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Abstract

Background  and  objectives:  In  scientific  studies  with  medical  imaging,  it  is important  that  the
process involved  in selecting  the  explanatory  variables  is closely  monitored,  as  this can  lead  to
significant  confounding  biases  in its  methodology.  The  aim  of  this  paper  is to  explore  whether  it
is feasible  to  use  criteria  for  causation  (such  as  those  outlined  by  Bradford  Hill)  when  selecting
variables  in articles  published  in  the  journal  RADIOLOGÍA.
Material  and  methods:  We  selected  the  July-August  issue  of  Radiología,  issue  4  of 2023.  Four
original articles  with  sample  sizes  of  at  least  100 patients  were  chosen  and  their  follow-up  of
causation was  analysed.
Results:  The  criteria  of  temporality,  consistency,  coherence,  plausibility  and  analogy  were
observed.  The  criteria  of  specificity,  experiment,  strength  and  biological  gradient  were  not
consistently  applied.  The  methodological  robustness  and  quality  of  these  studies  was  also  noted.
Conclusion:  Bradford  Hill’s  criteria  for  causation  are  useful  for  the selection  of variables  in
medical  imaging  studies.  The  most  relevant  criteria  in medical  imaging  are  temporality,  con-
sistency,  coherence,  plausibility  and  analogy.
© 2024  SERAM.  Published  by  Elsevier  España,  S.L.U.  All  rights  are  reserved,  including  those  for
text and  data  mining,  AI  training,  and  similar  technologies.
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La  importancia  de  los  datos:  control  de las  variables  en  la inferencia  de  causalidad

con  imagen médica

Resumen

Antecedentes  y  objetivo:  En  los estudios  científicos  con  imagen  médica  es  crucial  el control
del proceso  de  selección  de  variables  explicativas,  ya  que  puede  ser  una  fuente  importante
de  sesgos  metodológicos  de  confusión.  El  objetivo  de este  trabajo  es  analizar  la  viabilidad  de
emplear los criterios  de  causalidad  (como  los  enunciados  por  Bradford  Hill)  en  la  selección  de
variables en  artículos  publicados  en  la  revista  RADIOLOGÍA.
Material  y  método: Se seleccionó  el número  cuatro  de 2023  de la  revista  Radiología,  que  cor-
responde  a  Julio-Agosto.  Se  eligieron  cuatro  publicaciones  originales  observacionales  con  un
tamaño muestral  de al  menos  100  pacientes  para  su análisis  de  control  de causalidad.
Resultados:  Se  observó  cumplimiento  de  los criterios  de  temporalidad,  consistencia,
coherencia,  plausibilidad  y  analogía.  Los  criterios  de especificidad,  experimento,  fuerza  y
dosis/respuesta  no  se  aplicaron  de forma  consistente.  Se constató  la  robustez  y  calidad
metodológica  de  estos  estudios.
Conclusión:  Los  criterios  de causalidad  de Bradford  Hill  resultan  útiles  para  la  selección  de
variables en  estudios  científicos  de imagen  médica.  Los criterios  más  relevantes  en  imagen
médica son  los  de  temporalidad,  consistencia,  coherencia,  plausibilidad  y  analogía.
© 2024  SERAM.  Publicado  por  Elsevier  España,  S.L.U.  Se  reservan  todos  los derechos,  incluidos
los de  mineŕıa de  texto  y  datos,  entrenamiento  de  IA y  tecnoloǵıas  similares.

Introduction

One  of  the  main  challenges  for  radiologists  when  designing
studies  that  correlates  image  findings  with  specific  medical
events  are  the  biases  or  systematic  errors  that  can  arise  from
the  failure  to  effectively  control  the selection  of  variables
and  their  potential  confounding  factors.

To  avoid  inconsistencies  and non-reproducibility,  the
methodology  design  should  control  for possible  biases
that  generate  uncertainty.1 One  of the  most  critical  fac-
tors  in  this  process  is  the selection  of  the explanatory
variables  to  be  collated  and  analysed.  The  selection  of
variables  is particularly  important  in the retrospective  and
prospective  observational  studies  used  in  medical  imag-
ing  research.2 Although  retrospective  studies  are often
associated  with  a greater  methodological  bias, this is  not
necessarily  the  case.  The  quality  of  the  data  is  directly
impacted  by  how  well  the  variables are  defined  and the
level  of  standardisation  employed  in the data  collection
process.

Confounding  bias  is  a  systematic  error  associated  with
the  presence  of  confounding  variables  that  can  distort  the
conclusions  drawn  in terms  of  causality  or  cause  errors  in
the calculation  of  associations  between  different  selected
variables  used  to make  a causal  inference,  the process  by
which  cause-effect  relations  are  identified.2---6 To  avoid  these
biases,  we  must  therefore  analyse what  data  should be col-
lected  at  the  beginning  of  any  study.

The  literature  includes  various  checklists  that  help
us  design  a good  quality  scientific  investigation.  In the
case  of  medical  imaging  research,  checklists  like STROBE
(STrengthening  the Reporting  of OBservational  studies  in
Epidemiology)  are particularly  useful  for  observational
studies,7 and  STARD  (STAndards  for  Reporting  Diagnostic

accuracy  studies)  for calculating  the  diagnostic  accu-
racy  of  a test.8 STROBE  mentions  the  variables  (section
7)  and  descriptive  data  (section  14)  relating  to  the
study  population,  including  confounding  factors,  but  does
not  define  the  criteria  for  the selection  of  explanatory
variables.  STARD  discusses  how  to  describe  the  subjects
(sections  19---22) and recommends  mentioning  the  possible
biases  and  limitations  of the study  (section  26),  although
it  does not  define  how  to  select  and  evaluate  these
variables.

Our  objective  is  to  use  the Bradford  Hill  criteria,  oth-
erwise  known  as  Hill’s  criteria  for  causation,9 to  evaluate
the  methodological  quality  of studies  published  in the RADI-
OLOGÍA  journal  to verify  the  applicability  of the criteria
and  demonstrate  how  they  can  be used  in the  selection
of  explanatory  variables  when designing  a medical  imaging
study.

Material and methods

We  have  evaluated  publications  from  issue  four
(July/August)  2023  of the RADIOLOGÍA  journal,  which
was  the most recent  issue  available  at  the time  this  study
was  performed.  In selecting  the  studies,  we  applied  the
following  inclusion  criteria:  original  studies,  observational
studies  (prospective  and  retrospective)  and  sample  size  of
at  least 100  patients.

The  Bradford  Hill  criteria9 were  adjusted  as  a guide for
establishing  causal  relations  (Annex  1  of  the  supplementary
material).  One  of the authors  (CMBS)  undertook  the crit-
ical reading,  applying  these  criteria  to  check where  they
had  been  used  and followed.  Where  there  were  doubts  as  to
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Figure  1 Study  selection  process  flow  diagram.

compliance,  all  authors  discussed  the  causal  inference  for
each  study.

Results

Four  articles  complied  with  all  the inclusion  criteria10---13

(Fig.  1).  Table  1  summarises  the  analysis  in the  form  of  a
causality  compliance  matrix.  The  details  of this analysis  are
provided  below  for  each  article.

Study  1  (Serrano  et  al.)10 is  a retrospective  observa-
tional  study.  It aims  to  analyse  the efficacy  of  inferior  vena
cava filter  removal  and  the  clinical  and  radiological  factors
associated  with  a difficult  removal.  It uses  multiple  varia-
bles  to  define  a difficult  removal  and  correlates  them  with
the  different  patient  characteristics.  They  explain  in detail
the  selection  of  variables,  based  principally  on  temporality,
coherence,  plausibility  and  analogy.  The  biological  gradient
criterion  is  applied  to  correlate  the complexity  of  the  pro-
cedure  with  the severity  of  patient-related  factors  and the
time  elapsed.  Experiment  and specificity  criteria  are not
applied  because  the sample  was  not randomised  and they
find  more  than  one  factor  that  influences  the medical  event
studied.

Study 2 (Villanueva  et al.)11 is  a  retrospective  obser-
vational  study,  which  aims  to  describe  the appearance
of  pleural appendages  (PA)  in computed  tomography  (CT)
and  their  relationship  with  body mass  index  (BMI).  They
analyse  variables  such as  presence,  size  and localisation
of  PA.  They  mainly  employ  the criteria  of  coherence,
plausibility  and  analogy to  infer  the hypothesis  of  the
study.  They  use  the  biological  gradient  criterion  to  infer  a
greater  probability  of  presenting  with  PA (outcome)  as  BMI
increases  (exposure).  In contrast  with  Study  1, they  apply
the  criterion  of  specificity  to  establish  a causal  relation-
ship  between  BMI  and  the presence  of  PA.  The  experiment
criterion  is not  used  as  they  do not apply  any  form of
randomisation.

Study 3  (Castro-García  et al.)12 is  a  retrospective
diagnostic  performance  study.  It  analyses  the diagnostic
performance  of  CT  pulmonary  angiography  by  comparing
different  d-dimer  cut-off  values  in  the diagnosis  of  acute
pulmonary  embolism  in patients  with  and  without  SARS-
CoV-2  infection.  They  use  two  cohorts  of  patients,  one
during  the pandemic  (group  A,  subdivided  into  patients  pos-
itive  and negative  for  SARS-CoV-2)  and  one  prior  to  the
pandemic  (group  B).  They  analysed  the sensitivity,  speci-
ficity,  ROC  curves  and  cut-off  points,  correlating  it with
the  CT  pulmonary  angiography  results,  the  d-dimer  val-
ues,  the SARS-CoV-2  PCR  results,  the need  for admission
to  intensive  care  unit  (ICU) and  the  pulmonary  embolism
pattern.  They employed  temporality,  coherence,  analogy
and  plausibility  criteria.  The  criteria  of strength  and bio-
logical  gradient  are not applicable  as  the study  is designed
to  identify  diagnostic  performance  with  no  analysis  of
exposure  and outcome  causality,  while  the criteria  of  speci-
ficity  and  experiment  were  not  applied  as  the sample
was  not  randomised,  nor  was  a single  cause-effect  factor
sought.

Study  4 (Hajiahmadi  et  al.)13 is  a  prospective  observa-
tional  study  and  determines  the  predictors  of  pulmonary
hypertension  and right  heart  dysfunction  caused  by
pulmonary  embolism.  They  use  the pulmonary  artery
obstruction  index  calculated  according  to  the  Qanadli  score,
the  dilatation  of  the right  ventricle  and  diameter  of  main
pulmonary  artery during  the acute  phase  of the  illness  using
CT  pulmonary  angiography.  They  correlate  this  with  signs  of
right  ventricular  dysfunction  and  chronic  pulmonary  hyper-
tension  in echocardiography  six  months  after  the  acute

Table  1  Analysis  results  for  causality  criteria.

Study  1  (Serrano
et al.)

Study  2
(Villanueva  et  al.)

Study  3
(Castro-García  et  al.)

Study  4  (Hajiahmadi
et  al.)

Temporality  Yes  Yes  Yes  Yes
Strength Yes  Yes  Not  applicable  Yes
Biological  gradient  Yes  Yes  Not  applicable  Yes
Consistency  Yes  Yes  Yes  Yes
Coherence  Yes  Yes  Yes  Yes
Plausibility  Yes  Yes  Yes  Yes
Specificity  No Yes  No  No
Experiment  No No  No  No
Analogy Yes  Yes  Yes  Yes
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event.  The  principle  variables  are  temporality  (CT  angiogra-
phy  during  the acute  phase  and  echocardiography  six months
after),  strength,  coherence  and  plausibility.  The  biological
gradient  criteria  is  employed  when correlating  the  severity
of  the  acute  pulmonary  embolism  with  the risk  of  suffer-
ing  chronic  pulmonary  hypertension.  The  experiment  and
specificity  criteria  were  not  used  as  no  randomisation  was
performed  on the sample  nor  was  single-factor  causality
sought.

Discussion

In  medical  imaging  we  make  inferences  in  all  our  radio-
logical  reports.  Many  publications  seek  to  use  predictive
models  in  which  a combination  of  observations  and  data
indicate  a  level  or  risk  (such  as  the prediction  of microvas-
cular  invasion  in hepatocellular  carcinoma).  To  trust  the
associations  identified,  we  must  establish  a  methodologi-
cal  design  that  controls  for  possible  confounding  factors
that  generate  uncertainty  in the results  obtained.1 The
selection  of  variables  is  a critical  factor  in this  method-
ological  design.  In  our  study,  we  have used the Bradford
Hill  criteria5,9 as  a  useful  quality  control  tool  in the
design  of  observational  studies,  frequently  used in medical
imaging.

Our  analysis  of the  four studies  published  in  the RADI-
OLOGÍA  journal  reveals  that these  causality  criteria  can  be
very  useful  in defining  the quality  of a  study,  even  if not
all  apply  to  every  study.  To  be  precise,  the criteria  of  speci-
ficity,  experiment,  strength  and  biological  gradient  were  not
applied  in  every  study  assessed.  This  is  due  principally  to
the  type  of  studies  analysed,  as  the  applicability  of  each
criterion  depends  on the objectives  and methodology  used,
so  the  relevant  criteria  should be  defined  according  to the
characteristics  of  each  investigation.  For example,  none of
the  four  studies  involved  randomisation  of  data  or  patients,
as  it  was  not  relevant  or  necessary  for the specific  objectives
of  each  study.

Not  fulfilling  all the  criteria  does  not  mean  that  the
assessed  investigations  present  methodological  deficiencies,
as  the  criteria  should  not  be  interpreted  as  a  strict  checklist.

In  contrast,  the criteria  of  temporality,  consistency,
coherence,  plausibility  and  analogy  were  fundamental  to  the
studies  reviewed.  The  importance  of these  criteria  lies  in
their  close  alignment  with  observational  studies,  used  fre-
quently  in  our  field.  It  is  possible  that in other  fields  of
medicine,  where  other  types  of  studies  prevail,  the  foun-
dations  of causality  on  which investigators  base  their  work
differ  from  our  own.  As  a result,  the  Bradford  Hill  criteria
can  be  applied  accordingly,  adapting  and  adjusting  to each
type of  study.

The  main  limitation  of our  study  is that  only  one  issue  of
the  journal  was  analysed,  so  it may  not  be  representative.
It  will  be  interesting  to  see  how  the criteria  for  causality  are
applied  in  other  contexts  and as  time  goes  on.

To  conclude,  the Bradford  Hill  causality  criteria  are rel-
evant  and  useful in the  methodological  design  of  medical
imaging  studies.  The  criteria  of temporality,  consistency,

coherence,  plausibility  and  analogy should  be considered
fundamental  in the  selection  of explanatory  variables  for
any  study  in this  field.
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Appendix A.  Supplementary data

Supplementary  material  related  to  this article  can be
found,  in the online  version,  at  doi:https://doi.org/10.
1016/j.rx.2024.08.003.
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