
B

O

U
a

T
F
T

a

b

c

B

R
A

t

h
1
a

raz J Otorhinolaryngol. 2020;86(2):174---179

www.bjorl.org

Brazilian Journal of

OTORHINOLARYNGOLOGY

RIGINAL ARTICLE

sing  craniofacial  characteristics  to predict  optimum
irway pressure  in  obstructive  sleep  apnea  treatment�

hays Crosara Abrahão Cunha a, Thais Moura Guimarães a,∗,
ernanda  R. Almeida b, Fernanda L.M. Haddad a, Luciana B.M. Godoy a,
hulio  M. Cunha c, Luciana O. Silva a, Sergio Tufik a, Lia Bittencourt a

Universidade  Federal  de  São  Paulo  (Unifesp),  Departamento  de  Psicobiologia,  São  Paulo,  SP,  Brazil
University  of  British  Columbia,  Faculty  of  Dentistry,  Vancouver,  Canada
Universidade  Federal  de  Uberlândia  (UFU),  Laboratório  de  Função  Pulmonar,  Departamento  de  Pneumologia,  Uberlândia,  MG,
razil

eceived 4  May  2018;  accepted  28  October  2018
vailable  online  12  December  2018

KEYWORDS
Continuous  positive
airway  pressure;
Obstructive  sleep
apnea;
Snoring;
Cephalometry

Abstract
Introduction:  Manual  titration  is  the  gold  standard  to  determinate  optimal  continuous  positive
airway pressure,  and  the  prediction  of  the  optimal  pressure  is  important  to  avoid  delays  in
prescribing a  continuous  positive  airway  pressure  treatment.
Objective:  To  verify  whether  anthropometric,  polysomnographic,  cephalometric,  and  upper
airway clinical  assessments  can  predict  the  optimal  continuous  positive  airway  pressure  setting
for obstructive  sleep  apnea  patients.
Methods:  Fifty  men  between  25  and  65  years,  with  body  mass  indexes  of  less  than  or  equal  to
35 kg/m2 were  selected.  All  patients  had  baseline  polysomnography  followed  by  cephalometric
and otolaryngological  clinical  assessments.  On  a  second  night,  titration  polysomnography  was
carried out  to  establish  the  optimal  pressure.
Results:  The  average  age  of  the  patients  was  43  ±  12.3  years,  with  a  mean  body  mass  index
of 27.1  ±  3.4  kg/m2 and  an  apnea---hypopnea  index  of  17.8  ±  10.5  events  per  hour.  Smaller

mandibular  length  (p  =  0.03),  smaller  atlas---jaw  distance  (p  =  0.03),  and  the  presence  of  a  Mal-

lampati III  and  IV  (p  =  0.02)  were  predictors  for  higher  continuous  positive  airway  pressure.
The formula  for  the  optimal  continuous  positive  airway  pressure  was:  17.244  −  (0.133  ×  jaw
length) +  (0.969  ×  Mallampati  III  and  IV  classification)  −  (0.926  ×  atlas---jaw  distance).
� Please cite this article as: Cunha TC, Guimarães TM, Almeida FR, Haddad FL, Godoy LB, Cunha TM, et al. Using craniofacial characteristics
o predict optimum airway pressure in obstructive sleep apnea treatment. Braz J Otorhinolaryngol. 2020;86:174---9.
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Conclusion:  In  a  sample  of  male  patients  with  mild-to-moderate  obstructive  sleep  apnea,
the optimal  continuous  positive  airway  pressure  was  predicted  using  the  mandibular  length,
atlas---jaw distance  and  Mallampati  classification.
© 2018  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).

PALAVRAS-CHAVE
Pressão  positiva
contínua  nas  vias
aéreas;
Apneia  obstrutiva  do
sono;
Ronco;
Cefalometria

Uso  de  características  craniofaciais  para  predizer  a  pressão  ideal  nas  vias  aéreas  no
tratamento  da  apneia  obstrutiva  do  sono

Resumo
Introdução:  A  titulação  manual  é  o  padrão-ouro  para  determinar  a  pressão  ideal  para  o  trata-
mento com  a  pressão  positiva  contínua  nas  vias  aéreas;  e  a  predição  da  pressão  ideal  é
importante  para  evitar  retardos  na  sua  prescrição.
Objetivo:  Verificar  se  as  avaliações  clínicas  antropométricas,  polissonográficas,  cefalométricas
e das  vias  aéreas  superiores  podem  predizer  a  configuração  ideal  da  pressão  do  aparelho  de
pressão positiva  contínua  nas  vias  aéreas  para  pacientes  com  apneia  obstrutiva  do  sono.
Método: Foram  selecionados  50  homens  entre  25  e  65  anos,  com  índice  de  massa  corporal  menor
ou igual  a  35  kg/m2.  Todos  os  pacientes  fizeram  polissonografia  basal,  seguida  de  avaliações
clínicas cefalométricas  e  otorrinolaringológicas.  Na  segunda  noite,  foi  feita  polissonografia  de
titulação para  estabelecer  a  pressão  ideal.
Resultados:  A  média  de  idade  dos  pacientes  foi  de  43  ±  12,3  anos,  com  índice  de  massa  cor-
poral médio  de  27,1  ±  3,4  kg/m2 e  índice  de  apneia-hipopneia  de  17,8  ±  10,5  eventos  por
hora. Menor  comprimento  mandibular  (p  =  0,03),  menor  distância  atlas-maxila  (p  =  0,03)  e  a
presença de  Mallampati  III  e  IV  (p  =  0,02)  foram  preditores  de  pressão  mais  elevada.  A  fór-
mula para  a  pressão  positiva  contínua  nas  vias  aéreas  foi:  17,24  −  (0,133  ×  comprimento  da
mandíbula)  +  (0,969  ×  classificação  de  Mallampati  III  e  IV)  −  (0,926  ×  distância  atlas-mandíbula).
Conclusão:  Em  uma  amostra  de  homens  com  apneia  obstrutiva  do  sono  leve  a  moderada,  a
pressão positiva  contínua  nas  vias  aéreas  foi  predita  com  o  comprimento  mandibular,  a  distância
atlas-mandíbula  e  a  classificação  de  Mallampati.
© 2018  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado
por Elsevier  Editora  Ltda.  Este é  um  artigo  Open  Access  sob  uma  licença  CC  BY  (http://
creativecommons.org/licenses/by/4.0/).
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Introduction

Continuous  positive  airway  pressure  (CPAP)  is  the  most  com-
mon  and  effective  treatment  for  patients  with  obstructive
sleep  apnea.1 Manual  titration  in  a  sleep  laboratory  dur-
ing  full  night  polysomnography  (PSG)  is  the  gold  standard
to  determinate  optimal  CPAP  pressure.2 However,  the  high
cost  of  PSG  and  difficult  accessibility  to  sleep  laborato-
ries  may  limit  the  treatment.  Therefore,  other  alternatives
have  been  suggested,  such  as  split-night  studies,3 auto-CPAP
titration,4 home-based  sleep  diagnostic  studies5,6 and  pre-
dictive  equations  to  determine  CPAP  pressure.7---9

Predictive  equations  to  establish  CPAP  pressure  include
factors  such  as  body  mass  index  (BMI),  neck  circumference,
apnea---hypopnea  index  (AHI),  oxyhemoglobin  saturation,
age  and  gender.8,10---15 To  the  best  of  our  knowledge,  only  two
studies  have  used  cephalometric  characteristics  to  establish
the  optimal  CPAP  pressure.16,17

Thus,  the  objective  of  the  present  study  is  to  verify

whether  anthropometric,  polysomnographic,  cephalomet-
ric,  and  upper  airway  clinical  assessments  can  predict  the
optimal  CPAP  pressure  setting  for  OSA  patients.

r
l
u

aterials and methods

ample

he  sample  was  selected  from  the  out  clinic  patients  of
he  Associação  Fundo  de  Incentivo  á  Pesquisa,  São  Paulo
Brazil).  Male  patients  between  25  and  65  years,  with  a  BMI
ess/or  equal  to  35  kg/m2 and  an  AHI  greater  than  5  events/h
ere  selected.  We  postulated  that  hormonal,  anatomical
ifferences  and  variations  in  the  mechanisms  of  ventila-
ory  control  could  influence  the  pharyngeal  collapse  process
nd  consequently  the  requirements  for  titration  of  CPAP
ressure,  justifying  the  exclusive  selection  of  men  in  this
tudy.  The  patients  voluntarily  signed  an  informed  consent
orm,  and  the  study  protocol  was  approved  by  the  UNIFESP’s
esearch  ethics  committee  (REC  0352/09).  All  procedures
ere  in  accordance  with  the  1964  Helsinki  declaration.

Patients  underwent  full-night  baseline  polysomnog-

aphy  (Embla  Systems,  Inc.,  Broomfield,  CO,  USA),
ateral  cephalography  and  otolaryngological  clinical  eval-
ation.  All  patients  also  underwent  a  second  full-night
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Table  1  Summary  of  variables  used  for  cephalometric
analysis  ---  describing  the  cephalometric  points  used,  their
description,  as  well  as  the  mean  and  standard  deviation  of
the values  found.

Variables  Definition  Mean  ±  SD

H---MP  (mm)  Hyoid  ---
mandibular  plane

21.9  ±  4.7

C3---H (mm)  Third  vertebrae  ---
hyoid

77.2  ±  8.7

H---RGN  (mm)  Hyoid  ---
retrognathia

39.4  ±  4.5

PNS---P  (mm)  Soft  palate  length  38.3  ±  3.2
SPW---SPW  (mm) Soft  palate  width 9.9  ±  1.8
Space  located
between  the  most
prominent  point  of
the  external  wall
of the  soft  palate
and  the
nasopharyngeal
posterior  wall
(mm)

Middle  posterior
palatal  space

12.0  ±  3.5

Vasa---Vasp  (mm)  Superior
pharyngeal  space

15.1  ±  3.7

Space  located
between  the
intersection  of  the
occlusal  plane  and
the  anterior  and
posterior
nasopharyngeal
wall  (mm)

Middle  pharyngeal
space

9.7  ±  3.3

BGo ---  Goc  (mm)  PAS  (posterior
airway  space)

13.3  ±  3.8

C3′---H  (mm)  LAS  (lower  airway
space)

12.1  ±  4.8

Atlas  ---  PNS  (mm)  Atlas---jaw  distance  50.0  ±  3.3
SNA (◦)  Position  of  the

mandible  in
relation  to  the
cranial  base

82.5  ±  3.9

SNB (◦)  Position  of  the
maxilla  in  relation
to  the  cranial  base

78.6  ±  4.1

ANB (◦)  Maxillary/mandibular
antero-posterior
discrepancy

3.6  ±  2.6

Go-Me  (◦)  Mandibular  length  73.5  ±  3.7
FMA (◦)  Shows  the

relationship
between
mandibular  and

23.8  ±  7.0

R

76  

olysomnography  for  manual  titration  of  CPAP  pressure
ollowing  Kushida’s  guidelines,2 using  conventional  nasal
asks.

ephalometric  assessment

he  image  capture  was  done  with  patients  keeping  their
eeth  in  normal  occlusion,  not  swallowing  and  in  natural
ead  posture.18 A  number  of  different  parameters  were
valuated  by  lateral  cephalometry.  The  used  cephalomet-
ic  variables,  as  well  as  their  definitions  are  described  in
able  1.

tolaryngological  assessment

he  clinical  upper  airway  assessment  was  performed  by
 trained  otorhinolaryngologist  according  to  the  method
f  Zonato  et  al.  (2003).19 Two  otorhinolaryngologists  with
ertification  in  Sleep  Medicine  were  responsible  for  this  eval-
ation.

We  considered  nasal  conditions  unfavorable,  when  one
f  these  parameters  were  present:  septum  deviation  Grade
I  or  III;  turbinate  hypertrophy  associated  with  rhinitis  or
omplaint  of  obstruction  of  nose;  septum  deviation  Grade  I
ssociated  with  rhinitis  or  complaint  of  obstruction  of  nose.

Oropharynx  was  considered  unfavorable  when  one  of  the
ollowing  three  parameters  existed:  web  palate;  more  pos-
erior  or  thick  palate;  long  or  thick  uvula;  medial  pillars;
onsils  Grade  III  or  IV.

Mallampati  was  considered  unfavorable  when  modified
allampati  Class  III  or  IV  were  present.

olysomnography

ull-night  polysomnography  was  carried  out  for  the  baseline
ssessment,  and  the  full-night  polysomnography  for  manual
itration  of  CPAP  was  performed  according  to  the  guidelines
escribed  by  Kushida  et  al.  (2008).2 The  CPAP  device  used
as  REMstar  Plus,  with  a  nasal  mask  and  the  polygraph  Alice
.

tatistical  analysis

or  the  elaboration  of  the  equation,  the  following  statis-
ical  methodology  was  adopted:  the  correlation  coefficient
as  calculated  using  Pearson’s  correlation  for  all  indepen-
ent  variables  and  for  the  ideal  CPAP  pressure.  The  variables
hat  presented  a  statistically  significant  correlation  or  pre-
ented  theorical  relathionship  with  CPAP  pressure  were
onsidered  as  potential  predictors.  A  multivariate  linear
egression  analysis  was  performed,  using  dummies  vari-
ble  that  included  categorical  variable  as  predictor,  after
btaining  the  predictive  formula.  The  multiple  regression
rocedures  estimated  the  linear  equation.  To  confirm  this
ndings,  the  t-test  was  performed  to  compare  between  the

ressure  measured  by  the  proposed  formula  and  by  manual
itration  in  polysomnography.

SPSS  version  18.0  (SPSS  Inc.,  Chicago,  IL)  software  was
sed,  and  statistical  significance  was  set  at  p  ≤  0.05.

D
T
p

Frankfurt  planes

esults
emographic  and  polysomnographic  data  are  presented  in
able  1.  From  the  otolaryngological  assessment,  28%  of  the
atients  met  the  criteria  for  unfavorable  craniofacial  and
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Table  2  Anthropometric  and  polysomnographic  character-
istics  from  50  OSA  patients  evaluated  in  this  study.

Assessed  parameters  Mean  ±  SD

Age  (years) 43  ±  12
BMI (kg/m2)  27.1  ±  3.4
Neck Circumference  (cm)  40.7  ±  3.1
AHI (events/h)  17.8  ±  10.5
Baseline  SpO2 (%)  95.5  ±  1.2
Average  SpO2 (%)  94.6  ±  1.6
Minimum  SpO2 (%)  86.1  ±  4.4
OCPAP (cm  H2O) 8.6  ±  2.1

BMI, body mass index; AHI, apnea---hypopnea index, SpO2, oxy-
hemoglobin saturation; OCPAP, optimal CPAP pressure measured
by PSG titration.

Figure  1  Cephalometric  image  exemplifying  the  measures
identified  as  significant.

Table  3  Statistical  analysis  ---  linear  regression  to  predict
CPAP  pressure  in  50  OSA  patients.

Model  B  SIG

Mandibular  length  (mm)  −0.54  0.03a

Atlas---jaw  distance  (mm) −0.87 0.03a

Modified  Mallampati  II  or  IV  0.75  0.02a

Neck  circumference  (cm)  −0.14  0.60
BMI (kg/m2)  0.03  0.88
Z score  AHI  0.18  0.60
Basal SpO2 (%)  0.78  0.15
Mean SpO2 (%)  −0.51  0.23
Z score  lower  SpO2 (%)  −0.15  0.70
Z score  age −0.23 0.33

Mandibular length, distance between Go---Me point; atlas---jaw
distance, distance between At---Enp point; Modified Mallampati,
Mallampati III or IV; BMI, body mass index; AHI, apnea---hypopnea
index; SpO2, oxyhemoglobin saturation.
R square explains 75% of the model (R squared = 0.756).

a p ≤ 0.05, was considered significant.
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Figure  2  Box-plot  derived  from  the  linear  regression  anal-
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ing  to  a  delayed  prescription  of  this  therapy.20 Thus,
new  alternatives  have  been  suggested,  such  as  split-
pharyngeal  structures,  44%  met  the  criteria  for  unfavorable
nasal  structures,  and  70%  exhibited  Mallampati  Type  III  or
Type  IV.  The  descriptions  and  mean  values  of  the  cephalo-
metric  parameters  are  shown  in  Table  2.

In  regression  analyses,  lower  mandibular  length,  lower
atlas---jaw  distance  and  modified  Mallampati  III  and  IV  were
considered  predictors  to  higher  CPAP  pressure  (Fig.  1),  since
adjusting  for  neck  circumference,  BMI,  AHI,  age  and  oxihe-
moglobin  saturations  (Table  3).

The  following  predictor  equation
best  explains  the  model:  optimal  CPAP
pressure  =  17.244  −  (0.133  ×  mandibular
length)  +  (0.969  ×  modified  Mallampati
score)  −  (0.926  ×  atlas---jaw  distance).

The  mean  of  CPAP  pressure  established  by  titration  was
8.6  cm  H2O,  and  the  mean  of  CPAP  pressure  using  the  pro-
posed  equation  was  8.9  cm  H2O.  These  values  were  very

close,  with  the  equation  yielding  a  lower  variance  (Fig.  2). n
ses of  the  CPAP  value  using  polysomnography  and  proposed
quation,  showing  statistically  similar  (Student  t  Test:  p  =  1.00).

iscussion

his  is  the  first  study  to  describe  the  role  of  cephalometric
ariables  in  the  prediction  of  CPAP  pressure  in  Brazilian  indi-
iduals.  We  determined  that  mandibular  length  (p  =  0.03),
tlas---jaw  distance  (p  =  0.03),  and  modified  Mallampati  III
nd  IV  classification  (p  =  0.02)  were  predictors  for  the  CPAP
ressure.

The  gold  standard  for  determining  the  ideal  CPAP  value
s  a  full-night  polysomnography  using  manual  titration,  in
hich  the  pressure  setting  is  progressively  adjusted  until  all
bstructive  events  have  been  resolved  during  every  sleep
tage  and  for  all  body  positions.2

However,  the  testing  period  may  not  be  long  enough,
ither  due  to  an  insufficient  duration  of  sleep  or  to  the
ifficulty  in  achieving  the  appropriate  pressure.  More-
ver,  this  method  is  expensive  and  demands  significant
ime  and  intensive  labor  by  trained  technicians,  contribut-
ight  studies,4 auto-CPAP  titration,21 home-based  sleep
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78  

iagnostic  studies,5,6 alternatively  they  can  be  domi-
iled  with  automatic  CPAP,  respecting  the  indications  and
ounter  indications  of  the  automatic  devices,22 and  more
ecently,  predictor  equations  for  CPAP  that  are  derived
rom  demographic,  anthropometric,  and  polysomnographic
arameters.7---9 Several  predictor  equations  for  CPAP  pres-
ure  have  been  developed  in  different  Countries  and  for
arious  populations.8,11,16,23---25

redictor  equations  for  CPAP  pressure

offestein  and  Miljeteig  (1993)  were  one  of  the  first  groups
o  focus  on  the  importance  of  developing  a  predictor  equa-
ion  for  CPAP,  correlating  BMI,  AHI,  and  neck  circumference
or  a  Caucasian  population.7 Their  formula  was  later  vali-
ated  by  other  authors.24,26---28 Oliver  et  al.  (2000)  suggested
sing  the  pressure  predicted  by  this  equation  exclusively  to
egin  the  manual  titration  in  laboratory.29 Masa  et  al.  (2004)
onducted  a  multicenter  study  in  Spain  with  360  patients
ho  required  CPAP  therapy.23 The  patients  were  randomized

nto  3  groups:  manual  titration  during  full-night  polysomnog-
aphy,  CPAP  auto-titration,  and  titration  using  Hoffestein’s
quation.  The  authors  concluded  that  titration  using  this
ormula  is  as  effective  as  the  manual  titration  in  patients
ith  severe  OSA,  lowering  costs  and  significantly  decreasing
aiting  lists.23 It  is  important  to  emphasize  that  all  previous

tudies  have  included  patients  with  severe  OSA,  which  dif-
ers  from  our  sample,  which  included  only  mild  to  moderate
SA.

According  to  Basoglu  et  al.  (2011),21 race  and  ethnic-
ty  are  important  factors  for  determining  patients’  physical
haracteristics,  the  severity  of  OSA,  and  the  CPAP  pressure
evel  that  is  necessary  to  resolve  their  apnea  and  hypopnea.
hese  authors  conducted  a  retrospective  study  in  which  250
atients  underwent  polysomnography  with  manual  titration.
arious  combinations  of  anthropometric  and  polysomno-
raphic  variables  were  tested.  The  obtained  data  a  provided
he  development  of  a  predictor  equation  for  the  Turkish  pop-
lation  that  included  only  the  neck  circumference  and  the
xy-hemoglobin  desaturation  index.21 In  contrast,  our  study
id  not  include  patients  with  severe  sleep  apnea.  Similarly
o  the  Turkish  population  in  Masa’s  study,  the  Brazilian  pop-
lation  is  highly  mixed  and  might  require  the  validation  of  a
pecific  equation  for  this  population.

Schiza  et  al.  (2011)24 described  a  predictor  equation
or  the  Greek  population  that  included  BMI,  AHI,  gender,
nd  smoking  history.  This  prospective  study  compared  the
anual  titration  to  Hoffestein’s  equation  with  an  equation
eveloped  by  the  group.24 Although  both  equations  pre-
icted  the  ideal  CPAP  pressure,  Hoffestein’s  equation  was
ess  effective,  as  determined  in  other  populations.15,26---28

in  et  al.  (2003)  formulated  a  predictor  equation  based  on
he  BMI  and  AHI  of  Taiwanese  individuals  and  determined
hat  neck  circumference  was  not  relevant  for  the  Asian
opulation,8 a  fact  that  was  also  observed  in  our  study.  Like-

ise,  in  a  retrospective  study,  Choi  included  202  Koreans,
82  of  whom  were  males  with  mild,  moderate,  or  severe
SAS;  a  predictor  equation  was  generated  that  similarly

ncluded  only  the  two  variables,  BMI  and  AHI.11

I
m
m
l

Cunha  TC  et  al.

raniofacial  characteristics

any  studies  have  demonstrated  that  OSA  patients  exhibit
mportant  craniofacial  alterations,  which  could  explain  the
resence  of  OSA  even  in  non-obese  patients,  especially
n  the  Japanese  population,  where  previous  studies  on
ephalometric  variables  such  as  lower  cranial  base  flexion17

nd  the  position  of  the  hyoid  bone  in  relation  with  the  chin16

ere  correlated  with  CPAP  pressure.
Sforza  et  al.  (1995)  reported  that  the  length  of  the  soft

alate  affected  the  efficacy  of  CPAP  in  22  French  patients
ith  OSA.30 However,  because  the  soft  palate  is  a  compo-
ent  of  the  soft  tissue,  it  is  possibly  influenced  by  obesity.
his  finding  contrasts  with  our  data  in  which  the  equation
as  not  influenced  by  BMI,  but  was  influenced  by  Mallampati

core.  In  our  study,  the  required  CPAP  pressure  presented  a
ositive  correlation  to  the  Mallampati  III  and  IV  classifica-
ion,  suggesting  that  the  smaller  volume  of  the  upper  airway
equires  higher  CPAP  pressure.

It  has  been  suggested  that  retrognathia  and  obesity  are
ssociated  with  an  inferior  position  of  the  hyoid  bone.31 This
act  might  explain  the  negative  relationship  between  the
ptimum  CPAP  pressure  and  mandibular  length.

In  the  present  study,  we  observed  that  the  atlas---jaw  dis-
ance  and  mandibular  length  showed  a  negative  correlation
ith  the  optimal  CPAP  pressure.  Even  from  the  linear  param-
ter,  we  could  infer  that  there  is  a  negative  correlation
etween  superior  airway  size  and  CPAP  pressure.

Akahoshi  et  al.  (2009)16 analyzed  anthropometric,
olysomnographic  and  cephalometric  characteristics  as  pre-
ictors  of  therapeutic  CPAP  pressure.  In  the  study,  all  of
he  patients  had  severe  OSA  and  were  moderately  obese.
hen  the  cephalometric  variables  were  combined  with  the

olysomnographic  parameters  and  the  BMI,  the  therapeu-
ic  CPAP  pressure  was  predicted  more  accurately,  suggesting
hat  craniofacial  characteristics  are  critical  to  the  pathogen-
sis  of  OSA  in  Asian  populations.16

It  should  be  noted  that  predictive  equations  cannot  be
 substitute  for  manual  titration,  but  they  could  be  used
s  an  auxiliary  procedure,  helping  to  simplify  the  titra-
ion  process  and  to  decrease  the  number  of  changes  of
he  pressure  settings.  However,  predictive  equations  may
e  used  as  an  alternative  to  manual  titration  in  situa-
ions  where  a  laboratory  titration  is  either  not  possible
due  to  immobility,  safety  concerns,  or  critical  health  con-
itions)  or  when  high  costs,  prolonged  titration  times,  or
engthy  waiting  lists  prevent  or  delay  titration  in  sleep
aboratories.

The  study  has  some  limitation,  since  the  formula  needs
o  be  validated  on  a  separate  set  of  patients;  we  included
nly  male  patients  and  in  this  protocol,  and  an  additional
adiograph  exam  was  required.

onclusion
n  a  sample  of  non-obese  male  patients  with  mild-to-
oderate  OSAS,  optimal  CPAP  pressure  was  predicted  by
andibular  length,  atlas---jaw  distance  and  the  modified  Mal-

ampati  classification.
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