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Abstract
Introduction:  Chronic  upper  airway  obstruction  due  to  marked  nasal  septal  deviation  may  cause
chronic hypoxia.  It  may  change  the  balance  of  the  sympathetic-parasympathetic  system  and
may affect  blood  flow  in  the  choroid.
Objective:  To  assess  choroidal  thickness  measurements  of  patients  with  marked  nasal  septal
deviation.
Methods:  The  patients  who  had  nasal  obstruction  symptoms  diagnosed  with  marked  nasal  sep-
tal deviation  by  anterior  rhinoscopy  and  nasal  endoscopy  and  scheduled  for  septoplasty  were
included in  the  study.  The  control  group  consisted  of  age,  sex  and  body  mass  index-matched
healthy individuals.  The  choroidal  measurements  at  the  central  fovea  and  1000  �m  away  from
the fovea  in  the  nasal  and  temporal  regions  were  performed  using  enhanced  depth  imaging
optical coherence  tomography.
Results:  In  the  study  group,  52  eyes  of  26  patients  with  a  mean  age  of  26.34  ±  8.14  years
were examined.  In  the  control  group,  52  eyes  of  28  healthy  individuals  with  a  mean  age  of
26.69 ±  7.84  years  were  examined.  There  was  no  statistically  significant  difference  in  terms  of
choroidal thickness  measurements  between  the  groups  (p  >  0.05).
Conclusion:  Our  results  suggest  that  marked  nasal  septal  deviation  may  not  lead  to  significant
hypoxia and  sympathetic  activation,  resulting  in  deterioration  of  the  choroidal  blood  flow  and
consequent  choroidal  thickening.

© 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/).
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PALAVRAS-CHAVE
Desvio  do  septo  nasal;
Espessura  da  coroide;
Distúrbios
respiratórios  do  sono

Avaliação  das  medidas  da  espessura  da  coroide  em  pacientes  com  acentuado  desvio
de  septo  nasal

Resumo
Introdução: A  obstrução  crônica  das  vias  aéreas  superiores  devido  a  acentuado  desvio  do  septo
nasal pode  causar  hipóxia  crônica.  Pode  alterar  o  equilíbrio  do  sistema  simpático-parassimpático
e afetar  o  fluxo  sanguíneo  na  coroide.
Objetivo:  Avaliar  as  medidas  da  espessura  da  coroide  em  pacientes  com  acentuado  desvio  de
septo nasal.
Método:  Foram  incluídos  no  estudo  pacientes  que  apresentavam  sintomas  de  obstrução  nasal,
com diagnóstico  de  acentuado  desvio  de  septo  realizado  por  rinoscopia  anterior  e  endoscopia
nasal, e  com  septoplastia  programada.  O  grupo  controle  consistiu  de  indivíduos  saudáveis  parea-
dos por  idade,  sexo  e  índice  de  massa  corporal.  As  medidas  da  coroide  na  fóvea  central  e  a
1.000 �m  da  fóvea  nas  regiões  nasal  e  temporal  foram  feitas  com  tomografia  de  coerência  óptica
com imagem  de  profundidade  melhorada.
Resultados:  No  grupo  de  pacientes,  52  olhos  de  26  pacientes  com  média  de  26,34  ±  8,14  anos
foram examinados.  No  grupo  controle,  52  olhos  de  28  indivíduos  saudáveis  com  média  de
26,69 ±  7,84  anos  foram  examinados.  Não  houve  diferença  estatisticamente  significante  em
termos de  medidas  da  espessura  da  coroide  entre  os  grupos  (p  >  0,05).
Conclusão:  Nossos  resultados  sugerem  que  desvios  do  septo  nasal  acentuados  podem  não  levar
à hipóxia  significativa  e  ativação  simpática,  resultar  na  deterioração  do  fluxo  sanguíneo  coroidal
e consequente  espessamento  da  coroide.
© 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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made.  This  study  included  a  total  of  52  eyes  of  26  patients
Introduction

Nasal  Septal  Deviation  (NSD)  is  one  of  the  major  causes  of
upper  airway  obstruction.1 It  has  be  suggested  that  chronic
upper  airway  obstruction  may  cause  chronic  hypoxia,  or
hypercarbia  because  of  alveolar  hypoventilation.1---4 Marked
Nasal  Septal  Deviation  (MNSD)  may  lead  to  upper  airway
obstruction  chronically  and  severely.

The  choroid,  a  vascularized  structure,  is  supplied  by  the
posterior  ciliary  arteries  and  accounts  for  approximately
90%  of  the  total  ocular  blood  flow.  The  choroid’s  vascula-
ture  is  the  major  supply  of  oxygen  and  nutrients  for  the
outer  retina.  The  choroidal  blood  flow  may  also  cool  and
warm  the  retina.  The  choroid,  being  a  vascular  structure,
can  be  affected  by  systemic  circumstances  such  as  diabetes,
chronic  heart  failure,  and  hypertension.  Previous  studies
have  reported  that  increased  or  decreased  choroidal  circu-
lation  may  be  associated  with  abnormal  Choroidal  Thickness
(CT).5 The  thickest  part  of  normal  choroid  is  under  the
fovea  while  thinning  exists  in  the  surrounding  areas  of
fovea.6 Currently,  Enhanced  Depth  Imaging  Optical  Coher-
ence  Tomography  (EDI-OCT)  is  a  relatively  new  technique
and  is  commonly  used  as  an  imaging  modality  for  quali-
tative  and  quantitative  assessment  of  the  choroid  in  daily
practice.6

Many  studies  in  the  literature  have  investigated  the
effect  of  Obstructive  Sleep  Apnea  Syndrome  (OSAS)  on

7---11
CT. In  a  meta-analysis  evaluating  these  studies,  a
decline  in  choroid  thickness  was  found  in  the  CT  of
patients  with  Obstructive  Sleep  Apnea  (OSA).12 It  was
argued  that  the  enhancing  effect  of  recurrent  upper
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espiratory  tract  obstructions  during  sleep  on  sympa-
hetic  activity,  hypoxia  and  hypercapnia  resulted  from
eterioration  of  vascular  circulation  and  choroidal  blood
ow.

Chronic  hypoxia  and  hypercapnia  due  to  NSD  may  affect
he  choroidal  blood  flow  and  may  change  the  choroidal
hickness.  Although  several  studies  have  investigated  CT  in
atients  with  OSAS,7---11 to  best  of  our  knowledge  there  is
o  study  investigating  CT  in  patients  with  NSD.  Therefore,
n  the  present  study,  we  aimed  to  evaluate  the  CT  using
DI-OCT  in  MNSD  patients.

ethods

tudy  population  and  design

his  prospective,  case-control  study  was  conducted  in  the
epartment  of  Otolaryngology  and  Ophthalmology  between
eptember  2016  and  March  2017.  The  study  was  approved
y  the  Clinical  Research  Ethics  Committee  (Approval  No.
016.3.9)  and  conducted  in  accordance  with  the  principles
f  the  Declaration  of  Helsinki.  A  verbal  and  written  informed
onsent  was  obtained  from  each  participant.

A  detailed  otorhinolaryngologic  examination  includ-
ng  oropharynx,  nasal  passages,  nasopharynx,  larynx  and
ypopharynx  regions  by  flexible  fiberoptic  endoscope  were
ho  exhibited  nasal  obstruction  symptoms  diagnosed  with
NSD  by  anterior  rhinoscopy  and  nasal  endoscopy  and  sched-
led  for  septoplasty  between  the  ages  of  18  and  55  years  in
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difference  in  the  macular  thickness  between  two  groups
(p  >  0.05).

Table  1  Demographic  and  ophthalmological  characteris-
tics of  the  groups.

MNSD  Control  p-Value

Eye  (n)  52  52
Age (years)  26.34  ±  8.14  26.69  ±  7.84  0.686
Male/female  44/8  41/11  0.446
BMI (kg/m2)  23.58  ±  4.41  24.32  ±  4.40  0.429
SE −0.2021  ±  0.62  −0.3798  ±  0.83  0.227
AL (mm)  23.26  ±  0.81  23.50  ±  0.72  0.142
IOP (mm  Hg)  16.02  ±  2.73  15.46  ±  2.83  0.318

BMI, body mass index; SE, spherical equivalent; AL, axial length;
IOP, intraocular pressure.

Table  2  Choroidal  thickness  measurements  at  different
positions.

MNSD  Control  p-Value
44  

ur  hospital.  The  control  group  consisted  of  52  eyes  of  28
ge,  sex  and  body  mass  index-matched  healthy  individuals.

xclusion  criteria

atients  with  other  Upper  Airway  Obstruction  (UAO)  ---
elated  conditions  (rhinitis,  enlarged  turbinates,  nasal  poly-
osis,  adenotonsillary  hypertrophy,  obstructive  sleep  apnea)
ere  excluded  in  this  study.  In  addition,  patients  with
hronic  inflammatory  disease,  autoimmune  disease,  sys-
emic  disease  (diabetes  mellitus,  hypertension,  coronary
rtery  disease,  cardiac  and  pulmonary  diseases),  smoking,
nd  long-term  drug  use  were  also  excluded  from  the  study.
xclusion  criteria  were  also  as  follows:  high  myopia  or  hyper-
pia  (>+3  or  −3  diopters  of  spherical  equivalent),  a  history
f  intraocular  surgery,  ocular  trauma,  uveitis,  any  topical
edication  and  systemic  disease,  and  poor  image  due  to

nstable  fixation.

xamination  protocol  and  study  measurements

ll  participants  underwent  a  detailed  ophthalmic  exami-
ation  including  slit-lamp  biomicroscopy,  tonometry,  and
undus  examination.  All  participants  also  underwent  Central
orneal  Thickness  (CCT)  and  Axial  Length  (AL)  measure-
ents  using  an  ultrasonic  scan.  All  examinations  were
erformed  between  9  A.M.  and  12  A.M.  All  participants  were
sked  not  to  eat  or  drink  any  food  containing  caffeine  for
2  h  before  examination.

DI-OCT  measurement

ll  participants  were  examined  by  the  Cirrus  HD-OCT  4000
Carl  Zeiss  Meditec,  Inc.,  Dublin,  CA).  The  scan  pattern  used
n  the  Zeiss  Cirrus,  HD  5  line  raster,  is  a  6  mm  line  con-
isting  of  4096  A-scans.  These  images  were  taken  with  the
itreoretinal  interface  adjacent  to  the  zero-delay,  and  were
ot  inverted  to  bring  the  choroid  adjacent  to  zero-delay,
s  image  inversion  using  the  Cirrus  software  results  in  a
ow-quality  image.  The  HD  5-line  raster  has  20  B-scans  aver-
ged  together  without  tracking.  The  procedure  for  EDI-OCT
easurements  has  been  previously  described.6 The  CT  was
easured  from  the  outer  portion  of  the  hyperreflective  line

orresponding  to  the  Retinal  Pigment  Epithelium  (RPE)  of
he  inner  surface  of  the  sclera.  The  horizontal  and  verti-
al  sections  running  through  the  center  of  the  fovea  were
elected  for  further  analysis.  Thus,  the  CT  measurement
as  taken  at  the  fovea  and  1000  �m  away  from  the  fovea

n  the  Nasal  (N1)  and  Temporal  (T1)  regions.  Perpendicular
ines  were  drawn  from  the  posterior  edge  of  the  RPE  to  the
horoid/sclera  junction  using  Cirrus  HD-OCT  software.  The
mages  were  taken  and  assessed  by  two  experienced  tech-

icians  (NS  and  SEB).  Both  of  them  were  masked  in  terms
f  groups.  The  macular  retinal  thickness  (central  1000  �m
hickness  of  fovea)  was  also  measured  using  the  Cirrus  HD-
CT  4000  (Carl  Zeiss  Meditec,  Inc.,  Dublin,  CA).
Üstün  Bezgin  S  et  al.

tatistical  analysis

tatistical  analysis  was  performed  using  the  Statistical  Pack-
ge  for  the  Social  Sciences  (SPSS)  version  18  software  (SPSS
nc.,  Chicago,  IL,  USA).  Descriptive  data  were  expressed
n  mean  ±  standard  deviation.  The  normality  of  the  data
as  confirmed  by  the  Kolmogorov-Smirnov  Z  test.  An  inde-
endent  t-test  and  Mann  Whitney-U  were  used  to  compare
ariables  among  groups.  A  p-value  of  <0.05  was  considered
tatistically  significant.

esults

n  the  group  with  MNSD,  52  eyes  of  26  patients  (male-to-
emale  ratio:  44/8)  with  a  mean  age  of  26.34  ±  8.14  years
ere  evaluated.  In  the  control  group,  52  eyes  of  28  healthy

ndividuals  (male-to-female  ratio:  41/11)  with  a  mean  age
f  26.69  ±  7.84  years  were  evaluated.  The  demographic  and
phthalmological  characteristics  of  the  groups  were  sum-
arized  in  Table  1. There  was  no  statistically  significant
ifference  between  the  groups  in  terms  of  age,  sex,  body
ass  index,  spherical  equivalent,  axial  length,  and  intraoc-

lar  pressure  (p  >  0.05).
The  mean  subfoveal,  nasal,  and  temporal  CT  values

n  MNSD  group  were  300.67  ±  39.08,  282.06  ±  48.73,
94.71  ±  47.89,  respectively,  and  292.19  ±  49.22,
82.31  ±  41.70,  282.37  ±  48.27  in  the  control  group,
espectively.  There  was  no  statistically  significant  differ-
nce  in  the  CT  of  all  three  regions  between  the  groups
p  >  0.05)  (Table  2).

The  mean  foveal  thickness  of  1000  �m  was  found  to
e  249.42  ±  21.83  in  the  patient  group  and  257.42  ±  26.25
n  the  control  group,  indicating  no  statistically  significant
Subfoveal  300.67  ±  39.08  292.19  ±  49.22  0.344
Nasal 282.06  ±  48.73  282.31  ±  41.70  0.762
Temporal  294.71  ±  47.89  282.37  ±  48.27  0.202
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Evaluation  of  choroidal  measurements  in  patients  with  mark

Discussion

Nasal  obstruction  due  to  NSD  is  one  of  the  most  com-
mon  causes  of  upper  airway  obstruction1,4 and  a  risk  factor
for  sleep-disordered  breathing.4,13 It  was  mentioned  that
mechanical  upper  airway  obstructions  may  lead  to  chronic
hypoxia,  hypercarbia,  and  may  cause  sympathetic  activa-
tion  and  vascular  circulatory  dysfunction.14 Thus,  NSD  may
change  the  balance  of  the  sympathetic-parasympathetic  sys-
tem  and  may  affect  blood  flow  in  choroid  and  therefore  eye
health.  To  study  this,  we  investigated  the  effects  of  MNSD
on  choroidal  thickness.  Although,  CT  is  not  a  direct  measure
of  choroidal  blood  flow,  which,  is  mainly  evaluated  by  laser
doppler  flowmetry,15 in  this  study  we  attempted  to  show  the
regulation  of  choroidal  blood  flow  measured  by  thickness
measurements  that  used  EDI-OCT.  In  the  present  study,  CT
was  thought  to  be  associated  with  choroidal  blood  flow  and
was  compared  between  the  patients  with  MNSD  and  healthy
controls.  However,  in  this  study,  no  significant  differences  in
terms  of  choroid  thickness  measurements  in  subfoveal,  T1
and  N1  areas  between  the  groups  were  observed.

In  a  meta-analysis  of  He  et  al.,12 a  significant  decrease
in  choroidal  thickness  of  OSAS  patients  was  detected  when
compared  with  normal  patients.  CT  of  moderate  or  severe
OSAS  patients  was  identified  to  be  thinner  than  control
group,  whereas  there  were  similar  measurements  in  the
control  group  versus  mild  OSAS  group.  Existence  of  simi-
lar  CT  measurements  between  mild  OSAS  and  control  group
was  attempted  to  be  explained  by  choroidal  auto-regulation
mechanisms.  In  mild  OSAS  patients,  the  balance  between
sympathetic  and  parasympathetic  fibers  termination  in  the
choroid  was  thought  to  be  preserved.  In  our  study,  it  seems
that  MNSD  may  have  limited  effect  on  choroidal  auto-
regulation,  just  like  mild  OSAS.

In  the  study  of  Karaca  et  al.  no  correlation  between
mild,  moderate  and  severe  OSAS  and  choroidal  thickness
was  observed.  In  this  study,  all  the  patients  were  newly
diagnosed;  previously  diagnosed  patients  were  not  included
because  of  mixing  effect  of  the  treatment  regimen  over  the
results.11 They  suggested  that  newly  diagnosed  patients  had
healthy  parasympathetic  innervations  of  choroid  and  thus
the  choroidal  blood  flow  may  be  preserved  in  this  group  of
patients.  Similarly  in  our  work,  in  the  case  of  nasal  obstruc-
tion  due  to  MNSD,  the  vascular  circulation  and  the  balance
between  sympathetic  and  parasympathetic  regulation  may
remain  stable.

The  direct  correlation  between  the  severity  of  nasal
obstruction  and  the  severity  of  sleep-disordered  breath-
ing  has  not  yet  been  clearly  established.  The  results  of
the  studies  investigating  the  effects  of  nasal  obstruction
on  breathing  during  sleep  are  controversial.16---20 In  the
study  conducted  by  Young  et  al.,16 there  was  an  association
between  nasal  congestion  and  snoring  and  daytime  sleepi-
ness.  In  another  study,  there  was  a  correlation  between
airway  resistance  in  the  sleep  posture  of  37  patients
and  habitual  snoring  as  evaluated  by  polysomnography
and  rhinomanometry.17 Lofaso  et  al.18 reported  that  nasal
obstruction  was  an  independent  risk  factor  for  OSA.  In

the  study  conducted  by  Miljeteig  et  al.,19 683  patients
who  applied  for  sleep  polysomnography  were  divided  into
three  groups  according  to  their  nasal  resistance,  and  no
asal  septal  deviation  245

ignificant  difference  in  the  apnea  and  snoring  rates  was
ound  among  the  three  groups.  McNicholas20 showed  a  rela-
ionship  between  the  nose  and  OSA,  and  suggested  that
eversible  nasal  obstruction  (allergic  rhinitis,  iatrogenic)
as  more  associated  with  sleep-disordered  breathing  than
ermanent  nasal  obstruction  such  as  nasal  deviation.  In  a
eview  investigating  all  these  studies,  Georgalas  et  al.13 con-
luded  that  nasal  obstruction  was  associated  with  simple
noring  and  mild  sleep-related  breathing  disorders,  particu-
arly  reversible  ones.  In  addition,  they  proposed  that  nasal
bstruction  did  not  contribute  to  the  vast  majority  of  mod-
rate  and  severe  OSAS  patients.  Although  our  study  was  not
ntended  to  reveal  the  relationship  between  NSD  and  sleep-
isordered  breathing  or  OSAS,  we  suggest  that  our  results
eem  to  be  relatively  consistent  with  the  weaker  associa-
ion  of  persistent  nasal  obstruction  with  sleep-disordered
reathing  based  on  the  similar  effects  with  mild  OSAS  on
horoidal  thickness.

In  our  study,  we  also  investigated  the  central  macular
hickness  and  no  significant  difference  was  found  between
wo  groups.  The  choroid  is  completely  responsible  for  feed-
ng  the  foveal  part  of  the  eye’s  macular  layer.  Therefore,
entral  macular  thickness,  where  the  influence  of  the
schemia  hypoxia  state  is  more  obvious  in  the  macular  cen-
er  fovea  because  of  the  highest  oxygen  consumption  of  the
hotoreceptors  in  this  region.7 In  the  study  conducted  by
in  et  al.,7 there  was  no  significant  difference  in  the  thick-
ess  in  the  foveal  macula  between  mild  and  moderate  OSAS
atients  and  control  group,  whereas  the  severe  OSAS  group
ad  statistically  thinner  foveal  thickness  than  the  control
roup.

These  results  suggest  that  the  nasal  obstruction  devel-
ped  in  patients  with  MSND  may  not  lead  to  significant
ypoxia  and  sympathetic  activation,  resulting  in  deteriora-
ion  of  the  choroidal  blood  flow  and  consequent  choroidal
hickening.

onclusion

his  is  the  first  study  investigating  choroid  thickness  mea-
urements  in  patients  with  MNSD.  We  found  no  significant
orrelation  between  MNSD  and  CT.  MNSD  appears  not  to
ause  severe  hypoxia  and  does  not  lead  to  significant  dete-
ioration  in  the  balance  of  sympathetic---parasympathetic
ystem,  thereby  not  causing  alteration  of  CT.  However,
urther  large-scale  studies  are  required  to  confirm  these
ndings.
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