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Abstract

Objective:  To  evaluate  the  feasibility  of  using  ultra-low-dose  computed  tomography  of  the
chest with  iterative  reconstruction  without  anesthesia  for  assessment  of  pulmonary  diseases  in
children.
Methods:  This  prospective  study  enrolled  86  consecutive  pediatric  patients  (ranging  from  1
month to  18  years)  that  underwent  ultra-low-dose  computed  tomography  due  to  suspicion  of
pulmonary  diseases,  without  anesthesia  and  contrast.  Parameters  used  were:  80  kVp;  15---30  mA;
acquisition  time,  0.5  s; and  pitch,  1.375.  The  adaptive  statistical  iterative  reconstruction  tech-
nique was  used.  Subjective  visual  evaluation  and  quantitative  assessment  of  image  quality  were
done using  a  5-point  scale  in 12  different  structures  of  the  chest.
Results: Mean  age was  66  months  (interquartile  range,  16---147).  Final  diagnosis  was  performed
in all exams,  and  44  (51.2%)  were  diagnosed  with  cystic  fibrosis,  27  (31.4%)  with  bronchiolitis
obliterans,  and  15  (17.4%)  with  congenital  pulmonary  airways  malformations.  Diagnostic  qual-
ity was  achieved  in 98.9%,  of  which  82.6%  were  considered  excellent  and  16.3%  were  slightly
blurred  but  did not  interfere  with  image  evaluation.  Only  one  case  (1.2%)  presented  moderate
blurring  that  slightly  compromised  the image,  and  previous  examinations  demonstrated  findings
compatible with  bronchiolitis  obliterans.  Mean  effective  radiation  dose  was  0.39  ±  0.15  mSv.
Percentages  of  images  with  motion  artifacts  were  0.3%  for  cystic  fibrosis,  1.3%  for  bronchiolitis
obliterans, and  1.1%  for  congenital  pulmonary  airways  malformations.

� Please cite this article as: Dorneles CM,  Pacini GS, Zanon M, Altmayer S, Watte G, Barros MC, et al. Ultra-low-dose chest computed
tomography without anesthesia in the assessment of pediatric pulmonary diseases. J  Pediatr (Rio J).  2020;96:92---9.

∗ Corresponding author.
E-mail: brunoho@ufcspa.edu.br (B. Hochhegger).

https://doi.org/10.1016/j.jped.2018.07.010
0021-7557/© 2018 Sociedade Brasileira de Pediatria. 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/).

https://doi.org/10.1016/j.jped.2018.07.010
http://www.jped.com.br
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jped.2018.07.010&domain=pdf
https://orcid.org/0000-0002-0369-5050
https://orcid.org/0000-0002-4822-7082
https://orcid.org/0000-0001-7851-5125
https://orcid.org/0000-0001-9214-1916
https://orcid.org/0000-0002-6948-3982
https://orcid.org/0000-0002-4985-6374
https://orcid.org/0000-0001-8797-7380
https://orcid.org/0000-0002-0324-0240
https://orcid.org/0000-0003-1984-4636
mailto:brunoho@ufcspa.edu.br
https://doi.org/10.1016/j.jped.2018.07.010
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Ultra-low-dose  chest  CT in pediatric  pulmonary  diseases  93

Conclusion:  Chest  ultra-low-dose  computed  tomography  without  sedation  or anesthesia  deliv-
ering a  sub-millisievert  dose  can  provide  image  quality  to  allow  identification  of  common
pulmonary  anatomy  and  diseases.
©  2018  Sociedade  Brasileira  de  Pediatria.  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/).
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Tomografia  computadorizada  de tórax  de ultrabaixa  dosagem  sem  anestesia  na

avaliação  de doenças  pulmonares  pediátricas

Resumo

Objetivo:  Avaliar  a  viabilidade  do  uso  de tomografia  computadorizada  com  ultrabaixa  dose com
reconstrução iterativa  sem  anestesia  para  avaliação  de doenças pulmonares  em  crianças.
Métodos:  Este  estudo  prospectivo  envolveu  86  pacientes  pediátricos  consecutivos  (um  mês  a  18
anos) submetidos  à tomografia  computadorizada  com  ultrabaixa  dose  por  suspeita  de  doenças
pulmonares,  sem  anestesia  e contraste.  Os  parâmetros  utilizados  foram:  80  kVp;  15-30  mA;
tempo de  aquisição,  0,5  s;  e pitch  de  1,375.  Foi  utilizada  a técnica  de reconstrução  estatística
adaptativa  iterativa.  A  avaliação  visual subjetiva  e a  avaliação  quantitativa  da  qualidade  da
imagem  foram  feitas  com  uma  escala  de  5  pontos  em  12  estruturas  do  tórax.
Resultados:  A média  de idade  foi de 66  meses  (intervalo  interquartil,  16-147).  O  diagnóstico
final foi  feito  em  todos  os exames  e  44  (51,2%)  foram  diagnosticados  com  fibrose  cística,  27
(31,4%) com  bronquiolite  obliterante  e 15  (17,4%)  com  malformação  congênita  pulmonar  das
vias aéreas.  A  qualidade  diagnóstica  foi  alcançada  em  98,9%  dos  casos,  dos  quais  82,6%  foram
considerados  excelentes  e  16,3%  alteração  leve  na  definição,  mas  isso  não  interferiu  na  avaliação
da imagem.  Apenas  um  caso  (1,2%)  apresentou  alteração  moderada  na  definição,  comprometeu
discretamente  a  imagem,  e  exames  prévios  demonstraram  achados  compatíveis  com  bronquio-
lite obliterante.  A  dose  de  radiação média  efetiva  foi de 0,39  ± 0,15  mSv.  As  porcentagens  de
imagens com  artefatos  de  movimento  foram  de 0,3%  para  fibrose  cística,  1,3%  para  bronquiolite
obliterante  e 1,1%  para  malformação  congênita  pulmonar  das vias  aéreas.
Conclusão:  É  possível  realizar  a  tomografia  computadorizada  com  ultrabaixa  dose  torácica  sem
sedação ou  anestesia,  administrando  uma  dose  de submilisievert,  com  qualidade  de  imagem
suficiente  para  a  identificação pulmonar  anatômica  e de doenças  pulmonares  comuns.
© 2018  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Este é  um  artigo
Open Access  sob  uma  licença  CC BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/4.
0/).

Introduction

In  the  United  States,  approximately  four to  seven  million  CT
scans  are  performed  on  children  per  year.1 However,  ion-
izing  radiation  still  represents  a major  concern.  Radiation
dose  is  extremely  important  in  children,  as they  are  more
likely  to  develop  radiation-induced  carcinogenesis  due  to
their  greater  post-exposure  life  expectancy  and  more  sensi-
tive  organs  to  the  oncogenic  effects  of  radiation.2 A cohort
study  demonstrated  that  patients  submitted  to  cumulative
doses  higher  than  50  mGy  and  60  mGy  had a  three-fold  higher
risk  of  leukemia  and brain  cancer,  respectively.3 For  this
reason,  the  radiology  community  has  been  looking  for  strate-
gies  to reduce  radiation  exposure  without  decreasing  image
quality,  following  principles  such  as  ‘‘as low  as  reasonably
achievable’’  (ALARA).4 One  of these  strategies  includes  the
use  of  reconstruction  techniques.5

Another  common  concern  in pediatric  imaging  is  seda-
tion/general  anesthesia  (GA).  Young  children  frequently
have  difficulty  remaining  still  for  the duration  of  the
examination,  leading  to  poor  study  quality  and  increasing
the  likelihood  of  diagnostic  errors.  However,  sedation  is

associated  with  potential  adverse  effects,  mainly  due  to
drug-induced  depression  of consciousness,  with  a potential
loss  of protective  reflexes.6 In  addition  to  the acute  events,
GA  has  been  also  linked  to  long-lasting  neurotoxic  effects.
Studies  in children  younger  than  3  years  who  underwent  GA
have  demonstrated  that  some sedation  drugs  can  be  associ-
ated  with  long-lasting  functional  neurotoxic  effects,  such  as
memory  impairment  and  increased  risk  for  developmental
and  behavioral  disorders.7---10

Few studies  have  assessed  potential  applicability  of
reconstruction  techniques,  such as  adaptive  statistical
iterative  reconstruction  (ASIR), for  pediatric  chest  CT,
and  all  have used  general  anesthesia  to  reduce  motion
artifacts.11---13 Due  to  the cumulative  risk  of  radiation
dose, children  with  chronic  lung  disease,  when  sub-
jected  to  many  CT  scan  during their  lifetime,  may  be
at  increased  risk  of  carcinogenesis  and  adverse  reac-
tions  from  sedation.  Therefore,  the  aim  of this  study
was  to  assess  the  feasibility  of  using  ultra-low-dose  CT
(ULDCT)  with  iterative  reconstruction  without  sedation
and without  contrast  in children  to  evaluate  pulmonary
diseases.
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Materials  and  methods

Participants

With  the  approval  of the  institutional  review  board,
this  prospective  study  included  data  from  86 consecutive
patients  between  January  2016  and  October  2017. Written
consent  was  acquired  from  the person  legally  responsible
for  the  patient.  Inclusion  criteria  were  patients  between  1
month  and 18  years  undergoing  ULDCT of the  chest  with  ASIR
for  suspect  of  chronic  pulmonary  diseases.  Exclusion  criteria
were  patients  with  suspect  of  interstitial  lung  disease  (ILD),
because  the  ULDCT protocol  presents  great  limitation  in the
assessment  of  ILD.14 All study  subjects  were  from  the outpa-
tient  clinic  with  elective  indication  to  perform  the CT scan.
All  procedures  performed  in studies  involving  human  parti-
cipants  were  in accordance  with  the ethical  standards  of  the
institutional  and/or  national  research  committee,  and  with
the  1964  Helsinki  declaration  and  its  later  amendments  or
comparable  ethical  standards.

CT  protocols

All  images  were  obtained  with  the  patient  in supine  posi-
tion,  using  a  16-row  multi-detector  CT  scanner  (Lightspeed;
General  Electric  Healthcare  ---  Milwaukee,  Wisconsin,  United
States).  Parameters  utilized  were:  80  kVp;  acquisition  time,
0.5  s;  and pitch,  1.375.  The  chosen  current  varied  from
15  mAs  to 30 mAs  according  to  patient  size  and  weight:
1  month---2  years,  15  mAs; 2---4  years,  20 mAs;  4---12 years,
25  mAs;  and  >12  years,  30  mAs.  Images  were  acquired  using
a  slice  thickness  of 1  mm.  Only  inspiration  acquisitions  were
obtained,  without  expiration  techniques.  Reconstructions
were  performed  in  the  axial  and  coronal  planes,  with  ASIR
(100%;  General  Electric  Healthcare  ---  Milwaukee,  Wisconsin,
United  States),  using  a  soft kernel.

Radiation  doses  delivered  during  CT  scans  were  collected
from  patient  protocols.  Dose---length  products  (DLP)  were
recorded  for  each patient.  Effective  radiation  dose (ED)
was  estimated  by  multiplying  DLP  and  specific coefficients
according  to  age for chest  CT  determined  by  the Interna-
tional  Commission  on  Radiological  Protection.15

All  exams  were  performed  without  any  type  of seda-
tion.  In  addition,  no  intravenous  contrast  agent  was  used
for  this  study.  Although it was  decided  to  use  only non-
contrast  protocols,  patients  with  suspicion  of  congenital
pulmonary  airway  malformations  (CPAM)  in the initial  ULDCT
scan  underwent  further  CT  angiography  (CTA)  to evaluate
the  possibility  of  co-existence  of pulmonary  sequestration.

Assessment  of  image  quality

All  examinations  were  analyzed  with  an Advantage  Work-
station  4.2  (General  Electric  Healthcare  Technologies
Waukesha,  Wisconsin,  United  States),  using  the  Picture
Archiving  Communication  System  ([PACS];  PixView  Star;
INFINITT  Healthcare  Co.  Ltd.  ---  Seoul,  South  Korea).  Motion
artifact  was  measured  for each  image  by  both  radiologists
and  was  classified  as  yes or  no  and  described  in  percentage
compared  to  all  exams.

Image  noise  was  defined  as  a  standard  deviation  (SD)  of
attenuation  measured  in the  air  of  the tracheal  lumen  above
the  aortic  arch. Attenuation  was  measured  by  one  inves-
tigator.  The  region  of  interest  (ROI)  was  measured  in  the
tracheal  lumen  above  the aortic  arch,  and size  and  loca-
tion  of  ROIs  were  kept  constant  during  all series.  SD  was
calculated  three  times  and the median  value  was  used  for
analysis.

Image  quality  evaluation  was  independently  performed
by  two  chest  radiologists  (with  15  and  5 years  of experience,
respectively)  with  training  in thoracic  radiology  and  blinded
to  clinical  data.  The  evaluators  were  from different  institu-
tions  to  where  the scans  were  performed  to  avoid  previous
contact  with  the images  and  avoid  bias.  Quality  was  assessed
by  reference  to normal  pulmonary  structures  and  varied lung
lesions.  Subjective  visual  evaluation  consisted  on  whether
visualization  was  possible  for the following  twelve  thoracic
structures:  (1)  trachea  and  primary  bronchi,  (2) paratra-
cheal  lymph  nodes,  (3)  subcarinal  lymph  nodes,  (4)  right
upper  lobe  bronchus,  (5)  middle  lobe  bronchus,  (6)  right
lower  lobe  bronchus,  (7)  left upper  lobe  bronchus,  (8)  left
lower  lobe  bronchus,  (9)  apical  segments,  (10) medial  basal
segments,  (11)  aortic  artery,  and  (12) pulmonary  artery.  It
was  decided  to  include  mediastinal  lymph  nodes as  refe-
rence  structures  based  on  the results  from  a previous  study
that  demonstrated  good  accuracy  in  the detection  of medi-
astinal  lymph  nodes in  non-contrast  scans  in children.16

Quantitative  evaluation  of image  quality of  normal  lung
structures  was  evaluated  on  a 5-point  scale:  1 = excellent
image  quality  without  artifacts;  2  =  mild  blurring  not inter-
fering  with  image  evaluation;  3  = moderate  blurring  slightly
compromising  image  evaluation;  4 = severe  blurring  com-
promising  image  evaluation;  5  =  low  image  quality  due  to
presence  of artifacts  compromising  the  diagnosis.  Scores
of  1  and  2 represented  diagnostic  quality.  The  quantitative
evaluation  was  done  at  five  different  bronchi and vessels
generations:  (a)  major  airways,  including  primary  bronchi
and  intermediate;  (b)  segmental  bronchi  and vessels;  (c)
subsegmental  bronchi  and  vessels;  (d)  sub-subsegmental
vessels;  and (e) pleura  and  subpleural  space.  A non-
diagnostic  quality  scan  was  defined  as  presence  of  two  or
more  images  with  a  score  3---5  for  each  of these  analyzed
tissues.  When  the scan  was  considered  as  non-diagnostic
quality,  the radiologists  would  review  previous  CT scans  to
reach  final  diagnosis.  The  scores  were  summed,  and  the
images  were  classified  according  to  the pre-established  cut-
off  points  (24---25  points  =  score  1; 20---23  points  = score  2;
15---19  =  score  3; 10---14  points  = score  4; 5---9 points  =  score
5).

Noise  ratio  and DLP  was  stratified  by  age  according  to
the  cutoff  previously  established  in the literature  (1  year  or
less;  2---8  years;  8---14  years;  15  years  or  more).17

Statistical  analysis

Data  analysis  included  descriptive  statistics.  The
Shapiro---Wilk  test  was  used  to  assess  data  distribu-
tion.  Analyses  were  performed  using  mean  and  standard
deviation  or  median  and  interquartile  ranges  (IQR)  for
continuous  variables and  proportions  for  nominal  data.
Continuous  variables  were  compared  using  the  independent
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Student’s  t-test,  whereas  Fisher’s  exact  test was  used
for  nominal  variables.  Two-tailed  p-values  <0.05  were
considered  to  indicate  statistical  significance.  All  statistical
analyses  were  performed  using  SPSS  (Statistical  Package  for
Social  Sciences,  version  22,  Chicago,  USA)  and  Excel  2010
(Microsoft  Corporation,  Redmond,  Washington,  USA).

Results

The  study  sample  consisted  of  86  patients  (female,  n  =  47;
54.7%)  with  a mean  age  of  66  months  (IQR,  16---147).  Most
were  from  2  to 8  years  (34.8%)  or  ≤1 year  (29%)  (Table  1).
Only  three  diseases  were  founded  in this  study.  Cystic  fibrosis
(CF)  was  diagnosed  in 44  (51.2%)  (Fig.  1A  and  B), bronchioli-
tis obliterans  (BO)  in 27 (31.4%)  (Fig.  1C  and  D),  and  CPAM  in

Table  1  Subjects’  characteristics,  CT  visual and  quantita-
tive analyses,  and  final  diagnoses.

Parameters  n  = 86

Female  47  (54.7)
Age  (months)  66  (16---147)

Age  groups  (years)

≤1  25  (29)
2---8  30  (34.8)
9---14  16  (18.6)
≥15  15  (15.6)

Noise  ratio,  mean  ±  SD  (HU)  45.5  ±  12.4
Percentage  of  images  with  motion

artifact,  median  (IQR)

0.8  (0.0---2.9)

ED,  mean  ±  SD  (mSv) 0.39  ±  0.15

Structure  identification,  n  (%

Trachea  and primary  bronchi  86  (100)
Paratracheal  lymph  nodes  84  (97.7)
Subcarinal  lymph  nodes  86  (100)
Right  upper  lobe  bronchus  86  (100)
Middle  lobe  bronchus  85  (98.8)
Right  lower  lobe  bronchus  86  (100)
Left  upper  lobe  bronchus  86  (100)
Left  lower  lobe  bronchus  86  (100)
Apical  segments  84  (97.7)
Medial  basal  segment  84  (97.7)
Aortic  artery 86  (100)
Pulmonary  artery  86  (100)

Image  quality  score

1 71  (82.6)
2  14  (16.3)
3  1  (1.2)
4 ---
5 ---

Final diagnosis,  n  (%)
Cystic  fibrosis  44  (51.2)
Bronchiolitis  obliterans  27  (31.4)
Congenital  pulmonary  airway
malformations

15  (17.4)

CT, computed tomography; ED, effective dose; IQR, interquartile
range.
Data are presented as mean ± SD or n  (%).

15  (17.4%)  (Fig.  1E and F).  All  subjects  with  suspicion  of  CPAM
underwent  CTA  and  concomitant  pulmonary  sequestration
was  diagnosed  in two  (15.3%)  cases.

Mean  effective  radiation  dose  was  0.39  ±  0.15  mSv.
Median  image  noise  was  45.5  ±  12.4  HU.  Median  percent-
age  of  images  with  motion  artifacts  was  0.8% (IQR,  0.0  ---
1.0%).  Data  on  subjective  and  quantitative  evaluations  are
described  in Table 1. Visualization  of  all  the 12  structures
analyzed  in  the subjective  visual  evaluation  was  possible
in  almost  all  cases.  Paratracheal  lymph  nodes,  apical  seg-
ments,  and  medial  basal  segments  could  not  be visualized
in  two  subjects  (2.3%),  and  the  middle  lobe  bronchus  in one
patient  (1.2%).  In  the  quantitative  evaluation  of  image  qual-
ity,  scans  presented  excellent  quality  (score 1)  in  82.6%,
and  diagnostic  quality  (scores  1  or  2) in 98.9%.  Only  one
case  (1.2%),  a 4-year  old male,  presented  moderate  blurring
that  slightly  compromised  the image  (score  3),  and  pre-
vious  examinations  demonstrated  findings  compatible  with
BO.

When  analyzing  the  median  noise  ratio  separately  by
age  range,  there  was  no  significant  difference  between  the
groups  (Fig.  2A).  On the  other  hand,  median  DLPs were
higher  according  to  higher  age  ranges  (Fig.  2B).

In the secondary  analysis  separating  the  subjects  accord-
ing  to  final  diagnosis,  there  was  no  difference  in the  mean
noise  ratio  between  the pathologies  (p  =  0.612).  On  the
other  hand,  there  were statistically  significant  differences
for  median  percentage  of  motion  artifacts  (p  <  0.001)  and
mean  ED  (p  =  0.009).  Scans  of patients  with  CF had  higher
mean  ED and  lower  percentage  of  images  with  motion
artifacts.  Table  2  summarized  variables  according  to  final
diagnoses.

Discussion

This  study  evaluated  the diagnostic  performance  of  ULDCT
without  anesthesia  for  pulmonary  diseases  in children.  The
authors  describe  CT  images  with  diagnostic  quality  in most
cases combined  with  an important  reduction  in radiation
doses.  In  addition,  these  results  demonstrated  the feasibility
of  scans  without  sedation,  with  a  low percentage  of  motion
artifacts  and  image  noise.  Only  one patient  had a poor  image
quality  due  to  intense  dyspnea,  for  whom  review  of  retro-
spective  examinations  revealed  a  possible  diagnosis  of  BO.
The  noise  ratio was  similar  between  the age  ranges,  showing
that  it is  feasible  to  avoid  sedation  use  for chest  CT  scans  in
children.

Unnecessary  exposure  to  radiation  is  always  a concern,
especially  in children.  This  study  found  an  average  ULDCT
dose---length  product  of  27.5  ± 11.1  mGy  cm, representing  an
estimated  mean  ED of  0.39  ±  0.15  mSv.  EDs  generally  are a
reflex  of the  CT  protocols  chosen,  and by  using  low tube
currents  (15---30  mAs),  tube voltage  of  80  kV, and pitch  of
1.375,  it was  possible  to  deliver  such  low ED. This  would
be  equivalent  to  around  25  pediatric  chest  radiographs  in
posteroanterior  (PA)  projection  or  ten using  both  PA and
lateral  projections  (mean  ED  for  PA,  15.35  �Sv;  mean  ED
for  PA + lateral,  40.2  �Sv).18 Compared  to  standard  chest  CT,
ULDCT  would  represent  a significant  decrease  in radiation.
Using  patient  age-  and weight-specific  chest  CT  protocols,
Huda  and  Vance found a hyperbolic  curve  for  mean  values
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Figure  1  Male,  8-year-old.  Axial  (A)  and  coronal  (B)  ultra-low-dose  CT images  demonstrated  perihilar  (central)  cylindrical
bronchiectasis (arrows),  suggestive  of  cystic  fibrosis.  (C)  Axial  and  coronal  (D)  ultra-low-dose  CT images  showed  a  case  of  a  3-
year-old male  with  bronchial  wall  thickening  (white  arrow)  and  atelectasis  in the  left  lower  lobe  (black  arrow),  suggestive  of
bronchiolitis obliterans.  Axial  (E)  and  coronal  (F)  ultra-low-dose  CT  images  demonstrated  a  case  of  type  I congenital  pulmonary
airway malformation  in the  left  upper  lobe  (arrow)  ---  adenomatous  cystic  pulmonary  malformation  ---  in  a  5-year-old  female.

of  ED  according  to  patient  weight,  starting  around  2.2  mSv
for  neonates,  falling  to  a minimum  of  1.5  mSv  for  a  10-
kg  infant  and increasing  again  to  4 mSv  for a normal-sized
adult.19 The  mean  ED  the present  study  found  would  repre-
sent  only  17%, 26%,  and  9.75%  of  these  doses,  respectively.
A  Swiss  study12 that  used  a  reduced  dose  protocol  demon-
strated  good diagnostic  accuracy  for  pulmonary  nodules
using  a  ULDCT  associated  to  FBP and  ASIR  reconstruction
when  compared  to  conventional  and  low dose  CT.  ED was
0.16  ±  0.006  mSv,  slightly  lower  than  those  of the present
study.  However,  the  biggest  difference  is  that  all  subjects
were  adult  patients,  presenting  a  much  smaller  rate  of
motion  artifacts.

Reconstruction  models,  such  as  ASIR and FBP,  allow  mas-
sive  dose  reduction  while  preserving  image  quality.  The
potential  use  of  reconstruction  techniques  image  using  ASIR
for  radiation  dose  reduction  in  pediatric  patients  is  well
established.11,13 ASIR  results  in  less  noise  and  artifacts,  being
superior  to  FBP,  as  the latter does  not  consider  details  such
as  accurate  location  of  the focus,  size  and location  of detec-
tors,  and  system  noise.  When  compared  with  FBP  alone,
the  combination  of  ASIR  and  FBP  may  reduce  the effec-
tive  dose  from  8.65  mSv  to  4.25  mSv.20 The  ULDCT  protocol
using  ASIR 50 percentage  for  pediatric  thorax  CT  already
demonstrated  the maintenance  of  image  quality  with  an
important  dose  of radiation  exposure  (0.31  ±  0.03  mSv)  and
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Figure  2  (A)  Median  noise  ratio  index  according  to  age;  (B)  median  dose---length  product  according  to  the  age  cutoffs.

Table  2  CT  visual  and  quantitative  analyses  according  to  the final  diagnoses.

Variables  CF  (n  =  44)  BO  (n = 27)  CPAM  (n  = 15)  p-value

Noise  ratio,  mean  ±  SD  (HU)  46.6  ± 13.6  45.4  ± 11.3  42.9  ± 10.7  0.612
Percentage of  images  with  motion

artifact,  median  (IQR)  (%)

0.3  (0---1)  1.3 (0.8---3.8)  1.1  (0.4---7)  <0.001

ED, mean  ±  SD  (mSv)  0.43  ± 0.17  0.34  ± 0.012  0.3  ± 0.11  0.009

Structures identification,  n  (%)

Trachea  and primary  bronchi  44  (100)  27  (100)  15  (100)  ---
Paratracheal  lymph  node  42  (95.5)  27  (100)  15  (100)  0.376
Subcarinal lymph  node  44  (100)  27  (100)  15  (100)  ---
Right upper  lobe  bronchus  44  (100)  27  (100)  15  (100)  ---
Middle lobe  bronchus  44  (100)  27  (100)  14  (93.3)  0.091
Right lower  lobe  bronchus  44  (100)  27  (100)  15  (100)  ---
Left upper  lobe  bronchus  44  (100)  27  (100)  15  (100)  ---
Left lower  lobe  bronchus  44  (100)  27  (100)  15  (100)  ---
Apical segment  43  (97.7)  26  (96.3)  15  (100)  0.747
Medial basal  segment  44  (100)  26  (96.3)  14  (93.3)  0.284
Aortic artery  44  (100)  27  (100)  15  (100)  ---
Pulmonary  artery  44  (100)  27  (100)  15  (100)  ---

Image quality  score,  n (%)  0.666
1 37  (84.1)  22  (81.5)  12  (80.0)  ---
2 7 (15.9)  4 (14.8)  3 (20.0)  ---
3 0 (0.0)  1 (3.7)  0 (0.0)  ---
4 0 (0.0)  0 (0.0)  0 (0.0)  ---
5 0 (0.0)  0 (0.0)  0 (0.0)  ---

BO, bronchiolitis obliterans; CF, cystic fibrosis; CPAM, congenital pulmonary airway malformations; CT, computed tomography; ED,
effective dose; IQR, interquartile range.

good diagnostic  accuracy  for  pulmonary  metastasis.21 Even
using  parameters  as  low as  80  kVp  and 15---30  mAs  and  high
noise  ratio,  most scans  in the  present  study  evidenced
great  image  quality  or  only  mild  blurring,  allowing  diagnosis
in  98.9%.

In  this  study,  CT  protocols  were  done  without  breath
hold  techniques.  Although  BO  diagnosis  is  usually  associated
with  air  trapping,  it was  decided  to  not include  expira-
tory  acquisitions  as most  children  would  not comply  with

adequate  expiratory  techniques  without  GA. Previous  study
had  demonstrated  that  air  trapping  and  mosaic  attenuation
areas  are  indirect  signs of BO in imaging  studies,  whereas
centrilobular  nodules  would be a  more  accurate  finding  for
the  final  diagnosis  of  BO.22 In  addition,  air  trapping  is  a
common  finding  identified  in up  to  60%  of  normal  patients
and  is  overestimated  in the  diagnosis  of  pulmonary  diseases
in  children.23 For  these  reasons,  the  authors  believe  that
performing  protocols  without  breath  hold techniques  did
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not  affect  the final  diagnoses  and  the results.  The  most
common  findings  in this  study  were  centrilobular  nodules,
peri-bronchial  thickening,  bronchiectasis,  mosaic  pattern,
and  atelectasis,  which  is  in accordance  with  previous  liter-
ature  data.24

GA  for  pediatric  imaging  is  always  a  concern.  Studies  on
pediatric  imaging  demonstrating  a low incidence  of  adverse
events  (6.6%)  for  high  risk  populations,  such  as  ASA  325

(patient  with  a severe  systemic  disease  that  is  not  life-
threatening),  after  receiving  propofol  or  fentanyl,  the most
commonly  used drugs  for  sedation.26 On the  other  hand,
a  previous  review  with  923  pediatric  patients  undergoing
radiological  imaging  in  emergency  demonstrated  a 10%  over-
all  incidence  of  adverse  events,  with  0.76%  major  adverse
events  requiring  intervention,  such  as  significant  hypoxemia,
apnea,  and  laryngospasm.27 A topic  that  is  currently  under
discussion  is  the potential  risk  of  neurotoxicity  related  to
GA.  Stratmann  et  al.,9 in  a  preclinical  study  with  rats,
showed  that the animals  submitted  to  tissue  injury  during
anesthesia  had  similar  rates  of  impaired  recognition  mem-
ory  performance  as  rats  that  had been anesthetized  without
tissue  injury.  Other  preclinical  studies  also  demonstrated
that  some  sedation  drugs  can  be  associated  with  neurode-
velopment  delay.7,8 A retrospective  cohort  with  more  than
10,000  siblings  compared  children  without  developmental  or
behavioral  disorders  who  had  or  had  not undergone  surgery
when  they  were  younger  than  3  years.  The  risk  of  being
subsequently  diagnosed  with  developmental  and  behavioral
disorders  in children  who  had  surgery  when  they  were
younger  than  3  years  was  60%  greater  than  that  of  a  sim-
ilar  group  of  siblings  who  did  not  undergo  surgery  (HR 1.6;
95%  CI:  1.4---1.8).10 On  the other  hand,  a prospective  study
conducted  by  Davidson  found  no  evidence  that  an hour  of
anesthetic  in infancy  increases  the  risk  of  adverse  neurode-
velopmental  outcome  at two  years  of  age  compared  to  the
control  group.28 New  studies  are still  necessary  to  demon-
strate  a  cause-and-effect  relationship  between  the use  of
general  anesthesia  in  children  and  long-term  cognitive  dys-
function.  Due  to  this  great  dilemma  and  growing  evidence
demonstrating  the inherent  risks  of  anesthesia,7 none of the
present  patients  underwent  sedation  scans,  and  yet  it  was
possible  to maintain  great  image  quality  with  a  low  rate  of
motion  artifacts.

The  use  of  a  16-row  multidetector  CT  scanner  rather
than  a  newer-generation  device  is  a possible  limitation
of  this  study.  However,  the  16-slice  is  still  a  widely
used  scanner  worldwide,  representing  approximately  30%,29

increasing  the  external  validity  of this  study.  Studies with
newer-generation  scanners  are  necessary  to  corroborate  the
present  results  using  a CT scanner  with  16  channels.  How-
ever,  it is  reasonable  to  believe  that the results  will  be
even  better  with  advanced  equipment  due  to  better  qual-
ity  and  faster  image  acquisition.  In addition,  the radiation
dose  could  even  be  lowered  using  single  or  dual  source  64-
detector  CT,  and  128-,  256-,  and 320-detector  single  source
CT.  Studies  have  reported  doses  as  little  as  0.93  mSv  for pul-
monary  nodule  detection  using  a  second-generation  320-row
detector  CT  scanner.30 Further  studies  should  also  inves-
tigate  the  use  of  such  scanners  for  chest  CT  imaging  in
children.

This study  has  some  other  limitations.  First,  all partici-
pants  were  from  the outpatient  clinic; further  studies  should

also  try to  assess  chest  ULDCT  for  inpatients,  with  worst  clin-
ical  conditions.  Second,  the  sample  size  was  from  a trained
single  center.  Third,  only three  pulmonary  diseases  were
founded  in  this study.  Future  studies  should  also  assess  image
quality  in other  pathologies.  Fourth,  only  the inter-rater
reliability  of  the evaluation  scale  was  tested,  not  the  intra-
rater  reliability.  Another  possible  limitation  is  not  including
patients  with  suspicion  of  ILD,  due  to  a major  limitation  of
ULDCT  protocol  in the  assessment  of  this  disease.  Finally,  all
exams  were  assessed  without  expiratory  technique,  redu-
cing  the  finding  of  air  trapping,  although  this sign  need  not
necessarily  be present  to  establish  the final  diagnosis  of  BO.

In  conclusion,  the results  demonstrated  chest  ULDCT
without  sedation  or  anesthesia  is  possible  to  perform,
delivering  a  sub-millisievert  radiation  dose  and  maintaining
image  quality  to  allow  identification  of  common  pulmonary
anatomy  and  diseases.
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