded:

1)  Weaning  unit  LoS;  2)  number  of  daily  hours  spent  on
IV.

ollow-up
2019.  https://doi.org/10.1016/j.pulmoe.2019.07.006

welve  months  after  discharge,  patients  enrolled  into  the
IV  protocol  were  contacted  for  a  control  visit  or,  in  case
f  inability/unavailability  of  access  to  the  hospital,  for  a

https://doi.org/10.1016/j.pulmoe.2019.07.006
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341 weaned from PMV 

99 dead

587 patients on PMV

147 not weaned from PMV 

96 discharged
on home IMV 

101 dis charged
on home IM V  

227 weaned and
decannu lated 

114 weaned bu t not
decannulated 

51 enrolled in the
NIV/decannulation protocol   

46 decannu lated and
dis charged on home NIV     

5 failed
NIV  adaptation   

F ilation;  NIV,  non  invasive  ventilation;  PMV,  prolonged  mechanical
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Table  1  Demographics,  Anthropometric  and  clinical  char-
acteristics  of  patients.  Data  are  shown  as  numbers  or  mean
(SD). ARDS,  acute  respiratory  distress  syndrome;  ICU,  inten-
sive care  unit;  LoS,  length  of  stay.

Patients,  n  46
Males/females,  n  24/22
Age, y  68.2  (9.9)
SAPS II  27.4  (5.3)
BMI 26.2  (3.1)
Previous  ICU  LoS,  days  44.2  (28.3)
Comorbidities  per  patient,  n  1.8  (0.7)
Chronic  obstructive  diseases,  n  34a

Neuromuscular  diseases,  n  3  §
ARDS,  n  3
Major cardiac  surgery,  n  6

a

s
r
r
h
(
d
u
a
o
N

r
c
g
o
b

igure  1  Population  in  study.  IMV,  invasive  mechanical  vent
entilation;  VAIs,  ventilator-assisted  individuals.

elephone  interview  to  assess:  i-survival;  ii-present  and  time
f  use  of  NIV  (if  any)  as  self-reported  by  patients  contacted
y  phone,  while  in  patients  visiting  our  unit  it  was  gathered
y  the  analysis  of  the  ventilator  card;  iii-adverse  events  (and
auses  of)  such  as  hospital  admissions  or  need  to  switch  again
o  invasive  mechanical  ventilation.

tatistical  analysis

tatistical  analysis  was  performed  by  a  dedicated  software
STATA  11.2).  Anthropometric  and  clinical  characteristics  of
he  patients  are  described  as  mean  (standard  deviation:  SD)
or  continuous  variables  and  as  numbers  (percentage)  for
inary  or  categorical  ones.  Survival  analysis  by  Kaplan-Maier
urve  was  performed  to  describe  mortality  rate  over  time,
nd  Log-rank  test  was  used  to  test  differences  between
roups  as  necessary.  Predictive  analysis  by  Hazard  Ratio  (HR)
as  used  to  define  the  relation  between  mortality  over  time
nd  baseline  measures  (age,  gender,  SAPS  II,  ICU  LoS,  comor-
idities,  respiratory  disease).

esults

uring  the  observation  period,  out  of  587  admitted  patients
n  prolonged  mechanical  ventilation,  341  were  liberated
rom  the  ventilator  and  227  also  decannulated.  Fig.  1  shows
he  flow  chart  of  the  study.  Fifty-one  patients  were  enrolled
n  the  NIV/decannulation  protocol  but  only  46  were  success-
ully  switched  from  IMV  to  NIV  and  decannulated,  since  five
atients  failed  NIV  adaptation  (3  patients  for  claustrophobia
espite  the  use  of  a  nasal  mask  and  two  patients  for  poor
dherence  and  motivation  to  NIV  use).

Demographic,  anthropometric,  physiological  and  clinical
haracteristics  of  patients  enrolled  in  the  combined  proto-
ol  are  shown  in  Table  1.  One  year  survival  rate  was  82.6%
Please  cite  this  article  in  press  as:  Ceriana  P,  et  al.  Pulmonol.  

nd  the  only  statistically  significant  HR  of  one-year  mortal-
ty  was  the  age  (HR  =  1.089  [1.003---1.183],  p  =  0.041).  The  8
eceased  patients  needed  a  total  of  13  hospital  admissions
ver  the  follow  up  period,  and  the  causes  of  death  were  sep-

s

t
o

28 COPD, 6 bronchiectasis; §:  1 Charcot-Marie Tooh, 1 myas-
tenia gravis, 1 Steinert myotonic dystrophy.

is  (2  patients),  cancer  (1),  heart  failure  (3),  post-surgical
espiratory  failure  (2).  In  addition  to  hospital  admissions
equired  for  the  8  deceased  patients,  6  surviving  patients
ad  one  hospital  admission  for  acute  respiratory  failure
4  acute  exacerbation  of  COPD,  2  pneumonias)  and  were
ischarged  after  a  mean  LoS  of  14  (6)  days.  One  patient
nderwent  a  new  tracheostomy  for  acute  respiratory  failure
nd  was  discharged  home  on  nocturnal  IMV,  whereas  all  the
ther  37  patients,  alive  after  twelve  months  were  still  using
IV  for  a  mean  6.5  (2.2)  hours/day.

The  respiratory  mechanics  values,  shown  in  Table  2,  were
ecorded  for  only  30  patients,  since  6  patients  did  not  give
onsent  and  in  10  patients  it  was  not  possible  to  place  the
astric  and/or  oesophageal  balloons.  Not  surprisingly,  most
f  the  patients  had  a high  PTPdi,  indicating  a  considerable
urden  for  breathing,  while  MIP  or  Pdimax were  quite  pre-
erved.
2019.  https://doi.org/10.1016/j.pulmoe.2019.07.006

Mean  weaning  unit  LoS  was  35.3  (6.4)  days.  The  mean
ime  needed  to  complete  the  NIV  protocol  (from  first  day
f  NIV  to  decannulation)  was  7.2  (2.3)  days.  None  of  the  46

https://doi.org/10.1016/j.pulmoe.2019.07.006
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Table  2  Respiratory  mechanics  values  measured  in  30  out
of 46  patients.  MIP,  maximal  inspiratory  pressure;  MEP,  max-
imal expiratory  pressure;  PEEPidyn,  dynamic  intrinsic  posi-
tive expiratory  pressure;  PTPdi  min =  pressure/time  product
/minute  of  diaphragm;  Pdimax =  maximal  transdiaphragmatic
pressure;  PTPpl  min,  pressure/time  product/minute  of  inspi-
ratory  muscles;  TTDI =  tension  time  index  of  the  diaphragm.
Data as  mean  (SD).

Respiratory  mechanics

VT (L)  0.34  (1.6)
RR (breath/minute) 25.7  (7.4)
RR/VT (breath/min/L) 101.2  (25.5)
PEEPi  dyn (cmH2O) 2.3  (1.6)
Dynamic  Compliance  (L/cmH2O)  0.05  (0.03)
Resistance  (inspiratory)  (cmH2O/L/sec)  11.9  (7.2)
PTPdi  min (cmH2O/sec) 296.7  (157.3)
PTP pl  min (cmH2O/sec) 316.0  (103.2)
Pdi  max (cmH2O) 40.8  (25.1)
TTI (Pdi/Pdi  max *  Ti/Ttot) 0.11  (0.08)
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MIP (cmH2O) 51.3  (20.2)
MEP (cmH2O) 94.1  (42.5)

patients  needed  surgical  closure  of  the  stoma.  Upper  air-
ways  endoscopy  revealed  preserved  respiratory  space  in  all
patients;  a  rather  common  finding  (almost  30%  of  cases)  was
a  moderate  mucosal  introflection  on  the  tracheal  cannula
convexity  in  the  upper  part  of  the  stoma  but  without  tra-
cheal  narrowing  and,  in  a  few  cases  (less  than  10%  of  cases),
an  exaggerated  mobility  of  the  pars  membranacea  towards
the  anterior  tracheal  cartilagineous  pars  with  tendency  to
tracheal  narrowing  during  cough  but  without  the  criteria
of  tracheomalacia.  Before  discharge,  33  out  of  46  (71.7%)
patients  used  NIV  only  during  night-time  for  a  mean  of  7.8
(1.6)  hours  whereas  13  patients  (28.3%)  were  on  NIV  sup-
port  also  for  2  daytime  hours.  Nasal  masks  were  used  by  the
majority  of  patients  (n  =  38),  while  8  patients  used  oral-nasal
masks.  None  of  the  46  patients  needed  cough  assist  machine
during  hospital  stay  or  after  discharge.

Home  bi-level  ventilators  were  set  in  spontaneous/timed
mode  with  a  back-up  respiratory  rate  of  10  bpm  and  mean
inspiratory  and  expiratory  positive  airway  pressures  of  17.1
(2.8)  and  4.2  (2.4)  cmH2O,  respectively.  No  patient  devel-
oped  face  pressure  sores  due  to  the  interfaces.  Arterial
blood  gases  did  not  differ  between  the  application  of  IMV
or  NIV  (respectively  PaO2/FiO2 245  (83)  vs  293  (67),  PaCO2 50.4
(11.2)  vs  48.2  (8.5),  pH  7.40  (0.05)  vs  7.40  (0.04)).

Discussion

Our  study  shows  that  tracheotomised  patients  requiring  pro-
longed  mechanical  ventilation  and  showing  a  progressive
deterioration  in  arterial  blood  gases  during  periods  of  spon-
taneous  breathing  due  to  partial  dependence  on  mechanical
ventilation,  can  be  switched  to  NIV  and  decannulated,
showing  a  one-year  survival  rate  greater  than  80%,  thus  sup-
Please  cite  this  article  in  press  as:  Ceriana  P,  et  al.  Pulmonol.  

porting  the  role  of  NIV  in  difficult-to-wean  patients.  Similar
results  were  reported  in  a  prospective  study  on  patients
admitted  to  Spanish  respiratory  care  units.23 Patients  were
switched  to  NIV  when  it  proved  unfeasible  to  increase  the
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uration  of  spontaneous  breathing  beyond  18  h.  Eighty-six
 of  patients  were  successfully  weaned,  out  of  whom  21%
eeded  NIV  during  the  weaning  process.  However,  this  study
id  not  describe  the  potential  use  of  NIV  in  the  process  of
eaning  from  tracheostomy.

The  practice  of  decannulation  is  very  often  considered
 ‘‘risky’’  procedure  by  the  clinicians,  especially  those  not
nvolved  in  critical  care  practice,  who  therefore  are  very
eluctant  to  perform  it,  especially  in  patients  being  ven-
ilated  for  a  long  period  of  time,  where  the  occurence  of
rogressive  arterial  blood  gases  deterioration  is  real.  This
oncern  is  perfectly  understandable  for  safety  reasons,  but
t  may  worsen  the  patients  quality  of  life.24

Ours  is  the  first  systematic  study  in  a  heterogeneous
opulation  to  assess  the  feasibility  and  safety  of  tra-
heotomy  removal  in  patients  at  high  risk  of  procedure
ailure,  since  not  fully  weaned  from  mechanical  ventilation.
ecannulation  is  generally  considered  the  final  step  of  the
hole  process  of  liberation  from  prolonged  IMV.  Despite  the
xistence  of  some  individualized,  non-comparative  and  non-
alidated  decannulation  protocols,  universally  accepted
uidelines  are  lacking,  as  well  as  randomised  controlled  tri-
ls  on  this  critical  issue.  An  Italian  survey  showed  absence  of
greement  about  indications  and  practical  performance  of
ecannulation,  so  that  a  substantial  proportion  of  patients
ere  discharged  home  with  the  cannula  still  in  place
lthough  not  requiring  IMV  any  more.25 The  presence  of

 tracheal  cannula  outside  a  specialized  care  context  can
arry  significant  risks  of  morbidity  and  mortality,26 together
ith  a  worsening  in  quality  of  life,24 hence  every  effort  must
e  pursued  in  order  to  discharge  the  patient  from  the  wean-
ng  units  without  the  cannula.

The  data  of  respiratory  mechanics  of  our  patients  show
hat  they  were  not  able  to  sustain  completely  unsupported
reathing,  since  their  load/capacity  balance  was  impaired.
ur  data  show  that  these  patients  have  a  high  respiratory

oad,  as  indicated  by  their  PTPdi and  PTPpl.  The  compar-
son  with  an  historical  group  of  patients18 shows  in  fact
ower  PTPpl and  PTPdi values  in  patients  successfuly  weaned
rom  prolonged  mechanical  ventilation  compared  to  these
atients  with  incomplete  weaning.  Previous  report  indicated
he  RR/Tidal  Volume  (VT)  ratio  as  a  good  predictor  of  wean-
ng  success  or  failure; 27,28 in  our  patients  the  mean  RR/VT

atio  was  higher  than  100  breaths/min/L,  suggestive  of  a
apid  and  shallow  breathing  pattern,  thus  indicating  the
endency  to  develop  alveolar  hypoventilation.

Age  was  the  only  predictive  factor  of  one-year  mortality
n  our  patients,  while  no  association  with  survival  was  found
ith  other  variables.  Age  was  also  found  to  be  a  predictor  of

urvival  in  a  recent  systematic  review  conducted  in  critically
ll  patients  treated  with  prolonged  mechanical  ventilation.29

imitations  of  the  study

ur  study  has  some  limitations.  This  study  was  not  a  ran-
omised  controlled  trial,  and,  as  such,  it  cannot  assess
hether  our  protocol  promotes  better  weaning  rates  from
2019.  https://doi.org/10.1016/j.pulmoe.2019.07.006

echanical  ventilation  as  compared  to  other  strategies.  This
tudy  reports  data  from  a  single  institution,  therefore,  our
ndings  may  not  be  fully  representative  of  similar  trends
rom  other  weaning  units.  Furthermore,  our  small  cohort

https://doi.org/10.1016/j.pulmoe.2019.07.006
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as  predominantly  composed  by  COPD  patients  (74%)  and
his  might  suggest  that  the  technique  may  be  suitable  for  a
elected  population.  On  the  other  side,  our  analysis  provides
nformation  on  a  real  life  condition.  Since  the  observation
eriod  was  rather  long  (almost  13  years)  it  could  be  argued
hat  procedures,  staff  or  expertise  have  changed  over  the
eriod  thus  making  the  results  not  homogeneous.

onclusion

n  a  selected  population  of  patients  under  prolonged
echanical  ventilation  and  not  fully  liberated  from  the  inva-

ive  ventilatory  support,  the  combined  NIV/decannulation
rotocol  was  feasible  and  safe  with  a  good  mid-term  out-
ome.  Future  randomised  controlled  trials  are  needed  to
onfirm  these  results.
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