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Abstract

Introduction:  Nasal  septal  deviation  may  contribute  to  a  wide  range  of  symptoms  including  nasal
obstruction,  headache,  increased  secretion,  crusting,  mucosal  damage,  and  loss  of  taste  and
smell. Excessive  increase  in the  respiratory  resistance,  as  seen  in  nasal septal  deviation,  results
in reduced  lung  ventilation,  thereby  potentially  leading  to  hypoxia,  hypercapnia,  pulmonary
vasoconstriction.  The  deformities  in the  nasal cavity  can  be associated  with  major  respiratory
and circulatory  system  diseases.
Objective:  To  investigate  cardiovascular  effects  of  septoplasty  by  comparing  pre-  and  postop-
erative transthoracic  echocardiography  findings  in nasal septal  deviation  patients  undergoing
septoplasty.
Methods:  The  prospective  study  included  35  patients  with  moderate  and severe  nasal  sep-
tal deviation  (mean  age,  23.91  ± 7.01)  who  underwent  septoplasty.  The  Turkish  version  of  the
nasal obstruction  symptom  evaluation,  NOSE  questionnaire,  was  administered  to  each  partici-
pant both  pre-  and  postoperatively  in order  to  assess  their  views  on  the  severity  of  nasal  septal
deviation, the  effect  of  nasal  obstruction,  and  the  effectiveness  of  surgical  outcomes.  A  com-
prehensive  transthoracic  echocardiography  examination  was  performed  both  preoperatively
and at  three  months  postoperatively  for  each  patient  and  the  findings  were  compared  among
patients.
Results: Mean  preoperative  NOSE  score  was  17.34  ±  1.62  and  the  mean  postoperative  score
was 2.62  ±  1.68  (p  = 0.00).  Mean  preoperative  systolic  pulmonary  artery  pressure  value  was
22.34 ± 4.31  mmHg  and  postoperative  value  was  18.90  ±  3.77  mmHg  (p  =  0.00).  Mean  E/e’  ratio
was 5.33  ±  1.00  preoperatively  and  was  5.01  ±  0.90  postoperatively  (p  = 0.01).  The  NOSE  scores,
systolic pulmonary  artery  pressure  values,  and  the E/e’  ratios  decreased  significantly  after
septoplasty (p  <  0.05  for  all),  whereas  no  significant  difference  was  found  in other  transthoracic
echocardiography  parameters  (p  >  0.05).
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Conclusion:  The  decrease  in NOSE  scores  following  septoplasty  indicated  that  the satisfac-
tion levels  of  the  patients  were  increased.  Upper  airway  obstruction  secondary  to  nasal  septal
deviation may  be  a  cardiovascular  risk factor  and  may  affect  transthoracic  echocardiography
measurements.  Moreover,  the  significant  decrease  in the  systolic  pulmonary  artery  pressure
value and  E/e’s  ratio  following  septoplasty  indicated  that  negative  echocardiographic  findings
may be  prevented  by  this  surgery.
©  2020  Associação  Brasileira  de Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published  by
Elsevier Editora  Ltda.  This  is  an  open  access  article  under  the  CC BY-NC-ND  license  (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The  nasal  septum  separates  the  nasal  cavity  into  two  sym-
metric  halves.  Nasal  septal  deviation  (NSD)  results  from
congenital  or  traumatic  deformities  including  dislocation,
deviation,  and  bending  of  the cartilage  and/or  bone  that
form  the  roof  of  the nasal  cavity.1 NSD  has  a reported  inci-
dence  of 14.1%---90.4%.2 A particular  trauma’s  severity  and
direction  creates  the  size  and  shape  of a  deviated  nasal  sep-
tum.  NSD  may  have  a wide  range  of  symptom  manifestations
including  nasal  obstruction,  headache,  increased  mucosal
secretion,  crusting,  mucosal  damage,  and  loss  of  taste  and
smell.3 Septoplasty  is  a operation  commonly  used in the
otorhinolaryngology  practice  for  treating  NSD,  which  is  a
major  cause  of  upper  respiratory  tract  obstruction.4

The  nose  constitutes  approximately  one  half  of  the  total
respiratory  resistance  to  airflow.5 Excessive  increase  in  the
respiratory  resistance,  as  seen in NSD,  results  in reduced
lung  ventilation,  thereby  potentially  leading  to hypoxia,
hypercapnia,  pulmonary  vasoconstriction,  and  increased
intrathoracic  pressure.  All  of  these  factors  have  a poten-
tial  to  affect  sympathetic  and parasympathetic  activation
and  cardiovascular  autonomic  response  and  thereby  to
increase  pulmonary  artery  pressure,  thus possibly  causing
cor  pulmonale,  pulmonary  edema,  ventricular  hypertro-
phy,  cardiomegaly,  cardiac  arrhythmia,  and  ultimately  heart
failure.  Despite  the  lack  of sufficient  evidence  on  their
mechanisms,  cardiovascular  complications  associated  with
NSD  are  often  caused  by hypoxia  and  hypercarbia.6---8

Studies  investigating  other  causes  of upper  respiratory
tract  obstruction  such  as adenotonsillar  hypertrophy,  nasal
polyps,  obstructive  sleep  apnea  syndrome  (OSAS),  and  ret-
rosternal  goiter  and  investigating  the  effects  of NSD  on
cardiopulmonary  system  have  revealed  that  the surgical
relief  of  upper  respiratory  tract  obstruction  led to  improve-
ment  in  right  ventricular  (RV)  function  and  a  significant
reduction  in pulmonary  artery  pressure.6,9---14

Septoplasty  outcomes  can  be  evaluated  both  objectively
and  subjectively.  Accordingly,  reliable  methods  are  needed
in otolaryngology  practice  to approve  the  accuracy  of  indi-
cations  for septal  surgery.  Nevertheless,  the  use  of objective
methods  for  this aim  is  controversial  and  there  is  no  consen-
sus  on  an  objective  assessment  tool  for  NSD.15,16 For  these
reasons,  in  the  present  study,  the  Turkish  version  of  the  NOSE
questionnaire  was  administered  to  each patient  both  pre-
operatively  and at three  months  postoperatively.  The  NOSE
questionnaire  consists  of  five  items,  including:  (1)  nasal
congestion  or  stuffiness;  (2)  nasal  blockage  or  obstruction;

(3)  trouble  breathing  through  my  nose;  (4)  trouble  sleeping;
(5)  inablity  to  get  enough  air  through  my  nose  during  exer-
cise  or  exertion.  Each  item  is  scored  using  the 5-point  Likert
scale  with  the  range  from  0 to 4 (0: no  problem;  1: very  mild;
2: moderate;  3: fairly  bad;  and  4:  severe).  The  raw  score
ranges  from  0 (no nasal  obstruction)  to  20  (the  most severe
nasal  obstruction).  The  raw  scores  are  added  whereby  higher
scores  indicate  more  severe  nasal  obstruction.17

To  our  knowledge,  there  has been  no  comprehensive
study  specifically  investigating  cardiovascular  effects  of  sep-
toplasty  in  patients  with  pure  NSD.  Accordingly,  based  on
the  hypothesis  that  the  deformities  in the nasal  cavity  could
be  associated  with  major  respiratory  and  circulatory  system
diseases,  the  present  study  aimed  to  conduct  an  extensive
evaluation  of  the cardiovascular  effects  of  septoplasty  via
transthoracic  echocardiography  (TTE).  Moreover,  the  study
also  aimed  to  evaluate  multiple  cardiovascular  parameters,
particularly  including  systolic  pulmonary  artery  pressure
(sPAP)  and  E/e’  ratio  (the  ratio  between  peak  velocity  of
early  diastolic  transmitral  flow  and  peak  velocity  of  early
diastolic  mitral  annular  motion  as  determined  by  pulsed
wave  Doppler),  through  a holistic  approach  and  to  examine
the  success  of  septoplasty  on TTE.

Methods

The  prospective  study  included  35  patients  who  had  suffered
from  nasal  obstruction  for  at least six  months,  were diag-
nosed  with  NSD  and  subsequently  underwent  septoplasty
operation  in our  clinic  between  September  2019  and  March
2020.

The study  was  approved  by  the local  ethics  committee
(Approval  date:  August  21,  2019; no 2019.14.108).  The  study
protocol  was  conducted  in accordance  with  the Helsinki
Declaration  and  ethical  standards  and  an informed  writ-
ten  consent  was  obtained  from  each  patient  prior  to  the
initiation  of  the  research.

A  clinical  history  was  supplied  from  each participant.
Subsequently,  an extensive  otorhinolaryngological  examina-
tion  was  made  by  an  experienced  otorhinolaryngologist  and
an  extensive  cardiac  examination  was  made  by  an  experi-
enced  cardiologist  for  each  patient.

NSD along  with  its type  and  indications  were  diagnosed
via  anterior  rhinoscopy,  nasal  endoscopy,  and paranasal  sinus
computed  tomography  (PCT).

The  NSD  types  were  classified  based  on the  classification
proposed  by  Dreher  et  al.18:  Grade  I  ----  mild  deviation  (devia-
tion  less  than  half  of  the total  distance  from  midline  septum
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to  the  lateral  wall),  Grade  II ----  moderate  deviation  (devi-
ation  greater  than  half  of  the total  distance  from  midline
septum  to  the lateral  wall  but  not touching  it),  Grade  III  ----
severe  deviation  (deviation  touching  the  lateral  wall).

Patients  who  had a  Grades  II and  III septal  deviation  (i.e.
greater  than  half  of the  total  distance),  had a  normal  otorhi-
nolaryngological  and cardiac  examination  as  well  as  a  normal
body  mass  index,  normal  heart  rate, normal  peripheral  oxy-
gen  saturation  (SpO2),  normal diastolic  and  systolic  blood
pressure,  patients  with  NOSE  score  greater  than  15  and  no
health  problems  other  than  NSD  between  the  ages  of  18---47
were  included  in the study.

Endoscopic  oropharyngeal,  nasopharyngeal,  and laryn-
geal  examinations  were  completed  before  the operation.
In  these  examinations,  no  pathological  findings  were  deter-
mined  that  could  lead  to  obstruction  in terms  of  OSAS.  There
was  no obesity  in patients.  In addition,  the patients  were
asked  whether  there  was  morning  fatigue,  daytime  sleepi-
ness,  restlessness,  shortness  of  breath,  sweating,  and  apnea
during  sleep.  There  was  no  finding  to  point out OSAS  in
patients.  Therefore,  there  was  no  cause  for  polysomnogra-
phy  test.

To  evaluate  the success  of  septoplasty,  the Turkish  version
of  the  Nasal  Obstruction  Symptom  Evaluation  (NOSE)  ques-
tionnaire  was  administered  to  each  participant  both  pre-  and
postoperatively  in  order  to  assess  their  views on  the  severity
of  NSD,  the  effect  of nasal  obstruction,  and  the effectiveness
of  surgical  outcomes.17 Patients  with  NOSE  score  between
15-20  points  were  included  in the study.  Prior  to  surgery,  a
routine  examination  including  blood  tests,  chest  radiogra-
phy,  and  electrocardiogram  was  performed  in each patient.

Exclusion  criteria  were  as  follows:  chronic  lung  disease,
age  less  than 18  years  and over  50  years,  cardiac  diseases,
laryngeal  disorders,  morbid  obesity,  OSAS,  cigarette  smoking
and  alcohol  consumption,  prior  nasal  surgery,  grade  3  or  4
tonsillar  hypertrophy  according  to  Brodsky  scale,  history  of
intranasal  drug  use, and  nasal  obstruction  caused  by  other
factors.

A  comprehensive  TTE  examination  was  performed  both
preoperatively  and  at  three  months  postoperatively  in the
Cardiology  department  and the  results  were  recorded  for
each  patient.

Septoplasty  operation  and postoperative  period

All the  operative  procedures  were  performed  by  two  sur-
geons  using  the same  technique  for  all  the  patients  at
our  clinic.  The  operation  was  made  using  the conventional
closed  technique  under  general  anesthesia.  After sterile
draping,  1%---2%  lidocaine  with  1/100,000  epinephrine  was
injected  into  the subperichondrial  plane along  the  septum
using  a  dental-tip  injector.  Afterwards,  a  Killian  incision
was  made  on  the  side  of  the deviation.  The  mucoperi-
chondrial  and  mucoperiosteal  flaps  were  elevated  and  the
deviated  segment  was  dissected  from  adjacent  structures
via  posterior  and inferior  chondrotomy;  the septum  was
then  fixed  to  the midline  nasal  spine.  The  L-strut  struc-
ture  was  preserved  by  leaving  an adequate  strut  (1 cm) in
superior  and anterior  septal  cartilages.  The  bone  support
was  also  preserved.  Septal  mucosa  was  transfixed  with  3/0
Vicryl  suture.  Following  bleeding  control,  the patency  of
both  nasal  passages  was  evaluated  endoscopically  in each

patient.  A septal  silicone  splint  was  inserted  in both  nasal
passages  to  prevent  bleeding  and septal  hematoma.  The  pro-
cess  was  completed  without  complications.  Mean  operation
time  ranged  between  20  and 30  min.  Amoxicillin/clavulanic
acid,  analgesic,  nasal  cream,  and nasal  wash  were suggested
to  patients.  All  the patients  were  discharged  24  h  after
operation.  The  septal  silicone  splints  were  removed,  and
the  nasal  passages  were  cleansed  at  postoperative  day 6.
Patients  were  controlled  at  week  2 and  at 1 and  3  months.  No
intranasal  steroids  and  nasal  decongestants  were  used  post-
operatively.  In the  postoperative  period,  a  complete  nasal
passage  opening  in the nose  was  evaluated  by  another  oto-
laryngologist  as  an  evidence  of  whether  the  operation  was
successful  or  not  and  no  residual  NSD  (i.e. uncorrected  NSD)
was  detected.

Transthoracic  echocardiography  examination  and
assessment

M-mode  and  2-dimensional  (2D) echocardiographic  images
and  spectral  and  color  Doppler  images  were  obtained  using
the  GE  VIVID  S60  Ultrasound  System  (General  Electric,
Chicago,  Illinois,  USA)  with  a 3.5-MHz  probe.  In  line  with
the  American  Society  of Echocardiography’s  Guidelines  and
Standards,  parasternal  long-axis  and  short-axis  views  and
apical  2-  and  4-chamber  views  were  evaluated  with  the
patient  in  the  left  lateral  decubitus  position.19 From  apical
4-chamber  views,  transmitral  pulsed  wave  Doppler  veloci-
ties  were  registered  with  the sample  volume  placed within
the  valve  orifice  near  the  leaflet  tips  and  by  analyzing
three  consecutive  cycles.  Left  atrium  diameter  (LAD),  aortic
root  (Ao),  ascending  aorta  diameter  (AoAscD),  right  atrium
diameter  (RAD),  RV  diameter  (RVD),  pulmonary  artery diam-
eter  (PAD),  RV outflow  tract  (RVOT),  sPAP, interventricular
septum  thickness  at  end-systole  (IVSs),  interventricular  sep-
tum  thickness  at end-diastole  (IVSd),  ejection  fraction  (EF),
stroke  volume  (SV),  left ventricular  internal  dimension  at
end-systole  (LVIDs),  left ventricular  internal  dimension  at
end-diastole  (LVIDd),  fractional  shortening  (FS),  left ven-
tricular  posterior  wall  thickness  at end-systole  (LVPWs),  left
ventricular  posterior  wall  thickness  at  end-diastole  (LVPWd),
peak  velocity  of  early  diastolic  transmitral  flow  (E),  peak
velocity  of  early  diastolic  mitral  annular  motion  as  deter-
mined  by  pulsed  wave  doppler  (e’), pulmonary  maximum
velocity  (PVmax),  aortic  maximum  velocity  (AVmax)  and  the
E/e’  ratio  were  measured  and  then  recorded.

sPAP  was  calculated  from  the continuous-wave  Doppler
peak  tricuspid  regurgitation  velocity.  All  the TTE  processes
were  performed  both  preoperatively  and  at  three  months
postoperatively  by  the same  experienced  cardiologist  who
was  blinded  to  the clinical  and surgical  characteristics  of
the  patients,  using  the  same  ultrasound  device.

Statistical  analysis

Descriptive  were  expressed  as  mean  ± standard  deviation.
Categorical  variables  were  compared  using  Chi-square  test.
Normal  distribution  of  continuous  variables  was  analyzed
using  Shapiro  Wilk  test  and  Q---Q Plots.  Then,  differences
between  pre-  and  post-operative  TTE  findings were com-
pared.  Variables  with  normal  distribution  were  compared
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using  Paired  sample  t-test  and  variables  nonnormal  distri-
bution  were  compared  using  Wilcoxon  signed-rank  test.  A
p-value  of  <0.05 was  considered  significant.

Results

The 35  patients  were  comprised  of  16  (45.7%)  men  and  19
(54.3%)  women  with  a  mean  age of 23.91  ±  7.01  (range,
18---47)  years.  Unilateral  NSD  was  present  in  31 (88.5%)  and
bilateral  NSD  (S  type)  was  present  in 4 (11.4%)  patients.
Mean  time  for nasal  obstruction  was  5.34  ±  3.24  years.
According  to  Dreher’s  classification,  21  (60%)  patients  had
Grade  II  and  14  (40%)  patients  had  Grade  III pure  NSD.
According  to  NSD  etiology,  32 of  the patients  had congen-
ital  etiology.  Only  3  patients  had  a  traumatic  status.  On
preoperative  PCT,  no clinical  condition  other  than  NSD  was
detected  as  a cause  of nasal  obstruction  in  any  patient.
Table  1 presents  the demographic  characteristics  of  the
patients.

Postoperative  nasal  examination  revealed  no
complications  such  as  bleeding,  septal  perforation,
hematoma,  infection,  residual  NSD,  and  synechia  in any
patient.

Mean  preoperative  NOSE  score  was  17.34  ±  1.62  and  the
mean  postoperative  score  was  2.62  ±  1.68  and  a  significant
reduction  was  observed  in postoperative  NOSE  points  com-
pared  to  preoperative  scores  (p  =  0.00).

Mean  preoperative  sPAP  value  was  22.34  ± 4.31  mmHg
and  the  mean  postoperative  value  was  18.90  ±  3.77  mmHg
(p  =  0.00)  (Fig.  1).  In  32 of  35  patients,  there  was  a decrease
in  the  sPAP  value  compared  with  the  preoperative  period.
Preoperatively,  10  (28.5%)  patients  had  an sPAP  value  of
>25  mmHg,  which  decreased  to  below  25  mmHg  postoper-
atively  in  eight  patients.  In the  remaining  two  patients,  it
decreased  remarkably  postoperatively  although  it  remained
above  25  mmHg.  In only  three  patients,  a minimal  increase
was  observed  in  postoperative  sPAP  value  compared  to  its
preoperative  value.  Mean  E/e’  ratio  was  5.33  ±  1.00  pre-
operatively  and  was  5.01  ±  0.90  postoperatively  (p  =  0.01)
(Fig.  2).  Both  the  sPAP  values  and E/e’  ratios  decreased  sig-
nificantly  after  surgery,  indicating  clinical  improvement  in
our  patients.  On  the  other  hand,  although  the LAD,  AoAscD,
RAD,  RVD,  PAD,  RVOT,  EF,  SV, LVIDs, LVIDd,  FS,  LVPWs,  LVPWd,
PVmax,  and  AVmax  values  decreased  after  surgery,  no  signif-
icant  difference  was  established  in  any  parameter  (p  >  0.05)
(Table  2).

Table  1  Demographic  data  of  patients  with  nasal  septum
deviation.

Variables  Mean  ±  SD

Age,  years  23.91  ± 7.01
Male, n  (%)  16  (45.7)
Female,  n  (%)  19  (54.3)
Body  Mass  Index,  kg/m2

Preoperative  22.08  ± 2.10
Postoperative  22.09  ± 2.10
p 0.95

SD, standard deviation.

Figure  1 Distribution  of  preoperative  and  postoperative  sys-
tolic pulmonary  artery  pressure  (sPAP)  values  on  box  plot  graph.

Figure  2 Distribution  of  preoperative  and  postoperative  E/e’
values  on box  plot  graph.

Discussion

Nasal  airflow  is  the primary  criterion  for  successful  septo-
plasty.  The  nasal  septum  is  the main  support  of the nasal
roof  and  also  plays  key  role  in regulating  nasal  airflow.1 NSD
is  considered  as  the leading  cause  of  numerous  clinical  con-
ditions  associated  with  nasal  obstruction  including  concha
bullosa,  lower  concha  hypertrophies,  and  nasal  polyposis.20

Septoplasty  is  the  mainstay  for  surgical  treatment  of  NSD.4

According  to  our  clinical  experience,  this  technique  is  mostly
performed  under  general  anesthesia  and  provides  short  heal-
ing  time  and patients  are mostly  discharged  24  h  after  the
procedure.

Septoplasty  studies  with  short  control  periods  (6 weeks---6
months)  have  revealed  that  the symptoms  were  relieved  in
45%---92%  of  the patients  following  surgery.21 In  our  study,
since  the patients  maintained  adequate  nasal  airflow,  their
NOSE  scores  improved  significantly  at three  months  post-
operatively  (decreased  by  84.9%),  which  indicates  a high
success  rate  for  septoplasty.  We  think  the improvement  in
the  NOSE  scale  scores  are enhanced  with  the improvement
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Table  2  Comparison  of  preoperative  and  postoperative  clinic  findings  in  patients  with  nasal  septum  deviation  (paired  sample
t-test was  used).

Parameters  Preoperative  (n  =  35)  Postoperative  (n =  35)  p-Value
Mean ±  SD Mean  ± SD

LAD,  cm  3.16  ± 0.42  3.09  ± 0.47  0.11
Ao, cm  2.35  ± 0.25  2.40  ± 0.28  0.26
AoAscD,  cm  2.82  ±  0.37  2.76  ± 0.32  0.07
RAD, cm  3.13  ±  0.38  3.07  ± 0.36  0.10
RVD, cm 3.17  ±  0.35 3.12  ± 0.38 0.22
PAD, cm 1.94  ±  0.21 1.90  ± 0.16 0.15
RVOT, cm 2.21  ±  0.21 2.20  ± 0.23 0.91
IVSs, cm  1.07  ±  0.15  1.08  ± 0.11  0.47
IVSd, cm  0.78  ±  0.11  0.80  ± 0.11  0.22
EF, % 68.74  ±  4.10  68.40  ±  2.96  0.64
SV, mL  62.30  ±  10.72  60.77  ±  9.71  0.27
LVIDs, cm 2.66  ±  0.31 2.65  ± 0.30 0.75
LVIDd, cm 4.37  ±  0.39 4.35  ± 0.27 0.73
FS, % 40.39  ±  3.79 39.39  ±  3.21 0.10
LVPWs, cm 1.06  ±  0.12 1.04  ± 0.12 0.51
LVPWd, cm  0.79  ±  0.11  0.78  ± 0.11  0.66
PVmax,  m/s  1.11  ±  0.17  1.09  ± 0.17  0.46
AVmax, m/s  1.26  ±  0.18  1.24  ± 0.14  0.39
E/e’ 5.33  ±  1.00  5.01  ± 0.90  0.01a

sPAP,  mm  Hg 22.34  ±  4.31  18.90  ±  3.77  0.00a

NOSE  score  17.34  ±  1.62  2.62  ± 1.68  0.00a

SD, standard deviation; LAD, left atrium diameter; Ao, aortic root; AoAscD, ascending aorta diameter; RAD, right atrium diameter;
RVD, right ventricular diameter; PAD, pulmonary artery diameter; RVOT, right ventricular outflow tract; sPAP, systolic pulmonary artery
pressure; IVSs, interventricular septum thickness at end-systole; IVSd, interventricular septum thickness at end-diastole; EF, ejection
fraction; SV, stroke volume; LVIDs, left ventricular internal dimension at end-systole; LVIDd, left ventricular internal dimension at  end-
diastole; FS, fractional shortening; LVPWs, left ventricular posterior wall thickness at end-systole; LVPWd, left ventricular posterior wall
thickness at end-diastole; E, peak velocity of  early diastolic transmitral flow; E’, peak velocity of early diastolic mitral annular motion as
determined by pulsed wave Doppler; PVmax, pulmonary maximum velocity; AVmax, aortic maximum velocity; NOSE, nasal obstruction
symptom evaluation.

a Statistically significant.

in sPAP  and E/e’  ratio.  We  claim  that this  idea  increases  the
importance  of  our study.

Relationship  between  NSD  and cardiovascular  diseases
and  the  cardiovascular  complications  of upper  airway
obstruction  (right  heart  failure,  cor  pulmonale,  and  sud-
den  death)  has recently  become  a major  concern  among
researchers.6,9---11,22,23

Caglar  et al.  expressed  that  pulmonary  artery  pressure
(PAP)  is  a  parameter  easily  measured  on TTE.  The  authors
found  that  the PAP  values  and  RVD  were  significantly  higher
in  NSD  patients  and  also  noted  that  NSD  affected  not  only
the  RV  function  but  also  the left  ventricular  (LV)  function
in  early  life.  Based  on  these  findings,  the authors  suggested
that prompt  correction  of  NSD  may  prevent  cardiopulmonary
complications.22

Fidan  et  al.9 found  that  the  mean  pulmonary  artery
pressure  (mPAP)  was  significantly  higher  in  patients  with
marked  NSD  compared  to  control  subjects.  It was  also
found  that  mPAP  values  of  NSD  patients  decreased  signifi-
cantly  after  surgery.  The  authors  developed  an  emergency
treatment  plan  for  septoplasty  to  prevent  and reverse  pos-
sible  adverse  alterations  in the cardiopulmonary  system

in  patients  with  high  mPAP  values.  Following  surgery,  the
mPAP  values  were  normalized  in 16  (72.7%)  out of  22
patients  and decreased  remarkably  in the  remaining  six
patients.

Hassanpour  et al. also  found  higher  mPAP  values  in
patients  with  marked  NSD  undergoing  septorhinoplasty.24

Wiegand  and  Zwillich  suggested  that  hypoxia  is  a  leading
cause  of  cardiac  mortality  in patients  with  OSAS  and  that
NSD  may  lead  to  arrhythmia  by producing  changes  in cardiac
autonomic  functions.25

Yilmaz  et al.  reported  that adenotonsillar  hypertrophy
that  causes  airway  obstruction  increases  PAP values  and
patients  with  adenotonsillar  hypertrophy  have  significan-
tly  reduced  PAP  values  following  adenotonsillectomy.10 In  a
2016  study,  Ozkececi  et al.  compared  25  NSD  patients  with
control  subjects  and  reported  that  the NSD  patients  had
higher  PAP  values  and also  had  worse  RV  function  compared
to  controls.  In  these patients,  the  RV  function  improved
and  the mean  PAP value decreased  following  septoplasty.26

Ghazipour  et  al.  evaluated  35  NSD  patients  and  found  that
the  mPAP  values  of  the patients  decreased  after  surgery
(from  23.8  to  19.8  mmHg).27 As  consistent  with  the lit-
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erature,  the  sPAP  values  of our  patients  also  decreased
following  septoplasty.

The  normal  range  of  sPAP  value  is  18---25  mmHg.28 In
routine  practice,  RV  dysfunction  is  commonly  assessed  by
sPAP  value.23 RV  function  is  accepted  as  the  main  predic-
tor of  prognosis  and  symptoms  in patients  with  pulmonary
hypertension.29 Simsek  and  Simsek  evaluated  RV  function  in
patients  with  nasal  obstruction  associated  with  NSD  using
TTE  and  reported  that  the tissue  Doppler  based  measure-
ments  of  RV  systolic  function  improved,  the sPAP  values
decreased  (from  32.54  ±  5.24  to  24.22 ±  4.55  mmHg),  and
the SpO2 levels  increased  in NSD  patients  following  septo-
plasty.  Based  on  these  findings,  the authors  proposed  that
chronic  hypoxia  could  be  treated  by  septoplasty.23

Kayapinar  et  al. found  that  the  mean  atrial  elec-
tromechanical  delay  times  and  PAP values  in  NSD  patients
decreased  after septoplasty  and suggested  that  NSD  may
result  in  increased  pulmonary  vascular  resistance  and
mPAP  values,  thereby  leading  to  an adverse  effect  on RV
function.30

Ogura  et  al.  reported  that  the  nasopharyngeal  reflex  cre-
ated  with  the aid  of bronchial  muscles  compromised  the
pulmonary  compliance  associated  with  nasal  obstruction
and  also  decreased  the elevated  pulmonary  resistance.31

This  phenomenon  could  be  explained  by  the  reduced  sPAP
in  our  patients  following  septoplasty.  Sahin  et al.  evalu-
ated  pre-  and  postoperative  tricuspid  annular-plane  systolic
excursion  (TAPSE),  RVD, E/A  ratio,  and  mPAP  values  and
reported  that  the  TAPSE  and  mPAP  values  were  significan-
tly improved  following  surgery.  However,  in a  similar  way
to  our  study,  the authors  found  no significant  change  in
RVD.32

To  our  knowledge,  there  has  been  no  comprehensive
study  specifically  investigating  the  cardiovascular  effects  of
septoplasty  and  most  of  the  studies  evaluating  NSD  patients
have  only  compared  PAP  values.  In  the  present  study,  we
evaluated  multiple  cardiovascular  parameters  through  a
holistic  approach  using  TTE,  which  is  a noninvasive,  prac-
tical,  and  effective  technique.

The  E/e’  ratio can be  practically  measured  by  TTE  and a
lower  E/e’ ratio  indicates  improved  diastolic  functions.33 On
the  other  hand,  the E/e’  ratio  has  been shown  to  be a prog-
nostic  predictor  of  survival  in patients  with  congestive  heart
failure,  hypertension,  and  acute  myocardial  infarction.34---36

An  average  E/eŕatio  of  >12  is  indicative  of  diastolic  dysfunc-
tion,  a  ratio  of  8---12  denotes  possible  diastolic  dysfunction,
and  a  ratio  of  <8  is  accepted  normal.37

Zhou  et  al.  suggested  that the  E/e’  ratio  is  a  noninvasive
marker  of  LV  filling  pressure  and  a strong  noninvasive  indica-
tor of  cardiac  events  in  patients  with  preserved  LV  ejection
fraction  and  revealed  that  a  1-unit  rise  in  the  E/e’  ratio
increased  the  risk  of  cardiac  events  by 17%.  In  the same
study,  the  mean  E/e’  ratio  was  found  to  be  10.3  ±  2.8 in
patients  with  no  cardiac  events  as  opposed  to  14.5  ±  5.3 in
patients  with  cardiac  events  and  the difference  was  statisti-
cally  significant.  The  authors  also  noted  that  the  E/e’  ratio
could  play  an  early  and  effective  role  in the classification
of  cardiovascular  risk  in  patients  with  hypertension.38 In  our
study,  depending  on  its  important  role  in  cardiac  events,
the  E/e’  ratio  was  also  evaluated  in our  patients  and,  to

our  knowledge,  the present  study  is  the first  of  its  kind  to
evaluate  the  E/e’  ratio  in NSD  patients.

In  the present  study,  sPAP  and  E/e’  ratio  decreased  signi-
ficantly  after septoplasty,  suggesting  that  septoplasty  may
improve  some  cardiac  disorders  and  also  may  reduce  the
cardiovascular  risk.  Many  studies  are  needed  to  confirm  this
idea.

The  strength  of  our research  was  that  it  had  a prospec-
tive  project  and  a  high  follow  up  rate  (100%),  patients  with
a  higher  probability  of  surgical  success  were  selected,  and
TTE parameters  that  had  not  been  appraised  in previous
researches  were  examined  in the research.  Moreover,  pos-
sible  biases  were  eliminated  by  blinding  the  surgeon  to  the
TTE  records  of the patients.

Our  study  was  limited  since  the TTE  findings  were  not
confirmed  by  cardiac catheterization,  the evaluations  were
made  based  on  short-term  TTE  data,  the  research  had  a
relatively  small  number  of  patients,  the patency  of nasal
passages  was  not  approved  by  objective  techniques  such as
rhinomanometry,  exclusion  of  patients  with  high  pulmonary
artery  pressure,  the  absence  of  polysomnography  (for  OSAS
exclusion)  and  there  was  no  control  group.  The  lack  of  a
control  group  was  due  to the fact  that  most of  the  patients
were  selected  for  surgical  treatment  of  NSD.  However,  there
is  not  another  method  or  treatment  with  proven efficacy  for
NSD  other  than  operation.  This  situation  influenced  the  use
of  a control  group.

Conclusion

The decrease  in NOSE  scores  following  operation  indicated
that  the  satisfaction  levels  of  the  patients  were increased,
and  that  septoplasty  had  a  high  success  rate.  Upper  airway
obstruction  secondary  to  NSD  may  be  a cardiovascular  risk
factor  and may  affect  TTE  measurements.  Moreover,  the
significant  decrease  in the sPAP  value and  E/e’s  ratio  follow-
ing  septoplasty  indicated  that  negative  echocardiographic
findings  and  cardiovascular  risks  may  be prevented  by  this
corrective  nasal  obstruction  surgery.

Research involving  human  participants

All procedures  performed  in studies  involving  human  par-
ticipants  were  in  accordance  with  the  ethical  standards
of  the Ethics  Committee  of Nevşehir Hacı  Bektaş  Veli
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