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Abstract  In  this  part  of  the  review  series  ‘‘Tricks  and  tips  for  home  mechanical  ventilation’’,
we will  discuss  the  evidence  with  regard  to  the  place  and  manner  of  home  mechanical  venti-
lation initiation  and  follow-up.  Outsourcing  more  and  more  of  this  chronic  care  to  the  home
situation  is  a  big  challenge  for  the  future:  especially  for  the  home  situation,  monitoring  has  to
be non-invasive,  reliable  and  easy  to  use,  data  security  needs  to  be  ensured,  signals  need  to  be
integrated  and  preferably  automatically  processed  and  algorithms  need  to  be  developed  based
Set-up;
Telemonitoring

on clinically  relevant  outcomes.
© 2020  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/).
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n  the  Netherlands,  home  mechanical  ventilation  (HMV)
as  founded  60  years  ago.1 The  first  patient  transferred
ome  while  remaining  dependent  on  mechanical  ventilation
n  1960  was  a  patient  who  survived  poliomyelitis  anterior
cuta.2 Home  non-invasive  mechanical  ventilation  (NIV)  has
merged  since  the  mid-1980s  for  patients  with  chronic  respi-
atory  failure.  In  the  past  decades,  indications  have  evolved

nd  the  number  of  patients  on  HMV  has  increased.  Recent
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ata  from  Switzerland  have  shown  an  increase  in  home  NIV
revalence  from  15.1  to  37.9  per  100.000  with  an  increase
n  especially  chronic  obstructive  pulmonary  disease  (COPD)
atients  and  patients  with  Obesity  Hypoventilation  Syn-
rome  (OHS).3 Worth  noting  is  the  very  variable  practice
etween  countries,  both  with  regard  to  numbers  as  well
s  underlying  diseases.4 Nowadays,  most  patients  on  home
echanical  ventilation  are  ventilated  non-invasively.4 With

n  increase  in  patients  with  pre-existing  chronic  respiratory

ailure  to  be  initiated  electively  on  HMV,  the  place  of  HMV
et-up  has  changed  from  set-up  exclusively  in  the  ICU  to
owadays  an  increasing  tendency  for  home  set-up.

Elsevier España, S.L.U. This is an open access article under the CC
.
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Pulmonology  2

The  key  to  successful  therapy  is  a  careful  set-up  and
itration  of  ventilatory  support.  Hospital  admission  was  for  a
ong  time  considered  necessary  to  set-up  HMV.  Also,  in  some
ountries,  patients  are  admitted  to  hospital  to  titrate  HMV
uring  follow-up.5 However,  with  increasing  patient  num-
ers  and  limited  health  care  resources  usually  needed  for
cute  care  services,  hospital  admission  for  elective  HMV  ini-
iation  and  titration  has  become  less  justifiable,  if  it  is  clear
hat  other  home-based  protocols  are  at  least  non-inferior.  In
his  review  we  will  discuss  the  evidence  with  regard  to  the
lace  and  manner  of  HMV  initiation  and  follow-up.  Outsourc-
ng  more  and  more  of  this  chronic  care  to  the  home  situation
s  a  big  challenge  for  the  future:  especially  for  the  home  sit-
ation,  monitoring  has  to  be  non-invasive,  reliable  and  easy
o  use,  data  security  needs  to  be  ensured,  signals  need  to
e  integrated  and  preferably  automatically  processed;  algo-
ithms  need  to  be  developed  based  on  clinically  relevant
utcomes  (Fig.  1).

efore HMV is started
rrespective  of  the  place  of  set-up,  once  HMV  is  started,
herapeutic  goals  should  be  clear  and  communicated  with
he  patient.  A  thorough  analysis  of  the  patient’s  motivation,
oals,  home  situation  including  available  support  of  fam-
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igure  1  Graphical  representation  of  remote  monitoring  of  long-t
onitoring methods,  but  not  all  those  available.  Cartoons  are  taken  fr
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ly  members,  medical  history  and  current  medical  situation
s  warranted.  While  HMV  is  usually  titrated  on  reduction  in
rterial  carbon  dioxide  (PaCO2)  levels,  as  a  surrogate  marker
f  ventilatory  efficacy,  patient  wishes  usually  extend  beyond
as  exchange  improvement.  Independently  of  the  under-
ying  disease,  patients  suffer  from  symptoms  of  nocturnal
ypoventilation,  such  as  sleeping  badly,  frequent  awaken-
ngs,  morning  headaches,  tiredness  and  loss  of  vigilance.6 On
he  other  hand,  expectations  of  HMV  are  different  in  various
nderlying  diseases.  While  for  patients  with  thoracic  restric-
ive  diseases  (TRD)  and  particularly  more  slowly  progressive
euromuscular  diseases  (NMD),  such  as  M.  Duchenne,  the  ini-
iation  of  HMV  has  been  shown  to  increase  live  expectancy
ramatically,6 for  patients  with  rapidly  progressive  NMD  such
s  amyotrophic  lateral  sclerosis  (ALS)  and  COPD,  improve-
ent  of  symptoms  and  health-related  quality  of  life  (HRQoL)
ight  be  the  most  important  goal,  as  these  are  progressive
iseases  and  improvement  in  survival  has  been  shown  less
onvincingly.

Furthermore,  a  thorough  analysis  of  comorbidities  is
eeded.  Especially  in  patients  with  concomitant  cardiac
ailure,  caution  is  needed  as  high  ventilatory  pressures

ight  increase  intrathoracic  pressure,  might  reduce  right

entricle  preload  and  thus  cardiac  output.  However,  the
ffect  of  mechanical  ventilation  on  cardiac  function-
ng  is  a  complex  interplay  between  potential  negative

erm  HMV;  intended  to  show  some  of  the  most  commonly  used
om:  https://www.cleanpng.com/.  Red-outs  are  own  resources.
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nd  positive  effects,  depends  on  the  patient’s  underlying
ondition,  the  applied  ventilatory  settings  and  compen-
atory  mechanisms.7,8 Therefore,  the  exact  net  effect  is
npredictable9 and  it  is  advisable  to  monitor  these  patients
ore  carefully  during  HMV  set-up  (for  example  by  continu-

us  or  repeated  blood  pressure  measurements).

here to start

n  many  countries,  HMV  is  still  initiated  in  the  hospital,5

lbeit  there  is  no  consensus  on  exactly  how  and  where  it
hould  be  organized:  the  places  where  it  is  done  (i.e.  pul-
onary  ward,  respiratory  care  unit,  intensive  care  unit)  vary

onsiderably,  as  do  the  costs.  With  increasing  prevalence  of
MV,  this  will  place  a  huge  burden  on  the  health  care  system.
urthermore,  patients  with  severe  disability  in  daily  living
ften  prefer  to  stay  at  home  where  they  have  organized
heir  care  instead  of  being  transferred  to  a  rather  stressful
ospital  environment.

In the  last  decade,  several  trials  have  emerged  showing
hat  home  initiation  of  NIV  in  patients  with  neuromus-
ular  diseases,  restrictive  thoracic  disease  and  COPD  is
on-inferior  to  in-hospital  initiation  with  a  reduction  of
50%  of  the  costs.10---13 It  has  to  be  noted  that  strict  remote
onitoring  of  ventilator  data  and  gas  exchange  and  daily

emote  or  direct  ‘‘live’’  support  during  the  initiation  period
as  offered  in  these  trials.  The  recently  presented  results

rom  the  OPIP  multicenter  trial  showed  that  in  Obesity-
ypoventilation  patients,  NIV  initiation  at  home  with  an
uto-adjust  mode  without  further  monitoring  and  sup-
ort  was  not  cost-effective  as  patients  initiated  at  home
ad  far  more  healthcare  contacts  afterwards  compared  to
atients  initiated  by  a  nurse-led  overnight  NIV  titration  in
ospital.14,15

In  daily  practice,  the  strict  protocol  of  home  monitoring
nd  daily  remote  assistance  that  was  used  in  the  recent  posi-
ive  trials,  might  not  be  possible  in  all  centers,  depending  on
he  structure  of  the  healthcare  system  and  HMV  team,  reas-
urance  possibilities  for  home  care  and  local  distances  from
he  center  to  the  patient.  Secondly,  the  success  of  changes
o  remote  HMV  are  dependent  on  not  only  technical  possibil-
ties  but  also  on  technical  reliability  and  ease  of  use.  Thirdly,
rivacy  issues  of  data  transfer  need  to  be  secured.  Extending
he  ability  to  monitor  at  home  with  a  reliable,  solid,  but  easy
o  use  independent  home  telemonitoring  module  or  in-built
entilator  module  with  telemonitoring  capabilities  would  be

 significant  improvement  in  the  care  of  today’s  and  future
atients  on  chronic  NIV.  Some  ventilator  manufacturers  are
eveloping  these  integrated  modules  for  transcutaneous  gas
xchange  monitoring,  although  it  general  use  is  limited  by
he  fact  that  each  manufacturer  has  developed  his  own  soft-
are  and  platforms,  and  thus  users  (caregivers  and  patients)
ave  to  adapt  to  these  differences  when  switching  to  a  dif-
erent  ventilator.

hat to monitor (at home and in the hospital)
as  exchange

here  is  no  consensus  on  how  to  initiate  and  titrate
ong-term  home  ventilation.  To  assure  effective  nocturnal
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entilation,  at  least  gas  exchange  should  be  monitored.  Mon-
toring  of  daytime  gas  exchange  as  a  reflection  of  nocturnal
as  exchange  may  be  useful.  However,  it  has  been  shown
hat  with  a daytime  PaCO2 <6.0  kPa  (<45  mmHg),  up  to  26%
f  the  cases  of  (milder)  nocturnal  hypoventilation  might
e  missed.16 Also,  in  patients  with  a  limited  ventilatory
apacity,  daytime  PaCO2 may  rise  again  after  patients  are
isconnected  from  their  ventilator.  This  thus  does  not  reflect
nsufficient  ventilatory  support  per  se  but  merely  reflects  a
oo  limited  capacity  to  sustain  benefits  during  the  day.  For
hese  reasons,  to  judge  ventilatory  support,  it  is  preferable
o  monitor  also  nocturnal  gas  exchange.

Pulse  oximetry  is  a  simple,  easy  way  to  detect  oxygen
esaturation.  However,  the  specificity  of  the  detection  of
octurnal  desaturation  as  a  marker  of  nocturnal  respiratory
vents  is  low  and  not  reliable  when  patients  use  supple-
ental  oxygen.17 Nocturnal  carbon  dioxide  measurements

re  therefore  needed  to  monitor  alveolar  ventilation.  The
gold  standard’  to  measure  this  is  to  retrieve  repeated  sam-
les  of  arterial  blood  via  an  arterial  line.  However,  arterial
annulation  is  uncomfortable,  expensive  and  demands  con-
inuous  monitoring  in  the  hospital  by  trained  personnel,  in
ost  hospitals  only  available  in  high  care  units.  Early  morn-

ng  sampling  of  PaCO2 is  also  less  appropriate,  since  this
s  always  after  arousal  and  a period  of  spontaneous  awake
reathing.  Capillary  blood  gas  analysis  is  an  alternative  for
rterial  blood  gases,  but  is  still  invasive,  not  appropriate  for
ome  monitoring  and  cannot  be  measured  continuously  dur-
ng  the  night.  Also,  for  capillary  measurements  it  is  known
hat  arterial  oxygen  levels  are  underestimated  when  con-
idering  capillary  levels  compared  to  gold  standard  arterial
evels,  especially  in  hypoxemic  patients,18 with  fingertip
amples  showing  even  more  deterioration  compared  to  ear
obe  sampling.19

A  noninvasive  way  to  assess  PCO2 continuously  is  by
easuring  peak  expired  carbon  dioxide  tension  (PetCO2)  or

ranscutaneous  carbon  dioxide  tension  (PtcCO2).  An  advan-
age  of  continuous  monitoring  is  that  trends  and  thus  also  the
ffect  of  mechanical  ventilation  can  be  directly  observed.
hile  measuring  PetCO2 is  not  a  reliable  measurement  for

aCO2 in  patients  with  a  huge  amount  of  dead  space  ven-
ilation,  such  as  in  COPD,20 PtcCO2 values  are  comparable
o  arterial  (gold  standard)  values,  and  can  be  used  for  the
urpose  of  alveolar  ventilation  monitoring.21,22 Therefore,
e  suggest  using  nocturnal  PtcCO2 to  monitor  HI-NIV  gas
xchange  goals,  both  during  the  initiation  period  as  well  as
uring  patient  follow-up.

entilator  data  monitoring

any  ventilatory  devices  contain  sensors  and  built-in  soft-
are  that  provide  information  about  compliance,  settings,
nd  estimated  values  of  tidal  volume,  leaks,  breathing  fre-
uency,  minute  ventilation,  percentage  of  breaths  triggered
y  the  patient,  and  the  apnea-hypopnea  index  (AHI)  over
n  extended  period.  These  parameters  can  help  identify

bnormal  nocturnal  events,  and  in  some  cases,  the  causes  of
hese  events.  However,  important  concerns  have  been  raised
egarding  variables  recorded  by  ventilatory  devices:  1)  are
hey  reliable  and  2)  are  they  clinically  relevant,  i.e.  does
onitoring  of  these  variables  lead  to  improved  outcomes?23

6
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Pulmonology  2

Objective  data  on  hours  of  ventilator  use  provide  impor-
ant  information.  On  the  one  hand,  a  threshold  numbers  of
ours  of  daily  use  is  probably  necessary  to  obtain  clinical
enefits.24 A  recent  study  in  a  large  group  of  patients  on
MV  showed  that  less  than  4  h  usage  per  day  was  associated
ith  worse  survival.25 Furthermore,  interrupted  patterns  of
entilation  or  an  overall  decreased  use  may  indicate  inap-
ropriate  settings,  adverse  effects  or  patient  discomfort.  On
he  other  hand,  increasing  use  over  time  may  also  predict
eterioration.26,27 Thus  daily  use  monitoring  from  ventilator
ardware  is  reliable  and  seems  to  be  of  clinical  use.

Data  on  tidal  volume,  leaks,  breathing  frequency  and
pnea/hypopnea  index  (AHI)  are  estimated  parameters  and
hen  interpreting  these  data  one  should  be  aware  of  the
rawbacks.  First,  reliability  of  these  measures  is  limited.
idal  volume  estimates  are  influenced  by  leaks,  as  with

 single  limb  circuit  with  expiratory  leak  port----which  is
lmost  always  used  with  NIV----expiratory  volumes  cannot
e  measured.  Most  noninvasive  ventilators  tend  to  under-
stimate  the  tidal  volume  delivered,  especially  with  high
PAP  levels  and  significant  leaks.28 Furthermore,  the  clinical
elevance  of  measuring  these  parameters  has  not  been  thor-
ughly  investigated.  The  question  is  whether  data  depicted
y  the  ventilator  relate  to  ventilatory  efficacy  with  regard
o  improvement  in  gas  exchange,  improvement  in  health-
elated  quality  of  Life  (HRQoL)  and  symptoms  and  patient
omfort.

In  conclusion,  compliance  data  should  be  used  espe-
ially  during  follow-up  of  patients  using  HI-NIV.  Other  data
rovided  by  the  ventilator  may  be  of  value,  however,
he  usefulness,  reliability  and  validity  of  most  parameters
equire  further  evaluation.

xtended  monitoring

n  some  difficult  to  ventilate  patients,  more  extended
onitoring  might  be  necessary,  ranging  from  performing

dditional  poly(somno)graphies  to  quantify  sleep  quality  and
octurnal  sleep  related  events  to  sophisticated  methods
o  quantify  patient-ventilator  (a)synchrony,  lung  mechanics
nd  patient  effort.

oly(somno)graphy

hen  initiating  long-term  HMV,  a  sleep  study  can  be
onsidered  a)  before  initiation  to  detect  (concomitant)
leep-related  breathing  disorders  (apnea’s/hypopnea’s),  b)
uring  initiation  to  adjust  ventilator  settings  and  c)  during
ollow-up  in  patients  in  whom  goals  are  not  met.

Before  starting  a  patient  with  chronic  respiratory  fail-
re  on  long-term  HMV,  a  poly(somno)graphy  might  be  useful
n  patients  in  whom  obstructive  or  central  events  or  other
leep  related  problems  are  suspected.  Especially  in  patients
ith  OHS,  concomitant  obstructive  sleep  apnea  (OSA)  may
irect  the  choice  of  therapy  to  continuous  positive  airway
ressure  (CPAP)  instead  of  bilevel  positive  airway  pressure

BiPAP),  as  studies  have  shown  that  both  short-  and  long-
erm  outcomes  are  comparable.29---31 However,  also  in  other
atient  groups,  such  as  COPD,32 Myotonic  Dystrophy33 but
lso  Amyotrophic  Lateral  Sclerosis,34 obstructive  and  cen-
ral  sleep  related  events  are  prevalent.  In  those  patients,  if

n
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o
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hronic  respiratory  failure  is  accompanied  by  concomitant
leep  apnea,  it  is  unknown  which  mode  (CPAP  or  BiPAP)  is
referred.  In  practice,  this  will  depend  on  the  severity  of
oth,  symptoms  and  patient  preferences  and  goals.

During  initiation  of  chronic  ventilatory  support,  in  some
ospitals,  polysomnography  (PSG)  is  used  as  standard  man-
er  to  adjust  ventilatory  settings.35,36 Although  with  PSG,
leep  quality,  respiratory  events,  patient-ventilator  asyn-
hrony,  can  be  detected,  PSG  is  expensive,  complex  and  not
vailable  in  all  centers/settings.  Furthermore,  at  least  in
OPD/OHS,  it  has  been  shown  that  PSG-adjusted  NIV  does
ot  lead  to  more  improvement  in  gas  exchange  compared
o  nurse  led  titration  based  on  ventilator  data  and  tran-
cutaneous  measurements  of  gas  exchange.37 Despite  these
ndings,  we  hypothesize  that  PSG  might  have  a  role  in  the
itration  and  follow-up  of  HMV  in  patients  who  are  diffi-
ult  to  initiate  on  NIV,  in  whom  concomitant  sleep  related
isturbances  are  noticed  and  in  patients  in  whom  goals
re  not  met.  Further  research  is  needed  to  detect  those
arameters/disturbances  that  affect  clinical  outcomes  and
utomatic  algorithms  based  on  those  parameters  which  can
e  used  to  change  ventilatory  settings.

atient-ventilator  (a)synchrony,  lung  mechanics
nd patient  effort

onitoring  and  trying  to  adjust  for  patient-ventilatory
synchrony  (PVA)  is  very  common  with  acute  mechanical
entilation  in  the  intensive  care  unit.38 However,  with  long-
erm  home  NIV,  its  value  is  still  unknown,  also  because
escription  and  quantification  of  PVA  is  not  standardized.
onitoring  PVA  helps  to  identify  abnormal  respiratory  asyn-
hronous  events  during  the  night.  However,  monitoring  PVA
s  complex  and  it  is  controversial  whether  in  long-term
MV  this  leads  to  improved  clinical  outcomes.  A  recent
ilot  proof-of-concept  clinical  trial  showed  a  trend  toward
reater  improvements  in  daytime  PaCO2, HRQoL  and  sleep
uality  when  using  simple  gas  exchange  monitoring  com-
ared  to  advanced  monitoring.37 Moreover,  it  was  shown
hat  the  presence  of  PVAs  do  not  necessarily  affect  out-
omes  in  patients  with  CHRF.39 Conversely,  Adler  et  al.
howed  that  actively  titrating  NIV  to  minimize  PVA  and
leep-disordered  breathing  decreased  morning  dyspnea  and
ncreased  patient-comfort.40

There  are  multiple  methods  available  to  monitor  PVA  non-
nvasively.  Theoretically  these  methods  can  also  be  used  at
ome,  but  in  clinical  practice,  are  still  quite  difficult  to
erform  and  have  a  high  chance  of  technical  errors  in  the
nsupervised  situation.  A  method  propagated  by  the  Som-
oNIV  group  is  the  use  of  visual  analysis  of  polygraphic  (PG)
racings  of  chest  and  abdominal  movement  to  detect  patient
ffort  and  compare  this  with  pressure  and  flow  tracings  from
n  external  pneumotachograph.41 However,  this  method
s  quite  complex,  time-consuming  and  expensive,  and  in
any  centers  only  feasible  when  a  sleep  analysis  is  needed

nyway.  Furthermore,  the  tracings  of  chest  and  abdomi-

al  movement  are  not  the  gold  standard  to  detect  patient
ffort.  In  this  respect,  a  more  precise  method  to  detect  PVA
ight  be  to  compare  pressure  waveforms  with  the  patients’

wn  respiratory  activity  measured  with  electromyography
EMG).39,42 An  example  of  surface  EMG  combined  with  air-
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igure  2  A  tracing  of  a  EMG  recording  of  the  diaphragm  and  

n external  pneumotachograph.  At  the  place  of  the  arrow  diaph
ffort occurs.

ays  pressure  to  detect  an  ineffective  effort  is  shown  in
ig.  2.  For  both  methods,  the  processing  of  the  signals  and
etection  of  methods  still  requires  a  lot  of  time  and  effort;
he  development  of  reliable  automatic  methods  to  detect
elevant  events  would  be  very  welcome.

The  available  knowledge  about  the  effect  of  long-term
IV  on  lung  mechanics  and  physiology  and  respiratory  muscle
unctioning  and  mechanics  is  limited.  Some  smaller  tri-
ls  from  Belgium  showed  that  NIV  in  COPD  can  improve
entilation-perfusion  matching.43 This  knowledge  gap  is  a
ity  as  more  insight  in  working  mechanics  might  lead  to  bet-
er  patient  selection  and  a  better  funded  approach  towards
he  optimal  settings.  However,  for  long-term  home  NIV
e  need  non-invasive  monitoring  methods  suitable  for  the
wake,  moving  patient  in  the  home  situation.

In  conclusion,  the  more  advanced  monitoring  described
bove  is  still  an  area  of  research.  Methods  need  to  be
eveloped  further  to  enable  reliable  home  monitoring  and
utomatic  processing  of  signals  and  research  has  to  show  its
ventual  clinical  value.

ollow-up of HMV

ollow-up  of  HMV  patients  is  a  black  box;  there  are
o  evidence  based  guidelines  describing  how  and  how

ften  ventilatory  support  should  be  monitored.  Moreover,
ollow-up  frequency  might  differ  between  patient  groups;
atients  in  rapidly  changing  conditions  (children)  or  patients
ith  a  rapidly  progressive  disease  (ALS/COPD)  might  need
ore  frequent  follow-up  compared  to  the  slower  or  non-

o
d
t
e
b

14
costal  muscles  combined  with  a  pressure  tracing  derived  from
 activity  is  observed  without  a  pressure  wave,  so  an  ineffective

rogressive  diseases.  Furthermore,  there  is  no  consensus
bout  which  minimal  set  of  parameters  should  be  monitored.
inally,  also  in  the  follow-up  of  patients,  telemedicine  might
ring  attractive  alternatives.

The  number  of  studies  on  the  use  of  follow-up  tele-
onitoring  in  patients  on  HMV  is  limited.  Furthermore,

elemonitoring/tele-medicine  is  a  very  broad  concept;  the
xact  way  (what  is  monitored,  how  often,  which  equip-
ent  is  used,  which  actions  are  taken  upon  monitored  data)

argely  influences  the  eventual  results  and  benefits.  Vitacca
t  al.  enrolled  240  patients  with  chronic  respiratory  failure
ue  to  different  underlying  diseases  in  a  study  investigating
ele-assistance  composed  of  remote  oxygen  saturation  mon-
toring  and  scheduled  and  unscheduled  tele-consultations.44

ixty-two  percent  of  the  patients  used  home  ventilation  (43%
IV;  20%  invasive  mechanical  ventilation).  They  showed  that
he  number  of  hospitalizations  per  month  was  significan-
ly  fewer  in  the  tele-assistance  group  and  in  COPD  there
ere  fewer  acute  exacerbations  as  compared  to  the  stan-
ard  care  group.  The  tele-assistance  team  received  mean
.2  pulse  oximeter  reports  per  months  and  the  number  of
equested  calls  (0.5/month)  on  top  of  the  scheduled  calls
2.42/  month)  per  patient  per  month  was  relatively  low.
f  note,  of  the  351  patient  screened  for  the  study,  111
atients  (56%  COPD)  were  excluded  because  of  reduced  cog-
itive  status,  insufficient  family  cultural  requisites  and  lack

f  home  prerequisite  for  tele-assistance.  Chatwin  et  al.  ran-
omised  39  patients  with  severe  COPD  on  LTOT  or  NIV  (84%)
o  a  rather  extensive  telemonitoring  of  physiological  param-
ters  and  symptoms  or  to  standard  care,  but  failed  to  show
enefit  in  terms  of  time  to  hospital  readmission  or  HRQoL

8
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uring  a  6-month  time  period.45 In  this  study  the  number  of
ome  visits  increased  as  well  as  the  admission  rate  for  acute
xacerbations.  Of  note,  the  patients  in  this  study  seemed
o  be  much  more  worried  by  their  tele-monitoring,  as  the
umber  of  telephone  consultations  and  alerts  due  to  SpO2
as  high  (29  consultations  per  months  and  187  alerts  per
onth).  This  controversy  between  studies  highlights  the  fact

hat  the  content  of  the  tele-monitoring  intervention  (what
s  measured;  how  frequently)  greatly  influences  the  results;
hile  sufficient  monitoring  might  improve  outcomes  proba-
ly  over-  extensive  monitoring  without  a  self-management
lan  might  only  reduce  patient  self-efficacy.

While  the  above  discussed  studies  monitored  among  oth-
rs  oxygen  saturation  and  symptoms,  in  patients  on  HMV
t  is  also  possible  to  remotely  monitor  ventilator  data,  like
ompliance,  tidal  volume,  breathing  frequency  etc.  Studies
ave  been  performed  focusing  on  the  potential  of  predict-
ng  exacerbations  prematurely  by  machine  readouts  through
ele-monitoring.26,27 This  seems  an  intriguing  objective,  as
hese  studies  did  show  a  reduction  in  hospital  readmissions
nd  severe  exacerbations.

Crucial  to  the  success  of  the  use  of  telemonitoring  in
ollow-up  of  patient  on  HMV  is  the  development  of  a  good
ystem  and  good  algorithm  to  pick  up  the  right  physiologi-
al  changes/parameters  that  really  predict  worse  outcomes.
urthermore,  this  algorithm  should  lead  to  correct  actions  of
he  patients  and/or  caregivers.  Further  studies  are  needed
o  show  the  benefit  with  regard  to  patient-related  outcomes
nd  costs.  In  the  future,  telemonitoring  follow-up  might
ead  to  personalized  treatment,  selecting  patients  that  need
ore  or  other  care  earlier  than  planned  or  on  the  other

and,  avoid  unnecessary  care  in  patient  who  do  fine  on  their
wn.
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