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Abstract
Background:  Airway  clearance  techniques  include  positive  expiratory  pressure,  commonly  used
in our  clinical  practice,  and  a  recently  introduced  temporary  positive  expiratory  pressure  device
called UNIKO

®
.  It  is  unclear  which  one  provides  the  best  benefit  to  patients.

Objectives:  The  aim  of  this  observational  4-year  study  was  to  retrospectively  compare  the
efficacy of  and  specific  indications  for  temporary  positive  expiratory  pressure  compared  to
positive expiratory  pressure  in  a  standard  rehabilitation  program.
Method:  We  retrospectively  collected  data  from  162  subjects  (107  males,  mean  age  70  ±  9
years, 97  with  primary  diagnosis  of  chronic  obstructive  pulmonary  disease,  65  with  bronchiec-
tasis), 51  treated  with  temporary  positive  expiratory  pressure  and  111  with  positive  expiratory
pressure.

Results: Subjects  showed  significant  improvement  in  ratio  of  partial  pressure  arterial  oxygen
and fraction  of  inspired  oxygen  (p  <  0.001),  forced  vital  capacity,  forced  expiratory  volume  in  one
second, peak  expiratory  flow,  arterial  oxygen  saturation,  and  partial  pressure  arterial  oxygen
with no  significant  difference  between  positive  expiratory  pressure  and  temporary  positive
∗ Corresponding author at: SITRA, Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico, Via Francesco Sforza, 28, 20122 Milano,
Italy.
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expiratory  pressure  groups  apart  from  forced  expiratory  flow,  which  increased  only  in  the  pos-
itive expiratory  pressure  group.  Evaluating  specific  subgroups,  temporary  positive  expiratory
pressure  was  more  effective  than  positive  expiratory  pressure  in  improving  gas  transfer  in  sub-
jects with  emphysema  and  in  those  on  oxygen  therapy,  as  the  effective  supplement  oxygen  flow
decreased  significantly  (p  =  0.034  and  0.046  respectively  for  temporary  positive  expiratory  pres-
sure vs.  positive  expiratory  pressure).  In  subjects  on  mechanical  ventilation,  positive  expiratory
pressure was  superior  to  temporary  positive  expiratory  pressure  in  increasing  forced  expiratory
flow (p  =  0.018).
Conclusion:  The  physiological  parameters  of  both  groups  improved  significantly  and  similarly.
Subgroup  analysis  suggests  that  temporary  positive  expiratory  pressure  could  provide  some
advantage to  subjects  with  emphysema  and  those  on  oxygen  therapy,  while  positive  expiratory
pressure  would  benefit  patients  on  mechanical  ventilation.  Randomized  clinical  trials  are  nec-
essary to  confirm  our  preliminary  results  indicating  that  different  subgroups/phenotypes  can
benefit more  from  one  type  of  treatment.
© 2017  Associação  Brasileira  de  Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier
Editora Ltda.  All  rights  reserved.
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atients  with  chronic  hypersecretion  (CH)  of  tracheo-
ronchial  mucus  represent  a  challenging  clinical  problem.
H  is  a  socially  disabling  condition  causing  a  high  suscep-
ibility  to  airway  infection  and  frequent,  difficult-to-treat
cute  exacerbations  with  a  significant  impact  on  prognosis,
uality  of  life,  and  use  of  health  care  resources,  particu-
arly  in  subjects  with  severely  impaired  respiratory  function
nd/or  chronic  respiratory  failure  (CRF).1---5

Airway  clearance  techniques  (ACTs),  commonly  per-
ormed  by  respiratory  physiotherapists,  are  intended  to  aid
ecretion  mobilization  and  expectoration  and  to  mitigate
omplications  associated  with  secretion  retention.6 There  is

 lack  of  evidence  on  the  superiority  of  any  particular  ACT  or
evice  and  the  guidelines  do  not  support  their  routine  use
n  these  subjects,6 most  of  whom  have  chronic  bronchitis
CB),  chronic  obstructive  pulmonary  disease  (COPD),  and/or
ronchiectasis,  even  during  an  acute  exacerbation.7 Never-
heless,  ACTs  still  remain  a  challenging  option  of  pulmonary
ehabilitation  (PR)  programs.8,9

ACTs  consist  of  a  variety  of  approaches,  such  as
orced  exhalation,  manual  compression,  and/or  vibration
f  the  thorax,  and  positive  expiratory  pressure  (PEP)
reathing.10,11 Three  main  clinical  indications  for  PEP  are
escribed:  to  increase  lung  volumes,  i.e.,  functional  residual
apacity  (FRC)  and  tidal  volume  (VT),  to  reduce  hyper-
nflation,  and  to  improve  airway  clearance.12 One  of  the
est-known  methods  to  generate  increased  PEP  is  to  breathe
hrough  a  resistance  device,  such  as  a  PEP  mask.

More  recently,  the  mechanical  generation  of  low-level
EP  during  the  main  part  of  expiration  (temporary  positive
xpiratory  pressure,  TPEP)  has  been  proposed  to  enhance
irway  clearance.  A  recent  randomized  clinical  trial  com-
aring  the  addition  of  TPEP  to  usual  care13 showed  an
mprovement  in  the  level  of  dyspnea  and  of  some  physio-
ogical  parameters  in  the  TPEP  group.
The  aim  of  this  retrospective  study  was  to  analyze  data
rom  our  clinical  experience  over  a  4-year  period  involv-
ng  ACTs  as  part  of  a  comprehensive  PR  program,  in  order
o  compare  the  physiological  outcomes  (i.e.,  gas  exchanges

i
s
n
p

nd  lung  volumes)  of  two  groups  of  patients  treated  with
EP  mask  and  TPEP  respectively.  We  also  sought  to  identify
pecific  indications  for  different  ACTs  in  different  subpopu-
ations  of  subjects  with  CH.

ethod

tudy  design  and  subjects

e  chose  to  analyze  data  collected  over  4  years  from  162
H  patients  admitted  to  the  Department  of  Pulmonary  Reha-
ilitation  in  the  Salvatore  Maugeri  Foundation  Institute  of
eruno  (NO),  Italy,  with  primary  diagnosis  of  CB/COPD  or
ronchiectasis,  since  these  conditions  are  characterized  by
ymptoms  (such  as  chronic  and  progressive  dyspnea,  cough,
nd  augmented  sputum  production14)  and  on  the  basis  of  the
resence  of  CH  as  clinically  defined  by  an  abundant  volume
f  daily  sputum  (>30  mL/die).15 All  patients  had  clinical  signs
nd  symptoms  of  CH,  e.g.,  a  history  of  frequent  exacerba-
ions,  hospitalizations,  and  frequent  use  of  antibiotics.  On
dmission,  subjects  consented  to  the  use  of  their  clinical
ata  for  scientific  purposes.  The  study  was  approved  by  the
nternal  Review  Board  at  the  Veruno  Medical  Center,  Veruno
NO),  Italy.

At  the  time  of  admission,  CB  was  defined  by  the  presence
f  cough  and  sputum  for  at  least  3  months  of  the  year  for  two
onsecutive  years.  COPD  patients  were  staged  and  treated
ccording  to  Global  Initiative  for  Chronic  Obstructive  Lung
iseases  (GOLD)  criteria.14 Diagnoses  of  bronchiectasis  and
mphysema  were  confirmed  by  high-resolution  computed
omography  (HRCT)  of  the  chest.16 Subjects  with  severe
nd/or  unstable  comorbidities  (i.e.,  severe  concomitant
ardiovascular  or  neoplastic  disease),  which  might  have
imited  or  impeded  the  execution  of  ACTs,  were  excluded
rom  analysis.

Subjects  were  classified  as  being  on  oxygen  therapy  (OT)

f  on  continuous  oxygen  treatment  (24  h)  or  only  during
leep  and/or  exercise.  They  were  classified  as  being  on
octurnal  positive  pressure  mechanical  ventilation  (MV)  if
rescribed  by  the  attending  physician.  COPD  exacerbation
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Inpatients at the department of pulmonar y rehabilitation
2006 – 2009 (n=3770)

Excluded (n=1718)
− Diagnosis different from 

CB/COPD and  bronchiectasis
 

Assessed for  eligibility  (n=2,052)
− CB/COPD (n=1731) 
− Bronchiectasis (n=321) 

Excluded  (n=1890)

− No treatment with ACT/PEP 
and/or severe/unstable condi-
tions (n=1789)

 

− Unavailable pre/post treatment 
data (n=98)

 

− Other reasons (n=3) 

Analyzed patients  (n=162)
− CB/COPD n=97 
− Bronchiectasis n=65 

Trea ted  wi th PE P 
(n=11 1)

Treated  with  T-
PEP (n=51)
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Figure  1  Flow  diagram  of  t

and  bronchiectasis  exacerbation  were  defined  according  to
existing  guidelines.14,15,17 In  addition,  subjects  included  in
this  analysis  underwent  ACTs  with  PEP-mask  or  TPEP  (Fig.  1).

Treatments

Subjects  were  selected  and  underwent  a  comprehensive
PR  program  in  accordance  with  the  existing  ATS/ERS  Joint
Statement  on  Pulmonary  Rehabilitation,1 individually  tail-
ored  and  designed,  taking  into  account  disabilities  and
tolerance  to  exercise.  All  patients  performed  two  daily
training  sessions  on  a  cycle  ergometer  or  treadmill  and
unsupported  upper  limb  exercises,  graded  as  the  subject
progressed  in  the  program.  Subjects  with  CRF  were  provided
with  ambulatory  oxygen  as  needed  during  training  sessions.
The  need  for  ACTs  was  defined  by  the  physiotherapists,  in
agreement  with  the  physician  in  charge,  based  on  symptoms

and  signs  of  excessive  and/or  retained  secretions.

TPEP  was  approved  in  2005  by  the  Ministry  of  Health  as  a
therapeutic  device  for  airway  clearance.  In  2006,  the  phys-
ical  therapists  of  our  Department  were  adequately  trained

w

m
I

tients  included  in  the  study.

o  deliver  TPEP  treatment  as  an  alternative  to  PEP-mask.  At
hat  time,  they  were  not  aware  of  the  subsequent  collec-
ion  of  data,  so  allocation  to  PEP-mask  or  TPEP  treatment
as  based  on  patient  preference,  including  comfort  dyspnea
nd  collaboration  during  the  first  ACT  trial.  Based  on  a  ret-
ospective  analysis  of  the  data  collected  between  2006  and
009,  we  excluded  patients  with  severe  or  unstable  diseases,
ithout  CB/COPD  or  bronchiectasis,  not  treated  with  ACTs,
r  missing  pre-  or  post-treatment.  A  total  of  162  patients
ith  CH  using  PEP  (n  =  111)  or  TPEP  (n  =  51)  were  included

or  analysis  (Fig.  1).
Patients  using  PEP-mask  performed  two  15-min  daily

ycles.  They  were  instructed  to  reach  and  maintain  the
ighest  mid-expiratory  pressure  tolerated  between  10  and
0  cmH2O  (fixed  by  a  manometer  weekly)  breathing  at
lightly  increased  VT,  but  not  to  use  force  at  the  end  of  the
xpiration.  About  every  2  min,  they  performed  a  forced  expi-
atory  technique  (FET)  maneuver,  huffing,  and/or  coughing

ithout  the  resistor.12

Patients  using  TPEP  performed  two  15-min  daily  treat-
ents  with  UNIKO  (Medical  Products  Research,  Legnano,

taly).  They  were  asked  to  blow  through  a  mouthpiece
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8  

eeping  TPEP  active  as  long  as  possible  for  every  breath  and
o  cough  as  needed  or  at  least  every  3---5  min.  Both  tech-
iques  were  administered  in  the  sitting  position  with  elbows
esting  on  a  hard  surface  in  front  of  them.  Side  effects  or
dverse  events  associated  with  treatments  were  recorded
y  the  physiotherapists  in  charge.

Only  data  from  subjects  who  underwent  ACTs  for  at  least
0  days  within  the  in-hospital  rehabilitation  period  were
onsidered.  ACTs  were  stopped  at  the  end  of  PR  program,
orresponding  to  discharge  from  the  Department.

utcome  parameters

hysiological  parameters,  i.e.,  data  from  spirometry  and
rterial  blood  gas  analysis,  measured  both  at  baseline  and
t  discharge  were  considered  as  primary  endpoints  based  on
revious  data  on  the  treatment  of  CH  in  severe  patients.18

yspnea,  other  symptoms,  and  characteristics  of  secretions
ere  not  collected  in  a  standardized  way  at  that  time  and

hus  were  not  considered  in  our  analysis.
Respiratory  function  was  assessed  using  standard  spirom-

try  (6200  Auto  box  Pulmonary  Function  Laboratory,  Sen-
ormedics,  Yorba  Linda,  CA,  USA).  Results  were  expressed
s  absolute  values  and  percentage  of  their  predicted  val-
es  when  indicated.  Arterial  oxygen  saturation  (SaO2)  was
onitored  during  treatments  for  safety  procedures.
Arterial  blood  gases  (ABGs)  were  determined  in  a  radial

rtery  blood  sample,  with  the  patient  in  resting  condition,
reathing  room  air  or  oxygen  at  the  prescribed  flow  rate
fraction  of  inspired  oxygen  ---  FiO2).  Both  spirometry  and
BG  analysis  (ABL  analyzer,  Radiometer,  Copenhagen,  DK)
ere  performed  according  to  existing  guidelines.19

tatistical  analysis

escriptive  statistics  were  calculated  for  all  variables;
eans  and  standard  deviations  or  frequencies  and  per-

entages  were  reported  according  to  the  quantitative  or
ualitative  nature  of  the  variables,  respectively.  Baseline
haracteristics  were  compared  using  unpaired  Student’s  t
est  or  chi-square  test,  as  appropriate.  Repeated  measures
nalysis  of  variance  with  one  factor  (TPEP  vs.  PEP)  was  used
o  test  differences  between  pre-  and  post-assessments  in
he  TPEP  and  PEP  groups.  A  statistically  significant  interac-
ion  term  was  interpreted  as  a  significant  difference  in  pre-
nd  post-effect  between  two  techniques.  The  same  analy-
is  was  applied  to  assess  differences  in  subgroups  identified
ccording  to  clinically  relevant  variables  (emphysema,  OT,
V).

esults

ubject  characteristics

he  baseline  demographic,  clinical,  and  physiological  char-
cteristics  of  all  subjects  and  comparison  between  groups

TPEP  vs.  PEP  mask)  are  shown  in  Table  1.  Most  of  them  were
ale  (66%),  mean  age  70  years  (range  35---89),  and  current

r  former  smokers;  60%  had  a  primary  diagnosis  of  CB/COPD
nd  40%  had  bronchiectasis.

p

i
n

F.  D’Abrosca  et  al.

The  sample  was  composed  of  subjects  with  moderate  to
evere  lung  disease.  A  large  proportion  (92/162)  of  them
ere  CRF  requiring  OT  and/or  MV.  Subjects  showed  a  wide

ange  of  lung  function  values.  Overall,  the  study  population
as  characterized  by  a  significant  impairment  of  spirometric
arameters  (forced  vital  capacity  ---  FVC  %  predicted  69  (21),
orced  expiratory  volume  in  one  second  ---  FEV1%  predicted
1  (23)).  A  higher  number  of  patients  were  treated  with  PEP
ask  (111  subjects,  68%)  than  with  TPEP  (51  subjects).  In  the
ajority  of  cases  (67%),  both  treatments  were  performed  for

t  least  15  days.
Comparing  the  PEP  mask  and  TPEP  groups  at  baseline,  no

ignificant  differences  emerged  in  any  of  the  parameters,
xcept  a  higher  proportion  of  subjects  with  an  acute  exacer-
ation  treated  with  TPEP  (p  =  0.037,  Table  1).  No  statistical
ifference  was  found  in  lung  function  data  at  baseline  and  in
he  proportion  of  subjects  with  CRF  between  groups.  During
reatments,  we  observed  no  major  side  effects  or  adverse
vent,  apart  from  occasional  dizziness  due  to  hyperventila-
ion  in  both  groups.

hanges  associated  with  the  PR  program  involving
CT

ubjects  as  a  whole
fter  ACT  treatment,  we  observed  significant  improve-
ents  in  most  physiological  measures  both  in  the  TPEP

nd  PEP  mask  groups  (Table  2).  Almost  all  ventilatory
arameters  improved  significantly  in  both  groups,  i.e.,  FVC
nd  FVC%,  FEV1 and  FEV1%  predicted,  and  peak  expiratory
ow  and  PEF%  predicted.  Most  gas  exchange  parameters
SaO2,  partial  pressure  arterial  oxygen  (PaO2),  and  ratio
f  partial  pressure  arterial  oxygen  and  fraction  of  inspired
xygen  (PaO2/FiO2))  were  also  greatly  improved  in  both
CT  groups,  while  partial  pressure  arterial  carbon  dioxide
PaCO2)  remained  unchanged.

Comparing  the  magnitude  of  the  changes  observed  after
he  two  types  of  treatment  (�TPEP  vs.  �PEP),  there  were  no
ignificant  differences  apart  from  borderline  FEF25---75% and
EF50% improvements  in  the  PEP  mask  group  (Table  2).

ubject  subgroups
he  large  number  of  subjects  evaluated  in  the  present  study
nabled  us  to  perform  analyses  in  subgroups  to  detect  any
pecific  effects  of  either  of  the  two  ACTs.  We  compared  the
hanges  observed  after  treatments  in  the  two  groups  of  ACT
tratifying  the  subjects  according  to  the  categories  reported
n  Table  1.

There  were  no  differences  between  the  effects  of  treat-
ent  with  PEP  mask  or  TPEP  in  terms  of  primary  diagnosis

bronchiectasis  vs.  CB/COPD),  smoking  history,  presence  or
bsence  of  an  acute  exacerbation,  or  level  of  FEV1%  pre-
icted  (>  vs.  <50%).  Furthermore,  treatments  were  equally
ffective  in  both  treatment  groups  irrespective  of  their
uration  (<  or  >15  days),  suggesting  that  10  days  of  ACT
i.e.,  the  shortest  length  of  treatment  allowed)  are  suffi-
ient  to  yield  a  positive  effect  on  clinical  and  physiological

arameters  regardless  of  the  method  used.

In  subjects  with  emphysema, we  observed  some
nteresting  differences  between  the  two  groups.  The
eed  for  supplemental  oxygen  before  and  after  differed
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Table  1  Characteristics  of  the  studied  population.

T-PEP  (n  =  51)  PEP  (n  =  111)  TOTAL  (n  =  162)

Demographic  data
Age  (years)  68  (11)  71  (9)  70  (9)
Gender

M 35  (69%)  72  (65%)  107  (66%)
F 16  (31%)  39  (35%)  55  (34%)

Smoking history
Current  smoker  12  (24%)  21  (19%)  33  (20%)
Former smoker  24  (47%)  52  (47%)  76  (47%)
Never smoked 15  (29%)  38  (34%)  53  (33%)

Diagnosis
Main diagnosis

CB/COPD  26  (51%)  71  (64%)  97  (60%)
Bronchiectasis  25  (49%)  40  (36%)  65  (40%)

Additional diagnoses/conditions
Emphysema  22  (43%)  43  (39%)  65  (40%)
Acute exacerbation  26  (51%)* 38  (34%)* 64  (39%)
Oxygen therapya 27  (53%)  49  (44%)  76  (47%)
Nocturnal mechanical  ventilationa 11  (22%)  19  (17%)  30  (19%)

Days of  ACT
<15b 18  (35%)  35  (32%)  53  (33%)
>15 33  (65%)  76  (68%)  109  (67%)

FVC (L)  2.1  (0.7)  2.0  (0.7)  2.0  (0.7)
FVC% 69  (22)  69  (21)  69  (21)
FEV1 (L)  1.15  (0.54)  1.13  (0.47)  1.14  (0.49)
FEV1%  49  (23)  52  (24)  51  (23)
FEV1/FVC  55  (14)  58  (14)  57  (14)
FEF25---75% 22  (20)  26  (22)  25  (21)
FEF50% 22  (21)  25  (23)  24  (22)
PEF% 52  (22)  50  (19)  51  (20)
SaO2% 93  (4) 93  (3)  93  (4)
PaO2 (mmHg) 66  (14)  66  (10)  66  (12)
PaCO2 (mmHg) 43  (9) 43  (9)  43  (9)
pH 7.42  (0.03) 7.42  (0.03) 7.42  (0.03)
PaO2/FiO2 (mmHg) 282  (76) 294  (65) 291  (70)

Data expressed as mean (SD) or n (%). COPD, chronic obstructive pulmonary disease; OT, oxygen therapy; MV, nocturnal positive pressure
mechanical ventilation; FEV1, forced expiratory volume in one second % predicted; FVC, forced vital capacity % predicted; FEF25---75% and
FEF50%, forced expiratory flows at 25---75% and at 50% of FEV1; PEF, peak expiratory flow % predicted; SaO2, arterial oxygen saturation;
PaO2, partial pressure arterial oxygen; PaCO2, partial pressure arterial carbon dioxide; PaO2/FiO2, ratio of partial pressure arterial
oxygen and fraction of inspired oxygen.

a 14 patients were on both OT and MV.
b

o
t
i
m
g
O
s
u

10---15 days.
* p = 0.037 comparing T-PEP with PEP group.

significantly  in  TPEP  subjects  (reduced)  compared  to  those
treated  with  PEP  mask  (increased,  p  =  0.034,  Fig.  2A).  In
addition,  the  FiO2 at  which  the  patients  were  breathing
differed  significantly  between  the  PEP  and  TPEP  groups
(p  =  0.031,  not  shown).  In  this  context,  in  the  TPEP  group,
oxygen  supplementation  was  reduced  in  the  majority  of
subjects  with  emphysema,  and  one  subject  discontinued  it
completely.  In  the  PEP  group,  many  subjects  increased  the
oxygen  supplementation,  and  three  of  them  who  were  not  on

oxygen  at  baseline  started  to  use  it.  PaCO2 diminished  only
in  the  TPEP  group,  while  it  increased  in  subjects  treated
with  PEP  mask  (p  =  0.02,  not  shown).

i
a

As  shown  in  Table  1,  the  majority  of  our  subjects  were
n  OT  and/or  MV.  Data  referring  only  to  all  those  on  oxygen
herapy  showed  that  the  amount  of  oxygen  supply  dimin-
shed  significantly  in  the  TPEP  group  compared  to  the  PEP
ask  group  (p  =  0.046,  Fig.  2B).  In  addition,  in  the  TPEP

roup,  the  FiO2 diminished  in  the  majority  of  subjects  on
T  whereas  it  increased  in  the  PEP  group  (p  =  0.038,  not
hown),  and  six  subjects  who  were  not  on  oxygen  started  to
se  it.
In  subjects  on  MV,  PEP  mask  was  superior  to  TPEP  in
ncreasing  FEF50 and  FEF50%,  TPEP  treatment  was  associ-
ted  with  FEF50% reductions  and  PEP  mask  treatment  with
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Table  2  Main  results  in  the  overall  study  group.

TPEP  group  Pre  vs.
post

PEP  group  Pre  vs.
post

�TPEP  vs.
�PEP

Pre  Post  TPEP  Pre  Post  PEP  Intergroup
comparison

Mean (SD)  Mean  (SD)  Mean  (SD)  Mean  (SD)

FVC  (L) 2.06  (0.66) 2.18  (0.66)  <0.001  2.03  (0.57)  2.21  (0.70)  <0.001  NS
FVC% 69.44  (21.95) 73.73  (21.93) 0.015  71.15  (19.02)  74.78  (23.72)  0.015  NS
FEV1 (L/s) 1.16  (0.53) 1.21  (0.54) <0.001  1.16  (0.44) 1.27  (0.52) <0.001  NS
FEV1% 50.00  (23.46) 52.22  (23.97) <0.001  53.11  (21.59) 58.41  (24.10) <0.001  NS
FEV1/FVC  56.07  (13.39)  55.02  (12.64)  NS  57.79  (14.10)  58.54  (15.33)  NS  NS
FEF25---75% 22.31  (20.1)  22.22  (17.31)  NS  25.83  (20.09)  30.80  (25.73)  NS  0.05
FEF50% 21.84  (21.74)  21.39  (18.94)  NS  25.28  (21.51)  29.85  (26.73)  NS  0.046
FEF75% 22.48  (16.03)  23.75  (17.28)  NS  28.11  (23.06)  31.95  (26.33)  NS  NS
PEF (L/s) 3.46  (1.56) 3.63  (1.42) NS  3.31  (1.22)  3.88  (2.59)  NS  NS
PEF% 52.39  (23.33) 54.45  (20.25) 0.006  51.26  (18.43) 56.32  (20.59)  0.006  NS
SaO2% 93.06  (3.92) 94.31  (2.28) <0.001  92.75  (3.41) 94.45  (1.98)  <0.001  NS
PaO2 (mmHg)  64.7  (13.99)  71.09  (13.76)  <0.001  65.24  (9.67)  71.46  (11.85)  <0.001  NS
PaCO2 (mmHg)  43.96  (9.32)  44.01  (7.90)  NS  43.77  (9.72)  43.67  (10.94)  NS  NS
PaO2/FiO2%  274.21  (73.17)  305.94  (83.78)  <0.001  289.33  (56.34)  311.99  (70.42)  <0.001  NS

FVC (FVC%), forced vital capacity (% predicted); FEV1 (FEV1%), forced expiratory volume in one second (% predicted); FEF25---75(%),
FEF50(%), FEF75(%), forced expiratory flows at 25---75%, 50% and 75% of FEV1 (% predicted respectively); PEF (PEF%), peak expiratory flow
(% predicted); SaO2, arterial oxygen saturation; PaO2, partial pressure arterial oxygen; PaCO2, partial pressure arterial carbon dioxide;
FiO2, fraction of inspired oxygen; PaO2/FiO2, ratio of partial pressure arterial oxygen and fraction of inspired oxygen.
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Figure  2  (Panel  A)  Means  and  standard  deviations  of  oxygen  supplement  in  subjects  with  emphysema  in  the  TPEP  group  (A)  and
PEP group  (B).  *p  =  0.034,  comparison  between  intergroup  changes.  (Panel  B)  Means  and  standard  deviations  of  oxygen  supplement
in subjects  on  oxygen  therapy  (OT)  in  the  TPEP  group  (A)  and  the  PEP  group  (B).  *p  =  0.046,  comparison  between  intergroup
c
p

hanges. O2 suppl,  oxygen  supplement  is  expressed  in  L/min,  liters  p
ost-treatment  value  in  the  TPEP  group;  PEPpre,  baseline  value  in  th
er  minute;  TPEPpre,  baseline  value  in  the  TPEP  group;  TPEPpost,
e  PEP  group;  PEPpost,  baseline  value  in  the  PEP  group.
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Figure  3  Means  and  standard  deviations  of  FEF50%,  percent
of predicted  forced  expiratory  flow  at  50%  of  vital  capacity,  in
subjects on  mechanical  ventilation  in  the  TPEP  group  (A)  and
the PEP  group  (B).  TPEPpre,  baseline  value  in  the  TPEP  group;
TPEPpost,  post-treatment  value  in  the  TPEP  group;  PEPpre,  base-
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line value  in  the  PEP  group;  PEPpost,  baseline  value  in  the  PEP
group.  *p  =  0.018,  comparison  between  intergroup  changes.

its  increase  (p  =  0.018,  Fig.  3).  A  similar  but  not  statistically
significant  trend  was  observed  in  the  same  subjects  for  the
changes  in  FEF25---75% and  FEF25---75%.

Finally,  in  subjects  without  CRF  (neither  on  OT  nor  MV)
we  observed  statistically  significant  differences  in  PaO2

(p  =  0.0024)  and  PaO2/FiO2 (p  =  0.021)  between  groups.  TPEP
group  showed  a  greater  improvement  of  both  PaO2 and
PaO2/FiO2.  Of  note,  in  this  subgroup  of  patients,  baselines
PaO2 values  were  rather  low  (<70  mmHg).

Discussion

By  evaluating  two  groups  of  subjects  with  CH  in  the  com-
mon  clinical  scenario,  included  in  a  standard  PR  program
and  treated  with  different  ACTs,  we  found  improvements
in  the  PaO2/FiO2 ratio  and  in  many  important  physiological
parameters.  Furthermore,  our  data  show  that  TPEP  performs
as  well  as  is  the  most  commonly  used  PEP  mask.  Finally,
subgroup  analyses  indicate  that  TPEP  and  PEP  could  per-
form  differently  in  different  conditions,  suggesting  that  an
accurate  selection  of  ACTs,  not  exclusively  tailored  to  indi-
vidual  preference  or  comfort,  is  warranted  to  obtain  a  better
performance.

A  previous  report  on  the  experimental  use  of  TPEP
showed  improvements  in  symptoms,  static  and  dynamic
lung  volumes,  and  a  significant  and  progressive  reduction  in
mucus  production  and  in  perceived  bronchial  encumbrance
in  chronic  respiratory  diseases,  including  COPD,  asthma,
and  cystic  fibrosis,  and  in  the  preparation  of  COPD  patients
for  major  abdominal  surgery.20 Based  on  those  prelimi-
nary  findings  suggesting  an  effect  on  the  distribution  of
lung  ventilation  with  significant  improvements  in  ABGs,  a
multi-center  randomized  controlled  trial  was  designed.13

The  ‘‘UNIKO  Project’’  showed  that  TPEP  in  combination
21---23
with  manually  assisted  ACT,  namely  ELTGOL (Expiration

Lente  Totale  Glotte  Ouverte  en  Décubitus  Latéral) improves
lung  function  and  symptoms  in  subjects  with  CH  and  pro-
motes  a  faster  recovery  from  symptoms  during  treatment

a
i
d
a

21

ompared  to  ELTGOL  alone.  In  that  study,  there  were  no  sig-
ificant  differences  in  ABG  values  between  the  two  groups.

Our  analysis,  performed  on  subjects  admitted  to  the
neumology  Department  of  a  rehabilitation  center  and
onventionally  treated  with  a  comprehensive  PR  program
ncluding  ACT  techniques,  confirms  previous  experimental
esults.  In  particular,  it  confirms  that  such  an  approach  can
roduce  significant  improvements  in  respiratory  function
nd  ABGs  in  a  mixed  population  of  patients.  However,  our
ndings  and  previous  observations18 are  in  contrast  with  the
‘UNIKO  Project’’  report  stating  that  the  addition  of  TPEP
id  not  produce  any  change  in  ABGs.

There  are  a  number  of  differences  between  our  study
nd  the  ‘‘UNIKO  Project’’  that  may  explain  the  differences
n  the  results  observed.  The  study  by  Venturelli  et  al.13 had

 number  of  exclusion  criteria  as  it  enrolled  only  subjects
n  stable  conditions,  excluding  those  with  acute  exacerba-
ion  or  on  MV.  In  fact,  ABG  values  at  the  beginning  of  their
reatments  were  normal,  so  finding  significant  changes  after
reatment  would  have  been  very  unlikely.  Despite  this,  their
PEP  group  still  showed  a  better  trend  in  a  shorter  period
f  treatment.

In  the  present  study,  we  evaluated  a  larger  number  of
ubjects  in  a  ‘‘real-life’’  clinical  scenario.  They  were  con-
ecutive  subjects  with  CB/COPD  or  bronchiectasis  as  primary
iagnosis  and  history  of  CH  who  were  enrolled  in  a  PR
rogram  including  ACT.  Thus,  we  included  a  significant  per-
entage  of  subjects  with  acute  exacerbations  and  those  on
T  and/or  MV  (39,  47,  and  19%,  respectively).  In  addition
o  our  comparison,  we  differentiated  the  two  types  of  ACT
TPEP  vs.  PEP),  while  Venturelli  et  al.13 added  TPEP  to  con-
entional  treatment.

Our  results  show  that  on  average  both  groups  had  equally
mproved  physiological  parameters  such  as  lung  volumes,
ows,  and  ABG  values.  Both  PEP-mask  and  TPEP  are  clas-
ified  as  PEP  methods  aimed  to  favor  the  mobilization
f  secretions  in  the  lung  by  ‘‘stenting’’  the  airways.  The
echanism  and  effects  of  PEP  are  widely  described  in  the

iterature.  PEP  increases  intrathoracic  pressure  and  FRC,
ith  improvement  in  collateral  ventilation.24 The  applica-

ion  of  a  15  cmH2O  PEP  temporarily  increases  VT,  reducing
espiratory  frequency,25 and  both  inspiratory  and  expiratory
uscle  activity.26 In  addition,  a  temporary  increase  in  FRC,

elated  with  increasing  PEP  has  been  shown.27 This  leads
o  changes  in  breathing  pattern,  with  decreased  expira-
ory  flows,  increased  expiratory  time,  and  a  smaller  exhaled
olume.28 PEP  pressures  higher  than  10  cmH2O  are  required
o  open  the  airways.12

With  this  in  mind,  it  seems  difficult  to  understand  how
 pressure  as  little  as  1  cmH2O,  such  as  that  generated  by
PEP  when  measured  at  the  mouth,  could  be  as  effective  as
he  PEP  mask.  Other  factors  probably  play  a  role.  In  fact,
n  the  TPEP  device,  there  is  a  pressure  sensor  that  detects
xhalation,  activating  a  compressor  that  blows  air  against
he  expiratory  flow.  The  resistance  delivery  time  depends
n  the  ability  of  the  subject  to  sustain  a  certain  flow  as  long
s  possible.  A  forced  exhalation  will  generate  a  peak  of  expi-
atory  flow  causing  a  sudden  drop  in  pressure  (that  leads  to
 collapse  of  the  peripheral  airways).  The  best  performance
s  obtained  when  the  expiratory  flow  is  a  little  higher  than
uring  quiet  breathing,  almost  reaching  residual  volume  and
chieving  the  same  goal  as  that  of  other  classical  ACTs  such
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s  autogenic  drainage  and  ELTGOL.22,29 Another  difference
etween  the  two  ACTs  is  that,  with  the  PEP  mask,  the  flow  is
ariable  and  effort-dependent,24,30,31 while  the  TPEP  device
ives  feedback  and  guides  the  subject  to  adapt  inspiration
nd  expiration  to  reach  the  goal.  Furthermore,  while  blow-
ng  into  the  mouthpiece,  an  oscillation  is  clearly  perceived
hile  resistance  is  active,  due  to  the  reciprocating  com-
ressor.  High-frequency  oscillations  are  thought  to  have  a
ucolytic  effect  on  bronchial  secretions,32 and  this  feature

ould  play  some  role  in  explaining  the  mechanism  of  this
echnique.

Operational  differences  between  PEP  mask  and  TPEP  may
lso  account  for  the  differences  found  between  the  effects
btained  by  the  two  ACT  techniques  in  our  study.  Subgroup
nalysis  gave  some  preliminary  indications.  Subjects  with
mphysema  showed  a  reduced  need  for  oxygen  (O2) supply,
iO2,  and  PaCO2.  The  above  data,  combined  with  the  general
eduction  in  the  need  for  O2 in  OT  subjects  and  with  the
ncrease  in  PaO2 in  those  without  CRF,  seems  to  indicate  that
PEP  may  facilitate  gas  exchange.  During  TPEP,  very  low
ressures  are  applied  to  the  airways,  making  unlikely  any
irect  recruitment  effect  or  changes  in  surfactant  activities
nd/or  production  as  seen  with  PEP  systems.30

We  speculate  that  breathing  pattern  and  the  effective
ucus  clearance  achieved  by  the  increase  in  gas---liquid

nteraction33 during  sustained  expiratory  flow  could  explain
as-exchange  improvements.  It  would  also  be  interesting
o  investigate  if  any  post-treatment  change  is  present  in
espiratory  pattern  and  mechanics  or  in  airway  resistance.
n  fact,  TPEP  forces  patients  to  breathe  in  a  regular  way,
ith  open  glottis,  for  the  entire  treatment  time,  and  this

‘training’’  could  have  contributed  to  improve  the  ability  to
ontrol  breathing  in  subjects  with  emphysema.26,34

We  observed  a  statistically  significant  difference
etween  groups  when  evaluating  subjects  on  MV  only  for
he  forced  expiratory  flows  (FEF50%).  The  interpretation
f  this  finding  is  difficult  particularly  because  volumes  or
as  exchange  parameters  did  not  differ  between  subjects
n  MV.  We  might  speculate  that  MV,  providing  positive
ressure  inside  the  airways,  can  overcome  the  TPEP  effects
n  FEF.  On  the  contrary,  the  administration  of  a  higher  PEP
ith  FET  maneuvers  could  have  enhanced  mid-expiratory
ows.  Clearly,  further  analyses  are  needed  to  confirm  this
ypothesis.

Comfort  is  another  important  factor  we  take  into  account
hen  allocating  patients  to  different  treatments.  Notably,
any  of  the  subjects  treated  with  TPEP  were  already
EP-mask  users  at  home  and  found  the  new  device  more
omfortable  and  simple  to  use,  since  less  effort  is  required
ompared  to  the  PEP  mask  with  the  same  subjective  per-
eption  of  efficacy.  This  feedback  was  important,  prompting
s  to  continue  investigations  and,  as  underlined  by  many
uthors,10,11,35---38 it  might  improve  adherence  to  the  treat-
ent.
The  major  limitation  of  the  study  is  the  retrospective

esign  and  other  sources  of  bias  such  as  the  consequent
ack  of  randomization  and  intention-to-treat  analysis.  Thus,
aution  should  be  applied  when  interpreting  the  results  of
his  study.  Moreover,  future  randomized  controlled  trials  are

arranted  to  confirm  the  results  of  this  study.

Other  limitations  include  the  lack  of  data  on  the  volume
nd  characteristics  of  sputum,  symptoms  and  health-related
F.  D’Abrosca  et  al.

uality  of  life,  not  systematically  available  in  the  clinical
ocumentation  for  all  patients  included.  Furthermore,  allo-
ation  to  one  or  other  treatment  group  may  have  been
ffected  by  the  patient’s  perception  and  compliance  dur-
ng  the  first  assessment.  TPEP  requires  less  effort  than  PEP
o  be  activated:  this  might  explain  in  part  why  a  greater  pro-
ortion  of  subjects  with  an  acute  exacerbation  were  in  the
PEP  group,  though  no  significant  differences  were  found
etween  the  effects  of  treatment  in  relation  to  the  presence
f  an  acute  condition.

Nevertheless,  no  other  differences  in  baseline  param-
ters  were  found  between  groups.  Furthermore,  the  PEP
ask  is  a  well-established  technique  that  physiotherapists

nd  patients  are  familiar  with,  while  at  that  time,  TPEP  had
ust  been  introduced  into  clinical  practice,  a  fact  that  prob-
bly  was  the  cause  of  the  smaller  number  of  subjects  treated
ith  this  newer  technique.

onclusions

n  conclusion,  our  data  showed  that,  in  most  subjects  with
H  in  current  clinical  practice,  TPEP  yields  similar  results
o  the  PEP  mask.  Both  groups  significantly  and  similarly
mproved  physiological  parameters,  but  subgroup  analysis
uggests  that  TPEP  could  provide  some  advantages  to  sub-
ects  with  emphysema  or  those  on  OT,  while  PEP  would
e  more  advantageous  in  patients  on  MV.  TPEP  added  to  a
tandard  PR  program  applied  in  subjects  with  CH  appears  to
e  a  safe  and  well-accepted  ACT  and  a  valid  alternative  to
EP.  We  need  further  prospective,  high  quality  randomized
ontrolled  trials  to  confirm  preliminary  results  indicating
hat  different  subgroups/phenotypes  can  benefit  more  from
ne  or  the  other  type  of  treatment.
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