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IGHLIGHTS
Ethmoid-dominant  shadow  on  computed  tomography  is  an  indicator  of  type  2  inflammation.
Ethmoid-dominance  is  usually  evaluated  by  Lund-Macay  scoring  system.
Its  accuracy  has  been  still  unclear  comparing  with  more  detailed  scoring  systems.
Potential  overestimation  is  indicated  when  evaluation  is  done  by  only  the  Lund-Macay.
Ethmoid  dominance  should  be  assessed  using  more  detailed  scoring  systems.
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Abstract
Objective:  An  ethmoid-dominant  shadow  on  computed  tomography  is  an  indicator  of  type  2
inflammation,  and  is  one  of  the  main  items  used  to  diagnose  and  classify  the  severity  of
eosinophilic  chronic  rhinosinusitis  in  the  Japanese  diagnostic  criteria.  Ethmoid  sinus  dominance
is examined  using  the  Lund-Mackay  scoring  system  and  may  be  overestimated  due  to  scoring
characteristics.  We  aim  to  investigate  the  accuracy  of  evaluations  of  ethmoid  dominance  using
the conventional  scoring  system  and  the  possibility  of  conducting  an  objective  evaluation  using
a more  detailed  other  scoring  system.
Methods:  Patients  diagnosed  with  eosinophilic  chronic  rhinosinusitis  and  who  underwent  bilat-
eral endoscopic  sinus  surgery  were  enrolled  in  the  present  study.  Computed  tomography  was
performed  preoperatively  on  all  subjects.  The  bilateral  anterior  and  posterior  ethmoid  sinuses

and bilateral  maxillary  sinus  were  scored,  and  the  ethmoid-to-maxillary  ratio  was  calculated
using 3  different  scoring  systems:  Lund-Mackay  (each  sinus  score  ranges  between  0  and  2),  sim-
plified Zinreich  (score  ranging  between  0  and  3),  and  Zinreich  (score  ranging  between  0  and
5).
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Results:  A  total  of  149  patients  were  eligible  for  the  present  study.  Significant  differences  were
observed in  ethmoid-to-maxillary  ratio  evaluated  by  the  3  different  scoring  systems  (2.4  ±  0.7,
3.0 ±  1.1,  and  3.7  ±  2.2).  Only  2  patients  were  negative  for  ethmoid  dominance  by  the  Lund-
Mackay scoring  system,  while  14  were  negative  by  the  simplified-Zinreich  and  Zinreich  scoring
systems. Severity  changed  from  the  initial  grade  in  12  patients.
Conclusions:  The  present  results  confirmed  a  potential  overestimation  when  only  the  Lund-
Mackay scoring  system  was  used  to  assess  ethmoid  dominance.  Ethmoid  dominance  has  been
identified as  one  of  the  main  predictive  factors  for  the  long-term  postoperative  outcomes  of
eosinophilic  chronic  rhinosinusitis  and  is  included  in  the  Japanese  diagnostic  criteria.  A  detailed
evaluation  of  ethmoid  dominance  is  desirable  for  more  accurate  evaluations  of  the  severity  and
prognosis of  eosinophilic  chronic  rhinosinusitis.
Level  of  evidence:  4.
© 2024  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published  by
Elsevier España,  S.L.U.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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osinophilic  Chronic  Rhinosinusitis  (ECRS)  is  a  type  2  domi-
ant  disease,  a  subtype  of  CRS  with  nasal  polyps,  and  may
ometimes  be  refractory  to  treatment.1 In  Japan,  an  exten-
ive  multicenter  survey  called  ‘‘The  Japanese  Epidemiolog-
cal  Survey  of  Refractory  Eosinophilic  Chronic  Rhinosinusitis
JESREC)  study’’  was  conducted  in  2015.2 The  findings
btained  showed  that  bilateral  disease,  the  presence  of
asal  polyps,  and  an  ethmoid-dominant  shadow  on  CT  were
actors  associated  with  refractoriness,  and  clinical  diagnos-
ic  criteria  for  ECRS  were  developed  based  on  these  factors
nd  are  now  commonly  used  in  Japan.  The  presence  of
thmoid-dominant  inflammation  was  one  of  the  main  mea-
ures  used  in  evaluations  along  with  bilateralness,  the  pres-
nce  of  nasal  polyps,  or  the  percentage  of  blood  eosinophils.
mong  these  criteria,  ethmoid  dominance  was  assessed  as
he  Ethmoid-to-Maxillary  ratio  (E/M)  on  preoperative  Com-
uted  Tomography  (CT)  using  the  Lund-Mackay  (L-M)  scoring
ystem,  and  was  positive  at  E/M  ≥  2.2 Although  the  L-M
coring  system  is  the  most  common  and  simple  evaluation
ethod,  the  range  of  1  point  is  very  wide  and,  hence,  a  slight

hadow  or  air  inclusion  will  be  scored  as  the  same  point.3

herefore,  a  scale  with  E/M  ≥  2  may  not  fully  reflect  eth-
oid  sinus  dominance,  and  it  is  sometimes  difficult  to  make

 decision.  The  present  study  examined  the  accuracy  of  eval-
ations  of  ethmoid  dominance  using  the  L-M  scoring  system
nd  investigated  the  possibility  of  conducting  an  objective
valuation  using  a  more  detailed  other  scoring  system.

ethods

tudy  population

his  retrospective  study  was  conducted  between  May  2014
nd  December  2022.  One  hundred  and  seventy-nine  con-
ecutive  patients  diagnosed  with  ECRS  and  who  underwent

ilateral  ESS  at  Kagawa  Medical  University  were  enrolled.  All
atients  were  scored  according  to  the  JESREC  scoring  sys-
em  and  nasal  polyp  biopsy  was  performed  prior  to  or  during
urgery.  A  definitive  diagnosis  of  ECRS  was  reached  accord-

d

T
u

2

ng  to  the  JESREC  diagnostic  criteria  based  on  a  JESREC  score
11  and  ≥70  eosinophils  per  high-power  field  in  an  average
f  three  eosinophil-rich  regions.  Severity  was  also  defined
ccording  to  the  JESREC  severity  algorithm  (Table  1).1 The
aseline  characteristics  of  patients  were  obtained  from  their
edical  records,  including  blood  sampling  tests,  a  history

f  allergic  rhinitis,  bronchial  asthma,  Non-steroidal  anti-
nflammatory  drug-Exacerbated  Respiratory  Disease  (NERD),
r  eosinophilic  otitis  media.  Exclusion  criteria  were  as  fol-
ows:  age  <20  years  and  patients  with  a  previous  history
f  sinus  surgery  or  receiving  continuous  systemic  steroids
r  biologics  at  the  time  of  surgery.  This  study  design  was
pproved  by  the  Institutional  Review  Board,  Kagawa-Medical
niversity  (approval  no 2023-068).

alculation  of  E/M

T  was  performed  preoperatively  on  all  subjects.  Their
ilateral  anterior  and  posterior  ethmoid  sinuses  and  bilat-
ral  maxillary  sinus  were  scored  using  the  following  systems:
he  Lund-Mackay  CT  scoring  system  (each  sinus  score  ranges
etween  0  and  23 and  the  Zinreich  scoring  system  (each
inus  score  ranges  between  0  and  5).4 We  also  conducted
easurements  using  the  original  scoring  system,  namely,

he  simplified  Zinreich  (S-Zinreich)  scoring  system:  0  =  0%,
 =  1%---50%,  2  =  51%---99%,  and  3  =  100%.  Scores  in  each  eval-
ation  method  are  shown  in  Table  2.  Scoring  was  performed
y  2  experienced  surgeons  (K.A  and  Y.  S)  using  thin-section
inus  CT  images  in  both  the  axial  and  coronal  planes.  E/M
as  calculated  as  follows:  (right  anterior  and  posterior
thmoid  sinus  score  +  left  anterior  and  posterior  ethmoid
inus  score)/(right  maxillary  sinus  score  +  left  maxillary  sinus
core).  Correlation  coefficients  between  the  L-M  score  and
he  S-Zinreich  or  Zinreich  score  were  evaluated  by  Spear-
an’s  rank  test.

ssessment  of  the  presence/absence  of  ethmoid

ominance

he  presence  or  absence  of  ethmoid  dominance  was  eval-
ated  stepwise  using  the  3  scoring  systems.  E/M  >  2  or  <
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Table  1  JESREC  score  criteria  and  severity  algorithm  for  the  diagnosis  of  ECRS  and  its  severity.

Factors  Score

Disease  side:  both  sides  3
Presence of  nasal  polyps  2
CT shadow:  ethmoid  ≥  maxillary  2
Peripheral  eosinophil,  %
>2% ≤5%  4
>5% ≤10% 8
>10%  10
A 1© >5% eosinophils  in  peripheral  blood

2© Ethmoid-dominant  shadow  on  CT
B 1© Comorbidity  of  bronchial  asthma

2©  Aspirin  intolerance
3© NSAIDs  intolerance

Mild At  least  one  factor  A  is  not  applied  +  all  three  factors  of  B  are  not  applied
Moderate All two  factors  of  A  are  applied  +  all  three  factors  of  B  are  not  applied
Moderate At least  one  factor  of  A  is  not  applied  +  at  least  one  factor  of  B  is  applied
Severe All  two  factors  of  A  are  applied  +  at  least  one  factor  of  B  is  applied
(Complicated  cases  of  eosinophilic  otitis  media  are  judged  as  severe)

The upper table indicates ECRS diagnostic items and points. More than or equal to 11 points corresponds to ECRS. The lower table
indicates the severity algorithm. JESREC, The Japanese Epidemiologica
Eosinophilic Chronic Rhinosinusitis; NSAID, Non-Steroidal Anti-Inflamma

Table  2  Contents  of  each  scoring  system.

Score  and  shadow  occupancy  rate

L-M  0  =  0%,  1  =  1  %---99%,  2  =  100%
S-Zinreich  0  =  0%,  1  =  1  %---50%,  2  =  51%---99%,  3  =  100%
Zinreich 0 =  0%,  1  =  1%---25%,  2  =  26  %---50%,  3  =  51%---75%
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4 =  76%---99%,  5  =  100%

L-M, Lund and Mackay scoring system; S, Simplified.

 by  the  L-M  scoring  system  was  confirmed.  In  cases  with
/M  =  2,  images  were  re-evaluated  by  the  S-Zinreich  scor-
ng  system.  Ethmoid  sinus  shadow  was  dominant  when  the
thmoid  and  maxillary  sinuses  were  both  completely  filled
ilaterally  and  E/M  =  8/4  =  2.  Patients  were  divided  into  3
atterns.  The  E/M  =  2  group  by  the  S-Zinreich  scoring  sys-
em  was  subjected  to  further  assessments  using  the  Zinreich
coring  system.  The  remaining  patients  were  divided  into
he  E/M  ≥  2  or  E/M  <  2  group  by  the  Zinreich  scoring  sys-
em  and  were  evaluated  as  positive  or  negative  for  ethmoid
ominance.

ostoperative  course  evaluation

he  short-term  administration  of  Oral  Corticosteroids  (OCS),
 poor  prognosis,  and  a  history  of  secondary  treatment,
ncluding  revision  surgery  and  biologics  for  ECRS,  were
xamined  as  postoperative  long-term  outcomes.  Patients
ith  a  history  of  prescriptions  even  once  for  exacerbation  in

he  upper  or  lower  airways  during  the  postoperative  follow-
p,  except  for  the  perioperative  period,  were  considered  to

se  OCS.  Patients  with  a  poor  mucosal  condition,  those  in
hom  it  was  difficult  to  observe  the  middle  meatus  without

mprovement,  and  those  with  persistent  strong  subjective
ymptoms,  such  as  olfactory  disturbance  and  nasal  conges-

4
2
i
A

3

l Survey of Refractory Eosinophilic Chronic Rhinosinusitis; ECRS,
tory Drug.

ion,  at  the  time  of  the  final  observation  failed  to  achieve
isease  control  (poor  prognosis).

tatistical  analysis

tatistical  analyses  were  performed  with  EZR  (Saitama
edical  Center,  Jichi  Medical  University,  Saitama,  Japan).
omparisons  of  results  between  each  group  were  performed
sing  the  Student’s  t-test  or  Fisher’s  exact  test.  Corre-
ation  coefficients  between  the  L-M  scoring  system  and
ther  scoring  systems  were  evaluated  by  Spearman’s  rank
est.  The  significance  of  differences  was  assumed  when

 <  0.05.  In  multiple  comparisons  of  3  or  more  groups,
he  significance  level  was  defined  as  p  <  0.05/number  of
roups.

esults

atient  characteristics  and  CT  scoring

wenty-eight  patients  with  a previous  history  of  sinus  surgery
nd  2  who  were  receiving  continuous  OCS  or  biologics  at
he  time  of  surgery  were  excluded  from  the  assessment.  A
otal  of  149  patients  were  eligible  for  the  present  study.
aseline  characteristics  are  shown  in  Table  3.  The  severity
f  ECRS  was  mild  in  12  patients  (8%),  moderate  in  55  (37%),
nd  severe  in  82  (55%).

CT  scores  by  the  L-M,  S-Zinreich,  and  Zinreich  scoring
ystems  were  5.2  ±  1.5,  7.9  ±  2.6,  and  13.4  ±  5.6,  respec-
ively,  in  the  ethmoid  sinus  and  2.2  ±  0.6,  2.9  ±  1.3,  and

.5  ±  2.5,  respectively,  in  the  maxillary  sinus.  E/M  were
.4  ±  0.7,  3.0  ±  1.1,  and  3.7  ±  2.2,  respectively,  with  signif-
cant  differences  between  each  of  the  groups  (Table  4A).

 strong  correlation  was  observed  between  L-M  scores  and
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Table  3  Baseline  characteristics  of  patients.

n  =  149

Age  (years,  mean  ±  SD)  52.5  ±  11.9
Sex (male,  female)  74,  75
Allergic  rhinitis  72  (48.3%)
Bronchial  asthma  100  (67.1%)
NERD 11  (7.4%)
Eosinophilic  otitis  media  5  (3.4%)
CT score  (mean  ±  SD)  15.2  ±  5.0
Total IgE  (IU/mL,  mean  ±  SD)  413  ±  762
White  blood  cells  (103/�L,  mean  ±  SD) 6360  ±  1708
Percentage  of  blood  eosinophils  (%) 8.6  ±  4.2
JESREC  score  (11,  13,  15,  and  17) 31,  6,  77,  35
Severity  (mild,  moderate,  and  severe)  12,  55,  82

NERD, Non-steroidal anti-inflammatory drug-Exacerbated Respi-
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Fig.  1  Chart  of  an  assessment  of  ethmoid  sinus  dominance.
E
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ratory Disease; JESREC, The Japanese Epidemiological Survey of
Refractory Eosinophilic Chronic Rhinosinusitis.

ther  scores  in  the  ethmoid  sinus  and  maxillary  sinus  (r  =
.758  to  0.873).  Significant  values  were  also  observed  in  E/M
ith  a  moderate  correlation  between  L-M  and  other  scoring

ystems  (Table  4B).

thmoid-dominant  shadows

udgements  on  ethmoid  dominance  were  performed  step-
ise  using  the  3  scoring  systems.  The  initial  evaluation  (L-M
coring  system)  identified  147  (E/M  ≥  2)  and  2  (E/M  <  2)  sub-
ects.  After  excluded  9  subjects  whose  E/M  =  8/4  =  2,  79
ubjects  with  E/M  =  2  were  re-evaluated  by  the  S-Zinreich
coring  system,  and  49  positive  (E/M  >  2)  and  8  negative

p
m
n
s

Table  4  CT  scores  in  each  scoring  system  and  correlation  coeffic

A

Ethmoid  /  Maxillary  sinus  

L-M  5.2  ±  1.5  /  2.2  ±  0.6  

S-Zinreich 7.9  ±  2.6  /  2.9  ±  1.3  

Zinreich 13.4  ±  5.1  /  4.5  ±  2.5  

B

Correlation  coeffi

Ethmoid  sinus
S-Zinreich  0.873  (0.829---0.90
Zinreich  0.791  (0.722---0.84
Maxillary  sinus
S-Zinreich  0.826  (0.767---0.87
Zinreich  0.758  (0.681---0.81
E/M
S-Zinreich  0.525  (0.398---0.63
Zinreich  0.473  (0.338---0.58

(A) CT scores and ethmoid-to-maxillary sinus ratios evaluated by each sc
L-M and Zinreich, and S-Zinreich and Zinreich.
(B) Correlation coefficients between L-M and the S-Zinreich and Zinr
Simplified; E/M, Ethmoid-to-Maxillary sinus ratio; CI, Confidence Interv

** p < 0.01.

4

/M, Ethmoid-to-Maxillary  sinus  ratio.

ubjects  (E/M  <  2)  were  identified.  The  remaining  22  sub-
ects  (E/M  = 2)  were  divided  into  18  positive  (E/M  ≥  2)  and

 negative  (E/M  <  2)  subjects  by  the  Zinreich  scoring  system
Fig.  1).  Overall,  135  subjects  were  identified  as  positive
nd  14  as  negative  for  ethmoid  dominance.  Representative
ases  are  shown  in  Fig.  2. The  severity  grading  of  ECRS  was
evised  based  on  the  results  obtained,  and  it  changed  in  12
atients  from  the  initial  grade;  4  changed  from  severe  to
oderate,  4  from  moderate  to  mild,  2  from  moderate  to
on-ECRS,  and  2  from  mild  to  non-ECRS.  Initial  and  revised
everity  percentages  are  shown  in  Table  5.

ients.

E/M  95%CI

2.4  ±  0.7  2.287---2.513
3.0  ±  1.1a**  2.822---3.178
3.7  ±  2.2b**,c**  3.344---4.056

cient  (95%  CI)  p-value

7)  p  <  0.001**
5)  p  <  0.001**

1)  p  <  0.001**
9)  p  <  0.001**

2)  p  <  0.001**
9)  p  <  0.001**

oring system. (a, b, c) Mean p-values between L-M and S-Zinreich,

eich scoring systems. L-M, Lund and Mackay scoring system; S,
al.
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Fig.  2  CT  images  showing  different  evaluation  patterns.  Axial  and  coronal  bone  window  CT  images.  The  upper  case  shows  the
presence of  ethmoid-dominant  shadow.  The  lower  case  shows  the  absence  of  ethmoid-dominant  shadow.  AE,  Anterior  Ethmoid  Sinus;
PE, Posterior  Ethmoid  Sinus;  M,  Maxillary  Sinus;  E/M,  Ethmoid-to-M
Simplified.

Table  5  ECRS  severity.

L-M  Zinreich

Non-ECRS  0  4  (2.7)
Mild  12  (8.1%)  14  (9.4%)
Moderate  55  (36.9%)  53  (35.6%)
Severe  82  (55.0%)  78  (52.3%)
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ECRS severity before and after an assessment of ethmoid sinus
dominance. ECRS, Eosinophilic Chronic Rhinosinusitis.

valuation  of  postoperative  outcome

ostoperative  long-term  outcomes  were  evaluated  by  initial
nd  revised  severities  (Table  6A).  The  average  observation
eriod  was  34.3  ±  29.6  months  (3---105  months).  The  over-
ll  numbers  of  subjects  using  OCS,  with  a  poor  prognosis,
nd  a  history  of  secondary  treatment  were  55  (36.9%),  27
18.1%),  and  22  (14.8%),  respectively.  The  highest  rates  for
ll  3  items  were  observed  in  the  severe  ECRS  group.  In
ontrast,  only  one  patient  required  OCS  and  no  patients
ad  a  poor  prognosis  or  required  secondary  treatment
n  the  mild  group.  No  significant  changes  were  observed
n  comparisons  of  the  initial  and  revised  results  in  each
everity  group.  Additionally,  only  1  patient  used  OCS,  and
one  had  a  poor  prognosis  or  secondary  treatment  among
4  patients  identified  as  negative  for  ethmoid  dominance
Table  6B).

iscussion

vidence  to  show  that  an  ethmoid-dominant  shadow  on  CT
s  an  indicator  of  type  2  inflammation  was  initially  obtained
n  Japan.5 Similar  studies  were  subsequently  reported  in
uccession  from  other  Asian  countries,  and  their  findings  sug-
ested  that  the  postoperative  course  was  more  likely  to  be

6---8
oor  in  patients  with  high  E/M. Equivalent  findings  were
btained  in  the  JESREC  study,  in  which  an  ethmoid-dominant
hadow  was  adopted  as  one  of  the  main  diagnostic  factors
ecause  it  was  an  independent  predictor  of  refractoriness
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axillary  sinus  ratio;  L-M,  Lund  and  Mackay  scoring  system;  S,

nd  postoperative  recurrence.1,2 Therefore,  the  assessment
f  ethmoid  dominance  is  mandatory  to  reach  a  definitive
iagnosis  of  ECRS  and  is  also  indispensable  for  severity
lassifications  when  the  JESREC  criteria  are  used  for  a
iagnosis.

The  L-M  scoring  system  is  commonly  used  in  CT  evalua-
ions  of  CRS.  Although  the  L-M  scoring  system  is  very  simple
nd  easy  to  understand,  it  may  not  sufficiently  reflect  the
egree  of  inflammation  due  to  its  wide  range  of  1  point  and
he  reliability  of  whether  E/M  =  2  accurately  reflects  eth-
oid  dominance  in  all  cases.  Therefore,  we  examined  E/M

n  3  steps  using  different  scoring  systems,  and  investigated
he  accuracy  of  an  assessment  of  ethmoid  sinus  dominance
sing  the  L-M  scoring  system  (Fig.  1).  The  Zinreich  scoring
ystem  was  devised  as  a  modification  of  the  L-M  scoring  sys-
em  and  has  6  graded  subdivisions.4 However,  the  use  of  a
etailed  grading  system  has  the  disadvantage  of  being  com-
licated  and  ratings  may  vary  among  graders.  Therefore,  we
dded  a  4-grade  scoring  system  that  simplified  the  Zinreich
coring  system  in  the  present  study.  In  comparisons  of  these
coring  systems  with  the  L-M  scoring  system,  the  scores  in
ach  sinus  strongly  correlated,  which  is  consistent  with  pre-
ious  findings.9 On  the  other  hand,  although  a  correlation
as  observed  in  E/M,  averages  were  2.4  ±  0.7,  3.0  ±  1.1,
nd  3.7  ±  2.2,  showing  significant  differences  among  the  3
coring  systems.  Among  the  79  cases  with  E/M  =  2  by  the
-M  scoring  system,  8  cases  were  defined  as  ethmoid  dom-
nant  negative  by  the  S-Zinreich  scoring  system.  Further
etailed  analyses  using  the  Zinreich  system  revealed  that
dditional  4  cases  were  negative  for  ethmoid  dominance.
nly  2  cases  initially  showed  no  ethmoid  sinus  dominance,
nd  an  overestimation  was  suggested  when  only  the  L-M
coring  system  was  used.  Twelve  out  of  79  cases  (15.2%)  were
ound  to  be  false  positives  by  a  detailed  evaluation,  indicat-
ng  errors  with  the  L-M  method  due  to  the  scoring  system
tself.  On  the  other  hand,  the  possibility  of  a  subjective  bias
n  detailed  evaluation  methods  cannot  be  ruled  out.  Okushi
t  al.  reported  that  the  Zinreich  method  produced  a  differ-

nce  in  scores  of  ±1  in  approximately  25%  of  cases  when
ubjective  scores  were  compared  with  digitally  analyzed
oft  tissue  density  areas.10 However,  only  a  few  cases  showed
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Table  6  Long-term  outcomes  before  and  after  assessments  of  E/M.

A

OCS  use  Poor  prognosis  Secondary  treatments

L-M  Zinreich  L-M  Zinreich  L-M  Zinreich

Mild  (or  non-ECRS)  0/12  (0%)  1/18  (5.6%)  0/12  (0%)  0/18  (0%)  0/12  (0%)  0/18  (0%)
Moderate 11/55  (20.0%) 11/53  (20.8%) 4/55  (7.3%)  4/53  (7.6%)  2/55  (3.6%)  3/53  (5.7%)
Severe 44/82  (53.7%) 43/78  (55.1%) 23/82  (28.0%) 23/78  (29.5%)  20/82  (24.4%)  19/78  (24.4%)
Overall 55/149  (36.9%) 27/149  (18.1%) 22/149  (14.8%)

B

OCS  use  Poor  prognosis  Secondary  treatments

Ethmoid  dominance
Absence  (n  =  14)  1  (7.1%)  0  0
Presence (n  =  135) 54  (40.0%)  27  (20.0%)  22  (16.3%)
p-value 0.018a 0.075  0.249

(A) Long-term outcomes by severity as assessed by the Lund and Mackay or Zinreich scoring system.
(B) Comparison of long-term outcomes with and without ethmoid dominance by the Zinreich scoring system. Secondary treatments
indicate the requirement for revision surgery or biologics.
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E/M, Ethmoid-to-Maxillary sinus ratio; OCS, Oral Corticosteroid; E
a p < 0.05.

n  obvious  difference  in  scores  of  ±2  or  more,  and  they  con-
luded  the  more  efficient  ability  of  a  modified  scoring  system
o  grade  cases  with  clinically  acceptable  accuracy.  The  abil-
ty  of  the  S-Zinreich  scoring  system  used  in  the  present  study
o  evaluate  cases  was  similar  to  that  of  the  Zinreich  sys-
em.  In  addition,  this  method  mainly  shows  whether  the  soft
issue  density  rate  is  greater  than  or  less  than  50%,  and  is
onsidered  to  be  even  less  likely  to  have  a  subjective  bias
han  the  Zinreich  scoring  system.  Although  the  L-M  method
lmost  never  had  a  subjective  bias,  errors  caused  by  the  sys-
em  are  inevitable;  therefore,  the  S-Zinreich  method  more
ccurately  assesses  the  actual  state  of  inflammation  with

 relatively  small  subjective  error.  Based  on  these  findings,
ne  of  these  methods  may  be  used  for  a  reliable  assessment
f  ethmoid  dominance  when  it  is  difficult  to  judge  using  the
-M  scoring  system.

When  the  severity  of  ECRS  was  re-evaluated  after  precise
ssessments,  the  severity  grade  was  downgraded  in  12  cases,
ncluding  4  cases  that  did  not  meet  the  diagnostic  criteria
or  ECRS.  The  JESREC  criteria  are  defined  not  only  by  eth-
oid  sinus  dominance,  but  also  by  the  combination  of  other

ecurring  factors,  including  the  peripheral  blood  eosinophil
atio  and  comorbidity  of  bronchial  asthma,  and  they  are
onsidered  to  accurately  reflect  the  long-term  prognosis
f  patients.2,11 We  investigated  whether  a  more  accurate
valuation  of  ethmoid  sinus  dominance  affected  results  on
ong-term  prognosis.  Overall,  no  significant  changes  were
bserved  within  each  severity  grade  for  the  postoperative
rognostic  indicators  of  OCS  use,  poor  mucosal  control,
nd  the  introduction  of  secondary  treatment.  The  present
esults  also  showed  that  the  positive  rates  of  these  items
ere  markedly  higher  in  severe  cases,  and,  conversely,
he  majority  of  mild  cases  maintained  a  favorable  long-
erm  prognosis.  In  addition,  the  prognosis  of  patients  with
o  ethmoidal  sinus  predominance  was  good  and  they  only
equired  minor  additional  treatment,  such  as  OCS  or  biolog-
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cs  (Table  6B).  Therefore,  a  detailed  assessment  of  ethmoid
inus  dominance  may  be  meaningful  not  only  in  cases  of  ECRS
iagnosed  according  to  the  JESREC  criteria,  but  also  with
ther  criteria.

The  present  study  has  a  limitation  that  needs  to  be
ddressed.  Although  scoring  was  performed  by  two  experi-
nced  rhinologists,  a  discrepancy  may  have  existed  between
he  actual  shadow  ratio  based  on  a  digital  analysis  and  the
isual  score.  A  digital  analysis  was  not  conducted  in  the
resent  study,  and  the  extent  of  any  discrepancy  between
ubjective  and  objective  evaluations  was  unclear.  Our  case
eries  included  2  non-typical  cases  (comorbid  with  unilat-
ral  odontogenic  maxillary  sinusitis  and  chronic  non-invasive
axillary  sinus  mycosis)  with  E/M  <  2  by  the  Zinreich  scoring

ystem.  In  addition,  the  chronic  non-invasive  fungal  case  was
he  only  case  with  OCS  use  despite  the  absence  of  ethmoid
inus  dominance.  Evaluations  of  E/M  need  to  be  carefully
onsidered  when  maxillary  sinus  shadow  is  enhanced  due  to
hese  pathologies.

onclusion

n  evaluation  of  ethmoid  sinus  dominance  is  essential  for
he  correct  diagnosis  of  ECRS  using  the  JESREC  criteria.
e  assessed  the  accuracy  of  ethmoid  sinus  dominance
valuated  using  the  L-M  scoring  system  by  compar-
ng  it  with  another  more  detailed  scoring  system.  The
esults  obtained  showed  the  potential  for  an  overestima-
ion  when  only  the  conventional  L-M  scoring  system  was
sed.  The  present  study  indicates  that  a  detailed  eval-

ation  of  ethmoid  sinus  dominance  using  methods  other
han  the  L-M  scoring  system  is  desirable  for  the  diagno-
is,  severity  classification,  and  prognostic  assessment  of
CRS.
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