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Abstract
Background:  Visual  Analogue  Scale  (VAS)  has  been  proposed  as  a  useful  tool  for  assessing  the
perception  of  asthma  symptoms,  a  cornerstone  in  disease  management.  While  airway  flow
limitation and  its  reversibility  are  thought  to  be  a  useful  marker  of  disease  severity,  there
are very  few  studies  that  evaluated  the  response  to  bronchodilation  (BD)  testing  perception  by
VAS. To  investigate  whether  VAS  assessment  of  breathlessness  perception  could  provide  a  useful
tool to  assess  the  response  to  BD  testing  in  asthmatic  children.
Methods:  This  cross-sectional  study  included  a  total  of  150  children  (96  males,  mean  age  11.05
years) with  asthma,  50  had  bronchial  obstruction  (i.e.  FEV1 <80%  of  predicted).  Perception  of
breathlessness  was  assessed  by  VAS;  lung  function  was  measured  by  spirometry.  BD  testing  was
performed  in  all  children.
Results:  In  children  with  bronchial  obstruction,  VAS  at  baseline  was  4.7  and  significantly
increased to  6.9  (p  <  0.001)  after  BD.  In  children  without  bronchial  obstruction,  VAS  at  baseline
was 7.4,  but  further  significantly  increased  to  8.4  after  BD  testing  (p  <  0.01).  There  was  a  sig-
nificant difference  in  �  VAS  between  children  with  bronchial  reversibility  and  children  without
it (p  <  0.0001).

Conclusions:  The  present  study  demonstrates  that  VAS  might  be  considered  an  initial  tool  to
assess the  BD  response  in  children  with  asthma,  mainly  with  overt  bronchial  obstruction.
© 2012  SEICAP.  Published  by  Elsevier  España,  S.L.  All  rights  reserved.
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Introduction
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Asthma  is  characterised  by  two  main  pathophysiologi-
cal  characteristics:  chronic  bronchial  inflammation  and
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ronchial  hyper-responsiveness  to  a variety  of  stimuli,  both
f  them  inducing  airway  obstruction  and  consequently  symp-
om  occurrence,  mainly  breathlessness.1 Reversibility  of
irflow  obstruction  is  the  pathognomonic  characteristic  of
sthma:  in  fact,  bronchodilation  testing  is  commonly  used
 of  bronchodilation  assessed  by  Visual  Analogue  Scale  in
p://dx.doi.org/10.1016/j.aller.2012.06.002

o  confirm  the  asthma  diagnosis.  However,  this  test  is  usu-
lly  performed  only  in  specialised  centres  and  so  it  is  rarely
ccessible  to  the  majority  of  asthmatic  patients.  The  pos-
ibility  of  assessing  bronchial  reversibility  using  a  simple

aña, S.L. All rights reserved.
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ool  such  as  VAS  could  be  clinically  relevant  as  it  might
llow  healthcare  providers  to  obtain  this  information  in
on-specialty  healthcare  settings.  The  control  of  asthma
ymptoms  is  actually  considered  the  cornerstone  goal  in  the
anagement  strategy  and  the  level  of  the  achieved  con-

rol  serves  also  to  classify  asthma  severity.  However,  many
hildren  with  asthma  are  not  referred  for  lung  function
ssessment  and  do  not  obtain  a  well-tailored  treatment.
herefore,  most  of  them  are  managed  by  family  paediatri-
ians  who  usually  base  the  treatment  decisions  on  symptom
eport  and  clinical  examination.

Asthmatic  patients  vary  in  their  ability  to  perceive  the
irway  obstruction.2 In  fact,  fairly  large  discrepancies  have
een  noted  between  patients’  subjective  ratings  of  the
everity  of  impaired  pulmonary  functioning  and  objective
easures  of  lung  function.3---5 In  particular,  the  paediatric

ge  is  characterised  by  the  additional  problem  of  one  indi-
idual  (the  child)  experiencing  the  symptom,  and  another
ndividual  (the  parent)  needing  to  interpret  the  symptoms  to
ecide  (or  at  least  participate  in  deciding)  on  the  course  of
anagement.  However,  judgments  of  symptom  severity  are

nly  one  aspect  of  symptom  perception  and  management.6

aypeople  cognitively  organise  information  concerning  phys-
cal  symptoms  according  to  prototypical  conception  about
pecific  disease.7 Thus,  symptoms  not  behaving  to  this  proto-
ypical  representation  may  be  ignored.3 It  was  reported  that
sthmatic  patients  may  ignore  early  symptoms  of  exacerba-
ion  and  easily  confuse  asthma  symptoms  with  medication
ide  effects.8 Beyond  perceiving  symptoms,  patients  and
arents  evaluate  and  interpret  them  in  a  larger  context  of
llness  meaning.3

Much  of  the  research  on  symptom  perception  focused  on
elating  the  accuracy  of  the  patients’  subjective  symptom
erception  to  the  physiological  response  objectively  mea-
ured  by  spirometry.  However,  in  addition  to  the  physical
ymptom  parameters,  several  factors  may  exert  a  role  in
ymptom  perception,  including:  (i)  past  experience  with
sthma  attacks  and  the  criterion  level  for  action  that  the
atient  and  family  has  established;  (ii)  other  background
oise  from  which  the  symptom  has  to  be  discriminated,
uch  as  competing  symptoms  from  medication  side  effects,
nxiety,  or  inter-current  illness;  and  (iii)  other  evaluative,
ultural,  and  affective  components.3 Furthermore,  it  has
een  proposed  that  symptom  perception  and  evaluation  by
hildren  (and  parents)  has  to  be  considered  a  multidimen-
ional  construct  consisting  of:  (i)  accuracy  of  the  assessment
f  the  physical  parameter  of  the  symptom  (e.g.  how  tight
m  I?);  (ii)  discrimination  about  what  constitutes  a  symptom
elated  to  asthma;  (iii)  evaluation  of  the  level  of  symp-
om  intensity  at  which  an  intervention  is  necessary;  and  (iv)
egotiation  between  child  and  parent.3

The  breathlessness  perception  may  be  measured  by  the
isual  Analogue  Scale  (VAS).  The  validity  of  VAS  was  pre-
iously  evidenced  in  the  measurement  of  the  sensation  of
reathlessness  in  adults  and  children  in  both  experimental
nd  clinical  studies.9,10 VAS  has  also  been  used  to  investi-
ate  breathlessness  perception  in  children  as  young  as  five
ears11---13:  it  has  been  reported  that  VAS  was  sensitive  in
Please  cite  this  article  in  press  as:  Tosca  MA,  et  al.  Perceptio
children  with  asthma.  Allergol  Immunopathol  (Madr).  2012.  htt

easuring  differences  between  the  means  for  good,  usual,
nd  bad  breathing  days.  VAS  was  also  considered  useful  in
ssessing  symptom  severity  when  compared  with  lung  func-
ion  testing.3 On  the  other  hand,  physical  findings  may  be
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nadequate  for  assessing  bronchial  obstruction  and  remark-
ble  airway  obstruction  may  be  present  despite  a  normal
linical  examination.14 Therefore,  lung  function  assessment
emains  the  best  way  to  detect  airflow  obstruction.

The  assessment  of  response  to  bronchodilation  testing
y  VAS  has  been  investigated  by  very  few  studies.15---17 It
as  demonstrated  that  VAS  was  a  tool  to  obtain  reliable

nformation  on  breathlessness.18 It  was  hypothesised  that
he  patient’s  breath  perception,  determined  by  their  VAS
core,  could  correlate  with  the  degree  of  bronchial  obstruc-
ion,  as  measured  by  the  forced  expiratory  volume  in  1  sec
FEV1).  Therefore,  this  study  aimed  at  investigating  whether
AS  assessment  of  breathlessness  perception  could  be  use-
ul  in  initially  evaluating  the  response  to  bronchodilation
esting  in  children  with  asthma,  particularly  in  non-specialty
ettings.

aterials and methods

tudy  population

his  cross-sectional  study  included  a  total  of  150  children
96  males  and  54  females,  mean  age  11.05  years]  with
sthma,  who  had  been  consecutively  referred  as  outpatients
o  the  Allergy  Center  of  the  G.  Gaslini  Institute  for  thorough
sthma  evaluation.  The  Institutional  Ethical  Committee
f  the  G.  Gaslini  Institute  approved  the  protocol.  Signed
nformed  parental  consent  and  the  child’s  assent  (if  the
hild  was  ≥12  years  old)  were  obtained.

ata  collection

nformation  on  demographics,  asthma  symptoms,  and  lung
unction,  was  collected  at  the  time  of  the  survey.  Informa-
ion  on  current  asthma-related  symptoms  (breathlessness,
hest  tightness,  wheezing,  recurrent  dry  cough  or  exercise-
elated  symptoms)  was  collected.  The  diagnosis  of  asthma
as  performed  according  to  the  Global  Initiative  for  Asthma

GINA)  guidelines  (www.ginasthma.com).
Inclusion  criteria  were:  (i)  having  asthma  clinical  diag-

osis  performed  by  the  family  paediatrician,  and  (ii)  being
ged  between  6  and  18  years  old  (the  minimum  age  of  6  years
as  chosen  to  ensure  that  children  were  able  to  perform

eproducible  lung  function  tests).  Exclusion  criteria  were:
i)  use  of  medium-high  doses  of  inhaled  corticosteroids  (such
s  >200  mcg  of  beclomethasone/daily  or  equivalent)  or  any
ystemic  corticosteroids;  (ii)  current  use  of  long  acting  �2
gonists;  (iii)  recent  upper  and/or  lower  respiratory  infec-
ions;  and  (iv)  insufficient  knowledge  of  Italian  language.

Sample  size  calculations  were  performed  based  on
he  primary  outcome  of  the  inter-group  (patients  with  or
ithout  bronchial  obstruction)  difference  in  the  change

n  VAS  (post---pre).  Power  was  set  at  0.80  and  alpha  at
.05.  A  sample  size  of  43  participants  in  the  group  of
atients  with  bronchial  obstruction  and  86  in  the  group
f  patients  without  bronchial  obstruction  was  required  to
etect  a  clinically  meaningful  change  in  VAS.  Therefore,  50
n  of  bronchodilation  assessed  by  Visual  Analogue  Scale  in
p://dx.doi.org/10.1016/j.aller.2012.06.002

hildren  with  overt  bronchial  obstruction  (such  as  with  FEV1

80%  of  predicted)  were  compared  with  100  well-matched
sthmatic  children  without  bronchial  obstruction  (such  as
ith  FEV1 ≥80%  of  predicted).  Therefore,  the  study  sample

dx.doi.org/10.1016/j.aller.2012.06.002
http://www.ginasthma.com/


 IN PRESS+Model

cale  3

Table  1  Demographic  and  clinical  characteristics  in  the
whole population.

Variables

Male  gender  [No.  (%)]  96  (64.00)
Age  (years)  [mean  (standard

deviation  of  the  mean)]
11.05  (2.12)

Adolescence  (>12  years  old)
[No. (%)]

55  (36.67)

VAS  at  baseline  (score)  6.35  (4.90---8.10)
VAS after  �2-inhalation  (score)  7.70  (6.30---9.00)
FEV1 (%  pred.)  92.00  (77.00---104.50)
FVC (%  pred.)  91.00  (78.00---100.00)
FEV1/FVC  (%  pred.)  104.00  (95.00---112.00)
FEF25---75 (%  pred.)  85.00  (63.50---112.00)
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ysis  showed  that  the  baseline  VAS  values  were  significantly
different  between  the  two  sub-groups  (p  <  0.01).

Further,  children  were  subdivided  into  other  sub-groups
on  the  basis  of  the  response  to  BD  testing:  those  with  or
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Perception  of  bronchodilation  assessed  by  Visual  Analogue  S

consisted  of  150  subjects:  50  with  bronchial  obstruction
and  100  without  bronchial  obstruction.

Visual  Analogue  Scale  (VAS)

The  VAS  consisted  of  one  ruler  asking  for  perception  of
breathlessness.15 Patients  indicated  their  actual  perception
of  breathlessness  by  marking  a  VAS.  In  this  study,  the  VAS
was  a  10-cm  vertical  line  on  which  0  implied  breathlessness,
while  10  corresponded  to  no  breathlessness.  No  interval
marker  was  visible  on  the  line.  Patients  were  instructed  to
place  a  mark  on  the  line  indicating  their  ease  of  breathing  at
that  moment.  It  was  explained  that  0  represented  breath-
lessness  and  10  no  problem  breathing.  Thus,  the  lower  the
numerical  score  marked  by  the  patient,  the  greater  their
perceived  breathlessness.  With  a  movable  marker,  the  child
could  mark  any  point  on  the  10-cm  segment  which  best
described  his/her  perception.

VAS  was  recorded  immediately  before  and  after
bronchodilation  testing

Measurement  of  lung  function
Forced  vital  capacity  (FVC),  forced  expiratory  volume  in  1  s
(FEV1)  and  forced  expiratory  flows  at  25---75%  of  vital  capac-
ity  (FEF25---75%),  and  the  FEV1/FVC  ratio  were  measured  by
spirometry  (Med  Graphics,  Pulmonary  Function  System  1070
series  2,  Med  Graphics  Corp.,  St.  Paul,  MN,  USA),  according
to  the  guidelines  provided  by  the  American  Thoracic  Soci-
ety  and  the  European  Respiratory  Society.19 All  the  children
were  able  to  obtain  at  least  three  technically  acceptable
breathing  manoeuvres  with  the  spirometer.  Three  forced
expiratory  manoeuvres  were  obtained,  and  the  best  values
were  retained.  The  results  were  compared  with  reference
values  obtained  from  a  well-defined  population,  identified
by  the  American  Thoracic  Society  and  the  European  Respi-
ratory  Society,  of  healthy  subjects  comparable  for  gender,
height,  and  weight  and  then  expressed  as  a  percentage.19

Bronchodilation  test
The  bronchodilation  testing  was  performed  according  to
international  guidelines  and  using  a  salbutamol  metered
dose  of  400  mcg.  Reversibility  was  considered  if  an  increase
of  at  least  12%  of  FEV1 from  baseline  was  achieved,  accord-
ing  to  international  guidelines.19

Statistical  analysis
The  distribution  of  each  variable  was  checked  using  the
Shapiro---Wilk  W  test.  Descriptive  statistics  were  performed
and  reported  in  terms  of  means  with  standard  deviation  (SD)
(i.e.  age)  or  medians  with  inter-quartile  ranges  (i.e.  VAS,
pulmonary  function  parameters).  For  comparisons  between
two  groups,  Mann---Whitney  U  test  was  used  for  non-normally
distributed  quantitative  data.  For  comparisons  among  more
than  two  groups,  non-normally  distributed  quantitative  data
were  analysed  using  Kruskall---Wallis  test  followed  by  Bonfer-
roni’s  correction.  The  relationship  between  FEV1 (%  pred.)
Please  cite  this  article  in  press  as:  Tosca  MA,  et  al.  Perception
children  with  asthma.  Allergol  Immunopathol  (Madr).  2012.  htt

and  VAS  was  assessed  by  means  of  the  Spearman’s  rank  corre-
lation  coefficient.  All  tests  were  two-tailed  and  p  values  less
than  0.05  have  been  considered  as  statistically  significant.
‘‘Statistica  release  8’’  (StatSoft  Corp.,  Tulsa,  OK,  U.S.A.).
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All data are presented as median with lower and upper quartiles
in parenthesis unless otherwise specified.

esults

atients

he  demographic,  clinical,  and  functional  characteristics  of
he  patients  recruited  are  reported  in  Table  1.  There  was

 mild  preponderance  of  male  gender  (64%),  but  without
ignificance.  Forty-one  children  showed  reversibility  after
D  testing.

AS  assessment

n  the  whole  sample,  the  median  VAS  value  was  6.35  at
aseline  and  7.7  after  BD  testing.  Patients  were  firstly
ubdivided  in  two  groups:  those  with  and  those  without
ronchial  obstruction.  Patients  with  bronchial  obstruction
ad  median  VAS  value  of  4.7  (4---5.85)  at  baseline  and  6.9
5.95---7.55)  after  BD  (p  <  0.001)  as  illustrated  in  Fig.  1.  Chil-
ren  without  bronchial  obstruction  had  median  VAS  value
f  7.4  (5.6---8.75)  at  baseline  and  8.4  (6.6---9.4)  after  BD
esting  (p  <  0.01)  as  showed  in  Fig.  1.  The  intergroup  anal-
 of  bronchodilation  assessed  by  Visual  Analogue  Scale  in
p://dx.doi.org/10.1016/j.aller.2012.06.002

igure  1  VAS  score  assessed  before  and  after  BD  testing  in
hildren  with  or  without  bronchial  obstruction  (such  as  FEV1

alue  <80%  of  predicted).

dx.doi.org/10.1016/j.aller.2012.06.002
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Table  2  VAS  at  baseline  and  after  �2-inhalation  in  different  subgroups  of  patients.

Patients  with  a  positive  �2

inhalation  test  (No.  41)
Patients  with  a  negative  �2

inhalation  test  (No.  109)

VAS  at  baseline  5.00  (4.00---6.75)  7.00  (5.30---8.65)§§§
VAS  after  �2-inhalation  7.00  (6.10---8.15)*** 8.00  (6.30---9.30)¶¶¶

*** p < 0.001, as compared to VAS at baseline recorded in patients with a positive �2 inhalation test.
¶¶¶p < 0.001, as compared to VAS at baseline recorded in patients with
§§§p < 0.01, as compared to VAS at baseline recorded in patients with
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igure  2  �  VAS  score  in  children  with  or  without  bronchial
eversibility.

ithout  bronchial  obstruction  reversibility  (41  and  109  chil-
ren,  respectively)  (Table  2).

Patients  with  bronchial  obstruction  reversibility  had
edian  VAS  value  of  5  (4---6.75)  at  baseline  and  7  (6.1---8.15)

fter  BD  (p  <  0.001).  Children  without  bronchial  obstruction
eversibility  had  median  VAS  value  of  7  (5.3---8.65)  at  base-
ine  and  8  (6.3---9.3)  after  BD  (p  <  0.001)  as  shown  in  Table  2.
he  intergroup  analysis  showed  that  the  baseline  VAS  val-
es  were  significantly  different  between  the  two  sub-groups
p  <  0.01).

Analysing  the  �  VAS  (i.e.  the  difference  in  VAS  score
btained  after  BD  testing  and  before  BD  testing)  there  was

 significant  difference  (p  <  0.0001)  between  children  with
ronchial  reversibility  and  without  it,  as  shown  in  Fig.  2.

Analysing  the  patients  we  found  moderate  positive  cor-
elations  between  VAS  and  FEV1 (r  =  0.491;  p  <  0.0001).
owever,  there  was  no  significant  relationship  between  VAS
nd  age  of  children.

iscussion

he  perception  of  breathlessness  has  been  investigated  by
everal  studies  in  children,21---27 but  most  of  them  were
onducted  in  ‘‘experimental’’  settings,  such  as  in  patients
ith  symptoms  experimentally  induced  by  bronchoconstric-
Please  cite  this  article  in  press  as:  Tosca  MA,  et  al.  Perceptio
children  with  asthma.  Allergol  Immunopathol  (Madr).  2012.  htt

or  stimuli  (such  as  methacholine,  histamine,  or  exercise)
lso  considering  an  ethnical  aspect.20 Only  one  study  was
onducted  in  a  real-life  condition,  such  as  considering  the
sthma  symptoms  perception  assessed  by  VAS  during  a

i
c
p
p

 a positive �2 inhalation test.

 a positive �2 inhalation test.

egular  consultation  in  an  outpatient  clinic,  where  chil-
ren  with  asthma  were  referred  for  the  asthma  diagnosis
onfirmation.18 On  the  other  hand,  very  few  studies  inves-
igated  the  response  to  BD  testing  using  VAS  score.15,17

he  first  study  was  mainly  addressed  to  assessing  the  per-
eption  of  airway  obstruction  induced  by  methacholine
hallenge  and  BD  testing  was  performed  after  experimen-
al  obstruction.15 The  second  study  was  performed  on  adult
atients  with  allergic  rhinitis.17 Therefore,  the  present  study
as  designed  to  confirm  the  possibility  of  using  VAS  for
ssessing  perception  of  breathlessness  in  response  to  BD
esting  in  children  with  asthma.

The  present  findings  demonstrate  that  VAS  assessment
f  breathlessness  significantly  decreased  after  BD  in  all
atients.  To  better  evaluate  the  usefulness  of  the  VAS  score,
e  enrolled  two  sub-groups  of  asthmatic  children,  such  as
atients  with  overt  bronchial  obstruction  (FEV1 <80%  of  pre-
icted)  and  children  with  normal  lung  function.  The  median
AS  values  were  only  significantly  different  at  baseline:
his  finding  underlines  the  ability  of  VAS  assessment  to  dis-
riminate  the  presence  of  bronchial  obstruction.  Children
ith  or  without  bronchial  obstruction  perceived  a  statisti-
ally  significant  improvement  of  breathlessness  VAS  score
fter  BD.  Nevertheless,  children  with  bronchial  obstruc-
ion  reported  a  higher  VAS  increase  after  BD:  >2  units;
hereas  children  without  bronchial  obstruction  demon-

trated  a  lower  increase,  i.e.  about  1  unit.  Therefore,  VAS
ssessment  of  BD  testing  might  discriminate  subjects  with
vert  bronchial  obstruction  if  the  VAS  breathlessness  mea-
urement  increases  at  least  2  units  after  BD.

Secondly,  we  investigated  the  VAS  response  to  BD,  consid-
ring  bronchial  reversibility.  Also  in  this  case,  children  with
eversibility  perceived  a  greater  improvement  of  VAS  breath-
essness  after  BD.  In  fact,  considering  the  �  VAS  values,
hildren  with  reversibility  reported  a  median  increase  of

 units,  whereas  children  without  reversibility  reported  an
ncrease  <1  unit.  Therefore,  the  simple  assessment  of  the
D  testing  by  VAS  could  allow  to  obtain  raw  information  on
ronchial  reversibility,  suggesting  an  asthma  diagnosis  both
t  home  and  at  the  paediatrician  office.  So  it  could  suggest
ending  the  child  to  specialised  centres  for  deeper  assess-
ent.  In  addition,  the  moderate  relationship  between  lung

unction  and  VAS  could  strengthen  the  applicability  and  util-
ty  of  this  instrument  in  settings  where  there  is  no  spirometry
quipment.  In  fact,  many  primary  care  practices  do  not  have
pirometry  equipment  or  staff  trained  in  the  proper  use  and
n  of  bronchodilation  assessed  by  Visual  Analogue  Scale  in
p://dx.doi.org/10.1016/j.aller.2012.06.002

nterpretation  of  results.  As  the  VAS  could  be  a  reliable  indi-
ator  of  the  child’s  perception  of  breathlessness,  it  could
otentially  be  a  valuable  clinical  assessment  tool  in  these
ractices.

dx.doi.org/10.1016/j.aller.2012.06.002
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On  the  other  hand,  this  study  has  a  main  limitation:  as
being  conducted  in  a  real-life  setting,  it  did  not  include  a
large  number  of  children  with  bronchial  airflow  obstruction.
Therefore,  further  studies  addressing  this  issue  should  be
conducted.

In  conclusion,  the  present  study  demonstrates  that  VAS
might  be  considered  an  initial  tool  to  assess  the  BD  response
in  children  with  asthma,  mainly  with  overt  bronchial
obstruction.
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