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Resumen

Introducción:  Los  traumatismos  craneoencefálicos  leves  (TCE-L)  han  sido  tradicionalmente
considerados  acontecimientos  sin  repercusiones  cerebrales  significativas,  cuya  sintomatología
remite espontáneamente  en  unos  días.  Sin embargo,  estos  hechos  son  cada  vez  más  cuestio-
nados.  Este  estudio  pretende  objetivar  la  existencia  de  alteraciones  cognitivas  precoces  en
una serie  de  pacientes  con  TCE-L  y  relacionar  los  hallazgos  con  distintos  marcadores  de  lesión
cerebral.
Métodos:  Estudio  prospectivo  de  una  cohorte  de  pacientes  con  un  TCE-L  valorados  de  forma
consecutiva  durante  12  meses.  De  un  total  de  1.144  pacientes,  se  seleccionó  a 41  (3,7%)  que
habían presentado  una  conmoción  cerebral.  Además  de  la  valoración  clínica  habitual  y  de
la práctica  de  una  tomografía  computarizada  (TC)  cerebral,  los  pacientes  fueron  estudiados
mediante  un  test  estandarizado  para  síntomas  posconmocionales  en  las  primeras  24  h  después
del TCE-L  y  al  cabo  de  1-2  semanas  y,  coincidiendo  con  la  segunda  valoración,  mediante  una
batería  neuropsicológica.  Los  resultados  se  compararon  con  los  de  un  grupo  de  28  voluntarios
sanos de  características  parecidas.  En  20  pacientes  se  practicó  una  resonancia  magnética  (RM)
craneal.
Resultados:  En  este  análisis  exploratorio,  la  memoria  y  el aprendizaje  verbal  fueron  las fun-
ciones cognitivas  más  afectadas  después  del  TCE-L.  Siete  de  los  20  pacientes  con  TC  cerebral
normal presentaron  alteraciones  estructurales  visibles  por  RM,  que  en  2  casos  fueron  compati-
bles con  la  presencia  de  lesión  axonal  difusa.
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Conclusiones:  Los  resultados  de  este  estudio  piloto  sugieren  la  presencia  de  alteraciones  cogni-
tivas precoces  y  lesiones  cerebrales  estructurales  en  un  porcentaje  no  despreciable  de  pacientes
que han  presentado  una  conmoción  cerebral  recuperada  después  de  un  TCE-L.
© 2016  Sociedad  Española  de  Neuroloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los
derechos  reservados.
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Neuropsychological  alterations  and  neuroradiological  findings  in  patients

with  post-traumatic  concussion:  Results  of  a  pilot  study

Abstract

Introduction:  Mild  traumatic  brain  injury  (mTBI)  has  traditionally  been  considered  to  cause
no significant  brain  damage  since  symptoms  spontaneously  remit  after  a  few  days.  However,
this  idea  is  facing  increasing  scrutiny.  The  purpose  of  this  study  is  to  demonstrate  the  presence
of early  cognitive  alterations  in  a  series  of  patients  with  mTBI  and  to  link  these  findings  to
different  markers  of  brain  damage.
Methods:  We  conducted  a  prospective  study  of a  consecutive  series  of  patients  with  mTBI
who were  evaluated  over  a  12-month  period.  Forty-one  (3.7%)  of  the  1144  included  patients
had experienced  a  concussion.  Patients  underwent  a  routine  clinical  evaluation  and  a  brain
computed  tomography  (CT)  scan,  and  were  also  administered  a  standardised  test  for  post-
concussion  symptoms  within  the  first  24  hours  of  mTBI  and  also  1  to  2 weeks  later.  The  second
assessment  also  included  a  neuropsychological  test  battery.  The  results  of these  studies  were
compared  to  those  of  a  control  group  of  28  healthy  volunteers  with  similar  characteristics.
Twenty  patients  underwent  an MRI  scan.
Results:  Verbal  memory  and  learning  were  the  cognitive  functions  most  affected  by  mTBI.
Seven out  of  the  20  patients  with  normal  CT  findings  displayed  structural  alterations  on  MR
images,  which  were  compatible  with  diffuse  axonal  injury  in  2 cases.
Conclusions:  Results  from  this  pilot  study  suggest  that  early  cognitive  alterations  and  structu-
ral brain  lesions  affect  a  considerable  percentage  of  patients  with  post-concussion  syndrome
following  mTBI.
©  2016  Sociedad  Española  de  Neuroloǵıa.  Published  by  Elsevier  España,  S.L.U.  All  rights
reserved.

Introducción

Los  traumatismos  craneoencefálicos  (TCE)  constituyen  un
problema  de  elevada  prevalencia,  tanto  en  las  sociedades
industrializadas  como  en  países  en  vías  de  desarrollo,  con
una  incidencia  estimada  entre  150  y  250  casos  al  año por
cada  100.000  habitantes1.  Un  10%  de  los  TCE  son  graves  (pun-
tuación  en  la escala  de  coma  de  Glasgow  [ECG]  ≤  8),  un  10%
moderados  (puntuación  en  la  ECG  entre  9  y  13)  y un  80%
de  los  afectados  presentan  un  TCE  leve  (TCE-L),  con  una
puntuación  de  14  o  15  en  la  ECG2.

Tradicionalmente,  se  ha  concedido  poca  importancia  al
estudio  de  las  repercusiones  de  los  TCE-L,  al  considerarse
que  se  trata  de  un  problema  esencialmente  reversible,  sin
patología  cerebral  detectable  y con  pocas  o  ninguna  secuela
residual.  Sin  embargo,  en  los  últimos  años  los  resultados  de
múltiples  estudios  cuestionan  este  hecho.  En  el  contexto
hospitalario,  los  protocolos  habituales  de  manejo  de  los  TCE-
L  establecen  que  cuando  estos  pacientes  presentan  una  TC
cerebral  normal  pueden  ser  dados  de  alta  hospitalaria,  fre-
cuentemente  sin  seguimiento  clínico.  No  obstante,  existe
evidencia  reciente  de  que  hasta  un  25%  de  los  TCE-L  con
tomografía  computarizada  (TC)  normal  presentan  alteracio-
nes  en  la  resonancia  magnética  (RM)  craneal3.

Además  de  la  puntuación  en  la ECG  (14-15),  los  crite-
rios  diagnósticos  que  se  contemplan  tradicionalmente  en  el
diagnóstico  de  los  TCE-L  son  la  pérdida  de  consciencia  (PDC)
—–que  debe  ser  inferior  a 30  min—–  y la  presencia  de una
posible  amnesia  postraumática  (APT)  de  duración  inferior  a
24  h.  Cuando  alguno  de  estos  criterios  está  presente,  se  con-
sidera  que  el  paciente  presenta  una  «conmoción  cerebral»4.
Las  consecuencias  de  un  TCE-L  pueden  ser  muy  variables
y  van  desde  una  ausencia  absoluta  de  síntomas  residuales
hasta  la presencia  de  un  cortejo  sintomático  florido  que
incluye  cefaleas,  mareos,  náuseas,  inestabilidad  de la  mar-
cha,  irritabilidad,  alteraciones  de  memoria  o  dificultades  de
concentración.  Tres  meses  después  del  traumatismo,  aproxi-
madamente  un  30%  de  los  afectados  sigue  sin  recuperarse  ad

integrum5,  presentando  lo  que se  conoce  como  un  síndrome
posconmocional  (SPC)6.

A  pesar  de  los  avances  en  las  técnicas  de  identificación
del  daño  cerebral,  la mayoría  de  los  estudios  reconocen  la
existencia  de  un  porcentaje  de  personas  que  después  de  un
TCE-L  presenta  síntomas  persistentes  e incapacitantes,  en
ausencia  de alteraciones  evidentes  en  las  pruebas  de  neu-
roimagen.  Esto  explica  porque  muchos  autores  consideran
que  la  lesión  cerebral  puede  no  ser  la  única  causa  de  las
alteraciones  a largo  plazo  detectadas  en  algunos  pacientes
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después  de  un  TCE-L.  En  estos  casos,  las  secuelas  residuales
podrían  estar  influidas  por  una  serie  de  condicionantes  como
rasgos  de  personalidad,  enfermedades  mentales  o sistémicas
preexistentes,  comorbilidad  asociada  (dolor  crónico,  tras-
tornos  ansioso-depresivos,  etc.),  factores  sociopsicológicos
y  la  implicación  del  paciente  en  algún  tipo  de  reclamación
o  demanda  judicial7.

Según  los  paradigmas  clásicos,  la  gran  mayoría  de  las
alteraciones  neuropsicológicas  secundarias  a  un  TCE  mode-
rado  o grave  pueden  explicarse  por  la  localización  de  las
lesiones  cerebrales8. Sin  embargo,  en  ausencia  de  lesiones
focales  evidentes  en  la  TC  cerebral,  las  disfunciones  cogni-
tivas  de  estos  pacientes  pueden  deberse  a la  desconexión
de  diversas  estructuras  anatómicas  cerebrales,  debido  a  la
presencia  de  una  lesión  axonal  difusa  (LAD)5.  Este  fenómeno
puede  constituir  también  el sustrato  que  explica  la  pre-
sencia  de  síntomas  y  alteraciones  cognitivas  residuales  en
algunos  pacientes  que  han  presentado  un  TCE-L.  Entre  las
consecuencias  neuropsicológicas  más  frecuentes  asociadas
a  los  TCE-L  se  encuentran  alteraciones  en  la  velocidad  de
procesamiento  de  la información,  atención  y  memoria9-12.

Para  facilitar  el  diagnóstico  de  posibles  lesiones  estruc-
turales  en  los  TCE-L,  los  protocolos  de  RM  más  recientes
incluyen  secuencias  de  ponderación  de  la  susceptibilidad
de  los  tejidos  (SWI,  por  su  nomenclatura  en  inglés,  sus-

ceptibility  weighted  imaging)13.  El  SWI  es  una  técnica
extremadamente  sensible  a elementos  paramagnéticos,
especialmente  útil  en  la  identificación  de  microhemorra-
gias,  habiéndose  constatado  en  algunos  estudios  que  esta
técnica  es  muy  superior  (hasta  6  veces  más)14 a las  secuen-
cias  potenciadas  en  T2*  para  la detección  de  microsangrados
puntiformes  que  se  asocian  a  la LAD.

El  objetivo  de  este  estudio  piloto  es  valorar  la  presencia
de  alteraciones  cognitivas  y  síntomas  afectivos  y  conductua-
les  precoces  (antes  de  los  14  días  después  del  traumatismo)
en  una  serie  de  pacientes  que  han presentado  una conmo-
ción  cerebral  secundaria  a un  TCE-L  respecto  de  un  grupo
control  de  voluntarios  sanos,  y explorar  si  existen  relacio-
nes  entre  los  déficits  cognitivos  objetivados  y  los  síntomas
clínicos.  De  forma  adicional,  para  determinar  la  severidad
de  la  lesión  encefálica,  se  pretende  analizar  la  presencia
de  lesiones  estructurales  mediante  RM  en  un  subgrupo  de
pacientes  incluidos  en  el  estudio.

Pacientes y métodos

Pacientes y grupo control

Los  pacientes  incluidos  en  este  estudio  fueron  atendidos  en
el  servicio  de  Urgencias  de  Neurotraumatología  del  Hospi-
tal  Universitario  Vall  d’Hebron  (HUVH)  entre  abril  del  2013  y
abril  del  2014.  Para  ser  incluidos  en  este  estudio,  los  pacien-
tes  debían  cumplir  todos  los  criterios  de  inclusión  y ninguno
de  los  de  exclusión  siguientes:

— Criterios  de  inclusión:  a)  edad  comprendida  entre  los  18
y  los  65  años;  b)  ser  catalán  y/o  castellanoparlantes;  c)

haber  presentado  un  TCE-L  con  una  puntuación  de  14  o
15 en  la ECG  dentro  de  las  24  h previas  a  la  inclusión  en
el  estudio;  d)  haber  presentado  una  conmoción  cerebral,
identificada  por  la  presencia  de  una  pérdida  transitoria  de
consciencia  < 30  min  —–verificada  mediante  la presencia
de  algún  testigo—–,  vómitos,  crisis  comiciales,  APT  infe-
rior  a 24  h  o  síntomas  posconmocionales  intensos  (tabla
1);  e)  exploración  neurológica  normal,  y f)  TC  cerebral
normal.

—  Criterios  de  exclusión:  1)  TCE  previo  que  hubiera
requerido  atención  hospitalaria;  2)  antecedentes  de
abuso  crónico  de  sustancias  psicoactivas;  3)  enferme-
dad  psiquiátrica  o  neurológica  conocida;  4)  enfermedad
sistémica  crónica  con  potenciales  repercusiones  cogniti-
vas  (insuficiencia  renal,  hepática,  síndrome  metabólico,
etc.),  y  5)  politraumatismo  con  un  índice  en  la escala  de
severidad  superior  a  6.

La exploración  neurológica  de  los  pacientes  y  la inter-
pretación  inicial  de  la TC  cerebral  fueron  llevadas  a cabo
por  el  neurocirujano  de  guardia,  puesto  que  se  trata  de  pro-
cedimientos  rutinarios  en  la  evaluación  del  TCE-L.  Las  TC
cerebrales  realizadas  en  urgencias  fueron  posteriormente
revaluadas  por  los  neurorradiólogos  del  HUVH.

El  grupo  control  fue  reclutado  a  partir  de  los
acompañantes  y  familiares  de  los  pacientes  ingresados  en
el  servicio  de  neurocirugía  del  HUVH.  De  las  personas  inte-
resadas  en  formar  parte  del  grupo  control,  se  seleccionó
a  aquellas  que  cumplían  los  criterios  de  inclusión  (a)  y (b)

Tabla  1  Criterios  empleados  para  la  identificación  de  una  conmoción  cerebral  en  pacientes  atendidos  en  las  primeras  24  h
después  de  un  traumatismo  craneoencefálico  leve  (TCE-L).  En  el  presente  estudio  se  exigía  presencia  de  por  lo  menos  uno  de
los siguientes  indicadores,  clasificados  de  manera  dicotómica  (sí/no)

Indicador  Comentario

Pérdida  de  consciencia  Requería  la  confirmación  por  un  testigo.  Debe  diferenciarse  de  episodios
sincopales

Amnesia  postraumática  Evalúa  la  evocación  detallada  de  los  acontecimientos  de  justo  antes  y  después
del  TCE-L

Crisis
Signos  posconmocionales  objetivos

Vómitos
Síntomas  posconmocionales  severos  Registro  de  la  severidad  de  los  siguientes  síntomas,  mediante  una  escala  de  0 a  4:

Cefalea, náuseas,  sensación  de  inestabilidad,  hipersensibilidad  a  la  luz,
hipersensibilidad  a  los  ruidos,  desorientación,  visión  borrosa  y  mareos
Los síntomas  se  clasificaron  como  severos  si  cualquiera  de  ellos  tenía  una
intensidad  ≥  3, o  la  suma  de  la  intensidad  de  todos  los  síntomas  era  ≥  5  puntos



430  A.  Rădoi  et al.

Tabla  2  Lista  de  pruebas  de  la  batería  de  evaluación  neuropsicológica

Objetivo  de  su  aplicación  Nombre  de  la  prueba

Memoria  Test  de  aprendizaje  verbal  auditorio  de  Rey19

Brief  Visual  Memory  Test-Revised20

Atención  y  velocidad  de  procesamiento  Trail  MakingTest21, Parte  A
Conner’s  Continuous  Performance  Test-II,  v. 5.222

Subtest  Clave  de  números  de  la  batería  Wechsler  de  inteligencia  para
adultos  (WAIS-III)23

Subtest  Búsqueda  de  símbolos  de  la  WAIS-III
Funciones  ejecutivas  Test  oral  de  asociación  controlada  de  palabras21

Trail  Making  Test,  Parte  B
Subtests  de  memoria  de  trabajo  de  la  WAIS-III  (Letras  y  números;  Dígitos)

Valoración  del  esfuerzo Test  of  Memory  Malingering17

y  ninguno  de  los  criterios  de  exclusión  (1-4)  antes  mencio-
nados.  Además  de  los  criterios  anteriores,  se  seleccionaron
aquellos  casos  con  edades  y  nivel  de  estudios  paralelos  a las
de  los  pacientes.  El  grupo  control  final  quedó  constituido  por
28  voluntarios  (18  varones  y 10  mujeres),  con  una  mediana
de  edad  de  29  años  (rango  intercuartil  [RIC]  21,  mínimo:  18,
máximo:  64).

Todos  los  pacientes  y  los  participantes  del  grupo  con-
trol  firmaron  el  consentimiento  informado  aceptado  por  el
Comité  de  Ética  del  HUVH  (PR-AG-47-2013).

Procedimientos de evaluación y seguimiento

Además  de  la valoración  clínica  inicial,  todos  los  pacientes
fueron  evaluados  dentro  de  las  primeras  24  h  del  trau-
matismo.  Adicionalmente,  34  pacientes  fueron  estudiados
en  un  segundo  tiempo,  dentro  de  las  2 primeras  semanas
post-TCE.  Un  subgrupo  de  20  pacientes  se  exploró  tam-
bién  mediante  RM  craneal  (14  varones  y 6 mujeres,  con  una
mediana  de  edad  de  29,  RIC  21,  mínimo:  18  y  máximo  64).
Todos  los  participantes  del  grupo  control  fueron  valorados
en  una  ocasión.

Evaluación  estandarizada  de  la  conmoción

Durante  su  estancia  en  Urgencias  de  Neurotraumatología,
dentro  de  las  primeras  24  h  después  del  TCE-L,  y en  una
segunda  ocasión,  coincidiendo  con  la  exploración  neuropsi-
cológica,  los  pacientes  fueron  evaluados  mediante  la prueba
Sport  Concussion  Assessment  Tool  Second  Edition  (SCAT2)15.
El  SCAT2  es  una  herramienta  de  evaluación  estandarizada
diseñada  para  medir  los  efectos  agudos  de  las  conmocio-
nes  cerebrales  producidas  en  un  contexto  deportivo.  Este
test  registra  la  presencia  de  síntomas  posconmocionales,
la  pérdida  de  consciencia  (debe  ser  confirmada  por  testi-
gos),  la  puntuación  en  la  ECG  y  exige  una evaluación  del
equilibrio  y  coordinación,  así  como  una  valoración  cognitiva
mediante  el  Standardized  Assessment  of  Concussion  (SAC).
El  SAC  incluye  la  evaluación  de  la  orientación  temporal,
memoria  —–inmediata  y  diferida—–  y concentración.  El  SCAT2
constituye  una  herramienta  especialmente  útil  en  el  ámbito
clínico  debido  a sus  características  de  valoración  multidi-
mensional  y  a su  brevedad16.  Las  puntuaciones  máximas  son
de  30  puntos  para  el  SAC  y  de  100  puntos  para  el  SCAT2  total.

Valoración  neuropsicológica

Todos  los  participantes  fueron  evaluados  neuropsicológi-
camente  en  una  ocasión  y en  el  caso  de  los  pacientes  se
realizó  dentro  de  las  primeras  2  semanas  después  del  TCE-L.
Para  la evaluación  de  las  funciones  cognitivas  se  empleó  una
batería  neuropsicológica  específica  formada  por  pruebas  de
valoración  de  la  atención,  memoria,  velocidad  del  procesa-
miento  de  la  información  y funciones  ejecutivas  complejas
(tabla  2). Para  la elección  de  las  pruebas  se  siguieron  las
recomendaciones  del  National  Institute  of  Neurological
Disorders  and  Stroke  americano2.  Los  test  seleccionados
forman  parte  del  Core  Data  Elements  recomendado  para  el
estudio  de  este  tipo  de  pacientes2.  Además,  los  pacientes
realizaron  una  prueba  de  valoración  de  esfuerzo  (TOMM)17

para  identificar  posibles  intentos  de  simulación  de  síntomas
o  una  mera  falta  de  colaboración  durante  la  exploración,  y
respondieron  a  un  cuestionario  de  sintomatología  ansioso-
depresiva  (HAD)18,  dado  que  la  presencia  de  estos  síntomas
puede  influir  en  los  perfiles  cognitivos.  La  exploración  cog-
nitiva  completa  requería  un  tiempo  aproximado  de  120  min
e  incluía  un  periodo  de  5-10  min  de  descanso,  si  era  nece-
sario.  Estos  estudios  se  llevaron  a  cabo  por  investigadoras
específicamente  formadas  en  neuropsicología  (AR  y VC).

Evaluación  neurorradiológica  mediante  resonancia

magnética

Los  estudios  por  RM  se  realizaron  en  un  equipo  SIEMENS
Magnetom  TrioTim  syngo  3-tesla,  en  el  Centro  para  el  Diag-
nóstico  por  Imagen  del  Hospital  Clínic  de  Barcelona  y fueron
analizados  por  una colabora  externa  al proyecto,  experta
en  neurorradiología  (NB).  En  cada  caso,  se  obtuvo  una  ima-
gen  estructural  potenciada  en  T1,  de  alta  resolución  (3  D
Magnetization  Prepared  Rapid  Gradient  Echo,  MP-RAGE),
además  de  secuencias  mediante  los  protocolos  Fluid  Atte-

nuated  Inversion  Recovery  (FLAIR)  y  de  gradiente  echo  en
T2.  Para  la identificación  de  microsangrados  se  adquirieron
secuencias  de  SWI.  El  orden  de  las  secuencias  fue  el  mismo
para  todos  los  participantes  y  las  exploraciones  se  realizaron
antes  de  14  días  desde  el  TCE-L.

Análisis  estadístico

El  análisis  de  todas  las  variables  se  realizó  mediante  el
paquete  estadístico  SPSS  (versión  22,  SPSS,  Chicago,  Illinois,
EE.  UU.).  Debido  a  que  la gran  mayoría  de  las  variables  no
siguen  una  distribución  normal,  la comparación  y el  análisis
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de  asociaciones  entre  las  diferentes  variables  registradas  se
realizaron  mediante  pruebas  no  paramétricas  (test  de  la ji
al  cuadrado  y  el  test  de  Mann-Whitney-Wilcoxon).

Con  respecto  a la  evaluación  neuropsicológica,  donde  el
análisis  implica  muchas  variables  relacionadas,  es  conocido
que  la  probabilidad  de  error  de  tipo  i aumenta  al realizar
comparaciones  estadísticas  múltiples  y se  podría  argumen-
tar  el  uso  de  la  corrección  de  Benjamini  y  Hochberg24 para
la  tasa  de  descubrimientos  falsos  o  directamente  un  p-valor
más  conservador  de  0,01.  No  obstante,  el  tamaño muestral
pequeño  reduce  considerablemente  el  poder  estadístico.  Por
lo  tanto,  se  decidió  seguir  un  abordaje  estadístico  más  libe-
ral,  asumiendo  en  la  interpretación  de  todos  los  resultados
presentados  una  probabilidad  de  error  del  5%.  Para  descri-
bir  mejor  la intensidad  de  las  diferencias  estadísticamente
significativas  encontradas,  se  calculó  el tamaño del  efecto
mediante  el  indicador  r.

Resultados

Durante  el  periodo  de  estudio,  el  Servicio  de  Neurocirugía
atendió  a  1.144  pacientes  con  el  diagnóstico  de  TCE-L.  La
mayor  parte  de  estos  pacientes  tenían  una  edad  avanzada  o
habían  presentado  un  traumatismo  craneal  banal,  sin  pér-
dida  de  consciencia,  ni  APT  ni  otros  síntomas  relevantes
asociados.  De  los  1.144  pacientes,  se  seleccionó  a  un  total
de  41  (16  mujeres  y  25  varones,  con  una  mediana  de  edad
de  34  años,  RIC  de  24 y un  rango  de  18-64  años)  (fig.  1)  que
cumplían  los  criterios  de  inclusión  y  ninguno  de  los  de  exclu-
sión.  En  todos  ellos  se  realizó  una  evaluación  cognitiva  breve
y  el  registro  de  síntomas  posconmocionales  el  mismo  día
del  traumatismo  mediante  el  SCAT2  y  los  resultados  se  com-
pararon  con  los  del  grupo  control.  No  obstante,  7 de  estos
41  pacientes  (17%)  no  acudieron  a  la  visita  de  seguimiento,
por  lo  que  la  valoración  cognitiva  extensa  de  seguimiento  se
redujo  a  los  34 pacientes  restantes  (12  mujeres  y  22  varo-
nes,  con  una  mediana  de  edad  de  32,5  años,  RIC  23,  mínimo
de  18  y máximo  de  64).

Aplicación del Sport Concussion Assessment Tool 2
y  sintomatología ansioso-depresiva

Como  era  esperable,  a  pocas  horas  del  TCE-L,  los  pacien-
tes  presentaron  un  número  significativamente  mayor  de
síntomas  y una mayor  gravedad  de  los  mismos  que  los  par-
ticipantes  sanos  (z  = −4,44,  p < 0,001,  r  =  0,  53  y  z  = −4,88,
p  <  0,001,  r  =  0,58,  respectivamente;  tabla  3).  Asimismo,  el
indicador  global  del  SCAT2  mostró  diferencias  significativas
entre  los  2  grupos  (z  = 3,46,  p <  0,001,  r  =  0,43).

En  la  valoración  clínica  de  seguimiento  realizada  varios
días  después  del  traumatismo,  el número  y la  gravedad  de
los  síntomas,  así  como  el  valor  total  del  SCAT2,  seguían  mos-
trando  diferencias  estadísticamente  significativas  entre  los
pacientes  traumáticos  y los  del  grupo  control  (z  = −3,45,
p  <  0,001;  r = 0,44;  z  = 3,22,  p  =  <0,001;  r  =  0,41;  z  =  2,80,
p  =  0,005,  r =  0,36,  respectivamente).  En  cambio,  los  resul-
tados  del  cuestionario  específico  para  síntomas  de  depresión
y  ansiedad  HAD  objetivaron  que  no  existían  diferencias  sig-
nificativas  entre  los  2  grupos  en  las  subescalas  de  ansiedad
(z =  −0,59,  p  = 0,55)  y  depresión  (z  = −0,68,  p  =  0,50).

167 (14,6%)

Muestra total de pacientes

Edad: entre 18 y 65 años

Tiempo entre TCE-L y
admisión < 24h

No antecedentes
personales relevantes

Sin otros criterios
de exclusión3

TCE-L con
conmoción cerebral

Firma del consentimiento
informado

1.144
< 18

> 65

516 (45,1%)

> 24h 149

367 (32,1%)

104

54

18

15

9

92

33

77 (6,7%)

42 (3,7%)

209 (18,3%)

NRL/PSQ/TCE1

Abuso crónico2

Idioma

Fracturas

TC patológico

No

No

16

622

Figura  1  Algoritmo  de  selección  de  pacientes  con  un trau-
matismo  craneoencefálico  (TCE)  leve  atendidos  en  Urgencias
de Neurotraumatología  del  Hospital  Universitario  Vall  d’Hebron
durante  un  año.  Los  porcentajes  se  refieren  al  número  total  de
pacientes.  Motivos  de  exclusión:  enfermedades  neurológicas,
psiquiátricas  o TCE  previo  (1);  abuso  crónico  de  alcohol  o drogas
(2);  otros  (3):  conocimiento  insuficiente  de  castellano  o  cata-
lán, fracturas  que  requirieron  ingreso  y  hallazgos  patológicos  en
la TC  cerebral  inicial.

Valoración neuropsicológica

En  los  34  pacientes  que  acudieron  a  la visita  de  seguimiento
se  realizó  una  valoración  neuropsicológica  extensa,  cuyos
resultados  se  compararon  con  los  del  grupo  control  (n  = 28).
La  mayoría  de  los  pacientes  se  valoraron  durante  la  primera
semana  después  del  TCE-L  (mediana:  5  días,  mínimo  2 y
máximo  13  días,  tabla  4). La tabla  5 muestra  los  resultados
más  relevantes  de  la  evaluación  cognitiva  de  los  2  grupos
estudiados.  En  la  tabla  puede  observarse  que  el  tamaño
muestral  varió  entre  test,  dado  que  en  los  pacientes  que
presentaban  lesiones  leves  de  la  extremidad  superior  domi-
nante  no  se  aplicaron  las  pruebas  que  requerían  actividades
manuales  como  realizar  dibujos  o  valorar  la  velocidad  psi-
comotora.
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La  prueba  que  mejor  permitió  discriminar  entre  los  2 gru-
pos  fue  la  Lista  de  aprendizaje  verbal  auditivo  de  Rey.  El
rendimiento  de  los  pacientes  fue  significativamente  infe-
rior  que  el  observado  en  el  grupo  control  en  la capacidad
de  aprendizaje  y  la  memoria  verbal  inmediata  y diferida,
con  un  tamaño  del  efecto  mediano  (con  r  > 0,3).  También
estaban  por  debajo  del  grupo  de  referencia  la  capacidad  de
aprendizaje  visual  y la memoria  visual  diferida,  aunque  esta
última  diferencia  solo  tendía  a  la significación  estadística
(p  = 0,054).  Además,  los  pacientes  obtuvieron  puntuacio-
nes  significativamente  inferiores  en  3 indicadores:  span  de
memoria  de  trabajo,  subtest  de  Dígitos  y  en  el  número  de
perseveraciones  del  CPT.  Estas  variables  ofrecen  informa-
ción  sobre  aspectos  de  la  atención  y  funciones  ejecutivas
(por  el  componente  de  memoria  de  trabajo  y  de  inhibición)
que  aparecen  alteradas  a pocas  semanas  después  del  TCE-L.

Cabe  destacar  que  debido  al  número  elevado  de  variables
introducidas  en  el análisis,  cualquier  estrategia  estadística
más  conservadora,  que  implemente  una  corrección  por  com-
paraciones  múltiple,  establecería  el  umbral  de  significación
por  debajo  de  p = 0,003,  aproximadamente,  mientras  que
las  alteraciones  que  se  han  objetivado  en  esta  cohorte  de
pacientes  tienen  un  nivel  de  significación  de  0,005  o  supe-
rior.

Resultados de la resonancia magnética

Las  exploraciones  mediante  RM  craneal  se  realizaron  a  un
subgrupo  de  20  pacientes,  seleccionados  según  su  disponi-
bilidad  para  la  realización  de  la  prueba.  La  mediana  de días
después  del  traumatismo  en  el  que  se  realizó  la RM  fue  de
6,  con  un  valor  mínimo  de  1 día  y  un  máximo  de  13.  La  tabla
6  muestra  una  descripción  detallada  de  los  datos  demográfi-
cos  de  este  subgrupo  de  20  pacientes,  junto  con  los  hallazgos
neurorradiológicos  objetivados.

A pesar  de  que  en  todos  los  casos  la  TC  cerebral  inicial
fue  normal,  la  RM  objetivó  lesiones  sugestivas  de  LAD  en  2
de  los  20  pacientes  evaluados  (10%).  La  figura  2 muestra  las
lesiones  observadas  en  una  paciente  de  26  años  que  presentó
un  TCE-L  con  PDC  y  APT  debido  a  accidente  de  motocicleta.
De  manera  adicional,  en  otros  5 pacientes  (25%)  se  objetiva-
ron  focos  de  alteraciones  de  la  señal  de  etiología  que  podría
ser  traumática,  aunque  este  hecho  no  pudo  precisarse  con
certeza  en  todos  los  casos.

Discusión

Los  resultados  de  este  estudio  piloto  demuestran  que  los
pacientes  que  han  presentado  una  conmoción  cerebral
secundaria  a un  TCE-L  pueden  presentar  síntomas  que
perduran  días  después  del  traumatismo,  lo  que  puede
interferir  en  la incorporación  del  paciente  al ámbito  laboral
o  dificultar  su  rendimiento  académico.  Más  allá  de  los
síntomas  habituales  de  una  conmoción  cerebral  (cefalea,
vértigo.  .  .),  estos  pacientes  pueden  presentar  alteraciones
cognitivas  objetivables  mediante  las  herramientas  ade-
cuadas.  Por  último,  en  un  porcentaje  no  despreciable  de
pacientes  se  identificaron  alteraciones  estructurales  en  la
RM  compatibles  con  una  LAD  o  microsangrados,  a pesar  de
que  en  todos  ellos  se  había  objetivado  inicialmente  una  TC
cerebral  normal.
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Tabla  4  Descriptores  sociodemográficos  y  clínicos  relevantes  en  los  pacientes  evaluados  neuropsicológicamente  y  en  el grupo
control

TCE-L  (n  =  34)  Controles  (n  =  28)  Z  (p)

Sexo  (H/M)  22/12  18/10  0,001  (0,97)a

Edad  (años)  34  (24,  18  -  64)  29  (21,  18-64)  −0,58  (0,56)
Años de  escolaridad  14  (6-22)  13,5  (8-22)  −0,32  (0,74)
Lateralidad diestro/zurdo/ambidiestro  30/3/1  26/0/2  -
Pérdida de  consciencia  22  (64,70%)
Amnesia  postraumática  26  (76,47%)
ECG  (15/14) 33/1

Mediana, rango intercuartil y valores mínimo y  máximo entre paréntesis.
ECG: escala de  coma de  Glasgow; TCE-L: traumatismo craneoencefálico leve.

a Para la comparación de  la distribución del sexo entre grupos  se ha aplicado el  test de la ji al cuadrado.

Aspectos a considerar en  la inclusión
de los pacientes del estudio

Uno  de  los  hallazgos  más  llamativos  del  presente  trabajo  ha
sido  el  elevado  número  de  pacientes  que  acudieron  al  cen-
tro  hospitalario  para  ser  valorados  después  de  presentar  un
TCE-L  y  que  finalmente  no  fueron  candidatos  para  el  estudio.
La  edad  fue  el  criterio  de  exclusión  más  frecuente.  El  55%
de  los  pacientes  atendidos  durante  el  año de  desarrollo  del
proyecto  fueron  mayores  de  65  años.  Esta  cifra  concuerda
con  los  cambios  observados  recientemente  en  los  patrones
epidemiológicos  del  TCE.  A  nivel  mundial  se  ha  objetivado
que  la  edad  de  los  pacientes  traumáticos  se  ha  incrementado

de  manera  muy  significativa  y  que  las  caídas  han  superado
las  cifras  de  accidentes  de  tráfico  como  causa  principal  del
traumatismo  en  este  grupo  de  edad1. Los  estrictos  criterios
de  cribado  aplicados,  elegidos  específicamente  para  elimi-
nar  factores  de  confusión  conocidos,  redujeron  el  número
potencial  de  participantes  hasta  el  6,9%.  Por  otra  parte,  solo
el  60%  de  los  que  cumplían  los  criterios  de  inclusión  accedie-
ron  a  participar  de  forma  no  remunerada  en  el  estudio.  De
esta  forma,  el  porcentaje  de  participación  final  se  redujo  a
menos  del  4%  de  todos  los  pacientes  atendidos  durante  un
año  en  un  hospital  de  nivel  tres.  En  un  estudio  publicado  en
2013,  Luoto  et  al.  advertían  sobre  este  hecho  y afirmaban
que  muchos  de  los  estudios  hospitalarios  que  se  dirigen  a

Tabla  5  Análisis  comparativo  de  la  evaluación  neuropsicológica  realizada  en  los  pacientes  evaluados  y  el  grupo  control

TCE-L  Controles  (n  = 28)

n  Mediana  (RIC,  rango)  Mediana  (RIC,  rango)  Z (p)  r

TMT  A 32  32,5  (19,  19-86)  30  (11,  13-54)  −1,632  (0,103)  0,21
TMT B 29  65  (47,  34-143)  61  (20,  24-150)  −0,559  (0,576)  0,07
Índice ejecutivo  TMTa 29  1  (0,82,  0,36-2,59)  1,03  (0,93,  0,32-3,5)  −0,439  (0,661)  0,06
Aprendizaje  verbal  34  49,5  (10,  27-68)  57  (12,  39-71)  −2,812  (0,005)** 0,36
M. verbal  inmediata  34  11,5  (5,  6-15)  13,5  (3,  6-15)  −2,596  (0,009)** 0,33
M. verbal  demorada  34  11  (4,  5-15)  13,5  (4,  8-15)  −2,802  (0,005)** 0,36
Clave de  números  31  73  (25,  29-113)  83  (29,  48-120)  −1,693  (0,090)  0,22
Búsqueda  de  símbolos  32  38,5  (11,  15-54)  39,5  (14,  25-51)  −0,519  (0,604)  0,07
Span atencional 34  6  (1,  4-9)  6  (2,  4-9)  −1,282  (0,200)  0,16
Span m.  de  trabajo  34  4  (2,  2-7)  5  (2,  3-8)  −2,366  (0,018)* 0,30
Dígitos 34  14  (6,  7-23)  16  (4,  9-26)  −2,202  (0,028)* 0,27
Letras y  números  31  11  (4,  5-17)  11,5  (3,  7-16)  −0,972  (0,331)  0,12
M. visual  inmediata  32  6  (3,  1-11)  7  (6,  0-11)  −1,837  (0,066)  0,24
Aprendizaje  visual  32  25  (9,  7-33)  29,5  (9,  7-35)  −2,483  (0,013)* 0,32
M. visual  demorada  32  10  (4,  3-12)  11,5  (2,  4-12)  −1,925  (0,054)  0,25
Fluencia  semántica  34  24  (8,  16-40)  24  (9,  13-37)  −0,312  (0,755)  0,04
Fluencia  fonética  34  43  (14,  23-59)  46  (21,  20-80)  −1,196  (0,232)  0,15
Omisiones-CPT  34  1  (3,  0-30)  1  (3,  0-13)  −0,007  (0,994)  <  0,01
Comisiones-CPT  34  13  (12,  2-31)  11  (10,  1-26)  −1,711  (0,087)  0,22
Tiempo  de  reacción-CPT  34  402  (87,  306-583)  391  (48,  332-588)  −0,087  (0,931)  0,01
Perseveraciones-CPT  34  0  (2,  0-23)  0  (0,  0-4)  −2,292  (0,022)* 0,29

CPT: Continuous Performance Test; M.:  memoria; TCE-L: traumatismo craneoencefálico leve; TMT: Trail Making Test.
a Índice ejecutivo TMT = (TMT B — TMT  A)/TMT A.
* p <  0,05.

** p <  0,01; r =  tamaño del efecto (0,5 grande, 0,3 mediano y 0,1 pequeño).
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Tabla  6  Características  demográficas,  clínicas  y  neurorradiológicas  de  los  20  pacientes  evaluados  mediante  RM,  ordenados  por
la puntuación  del  SAC

N◦ Edad/sexo Causa  TCE Evaluación  inicial  (<24  h) Hallazgos  en  la  exploración  RM

N.◦ síntomas  SAC  SCAT2

1  64/M  Caída  casual  15  20  67  Afectación  de  SB  subcortical
(Fazekas  2)
Pequeño  quiste  de  cisura  coroidea

2 26/M  Accidente  tráfico
(motorista)

10 20  49  Pequeñas  lesiones  en  SB
subcortical  izquierda,  algunas  con
microsangrado,  indicativas  de  LAD

3 43/H  Caída  de  3  m  8  20  82  Pequeñas  lesiones  aisladas  en  SB
de escaso  valor  patológico,  sin
microsangrado

4 52/H  Accidente  laboral  15  20  62  Alguna  pequeña  lesión  inespecífica
en  SB  subcortical  frontal

5 20/H  Accidente  deportivo  10  22  79  Sin  hallazgos  notables
6 50/H  Accidente  de  tráfico

(ciclista)
2 23  86  Lesiones  sugestivas  de  LAD  de

predominio  frontal  bilateral  con
microsangrados  asociados

7 42/M  Accidente  de  tráfico
(motorista)

0 25  74  Pequeño  microsangrado  en
hemiprotuberancia  izquierda.
Alteración  de  señal  en  SB
periventricular  (Fazekas  1)

8 30/M  Caída  casual  12  25  80  Sin  hallazgos  notables
9 28/H  Agresión  13  25  −

a ‘‘
10 56/M  Caída  de  2  m  2  25  82  ‘‘
11 38/H  Agresión  9  26  77  Único  foco  de  microsangrado

temporal  posterior
12 27/H  Accidente  de  tráfico

(atropello)
8 26  82  Sin  hallazgos  notables

13 22/H  Agresión  1  26  74  ‘‘
14 27/M  Accidente  de  tráfico

(motorista)
8 27  88  ‘‘

15 24/H  Accidente  deportivo  7  27  84  ‘‘
16 46/H  Accidente  de  tráfico

(motorista)
6 27  86  Pequeñas  lesiones  inespecíficas  en

SB  subcortical  y  periventricular,
sin  focos  de  microsangrado

17 18/H  Accidente  deportivo  9  27  84  Sin  hallazgos  notables
18 19/H  Accidente  deportivo  7  28  83  ‘‘
19 30/H  Accidente  deportivo  7  29  —  ‘‘
20 24/H  Accidente  deportivo  4  30  94  ‘‘

LAD: lesión axonal difusa; RM: resonancia magnética; SAC: Standardized Assessment of  Concussion; SB: sustancia blanca; SCAT2: Sport

Concussion Assessment Tool versión 2.
a En  pacientes encamados no se ha aplicado la prueba de equilibrio y no se pudo calcular la puntuación global del SCAT2.

temas  específicos  de  investigación  sobre  los  TCE-L  reclutan
muestras  que  pueden  estar  sesgadas  y que  sus  resultados  no
pueden  generalizarse  a toda  la población  de  traumáticos25.

Criterios diagnósticos del traumatismo
craneoencefálico leve

De  acuerdo  con  los  criterios  clásicos  de  la  Organización  Mun-
dial  de  la Salud  en  20044,  el  diagnóstico  de  un  TCE-L  exige
que  el  paciente  presente  una  puntuación  de  13,  14  o  15  en
la  ECG.  Sin  embargo,  siguiendo  criterios  diagnósticos  más
actuales,  en  el  presente  estudio  se  han  descartado  aquellos
pacientes  que  presentaban  una  puntuación  de  13.  Diversos

autores  señalan  que  la  evolución  de  los  pacientes  con  una
puntuación  de  13  en  la  ECG  es  más  comparable  con  la  de
los  TCE  moderados  que  con  la  de  los  leves,  sobre  la  base
de  indicadores  de  mortalidad  y complicaciones26.  Stein  y
Ross  compararon  los  hallazgos  en  la  TC  cerebral  inicial  de
un  grupo  de  106  pacientes  que  presentaban  una  puntuación
de  13 en  la  ECG  con  la  de  341  pacientes  etiquetados  de
TCE  moderado  de  acuerdo  con  los  criterios  clásicos  (puntua-
ciones  entre  9  y  12  en  la  ECG)27.  El  porcentaje  de  lesiones
objetivadas  en  la  TC  cerebral  de  ambos  grupos  fue  super-
ponible  (44,3%  vs.  40,3%,  respectivamente).  Estos  autores
encontraron,  además,  que  un  20%  de  los  pacientes  con
una  TC  cerebral  patológica  requirieron  intervención  quirúr-
gica,  por  lo  que  proponen,  ya  en  1992,  que  los  pacientes
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TC RM (SWI)

Figura  2  Hallazgos  neurorradiológicos  en  un  paciente  de  26  años  que  presentó  un traumatismo  craneoencefálico  leve.  La  tomogra-
fía computarizada  (TC)  cerebral,  practicada  a  las  2  h  del  traumatismo,  fue  normal  (izquierda),  mientras  que  la  resonancia  magnética
(RM) craneal  (derecha)  practicada  a  los  10  días  objetivó  focos  de  alteración  de  la  señal  en  la  secuencia  Susceptibility  Weighted

Imaging (SWI)  (flechas),  correspondientes  a  microsangrados  indicativos  de  lesión  axonal  difusa  leve.

traumáticos  con  una  puntuación  de  13  en  la  ECG  deberían
ser  reclasificados  como  moderados  y  no  leves27.

En  el  presente  estudio  también  se  exigía  que  la  TC
cerebral  fuera  normal.  La  exclusión  de  los  pacientes  con
una  exploración  tomográfica  patológica  asegura  una mayor
homogeneidad  de  la muestra,  puesto  que  en  los  pacien-
tes  con  lesiones  en  la  TC  cerebral  se  utilizan  protocolos  de
seguimiento  distintos,  más  cercanos  a los  de  los  TCE  mode-
rados.  La  ausencia  de  lesiones  cerebrales  en  los  estudios
convencionales  que  se  practican  en  Urgencias  permite  cen-
trar  el  estudio  en  el  extremo  más  benigno  de  esta  patología
(pacientes  con  una  puntuación  de  14 o  15  y  TC  cerebral
normal).

Valoración clínica en el traumatismo
craneoencefálico leve. Herramientas actuales

Para  profundizar  en  el  estudio  de  por  qué  algunos  pacientes
presentan  un  SPC,  es  necesario  conocer  mejor  la  traducción
clínica  de  los  TCE-L  en  la fase  aguda.  El  valor  pronóstico  de
descriptores  tradicionales,  como  la  presencia  y la  duración
de  la  PDC  y  de  la APT,  no  está  bien  establecido  y el  conoci-
miento  fisiopatológico  de  ambos  fenómenos  en  el  contexto
de  los  TCE-L  es  aún  limitado.  En  estos  pacientes,  la  validez  y
el  poder  predictivo  de  la  APT  están  ampliamente  cuestiona-
dos,  a  pesar  de  ser  un  signo  definitorio  de  la  conmoción  y un
elemento  crítico  de  la evaluación  hospitalaria  de  rutina16.

Con  el  objeto  de  registrar  de  forma  exhaustiva  la infor-
mación  clínica  de  los  pacientes  con  un  TCE-L  estudiados,
se  utilizó  una  escala  inicialmente  diseñada  para  valorar
traumatismos  en  el  ámbito  deportivo  (SCAT2),  observán-
dose  que  los  pacientes  valorados  seguían  presentando  un
número  elevado  de  síntomas  posconmocionales  al  cabo  de
1-2  semanas  después  del  traumatismo,  aunque  su  severi-
dad  tendía  a reducirse  respecto  a  la  valoración  inicial.  Los
resultados  obtenidos  de  la aplicación  del  SCAT2,  tanto  el
día  del  traumatismo  como  1-2  semanas  después,  avalan
el  uso  de  esta  herramienta  en  la  monitorización  estan-
darizada  de  la  sintomatología  posconmocional,  dado  que
también  ofrece  una  cuantificación  global  del  estado  cog-
nitivo  de  estos  pacientes.  No  obstante,  la  evaluación  de
los  síntomas  clínicos  —–PDC  y  pérdida  de  equilibrio—–  en  el
contexto  de  los  TCE-L  valorados  es  este  estudio  es  menos
fiable  que  en  el  contexto  deportivo,  ya  que  en  muchos
casos  se  basa  en  información  proporcionada  por  el  propio
paciente  o  relatada  por  testigos.  Además,  la exploración
del  equilibrio  no  se  puede  realizar  en  aquellos  pacientes
con  lesiones  en  extremidades  inferiores  que  dificulten  la
bipedestación.  Por  otra  parte,  los  resultados  en  la  valora-
ción  del  equilibrio  son  más  variables  en  la  población  adulta
general  que  en  los  jóvenes  deportistas:  el  10%  de  una  mues-
tra  de  población  canadiense  sana  y aproximadamente  el
65%  de  un  grupo  control  finlandés  obtuvieron  puntuacio-
nes  bajas  en  las  pruebas  de  equilibrio16.  Estos  resultados
indican  que  el  valor  de  este  subtest  de  equilibrio  dentro
del  SCAT2  debería  ser  reconsiderado  en  futuros  estudios
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dirigidos  a  validar  el  uso  de  esta  escala  fuera  del  contexto
deportivo.

Resultados de la valoración neuropsicológica

A  pesar  de  que  el  TCE  puede  alterar  casi  cualquier  aspecto
del  funcionamiento  encefálico,  posiblemente  la  afecta-
ción  clave  de  estos  pacientes  sea  la disfunción  de  los
sistemas  frontales,  donde  se  centran  especialmente  las
funciones  ejecutivas  (capacidad  de  planificación  y organi-
zación,  memoria  de trabajo,  flexibilidad  e  inhibición  de
conductas,  entre  otras).  Esta  perspectiva  ha  hecho  que  auto-
res  como  Chen  y  d’Esposito  (2010)28 y  Stuss  (2011)29 definan
el  TCE  como  un  trastorno  del  control  cognitivo.

Los  resultados  de  la  evaluación  neuropsicológica  deta-
llada  realizada  en  este  estudio  indican  que  durante  las
primeras  semanas  posteriores  a un  TCE-L  la  capacidad
de  aprendizaje  y  la memoria  se  encuentren  levemente
alteradas,  en  comparación  con  los  hallazgos  de  un  grupo
de  control.  Otros  indicadores  de  atención,  que  incluyen
también  un  componente  ejecutivo  puesto  que  requieren
memoria  de  trabajo  e  inhibición,  se  añaden  a  los  resulta-
dos  que  describen  la presencia  de  déficits  cognitivos  sutiles
en  este  grupo  de  pacientes.

Estos  resultados  son  fruto  de  un  análisis  exploratorio  y
las  diferencias  entre  los  pacientes  y el  grupo  de  control
han  sido  consideradas  significativas  estadísticamente  a un
p  < 0,05,  sin  una  corrección  post  hoc  estricta.  No  obstante,
concuerdan  con  los  resultados  de  una  revisión  sistemática
reciente,  que  concluyó  que  la  asociación  entre  el  TCE-L  y  los
déficits  cognitivos  en  las  primeras  2  semanas  es  un  hallazgo
consistente11.  En  este  periodo  de  seguimiento,  la  PDC  se
asoció,  aunque  de  forma  limitada,  a una  reducción  en  la
velocidad  de  procesamiento  de  la  información.  Sin  embargo,
aunque  casi  el  70%  de  los  pacientes  incluidos  en  nuestro
estudio  habían  presentado  una  PDC,  los  resultados  obteni-
dos  no  confirman  de  manera  clara  la  existencia  de  un  déficit
específico  de  velocidad  de  procesamiento.

Tomografía computarizada normal y lesiones en la
resonancia magnética

Los  pacientes  con  un  TCE-L,  y  especialmente  aquellos  con
sintomatología  persistente,  podrían  presentar  lesiones  cere-
brales  que  pueden  pasar  desapercibidas  en  la  TC  cerebral.
La  secuencia  SWI  identificó  la  presencia  de  lesiones  traumá-
ticas  estructurales  en  un  10%  de  los  20  pacientes  estudiados
por  RM.  De  forma  adicional,  en  otros  5  casos  (25%  de  los
pacientes  estudiados)  se  objetivaron  lesiones  en  la  RM que
no  se  visualizaron  en  la TC  cerebral  convencional,  aun-
que  en  algunos  casos  la  etiología  de  estas  lesiones  fue
incierta.

A  pesar  de  que  en  otros  estudios  el  volumen  total  de  las
lesiones  que  se  identifican  en  las  secuencias  SWI  se  corre-
laciona  con  indicadores  clínicos  de  severidad30,  no  se  ha
establecido  una  relación  clara  entre  la presencia  de  estas
lesiones  y  la  recuperación  cognitiva  después  del  trauma-
tismo.  Diversos  estudios  han objetivado  que  la  existencia
de  lesiones  en  las  exploraciones  de  neuroimagen  de  pacien-
tes  con  un  TCE-L  se  asocia  a peores  resultados  en  funciones
cognitivas  como  la  memoria.  Sin  embargo,  debido  a que  la

gran  mayoría  de  las  pruebas  neuropsicológicas  aplicadas  no
discriminan  entre  los  grupos  de  pacientes  con  y  sin  lesio-
nes  neurorradiológicas,  hay  autores  que  opinan  que  estos
pacientes  no  deberían  tratarse  de  forma  distinta31.

La  identificación  de  estas  lesiones  cerebrales  regionales,
que  aparecen  en  el  momento  agudo  del  TCE-L  y persisten  de
forma  indefinida,  aporta  información  no  solo  de  la  severidad
de  la  lesión,  sino  también  sobre  qué  sistemas  neuroconduc-
tuales  pueden  haber  sido  afectados.  Las  exploraciones  de
RM  avanzada  mejoran  la compresión  de  la  distribución  de  la
lesión  encefálica  y,  en  última  instancia,  permiten  el  desarro-
llo  de  estrategias  de  evaluación  y tratamiento  más  efectivas,
de  forma  análoga  a  como  ocurre  el  proceso  de  rehabilitación
de  los  pacientes  que  han  presentado  un  accidente  vascular
isquémico.

En  conclusión,  a pesar  de  que  este  estudio  presenta  una
serie  de  limitaciones,  los  resultados  obtenidos  confirman
que,  en  contra  de  la creencia  ampliamente  extendida  en
el  ámbito  clínico,  determinados  TCE-L  no  deberían  consi-
derarse  acontecimientos  banales.  A  pesar  de  presentar  una
TC  normal,  los  estudios  de  RM  avanzada  objetivaron  que
entre  el  10  y el  35%  de  los  pacientes  estudiados  presenta-
ban  lesiones  que  podían  ser  indicativas  de  una  LAD.  Tanto
en  la  fase  aguda  como  a 1-2  semanas  después  del  trau-
matismo,  los  pacientes  evaluados  presentaban  alteraciones
del  estado  neurocognitivo  global,  en  comparación  con  el
grupo  control.  Los  resultados  de  la valoración  neuropsico-
lógica  indican  que  a medio  plazo  el  estado  cognitivo  de
estos  pacientes  sigue  alterado  y  que  presentan  problemas
de  memoria  y de  atención  ejecutiva.  Una  de  las  princi-
pales  limitaciones  del  estudio  es  el  periodo  relativamente
corto  de  seguimiento.  Después  de  un  TCE-L  los  síntomas
podrían  persistir  durante  meses  después  del  traumatismo
o  incluso,  en  algunos  aspectos,  hacerse  permanentes.  Esto
implica  la necesidad  de  extender  el  periodo  de  seguimiento
de  los  enfermos.  Este  aspecto  deberá  ser  incluido  en  futuros
estudios.

El  conjunto  de  esta  información  pone  de  manifiesto  que
el  manejo  que  suele  hacerse  en  un  medio  hospitalario  del
paciente  con  un  TCE-L  (habitualmente  valoración  y alta
hospitalaria  sin  seguimiento)  puede  no  ser  adecuado  en
algunos  casos.  El  registro  estructurado  de  la  sintomatolo-
gía  posconmocional  y la  evaluación  neuropsicológica  aportan
información  muy  relevante  sobre  las  alteraciones  que  estos
pacientes  pueden  presentar  durante  al  menos  las  2  pri-
meras  semanas  después  del  traumatismo.  A  pesar  de  que
es  necesario  ampliar  la  muestra  de  pacientes,  los  resulta-
dos  obtenidos  hasta  el  momento  permiten  afirmar  que  el
cuestionario  SCAT2  utilizado  en  este  estudio  constituye  una
herramienta  útil,  por  lo  que  debería  considerarse  su  incor-
poración  en  la  asistencia  clínica  rutinaria.
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Abstract

Self-report measures, particularly symptom inventories, are critical tools for identifying
patients with persistent post-concussion symptoms and their follow-up. Unlike in military or
sports-related assessment, in general civilian settings pre-injury levels of concussion-like
symptoms are lacking. Normative data are available in adolescent and college populations,
but no reference data exist to guide clinical adult explorations. The purpose of this study
was to use the second edition of the Sport Concussion Assessment Tool (SCAT2) to profile
a cohort of 60 healthy community volunteers who had not sustained a head injury. Partici-
pating volunteers underwent MRI scanning and were evaluated with the Hospital Anxiety
and Depression Scale (HADS). Participants reported a median of 3 concussion-like symp-
toms and the 97.5 percentile score was found at 10.5 symptoms, out of a total of 22. The
median severity score was 4.9 points, and 28.9 was the upper limit of the reference interval.
Only 10 participants (16.7%) did not endorse any symptom. The most frequently endorsed
symptom was feeling difficulty in concentrating, with 41.7% of the sample reporting it. Age,
sex and general distress, anxiety and depressive symptoms were not associated with con-
cussion-like symptoms. Our data yielded elevated cut-offs scores for both the number of
symptoms and the symptom severity. In conclusion, postconcussive-like symptoms are fre-
quent in the general non-concussed adult population and it should be taken into account in
any future models developed for screening patients at risk of developing physical, cognitive,
and psychological complaints following mild traumatic injury.

Introduction
Mild traumatic injury (mTBI) and specifically concussion as a result of traffic accidents,
assaults, sports, work injuries or deployed military have been acknowledged as a topic of
intense public concern in the last decade.[1, 2] Concussion may translate into somatic symp-
toms—dizziness, nausea, headaches, etc.—and may also affect cognitive and emotional
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functioning, and in some patients these consequences can be long-lasting.[3] Recent multidis-
ciplinary clinical and research efforts have been addressed at improving mTBI diagnosis,
tracking recovery and identifying patients at risk of experiencing persistent post-concussion
symptoms (PPCS) such as headaches, dizziness, fatigue, sleep disturbances and/or cognitive
problems.

The American Congress of Rehabilitation Medicine defined mTBI in 1993 as any ‘traumati-
cally-induced physiological disruption of brain function manifested at least by loss of con-
sciousness of less than 30 minutes, posttraumatic amnesia (PTA) not greater than 24 h, any
alteration of the mental status or transient or non-transient focal neurological deficits’.[4]
However, the controversy regarding the operational definition of mTBI diagnosis is ongoing.
[5] Some consider the term ‘concussion’ equivalent to mTBI and the term includes mechani-
cally-induced brain dysfunctions at the mild end of the severity spectrum. The discussion
around the implications of the use of terms ‘concussion’ and ‘mTBI’ is beyond the scope of
this paper, but the reader is referred to the comprehensive review by Sharp and Jenkins.[6] For
the sake of simplicity, in this paper concussion refers to any mTBI without any evidence of
structural brain damage in the computed tomography (CT) scan. However, there is increasing
evidence that up to 20–30% of mTBI patients with normal CT scan show significant brain
changes either in structural or functional magnetic resonance imaging (MRI).[7]

Several tools and scales have been designed and used for the clinical assessment of mTBI.
[8] All of them include an inventory of self-reported symptoms, frequently applied together
with neuropsychological and postural equilibrium tests.[8] Although symptom reporting has
become the most used strategy to predict concussion outcome, the symptoms triggered by
concussion are notoriously heterogeneous and non-specific. Patients with no TBI history but
presenting other conditions (chronic pain, depression, etc.) endorse many concussion-like
symptoms and, in some cases, with similar severity.[9, 10] In addition, cohorts described as
‘healthy’ populations also endorse concussion-like symptoms at what could be considered a
clinically relevant rate.[11, 12]

One of the most widely used tools in mTBI is the Sport Concussion Assessment Tool
(SCAT), a scale proposed by the international Concussion in Sport group as part of a compre-
hensive concussion screening instrument in sports.[13, 14] The original scale contained 18
symptoms as a measure of an individual’s status following TBI, in addition to other 7 items
specifically designed for follow-up visits.[13] In 2009, the International Symposia on Concus-
sion in Sport consensus statement proposed the second version of this tool (SCAT2).[15] The
SCAT2 is a brief and easy-to-use tool that puts together self-reported symptoms and objective
evaluation of cognitive deficits and post-concussion signs. SCAT2 has various subsections and
among them a 22-item self-reported symptom checklist in which each symptom’s severity is
rated in a Likert scale from 0 to 6.[15] Additional components include a 2-item physical signs
score, the Glasgow Coma Scale, a modified Balance Error Scoring System (M-BESS), a coordi-
nation examination and a cognitive Standardized Assessment of Concussion (SAC) that evalu-
ates memory, orientation and concentration. Although several updated editions of the SCAT
have been put into use, the symptom checklist has remained unchanged up to the most recent
edition, which is SCAT5.[16]

Since 2004, the World Health Organization (WHO) Collaborating Centre Task Force on
mTBI has recommended post-concussive symptoms to be assessed in conjunction with psy-
chosocial or injury-related factors (pain, depression, anxiety, posttraumatic stress, litigation
status, etc.).[17] In particular, psychological distress has been consistently linked with more
severe early symptomatology and with a slower recovery.[17] As such, one hypothesis is that
baseline psychological wellbeing can modulate SCAT performance. Putukian et al. have shown
that, in college students, depression and anxiety levels were associated with SCAT2 baseline
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higher severity scores and higher number of symptoms, although not with SAC or balance
scores. In this study, athletes endorsing baseline depressive symptoms and/or anxiety reported
worse symptom severity and more symptoms in the SCAT2.[18]

Although the SCAT2 was initially designed for sideline examination in sports-related con-
cussion, it has been increasingly used in the clinical setting.[19, 20] The general approach in
using the different SCAT versions is to measure the athlete’s post-trauma performance in com-
parison with a baseline evaluation collected before season.[21] However, in civilian assessment
of concussion, a baseline SCAT score is never available and therefore the same approach is use-
less. The aim of this study was to explore the frequency of concussion-like symptoms and their
severity in a healthy civilian population. Our goal was to establish population-based symptoms
and severity score thresholds that can be used in future multivariate analysis and supervised-
machine learning models of non-sport mTBI studies and, furthermore, to evaluate whether
the concussion-like symptoms endorsed by the cohort were influenced by age, sex or anxiety
and depressive symptoms. Supervised machine-learning models that screen for patients at risk
of developing persistent post-concussion symptoms could increase their accuracy—sensitivity,
specificity and predictive value—by identifying the patients with concussion-like symptoms
that are common in the healthy population.

Participants andmethods
Setting and participants
The Traumatology Hospital at the Vall d’Hebron University Hospital is an academic tertiary
referral center with a translational research program in TBI and a comprehensive neuroreh-
abilitation facility with expertise in TBI. One of the ongoing research projects is a prospective
study on the outcome of mTBI in an adult civilian cohort, in which a supervised-machine
learning approach will be used to discriminate patients at high risk of developing persistent
post-concussion symptoms. To avoid selecting an arbitrary cut-off outcome based on SCAT2,
we carried out a pilot study to understand the baseline characteristics of a civil population and
to explore the potential number of symptoms and their severity that could define a clinically
relevant threshold.

Between April 2013 and August 2017, next-of-kin or companions of patients admitted to
the Neurosurgery Department of our institution—for completing clinical studies or surgery—
were invited to enroll in a control group for the mTBI study. The recruitment was made in a
general neurosurgical department with a wide variety of diseases that require surgery (hydro-
cephalus, lumbar or cervical disk surgery, brain tumors, etc.), and no participants were related
to TBI patients admitted in our center. Inclusion criteria were to be between 18 and 65 years of
age and to proficiently speak Spanish and/or Catalan. Exclusion criteria were: 1) history of
TBI, regardless of severity; 2) history of chronic abuse of psychoactive substances or alcohol; 3)
known psychiatric or neurologic disorder; 4) chronic systemic disease with known repercus-
sions on the cognitive status by itself or its treatment (cancer, kidney or liver failure, metabolic
syndrome, etc.). Participants reported their education status as the highest level completed as
well as the number of full-time years of study completed. The following equivalence can be
established: 8 years for primary education, 10 years for secondary education, 12 or 13 years for
high-school or professional studies, and 1 more year for each full-time undergraduate and
postgraduate school-year. In a WHO national survey conducted in Spain in 2011–2012 among
individuals aged 18 years or over, the prevalence of obesity for men and women in Spain was
18.0% and 16.0%, respectively.[22] Because of this we decided to include BMI as a baseline var-
iable of our cohort. The body mass index (BMI), calculated as the body mass divided by the
square of the body height, was used to classify the cohort into underweight (<18.5 kg/m2),
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normal-weight (between 18.5 and 24.9 kg/m2), overweight (between 25 and 29.9 kg/m2) or
obese (>30 kg/m2) categories. In a first step, we used an active approach of selecting healthy
volunteers matched by gender, age, and years of education with a known cohort of patients
with mTBI. However, the 1:1 matching process was not attained in some cases (for example,
for young patients with low education levels) and eventually the selection criteria were limited
to the ones already stated, regardless of the composition of the mTBI group. This study was
reviewed and approved by the Ethics Committee of the Vall d´Hebron Research Institute
(PR-AG-47-2013) and all participants signed a written informed consent.

Assessment procedures
The present study focuses on the concussion standardized evaluation, carried out with the
SCAT2.[15] The structure of SCAT2 is described in Table 1. In brief, in the symptom checklist
the respondent evaluates the presence/absence of 22 post-concussion predefined symptoms
and rates each symptom intensity on a Likert scale from 0 to 6. This results in two scores: the
number of endorsed symptoms at evaluation and their severity. Items evaluating orientation,
working memory and verbal memory are summed up in a cognitive index known as Standard-
ized Assessment of Concussion (SAC) score, with a minimum value of 0 and a maximum of
30 points. For the purposes of this study we used as endpoints both the total number of
endorsed symptoms (0–22) and their total severity score (0–132). The symptom profile was
divided into four clusters: somatic, cognitive, emotional and fatigue-sleep domains (Table 1).
The probability of endorsing a symptom cluster is linked to the number of items it compasses
(i.e. 9 for somatic versus 3 for sleep-fatigue). As the participants had not sustained any head

Table 1. The components of the Sport Concussion Assessment Test 2nd edition (SCAT2). The following editions (SCAT3 and SCAT5) preserve this structure with
minor scoring modifications and new supplementary material.

Self-report symptom check-list
Somatic Cognitive Emotional Fatigue/sleep
• Headache • Feeling slowed down • More emotional • Trouble falling asleep
• ‘Pressure in head’ • Feeling like ‘in a fog’ • Irritability • Drowsiness
• Neck pain • ‘Don’t feel right’ • Sadness • Fatigue / low energy
• Nausea or vomiting • Difficulty concentrating • Nervous or anxious
• Dizziness • Difficulty remembering
• Blurred vision
• Balance problems
• Sensitivity to light
• Sensitivity to noise
Cognitive examination (Standardized Assessment of Concussion)
• Immediate memory: 3 trials of a list of 5 unrelated words
• Delayed memory: free recall of the previously taught list
• Orientation: 5 questions of time orientation
• Concentration: backwards repetition of digit series and months of the year in reverse order
Other components
Balance examination:Modified Balance Error Scoring System (M-BESS)
Coordination: finger-to-nose test
Physical signs: loss of consciousness, balance difficulties
Glasgow Coma Scale: standard neurologic evaluation
Maddocks Score: optional—only suitable for sideline evaluation in sports-related concussion

SCAT3: third version of Sport Concussion Assessment Test; SCAT5: fifth version of Sport Concussion Assessment Test

https://doi.org/10.1371/journal.pone.0212541.t001
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trauma, the items regarding the postconcussive physical signs (loss of consciousness, balance
difficulties) and the Glasgow Coma Scale were not applied and the maximum score for these
components was granted in computing the SCAT2 total.

TheHospital Anxiety and Depression Scale (HADS) is a short self-report multiple-choice
questionnaire, frequently used for screening clinically significant anxiety and depression in
patients attending any general clinical setting.[23] The respondent is asked to fill in the
answers in order to reflect how they have been feeling during the previous week. The anxiety
and depression subscales are assessed separately. Each subscale has 7 items that can be graded
from 0 to 3 points, therefore the scores range from 0 to a maximum of 21. The scores between
0 and 7 are classified as normal, between 8 and 10 as borderline, and 11 points or more as
abnormal. The total HADS score ranges from 0 to 42, with higher values indicating more emo-
tional distress. HADS’s screening properties are as good as other more comprehensive instru-
ments used for identification of anxiety and depressive disorders.[24]

In addition, participants underwent a broader set of procedures that included detailed
neuropsychological assessment and blood sampling for biomarkers and genetic determination
(data not presented here). The study protocol also included performing a magnetic resonance
imaging (MRI) within 1 year of the clinical evaluation, although generally it was done within 8
weeks (median 22 days, range 1–333 days). The MRI scanning was performed with a SIE-
MENS Magnetom TrioTim syngo 3-tesla equipment; data from a high-resolution 3DMagneti-
zation Prepared Rapid Gradient Echo (MP-RAGE) protocol in addition to Fluid Attenuated
Inversion Recovery (FLAIR) and echo gradient T2 sequences were assessed and informed by
an expert neuroradiologist in all cases.

Statistical analysis
Descriptive statistics were obtained for each variable. The Shapiro-Wilk test and inverse prob-
ability plot were used to test whether data followed a normal distribution. The mean and the
standard deviation were used to describe continuous variables that followed a normal distribu-
tion and the median, maximum, and minimum values for continuous variables that were not
normally distributed. Percentages and sample sizes were used to summarize categorical vari-
ables. To compare between-group differences (in categorical variables) χ2 statistics or the
Fisher exact test were used as appropriate. Between-group differences were determined by an
independent 2-sample t-test or the Mann–Whitney U test, depending on the statistical distri-
bution. To correlate 2 continuous variables, the Kendall tau (when data did not follow a nor-
mal distribution) or Pearson correlation test (for data following a normal distribution) were
used. The threshold for statistical significance was lowered from the routine p value of 0.05
and statistically significance was considered when p< 0.005.[25] This decision was taken fol-
lowing recent suggestions by many authors to change the default p -value threshold for statisti-
cal significance from 0.05 to 0.005, in particular in pilot studies, like ours, and with small
sample sizes, as the risk of reporting false positive results is higher[25, 26].

To calculate the reference intervals (RIs) for the number of symptoms endorsed and the
symptom severity score, the first step was to apply the Horn’s algorithm[27] to detect outliers.
If Horn’s algorithm detected a significant outlier, the data was considered doubtful and elimi-
nated of the RIs calculation. To calculate the upper and lower RI limits we used the distribu-
tion-free nonparametric method described in the NCCLS and Clinical and Laboratory
Standards Institute (CLSI) guidelines C28-A3 for estimating percentiles intervals[28, 29] by
using the package ‘referenceIntervals’ for R.[30]

Statistical analyses were carried out with Microsoft-enhanced R distribution (Microsoft R
Open 3.4.4, Microsoft corporation 2017, https://mran.microsoft.com) and the integrated
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development environment R Studio v1.1.453 (RStudio, Inc., Boston, MA, USA; http://www.
rstudio.com). The following R packages were used in the analysis: XLConnect 0.2.13, Hmisc
4.0.3, referenceIntervals 1.1.1 and car 2.1.6.

Results
Participants
The group of healthy volunteers consisted of 60 participants, out of which 38 (63.3%) were
men, whose socio-demographic characteristics are summarized in Table 2. The sample had
the following distribution in terms of age groups: 26.7% between 18–24, 28.3% between 25–34,
16.7% between 35–44, 11.7% between 45–54 and 16.7% between 55–64 years old. Of the entire
cohort, 49 cases (81%) achieved at least 12 years of education. Based on the BMI values, 69.5%
of participants were normal-weight and 23.7% were categorized as overweight.

Neuroimaging findings
The MRI findings for 56 volunteers are summarized in Table 3. The neuroradiological infor-
mation was not available in 4 of the 60 cases: in one case due to technical problems, in a second
because of claustrophobia, in a third out of safety concerns for a volunteer with an implant of
undocumented material and in the fourth because the patient refused the MRI. Forty partici-
pants (71.4%) did not show any abnormality. Incidental findings of weak or no clinical rele-
vance were reported in 16 cases (28.6%). Most of these were unspecific foci of T2/FLAIR signal
abnormality (Fig 1). The Evans’ Index (EI) represents a rough indicator of ventricular volume
and was also computed. The EI is the ratio between the maximum width between the anterior

Table 2. Socio-demographic characteristics of the cohort (n = 60).

Sex (men/women: n, %) 38 (63.3) / 22 (36.7)
Age (years: mean ± SD, min, max) 36.2 ± 13.9 (18–64)
Education level (years: mean ± SD, min, max) 13.8 ± 3.6 (8–22)
Education level (higher level achieved)
Primary education (n) 9
Secondary education (n) 2
High-school education or professional training (n) 23
Bachelor studies (n) 12
Postgraduate studies (n) 14

Body Mass Index1 (kg/m2: mean ± SD, min, max) (n = 59) 23.51 ± 2.97 (17.35–31.14)
Underweight (n) 4
Normal weight (n) 41
Overweight (n) 13
Obese (n) 1

HADS anxiety1 (median, min, max) (n = 59) 5 (1–14)
Normal (n) 45
Borderline (n) 8
Elevated (n) 6

HADS depression1 (median, min, max) (n = 59) 2 (0–8)
Normal (n) 57
Borderline (n) 2
Elevated (n) 0

HADS: Hospital Anxiety and Depression Scale; max: maximum score; min: minimum score.
1 the BMI and the HADS scores are available for 59 participants.

https://doi.org/10.1371/journal.pone.0212541.t002

SCAT2 in the evaluation of civilian mild traumatic brain injury

PLOS ONE | https://doi.org/10.1371/journal.pone.0212541 February 20, 2019 6 / 16

http://www.rstudio.com/
http://www.rstudio.com/
https://doi.org/10.1371/journal.pone.0212541.t002
https://doi.org/10.1371/journal.pone.0212541


horns of the lateral ventricles and the maximal internal diameter of skull, measured at the
same level.[31] An EI value that exceeds 0.30 warrants further examination, and in this sample
was 0.24 on average and varied between 0.20 and 0.29. All cases were thoroughly revised and
lacked any medical condition that required excluding them from the group.

SCAT2 assessment and the reference interval calculation
The symptom profile, as reported by the volunteers, and the scores for all SCAT2 components
are presented in Table 4. The participants reported a median of 3 symptoms (min-max: 0–11)
(Fig 2C), with a severity score of 4 (min-max: 0–31) (Fig 2D). Encountering difficulties in the
balance examination was frequent, as the M-BESS score had a median of 24, out of a maximum
of 30 points. In the cognitive evaluation, the concentration and delayed memory scores varied
the most, regardless of a high total SAC score (median: 27; min-max: 22–30). Orientation and
immediate memory scores were perfect or nearly perfect in all cases.

The most frequently endorsed symptom was feeling difficulty in concentrating, with 41.7%
of the sample reporting it on the day of the examination. In addition, more than 1 in 3

Table 3. Magnetic Resonance Imaging (MRI) findings (n = 56).

Nothing remarkable 40
Unspecific foci of T2/FLAIR signal abnormality 7
Punctiform white matter lesions (Fazekas 1) 3
Small venous angioma 3
Mild diffuse or focal atrophy 2
Microbleeding (possible cavernoma) 1

T2/FLAIR: T2-weighted or fluid attenuated inversion recovery (FLAIR) sequence

https://doi.org/10.1371/journal.pone.0212541.t003

Fig 1. Examples of MRI incidental findings. Relevant details are marked with white arrowheads: A. Unspecific punctate lesion in a 21-year old male, in
FLAIR. B. Multiple foci of white matter hyperintensity, corresponding to stage 1 on the Fazekas scale,[32] visible in the FLAIR scan in a 50-year old man. C.
Venous angioma in a 58-year old man in a T2-weighted image.

https://doi.org/10.1371/journal.pone.0212541.g001
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participants reported feeling difficulty remembering, fatigue or low energy and feeling nervous
or anxious. Sixteen volunteers (26.7%) endorsed more than 5 symptoms. Fifteen out of the 22
symptoms were endorsed by at least 10 percent of the sample. The exploration of the symptom
profile at cluster level also indicated heterogeneity. Participants reported symptoms in the
somatic, cognitive or sleep-fatigue clusters with similar frequencies (55%, 56.7% and 55%
respectively), while 43.3% of the sample endorsed at least one emotional symptom.

The number of symptoms and the severity score distributions were significantly skewed to
the right (Fig 2A and 2B) (Shapiro-Wilk’s test for symptom number: W = 0.92, p = 0.001 and
for the severity score: W = 0.82, p<0.001). For both scores, the Horn’s algorithm did not flag
any outlier. Therefore, the entire cohort was included in the calculation of the RIs. As previ-
ously described, the distribution-free nonparametric reference intervals method was used, that
calculates the 2.5 and the 97.5 percentiles. The upper interval boundary obtained was 10.5 for
the symptom number, and 28.9 for the severity score.

Screening anxiety and depression
The HADS scores are presented in Table 2. Nearly the entire sample (96.7%) scored less than
8 points on the depression subscale, while only 2 cases were classified as borderline and no par-
ticipant reported symptomatology that could have been considered clinically relevant.
Although anxiety symptoms were more prevalent, 76.3% of participants scored in the normal

Table 4. SCAT2 scores and postconcussive-like symptom profile.

median (min—max)
Number of symptoms 3 (0–11)
Severity score 4 (0–31)
Balance BESS 24 (14–30)
SAC scores 27 (22–30)
• Orientation 5 (4–5)
• Concentration 4 (2–5)
• Memory immediate 15 (13–15)
• Memory delayed 4 (0–5)

SCAT2 total 87 (71–97)
Most frequently reported symptoms n (%)
• Difficulty concentrating 25 (41.7)
• Difficulty remembering 21 (35.0)
• Fatigue or low energy 21 (35.0)
• Nervous or Anxious 20 (33.3)
• Drowsiness 16 (26.7)
• Sadness 13 (21.7)
• Neck pain 12 (20.0)
• Trouble falling asleep 12 (20.0)
• Headache 11 (18.3)

Symptom clusters
• Somatic 33 (55.0)
• Cognitive 34 (56.7)
• Emotional 26 (43.3)
• Sleep—fatigue 33 (55.0)

SCAT2: Sport Concussion Assessment Test, 2nd edition; BESS: Balance Error Scoring System; SAC: Standardized
Assessment of Concussion

https://doi.org/10.1371/journal.pone.0212541.t004
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range. Another 13.6% were borderline and the remaining 10% scored above the threshold
indicative of a potential anxiety disorder.

Factors related to concussion-like symptom profile
In analyzing whether the symptom presentation differs by sex, women endorsed a median of
3.5 symptoms (min: 0, max: 9) and men a median of 3 symptoms (min:0, max: 11). These

Fig 2. Distribution of the number of symptoms and the symptom severity score in the cohort.A. Histogram for the
number of symptoms. B. Histogram for the symptom severity score C. Box-and-whiskers plot for the number of
symptoms. D. Box-and-whiskers plot for the symptom severity score. The black lines inside the boxes are the median
values for each group. The vertical size of the boxes is the interquartile range (IQR). The ‘whiskers’ represent the
minimum and maximum values that do not exceed 1.5×IQR.

https://doi.org/10.1371/journal.pone.0212541.g002
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differences were not statistically significant (Mann-Whitney U Test, W = 404, p = 0.83). The
median severity score for men was 4 (min: 0, max: 31) and 5 for women (min: 0, max: 27). The
differences in severity score were also not statistically significant (Mann-Whitney U Test,
W = 415.5, p = 0.97).

To test if endorsed symptoms and their severity increased with age, Kendall’s rank correla-
tions were performed. The results showed no statistically significant association between age
and endorsed symptoms (Τ = 0.14, p = 0.13), nor between age and the severity score (T = 0.16,
p = 0.07).

Scatterplots were constructed to correlate the HADS total score, the anxiety subscale
(HADS-A) and the depression subscale (HADS-D) with the number of endorsed symptoms
and the severity score. At the predefined alfa level of 0.005, we did not find any association
between the HADS total score and the endorsed symptoms (Τ = 0.19, p = 0.037) or the HADS
total score and the severity score (Τ = 0.22, p = 0.019). We did not find any correlation when
plotting the HADS-A score against the number of the endorsed symptoms (Τ = 0.18, p =
0.068) or the HADS-A score against the severity score (Τ = 0.21, p = 0.029). No association
was found between HADS-D and the number of the endorsed symptoms (Τ = 0.19, p = 0.057)
or the severity score (Τ = 0.18, p = 0.067).

Discussion
The incidence of post-concussion syndrome is widely heterogeneous, it ranges between 10–
30% among different patient populations, and the diagnostic criteria are still inconsistent.[33,
34] Even the minimum number of symptoms and the time since injury required for diagnosis
are a matter of debate, with the latter varying in different studies from 7 days to 3 months.[33,
35, 36] In the clinical evaluation and research studies of non-sport mTBI, inventories of self-
reported symptoms are frequently used. The SCAT2 is the most widely-used structured tool in
sports-related concussion assessment and it includes a 22-item self-report symptom scale.[15]
Athletes usually have a preseason SCAT2 evaluation baseline, but in the clinical setting baseline
measurements are lacking and therefore clinicians cannot perform the comparison of endorsed
symptoms and their severity. It has been shown that ‘healthy’ individuals in the general popula-
tion frequently report concussion-like symptoms. In order to identify symptomatology that
manifests in the absence of head injury, most previous studies have targeted sports-related con-
cussion and have described baseline evaluations of youth or collegiate athletes.[12, 21, 37] Some
self-report tools, like the Rivermead Post-concussion Questionnaire,[38] tackle the absence of
baseline evaluations by asking the respondent to distinguish between symptoms that have been
present beforehand and others that have only become a problem following injury. Although
this is a valuable approach, its reliability is limited by the ‘good old days’ bias, as patients with
mTBI retrospectively report their preinjury status as better than the average person.[39] The
aim of this study was to establish a population-based threshold for SCAT2 symptom profile
indicators—number of symptoms, clusters and severity score—that could be used in multivari-
ate analysis of non-sports mTBI cohorts with the purpose of discriminating patients with risk
factors for presenting clinically-relevant PPCS that significantly affect patients’ psychosocial
functioning and of identifying different biomarkers that could predict them.

This study reports the reference intervals for concussion-like symptoms in a ‘healthy’ adult
population between 18 and 65 years of age. Our data showed that non-concussed individuals
frequently reported concussion-like symptoms. In this cohort, uninjured participants reported
a median of 3 concussion-like symptoms and the upper reference interval was found at 10.5
symptoms, out of a total of 22. The median severity score was 4.9 points and 28.9 was the
upper limit for the reference interval. It is worth noting that only 10 participants (16.7%) did
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not endorse any symptom. This is in agreement with the findings of Iverson et al. who showed
in high school athletes that 19% of boys and 28% of girls reported having a symptom burden
resembling the diagnosis of post-concussion syndrome.[37]

Clinical research needs consensus in identifying goals that are clinically relevant and, in
mTBI outcome assessment, this calls for agreement on a minimum set of symptoms and/or
severity score. However, this is not yet the case. A recent survey on physician members of the
American Society of Sports Medicine showed that 55% of the respondents considered that just
‘1 symptom’ was enough for the diagnosis of post-concussion syndrome, while 17.6% of the
participants required at least two symptoms.[33] The fact that our study yielded such elevated
cut-offs scores in a healthy population makes low threshold used in sport injuries misleading
when applied to a civilian population and warrants careful interpretation of the results of the
SCAT2 inventory or any similar self-reported symptoms checklist in non-sports settings. In
addition, establishing the clinical value of symptoms entails determining whether patients’
symptoms are a consequence of the concussion or of other factors, especially when symptoms
are reported weeks or months after injury. In this complex decision-making process, a crite-
rion of any arbitrary number of symptoms that is to be used independently of their severity
can only add to the confusion. We addressed this by conducting a population-based approach
with a thorough characterization of participants that included MRI scanning and by using
robust methods to flag outliers and establish an upper reference interval for self-reported
symptoms. In addition to the clinical relevance of the present data, supervised machine learn-
ing models of mTBI could benefit from incorporating data-driven outcome thresholds. Super-
vised learning strategies—i.e. that aim to predict predefined output values from several input
measures, such as logistic regression or random forests,[40] need to take into account the limi-
tations of the traditional mTBI outcome scores, when symptoms commonly found in the gen-
eral population are not considered.

It is worth mentioning that the MRI incidental findings in our cohort were not unexpected
for a healthy sample, taking into account the high detection capability of 3 Tesla machines.[41]
White matter hyperintensities (WMHI) were the most frequent finding in our sample (12.5%).
In a cohort in which 41% of the participants were between 40 and 65 years old, the results are
not remarkable. [42] As explained, the decision to not exclude participants with incidental
findings from our study was made after careful considerations of their clinical background
and known health status. In addition, other studies have called upon not excluding partici-
pants with WHMI from mTBI control groups[43], especially in DTI research. The exclusion of
cases with common preinjury characteristics, like WHMI, that would not be excluded from a
mTBI sample has potentially resulted in a systematic bias. In the present study, we have opted
for a sample with increased representativity for the general adult population.

Looking further into the SCAT2 results, one factor that could explain the high incidence of
concussion-like symptoms in this cohort is the method of assessment. As previously stated, the
SCAT2 was chosen for its wide use in sport-related concussion literature and its suitability for
clinical practice. However, various studies have shown that there is a statistically significant
difference in symptom reporting when using different tools with open-ended questions, a sim-
ulated structured interview or a standardized checklist. The standardized checklists like the
SCAT2 are the form of assessment that elicits the most symptoms, both in non-concussed stu-
dents [44] and in patients with mTBI.[45] As previously stated, this highlights the need of con-
sensus in mTBI medicine and that clinicians evaluating patients with mTBI need to be
cautious when interpreting self-reported questionnaires.

Previous literature has tended to show that women endorse more symptoms than men,
either as control volunteers or as athletes in preseason baseline evaluation and following con-
cussion, and even that they are more likely to report different symptoms than men.[21]

SCAT2 in the evaluation of civilian mild traumatic brain injury

PLOS ONE | https://doi.org/10.1371/journal.pone.0212541 February 20, 2019 11 / 16

https://doi.org/10.1371/journal.pone.0212541


However, in this cohort, there was no effect of gender and age on symptom presentation.
Whether or not this is a robust pattern should be addressed by replication studies with a bigger
sample size. It is also possible that the general population controls have different profiles than
young college students and high-school athletes and, therefore, the observed differences in
other studies could reflect the distinct composition of the studied samples.

Emotional distress is a frequent reaction to a traumatic event and it plays an important role
during the recovery process. In mTBI research and in PPCS assessment, depression has always
been considered a pivotal factor as it can trigger or exacerbate the manifestation of other post-
concussion symptoms. Specifically, depressive and anxiety symptomatology is associated with
fatigue, low energy and trouble sleeping and it is a better predictor for presenting cognitive
complaints than objective neuropsychological functioning.[46] In this cohort, the levels of
depression and anxiety were not linked to concussion-like symptom presentation. These
results were produced by applying a stringent threshold for statistically significance
(p< 0.005), arguably failing to report weak correlations between emotional distress and both
symptom number and their severity, and between anxiety and symptom severity (Tau between
0.19 and 0.22, p< 0.05, Kendall’s). Regarding depression, the results are explained by the
absence of participants with evident depressive symptomatology. As few moderate and no
high scores were obtained in the HADS-D subscale, the variation in the profile of concussion-
like symptoms could not be linked to depression.

Study limitations
Several limitations to this study are acknowledged. The participants were selected from a single
tertiary hospital and this may limit generalizability. In addition, the enrolment of next-of-kin
of patients admitted to a neurosurgical department could result in a cohort with higher stress
levels than community population. All preexisting health conditions were self-reported and
were not verified. In addition, because participants were selected with predefined demographic
characteristics, this cohort was not representative of the Spanish population in terms of age
and gender distribution. It disproportionately includes more men, and more participants
between 18–24 years of age and less participants between 25–54. Furthermore, the sample size
(n = 60) is relatively small, in comparison with other multi-center studies that present norma-
tive data for concussion assessment. Future studies should be directed at improving normative
data in specific subgroups of civilian population by increasing the sample size and including
elders. As explained previously, clinical anxiety and depression symptoms can modulate the
presentation and resolution of mTBI symptomatology. Regardless general anxiety or depres-
sion levels, because our cohort includes companions and relatives of patients, it is possible that
they pay more attention to their own body and mental state and could even exhibit a different
pattern of symptoms, as biased by this exposure to health issues. Future studies could address
how concerns about one’s health (in relation with specific stressors like the illness of a relative)
relate to the manifestation of symptoms in the general healthy population.

In addition, falls in people over 70 years old are the most frequent scenario of mTBI, but
the particularities of injury mechanism, comorbidities and preinjury treatment in this cohort
complicate its inclusion in a general adult mTBI sample. Therefore, assessing the necessity of
establishing different normative scores for these distinct mTBI populations would be a valu-
able advancement of the present study.

Conclusions
PPCS are a cause on ongoing disability and distress for affected patients and a source of high
healthcare costs. Further studies directed toward identifying individuals who are at risk for
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developing PPCS after mTBI are important to both patients and healthcare professionals.
Prognosis models should not rely on the use of arbitrary cut-off scores for symptom-related
variables, because they currently fail to reflect the frequent presentation of similar symptoms
in the absence of prior head injury. Our results suggest that for a better refinement of the
patient selection, the outcome variables should be redefined to take into consideration that
some concussion-like symptoms can be endorsed by healthy individuals.
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Abstract

Introduction:  Mild  traumatic  brain  injury  brain  injury  (mTBI)  has  traditionally  been  considered
to cause  no  significant  brain  damage  since  symptoms  spontaneously  remit  after  a  few  days.
However,  this  idea  is  facing  increasing  scrutiny.  The  purpose  of  this  study  is  to  demonstrate
the presence  of  early  cognitive  alterations  in  a  series  of  patients  with  mTBI  and  to  link  these
findings to  different  markers  of  brain  damage.
Methods:  We  conducted  a  prospective  study  of  a  consecutive  series  of  patients  with  mTBI  who
were evaluated  over  a  12-month  period.  Forty-one  (3.7%)  of  the  1144  included  patients  had
experienced  a  concussion.  Patients  underwent  a  routine  clinical  evaluation  and  a  brain  com-
puted tomography  (CT)  scan  and  were  also  administered  a standardised  test  for  post-concussion
symptoms  within  the  first  24  h  of  mTBI  and  also  1-2  weeks  later.  The  second  assessment  also
included  a  neuropsychological  test  battery.  The  results  of  these  studies  were  compared  to
those of  a  control  group  of  28  healthy  volunteers  with  similar  characteristics.  Twenty  patients
underwent  a  magnetic  resonance  imaging  (MRI)  scan.
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Results:  Verbal  memory  and  learning  were  the  cognitive  functions  most  affected  by  mTBI.
Seven out  of  the  20  patients  with  normal  CT  findings  displayed  structural  alterations  on  MR
images,  which  were  compatible  with  diffuse  axonal  injury  in  two  cases.
Conclusions:  Results  from  this  pilot  study  suggest  that  early  cognitive  alterations  and  struc-
tural brain  lesions  affect  a  considerable  percentage  of  patients  with  post-concussion  syndrome
following  mTBI.
©  2016  Sociedad  Española  de  Neuroloǵıa.  Published  by  Elsevier  España, S.L.U.  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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posconmocional

Alteraciones  neuropsicológicas  y hallazgos  neurorradiológicos  en  pacientes  con

conmoción  cerebral  postraumática.  Resultados  de  un  estudio  piloto

Resumen

Introducción:  Los  traumatismos  craneoencefálicos  leves  (TCE-L)  han  sido  tradicionalmente
considerados  acontecimientos  sin  repercusiones  cerebrales  significativas,  cuya  sintomatología
remite espontáneamente  en  unos  días.  Sin  embargo,  estos  hechos  son  cada  vez  más  cuestion-
ados. Este  estudio  pretende  objetivar  la  existencia  de  alteraciones  cognitivas  precoces  en  una
serie de  pacientes  con  TCE-L  y  relacionar  los  hallazgos  con  distintos  marcadores  de  lesión
cerebral.
Métodos:  Estudio  prospectivo  de  una  cohorte  de  pacientes  con  un  TCE-L  valorados  de  forma
consecutiva  durante  12  meses.  De  un total  de  1.144  pacientes,  se  seleccionó  a  41  (3,7%)  que
habían  presentado  una  conmoción  cerebral.  Además  de  la  valoración  clínica  habitual  y  de  la
práctica  de  una  tomografía  computarizada  (TC)  cerebral,  los  pacientes  fueron  estudiados  medi-
ante un test  estandarizado  para  síntomas  posconmocionales  en  las  primeras  24  h  después  del
TCE-L y  al  cabo  de  1-2  semanas  y,  coincidiendo  con  la  segunda  valoración,  mediante  una  batería
neuropsicológica.  Los  resultados  se  compararon  con  los  de  un  grupo  de  28  voluntarios  sanos  de
características  parecidas.  En  20  pacientes  se  practicó  una  resonancia  magnética  (RM)  craneal.
Resultados:  En  este  análisis  exploratorio,  la  memoria  y  el aprendizaje  verbal  fueron  las  fun-
ciones cognitivas  más  afectadas  después  del  TCE-L.  Siete  de  los  20  pacientes  con  TC  cerebral
normal  presentaron  alteraciones  estructurales  visibles  por  RM,  que  en  dos  casos  fueron  com-
patibles  con  la  presencia  de  lesión  axonal  difusa.
Conclusiones:  Los  resultados  de  este  estudio  piloto  sugieren  la  presencia  de  alteraciones  cogni-
tivas precoces  y  lesiones  cerebrales  estructurales  en  un  porcentaje  no  despreciable  de  pacientes
que han  presentado  una  conmoción  cerebral  recuperada  después  de  un  TCE-L.
© 2016  Sociedad  Española  de  Neuroloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

Traumatic  brain  injury  is  highly  prevalent  in  both  industri-
alised  and  developing  countries,  with  an  estimated  annual
incidence  of  between  150  and  250  cases  per  100  000
population.1 In terms  of severity,  10%  of cases  are  severe
(Glasgow  Coma  Scale  [GCS]  score  ≤8),  10%  are  moderate
(9-13),  and  80%  are  mild  (14  or  15).2

Little  attention  has  historically  been  dedicated  to the
consequences  of  mild  traumatic  brain  injury  (mTBI),  as  it
is  considered  an  essentially  reversible  condition,  with  no
detectable  brain  injury  and  few  or  no  residual  sequelae.
However,  recent  years  have  seen  the  publication  of  numer-
ous  studies  questioning  this  belief.  In  the  hospital  context,
management  protocols  for  mTBI  typically  establish  that
patients  with  normal  CT  findings  may  be  discharged,  often
with  no  clinical  follow-up.  However,  there  is  evidence  that

in  as  many  as  25% of  cases  with  normal  CT  findings,  brain
MRI  does  display  alterations.3

In  addition  to GCS  score  (14-15),  the  traditional  diag-
nostic  criteria  for  mTBI  are  loss  of  consciousness  (lasting
<30  min)  and  post-traumatic  amnesia  (PTA;  duration  of  less
than  24  h).  When  any  of  these  conditions  is  present,  patients
are  considered  to  have  concussion.4 The  consequences  of
mTBI  are  variable,  ranging  from  the  total  absence  of seque-
lae  to  an  array  of  symptoms  including  headache,  dizziness,
nausea,  gait  instability,  irritability,  memory  alterations,  or
difficulty  concentrating.  Approximately  30%  of  patients  do
not  fully  recover  within  3 months  of  the  trauma5;  this  is
known  as  post-concussive  syndrome.6

Despite  advances  in  techniques  for  identifying  brain
injury,  most  studies  acknowledge  that  some  proportion  of
patients  present  persistent,  incapacitating  symptoms  after
MHT,  despite  normal  neuroimaging  findings.  This  explains
why  many  authors  believe  that  brain  injury  may  not  be  the
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Table  1  Criteria  used  to  identify  concussion  in  patients  attended  within  the  first  24  h  after  mTBI.  Study  inclusion  required  that
patients  display  at  least  one  of  the  following  indicators,  which  were  classified  dichotomously  (yes/no).

Indicator  Remarks

Loss  of  consciousness  Witness  confirmation  was  required.  Must  be  differentiated  from  syncopal  episodes
PTA Evaluation  of  the  detailed  account  of  events  occurring  immediately  before  and

after the  mTBI
Seizures Objective  post-concussive  symptoms
Vomiting
Severe post-concussive
symptoms

A  0-4  scale  was  used  to  record  severity  of symptoms:  headache,  nausea,  feeling
of instability,  hypersensitivity  to  light,  hypersensitivity  to  sound,  disorientation,
blurred  vision,  and  dizziness
Symptoms  were  classified  as severe  if  any  scored  ≥3  points  or  if  the  sum  of  all
symptoms  was  ≥5

only  cause  of long-term  alterations  in  some  patients  fol-
lowing  mTBI.  Residual  sequelae  in  these  patients  may  be
influenced  by  a series  of  conditioning  factors,  such  as  per-
sonality  traits,  existing  systemic  or  mental  health  disorders,
comorbidities  (chronic  pain,  anxiety  or  depressive  disorders,
etc.),  sociopsychological  factors,  or  the  patient’s  involve-
ment  in  legal  claims.7

In  the  classic  view,  the  great  majority  of  neuropsychol-
ogical  alterations  secondary  to  moderate  or  severe  head
trauma  can  be  explained  by  the  location  of  the  associated
brain  lesions.8 However,  in  cases  where  brain  CT  scans  do
not  clearly  show  focal  lesions,  cognitive  dysfunction  may
be  explained  by  the  disconnection  of  various  brain  struc-
tures  due  to  diffuse  axonal  injury  (DAI).5 This  phenomenon
may  also  explain  the  presence  of  residual  symptoms  and
cognitive  alterations  following  mTBI.  The  most  frequent
neuropsychological  sequelae  of  mTBI  include  alterations  in
information  processing  speed,  attention,  and  memory.9—12

The  susceptibility-weighted  imaging  (SWI)  sequences
included  in  modern  MRI  protocols  aid  the  diagnosis  of  poten-
tial  structural  lesions  in  mTBI.13 SWI  is  extremely  sensitive  to
paramagnetic  elements  and  is  particularly  useful  for  identi-
fying  microbleeds.  Some  studies  have  shown  the  technique
to  be  up  to  six  times  more  effective  than  T2*-weighted
sequences  in  detecting  punctiform  microbleeds  associated
with  DAI.14

This  pilot  study  aims  to  evaluate  the  early  presence  (<14
days  after  trauma)  of cognitive,  affective,  and  behavioural
symptoms  in  a  series  of  patients  with  concussion  secondary
to  mTBI  and  in  a group  of healthy  controls  and  to  explore
the  potential  association  between  the  cognitive  deficits
observed  and  the  clinical  symptoms.  We  also  aimed  to  deter-
mine  brain  injury  severity  through  MRI  analysis  of  structural
lesions  in a  subgroup  of  patients.

Patients and methods

Patient and  control groups

The  patients  included  in  the  study  were  treated  between
April  2013  and  April  2014  at  the  neurotraumatology  unit  of
Vall  d’Hebron  University  Hospital’s  emergency  department.
To  be  included  in  the  study,  patients  had  to meet  all  the

inclusion  criteria  and  none  of the  exclusion  criteria  listed
below:

-  Inclusion  criteria:  (1)  age  between  18  and  65  years;  (2)
being  a  fluent  speaker  of  Catalan  or  Spanish;  (3)  having
had  mTBI  with  a  GCS  score  of  14-15  in  the  24  h  prior  to
study  inclusion;  (4)  having  experienced  concussion,  iden-
tified  by  loss  of consciousness  lasting  <30  min  (verified  by  a
witness),  vomiting,  seizures,  PTA  lasting  <24  h, or  intense
post-concussive  symptoms  (Table  1);  (5)  normal  neurologi-
cal  examination  findings;  and  (6)  normal  brain  CT  findings.

-  Exclusion  criteria:  (1)  previous  head  trauma  requiring  hos-
pital  care;  (2)  history  of  chronic  substance  abuse;  (3)
known  psychiatric  or  neurological  condition;  (4)  chronic
systemic  disease  with  potential  cognitive  effects  (renal
insufficiency  or  kidney  failure,  metabolic  syndrome,  etc.);
and  (5)  polytrauma  with  an  Injury  Severity  Scale  score
above  6.

Neurological  examinations  and  initial  analyses  of brain
CT  scans  were  performed  by  the  on-call  neurosurgeon;  these
are  routine  procedures  in  the  assessment  of  mTBI.  Brain  CT
scans  obtained  in  the  emergency  department  were  subse-
quently  reassessed  by  neuroradiologists.

Participants  of  the  control  group  were  companions,  and
family  members  of  patients  admitted  to the  neurosurgery
department.  Of  the  candidates  interested  in  participating,
we  selected  those  who  met  inclusion  criteria  1  and  2  and
none  of the  exclusion  criteria.  Volunteers  were  also  matched
to  patients  for  age  and  level  of  education.  The  final  control
group  comprised  28 volunteers  (18  men  and  10 women)  with
a  median  age  of  29 (interquartile  range  [IQR],  21;  range,
18-64).

All  patients  and  controls  signed  informed  consent  forms
approved  by  Vall  d’Hebron  University  Hospital’s  Ethics  Com-
mittee  (PR-AG-47-2013).

Assessment and follow-up procedures

In addition  to  the  initial  clinical  assessment,  all  patients
were  evaluated  with  CT  scanning  and  a standardised  test  for
post-concussion  symptoms  within  24  h of  the  trauma.  Thirty-
four  patients  were  also  evaluated  a  second  time  within  2
weeks  of the  trauma.  Brain  MRI  scans  were  also  performed
for  a subgroup  of  20  patients  (14  men  and  6  women;  median
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Table  2  List  of  tests  in  the  neuropsychological  assessment  battery.

Target  Test

Memory  Rey  Auditory  Verbal  Learning  Test19

Brief  Visual  Memory  Test—Revised20

Attention  and  information
processing  speed

Trail  Making  Test,21 part  A
Conner’s  Continuous  Performance  Test  II,  v.  5.222

Wechsler  Adult  Intelligence  Scale  (WAIS-III),23 digit  symbol-coding  subtest
WAIS-III,  symbol  search  subtest

Executive  function  Controlled  Oral  Word  Association  Test21

Trail  Making  Test,  part  B
WAIS-III,  working  memory  subtests  (letter-number  sequencing;  digit  span)

Effort Test  of  Memory  Malingering17

age,  29;  IQR,  21;  range,  18-64).  All  controls  were  assessed
once  only.

Standardised  concussion  assessment

Patients  were  assessed  with  the  Sport  Concussion  Assess-
ment  Tool  2  (SCAT2)15 within  24  h  of  the  mTBI  during  their
stay  at  the  emergency  department’s  neurotraumatology
unit  and  subsequently  during  the  neuropsychological  exam-
ination.  SCAT2  is  a standardised  assessment  tool  designed
to  measure  the  acute  effects  of  concussion  incurred  dur-
ing  sport.  The  test  records  post-concussive  symptoms,  loss
of  consciousness  (with  confirmation  from  witnesses),  and
GCS  score;  it  also  involves  an  assessment  of  balance  and
coordination  and  a  cognitive  evaluation,  performed  using
the  Standardized  Assessment  of  Concussion  (SAC)  tool.  The
SAC  evaluates  temporal  orientation,  immediate  and  delayed
memory,  and  concentration.  The  SCAT2  is  particularly  useful
in  clinical  contexts  as  it  is  quick  to  administer  and  addresses
multiple  dimensions.16 The  maximum  scores  for  the  SAC  and
the  SCAT2  are  30  and  100,  respectively.

Neuropsychological  assessment

All  participants  underwent  neuropsychological  assessments
on  one  occasion;  patients  were  evaluated  within  the  first  2
weeks  after  the  mTBI.  Cognitive  function  was  assessed  using
a  neuropsychological  battery  testing  attention,  memory,
information  processing  speed,  and  complex  executive
functions  (Table  2).  Tests  were  selected  in  line  with  the
recommendations  of the  National  Institute  of  Neurological
Disorders  and  Stroke.2 The  tests  selected  are  included  in
the  Institute’s  Core  Data  Elements  for  studying  patients
with  traumatic  brain  injury.2 Effort  was  tested  using  the
Test  of  Memory  Malingering  (TOMM)17 in  order  to detect
any  feigned  symptoms  or  a  lack  of  collaboration  during  the
examination.  Patients  also  completed  the  Hospital  Anxiety
and  Depression  Scale,18 as  anxiety  and  depression  can
influence  cognitive  profiles.  The  duration  of  the  complete
cognitive  examination  was  approximately  120  min,  includ-
ing  a  5-10-min  rest  period,  where  needed.  These  studies
were  performed  by  researchers  with  specific  training  in
neuropsychology  (A.R.  and  V.C.).

Magnetic  resonance  imaging  evaluation

The  MRI  study  was  performed  using  a SIEMENS  Magnetom  Trio
Tim  syngo  3T  MRI  scanner  at  Hospital  Clínic  de  Barcelona’s
Centre  for  Diagnostic  Imaging.  Images  were  analysed  by  a

neuroradiology  expert  (N.B.)  who  was  not  a  member  of  the
study  team.  For  each  patient,  we  obtained  a high-resolution,
T1-weighted  structural  image  (3D  magnetisation-prepared
rapid  gradient  echo  [MP-RAGE])  and  T2-weighted  FLAIR  and
gradient  echo  sequences.  Microbleeds  were  identified  using
SWI  sequences.  Sequences  were  obtained  in  the  same  order
for  all  participants.  These  studies  were  performed  within  14
days  of  the  mTBI.

Statistical  analysis

All  variables  were  analysed  using  version  22  of the  SPSS
statistics  package  (Chicago,  Illinois,  USA).  As most  variables
did  not  follow  a  normal  distribution,  non-parametric  tests
(the  �

2-test  and  the  Mann—Whitney  U-test)  were  used  to
compare  and  analyse  associations  between  variables.

In  the  neuropsychological  assessment,  in  which  analy-
sis  involves  many  related  variables,  the  likelihood  of type
I  error  is  known  to  increase  when  multiple  statistical  com-
parisons  are  made.  We  may  therefore  consider  applying
the  Benjamini—Hochberg  correction24 for  the  false  discov-
ery  rate,  or  using  a  more  conservative  significance  threshold
(P  < .01).  However,  the  small  sample  size  causes  a consider-
able  reduction  in  statistical  power.  We  therefore  decided  on
a  more  liberal  statistical  approach,  assuming  a 5%  likelihood
of  error  for  all  results.  In  order  to  better  describe  the  magni-
tude  of  the  differences  identified,  effect  size  was  calculated
with  the  correlation  coefficient  r.

Results

The  neurosurgery  department  treated  1144  patients  diag-
nosed  with  mTBI  during  the  study  period.  The  majority  of
these  patients  were  elderly  or  had  incurred  minor  head
trauma  not  associated  with  loss  of consciousness,  PTA,
or  other  relevant  symptoms.  We  selected  a  total  of  41
patients  (16  women  and  25  men;  median  age,  34;  IQR,  24;
range,  18-64)  (Fig.  1)  according  to  the  protocol  described
above.  For  all  patients,  we  performed  a brief  cognitive
assessment  and  recorded  post-concussive  symptoms  (with
the  SCAT2)  the  day  the  trauma  occurred;  results  were
compared  with  those  of the  control  group.  As  7 patients
(17%)  did  not  attend  the  follow-up  visit,  the  extensive
follow-up  cognitive  assessment  was  only  performed  for the
remaining  34  patients  (12  women  and  22  men;  median  age,
32.5;  IQR,  23;  range,  18-64).
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167 (14.6%)

Total patient sample

Age 28-65

Time between mTBI and 
admission < 24 hours

No relevant personal 
history

No other exclusion
 criteria3

mTBI with concussion

Gave informed consent

1144

          < 18 years

> 65 years

516 (45.1%)

> 24 hours 149

367 (32.1%)

104

54

18

15

9

92

33

77 (6.7%)

42 (3.7%)

209 (18.3%)

NRL/PSY/head trauma1

Chronic alcohol/substance
 abuse2

Language

Fractures

CT abnormalities

No

No

16

622

Figure  1  Algorithm  for  the  selection  of  patients  with  mTBI
treated  during  the  study  period  at  the  Vall  d’Hebron  University
Hospital  emergency  department’s  neurotraumatology  unit.
Percentages  refer  to  the  total  number  of patients.  Reasons
for exclusion:  previous  neurological/psychiatric  condition  or
traumatic  brain  injury  (1);  chronic  alcohol  or substance  abuse
(2); other  (3):  insufficient  level  of  Spanish  or  Catalan,  fractures
requiring  admission  to  hospital,  and  pathological  brain  CT
findings.

Application of  the Sport Concussion Assessment
Tool 2 and the Hospital Anxiety and  Depression
Scale

As  expected,  patients  displayed  significantly  more  symptoms
and  significantly  greater  symptom  severity  than  controls  in
the  hours  following  the  mTBI  (z  =  —4.44,  P  < .001,  r  =  0.53,  vs
z  =  —4.88,  P < .001,  r  =  0.58,  respectively)  (Table  3).  Signifi-
cant  intergroup  differences  were  also  observed  for  overall
SCAT2  score  (z  =  3.46,  P  < .001,  r  = 0.43).

In  the  clinical  follow-up  examination  performed  several
days  after  the  trauma,  there  continued  to  be  a significant
difference  between  groups  for  number  and  severity  of
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Table  4  Relevant  sociodemographic  and  clinical  variables  of the  patient  and  control  groups.

mTBI  (n =  34)  Controls  (n  = 28)  z  (P)

Sex  (M/F) 22/12  18/10  0.001  (.97)a

Age  (years)  34  (24,  18-64)  29  (21,  18-64)  —0.58  (.56)
Years of  schooling  14  (6-22)  13.5  (8-22)  —0.32  (.74)
Laterality:  right/left/ambidextrous  30/3/1  26/0/2  —
Loss of  consciousness  22  (64.70%)
PTA 26  (76.47%)
GCS score  (15/14)  33/1

Median, interquartile range, and range are shown in brackets.
GCS: Glasgow Coma Scale; mTBI: mild traumatic brain  injury; PTA: post-traumatic amnesia.

a The chi square test was used to compare the  sex distribution between groups.

symptoms  and  overall  SCAT2  score  (z  = —3.45,  P  < .001,
r =  0.44;  z  =  3.22,  P < .001,  r  = 0.41;  and  z  =  2.80,  P = .005,
r =  0.36,  respectively).  However,  Hospital  Anxiety  and
Depression  Scale  scores  showed  no  significant  difference
between  groups  for  the  anxiety  or  depression  subscales
(z  =  —0.59,  P = .55;  and  z  = —0.68,  P  =  .50,  respectively).

Neuropsychological assessment

The  34  patients  who  attended  the  follow-up  visit  underwent
an  extensive  neuropsychological  assessment;  results  were
compared  to those  of the  control  group.  Most  patients  were
assessed  within  the  first  week  after  the  mTBI  (median,  5
days;  range,  2-13)  (Table  4). Table  5 displays  the  most  rel-
evant  results  from  the  cognitive  assessment  of  the  groups
studied.  As  is  shown  in  the  table,  sample  size  changed
between  tests,  as  patients  with  mild  injuries  to their  domi-
nant  arm  did  not  perform  tests  requiring  manual  skills,  such
as  drawing  or  psychomotor  speed  tasks.

The  Rey  Auditory  Verbal  Learning  Test  showed  the  most
marked  difference  between  groups.  Patients’  performance
was  significantly  poorer  than  that  of  controls  in  learning
and  immediate  and  delayed  verbal  memory,  with  a  medium
effect  size  (r  >  0.3).  Scores  for  visual  learning  and  delayed
visual  memory  were  also  lower  in  patients  than  in  controls,
although  intergroup  differences  in  delayed  visual  memory
scores  displayed  only  a trend  toward  statistical  significance
(P  =  .054).  Patients  also  scored  significantly  lower  than  con-
trols  for  3 indicators  (working  memory  span,  digit  span
subtest,  and  number  of  perseverations  in  the  Continuous
Performance  Test).  These  variables  shed  light  on  important
aspects  of  attention  and  executive  function  (due  to  work-
ing  memory  and  inhibition  components)  that  appear  to be
affected  several  weeks  after  mTBI.

It  should  be  noted  that  given  the  high  number  of  varia-
bles  analysed,  any  more  conservative  statistical  strategy
involving  correction  for  multiple  comparisons  would  require
a  significance  threshold  of  approximately  P  < .003.  The  alter-
ations  observed  in  our  cohort  had  a significance  level  of .005
or  higher.

Magnetic resonance imaging findings

Brain  MRI  studies  were  performed  for  a  subgroup  of 20
patients,  selected  on  the  basis  of  their  availability  for
testing.  MRI  was  performed  a median  of 6 days  after

trauma  occurred  (range,  1-13).  Table  6  provides  a detailed
description  of  demographic  characteristics  and  neuroradiol-
ogy  findings  for  this  subgroup.

Although  all  patients  showed  normal  brain  CT  findings  at
baseline,  MRI  revealed  lesions  suggestive  of  DAI  in  2  patients
(10%).  Figure  2 shows  the  lesions  observed  in  a  26-year-old
patient  with  an  mTBI  with  loss  of  consciousness  and  PTA  fol-
lowing  a motorcycle  accident.  We  also  observed  focal  signal
alterations  of potentially  traumatic  aetiology  in  five  other
patients  (25%);  aetiology  could  not  be  confirmed  in  all cases,
however.

Discussion

The  results  of this  pilot  study  demonstrate  that  concus-
sive  symptoms  secondary  to  mTBI  may  last  days  after  the
trauma  occurs  potentially  interfering  with  patients’  work
or  academic  performance.  Besides  the  typical  symptoms  of
concussion  (headache,  vertigo,  etc.),  these  patients  may
display  cognitive  alterations,  which  are  observable  through
the  use  of  specific  tools.  Finally,  MRI  revealed  structural
alterations  compatible  with  DAI  or  microbleeds  in  a  consid-
erable  percentage  of patients,  despite  normal  early  brain
CT  results  in  all  patients.

Remarks on  the inclusion of patients in the study

One  of  the  most  noteworthy  findings  was  the  high  num-
ber  of  patients  attending  the  hospital  following  MHT  who
were  eventually  found  not  to be  eligible  for  inclusion.  Age
was  the  most  frequent  reason  for  exclusion:  55%  of  patients
treated  during  the  study  period  were  older  than  65.  This
figure  is  consistent  with  the  recent  changes  observed  in
the  epidemiology  of  traumatic  brain  injury.  A  significant
increase  has  been  observed  in  the  ages  of  trauma  patients
worldwide,  with  falls  surpassing  traffic  accidents  as  the
most  frequent  cause  in  this  age  group.1 The  strict  screening
criteria  applied,  specifically  chosen  to  eliminate  the  known
confounding  factors,  reduced  the  number  of  potential  par-
ticipants  to  6.9%  of  the  patients  treated.  Only  60%  of  those
meeting  the  inclusion  criteria  volunteered  to  participate  in
the  study.  Therefore,  the  study  participants  accounted  for
less  than  4%  of  all  patients  treated  in  a 1-year  period  at
this  tertiary  hospital.  In a 2013  study,  Luoto  et  al.25 discuss
this  issue  and  note  that  many  hospital  studies  into  mTBI  use
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Table  5  Comparative  analysis  of  neuropsychological  test  results  for  patients  and  controls.

MHT  Controls  (n  =  28)

n Median  (IQR,  range)  Median  (IQR,  range)  z  (P)  r

TMT  A 32  32.5  (19,  19-86)  30  (11,  13-54)  —1.632  (.103)  0.21
TMT B 29  65  (47,  34-143)  61  (20,  24-150)  —0.559  (.576)  0.07
TMT proportional  scorea 29  1  (0.82,  0.36-2.59)  1.03  (0.93,  0.32-3.5)  —0.439  (.661)  0.06
Verbal learning  34  49.5  (10,  27-68)  57  (12,  39-71)  —2.812  (.005)** 0.36
Immediate  verbal  memory  34  11.5  (5,  6-15)  13.5  (3,  6-15)  —2.596  (.009)** 0.33
Delayed  verbal  memory 34  11  (4,  5-15) 13.5  (4,  8-15)  —2.802  (.005)** 0.36
Digit symbol-coding  subtest 31  73  (25,  29-113) 83  (29,  48-120) —1.693 (.090) 0.22
Symbol  search 32  38.5  (11,  15-54) 39.5  (14,  25-51) —0.519 (.604) 0.07
Attention  span  34  6  (1,  4-9)  6  (2,  4-9)  —1.282  (.200)  0.16
Working  memory  span  34  4  (2,  2-7)  5  (2,  3-8)  —2.366  (.018)* 0.30
Digit span  34  14  (6,  7-23)  16  (4,  9-26)  —2.202  (.028)* 0.27
Letter-number  sequencing 31  11  (4,  5-17)  11.5  (3,  7-16)  —0.972  (.331)  0.12
Immediate  visual  memory 32  6  (3,  1-11) 7  (6,  0-11)  —1.837  (.066)  0.24
Visual learning 32  25  (9,  7-33) 29.5  (9,  7-35) —2.483  (.013)* 0.32
Delayed  visual  memory 32  10  (4,  3-12) 11.5  (2,  4-12)  —1.925  (.054)  0.25
Semantic  fluency 34  24  (8,  16-40) 24  (9,  13-37) —0.312  (.755)  0.04
Phonetic  fluency 34  43  (14,  23-59) 46  (21,  20-80) —1.196 (.232) 0.15
Omissions  (CPT) 34  1  (3,  0-30) 1  (3,  0-13) —0.007  (.994)  <0.01
Commissions  (CPT)  34  13  (12,  2-31)  11  (10,  1-26)  —1.711  (.087)  0.22
Reaction  time  (CPT)  34  402  (87,  306-583)  391  (48,  332-588)  —0.087  (.931)  0.01
Perseverations  (CPT)  34  0  (2,  0-23)  0  (0,  0-4)  —2.292  (.022)* 0.29

CPT: Continuous Performance Test; MHT: mild head trauma; TMT: Trail Making Test.
a TMT proportional score = (TMT B —  TMT  A)/TMT A.
* P < .05.

** P  < .01.
r = effect size  (0.5: large; 0.3: medium; 0.1: small).

potentially  biased  samples,  for  which  reason  results  cannot
be  generalised  to  the  entire  population  of  trauma  patients.

Diagnostic criteria  for mTBI

According  to  the  classic  2004  World  Health  Organization
criteria,4 diagnosis  of  mTBI  requires  a  GCS  score  of 13,  14,
or  15.  However,  more  recent  diagnostic  criteria  rule  out
patients  scoring  13  on  the  GCS.  Various  authors  note  that
in  terms  of  mortality  indicators  and  complications,  the  pro-
gression  of  patients  scoring  13  is  more  similar  to  that  of
patients  with  moderate  than  with  mTBI.26 Stein  and  Ross27

compare  initial  brain  CT  findings  in  a  group  of 106  patients
scoring  13  on the  GCS  to those  of  341  patients  diagnosed
with  moderate  traumatic  brain  injury  according  to  the  clas-
sic  criteria  (GCS  score  9-12).  Both  groups  showed  a  similar
prevalence  of  lesions  in  the  brain  CT  images  (44.3  and
40.3%,  respectively).  These  researchers  also  found  that  20%
of  patients  with  pathological  brain  CT  findings  required  sur-
gical  treatment;  for  this  reason,  they  propose  that  trauma
patients  scoring  13  on  the  GCS  should  be  reclassified  as  hav-
ing  moderate  rather  than  mTBI.27

The  present  study  also  required  normal  brain  CT  find-
ings  among  the  inclusion  criteria  applied.  The  exclusion  of
patients  with  pathological  brain  CT  findings  ensures  a  more
homogeneous  sample,  as  patients  displaying  brain  injury  on
CT  scans  are  followed  up  according  to  different  protocols,
which  are  more  similar  to  those  used  for  cases  of  moderate

traumatic  brain  injury.  The  absence  of brain  injury  in  con-
ventional  emergency  department  examination  tests  enabled
us  to study  patients  with  more  benign  symptoms  (GCS  scores
of  14  or  15  and  normal  CT  results).

Clinical  assessment of mTBI: current tools

In  order  to  address  the  issue  of  why  some  patients  present
post-concussive  syndrome,  it  is  necessary  to  better  under-
stand  the  clinical  presentation  of acute-phase  mTBI.  The
prognostic  value  of  such  traditional  descriptors  as  presence
and  duration  of  loss  of  consciousness  and  PTA  are  not  well
established;  neither  phenomenon  is  well  understood  from
a  pathophysiological  perspective  in  the  context  of mTBI.
The  validity  and  predictive  power  of  PTA  is  very  uncertain
in  these  patients,  despite  being  a  defining  characteristic
of  concussion  and  a critical  element  of  routine  hospital
assessment.16

We  used  the  SCAT2,  originally  designed  to  assess  trauma
in  sport,  to  obtain  a complete  register  of  participants’  clini-
cal  information.  Patients  continued  to  present  a high  number
of post-concussive  symptoms  at  1-2  weeks  after  trauma,
although  severity  tended  to  decrease.  The  SCAT2  results  at
the  time  of hospitalisation  and  at  1-2  weeks  support  the  use
of  the  tool  in  the  standardised  monitoring  of  post-concussive
symptoms,  as  it  also  provides  a general  overview  of  these
patients’  cognitive  status.  However,  evaluation  of  the  clin-
ical  symptoms  assessed  in  this  study  (loss  of  consciousness
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Table  6 Demographic,  clinical,  and  neuroradiological  characteristics  of  the  20  patients  who  underwent  MRI  studies,  ordered
by SAC  score.

No.  Age/sex  Cause  of  head
trauma

Initial  evaluation  (<24  h) MRI  findings

No.  symptoms  SAC  SCAT2

1  64/F  Fall  15  20  67  Subcortical  WM  involvement  (Fazekas  2)
Small  choroidal  fissure  cyst

2 26/F  Traffic  accident
(motorcyclist)

10  20  49  Small  left-hemisphere  subcortical  WM  lesions,
some  with  microbleeds,  indicative  of  DAI

3 43/M  3-m  fall  8 20  82  Small  isolated  WM  lesions  of  little  pathological
importance,  with  no  microbleeds

4 52/M  Workplace
accident

15  20  62  Some  small,  non-specific  lesions  to  the  frontal
subcortical  WM

5 20/M  Sports  accident  10  22  79  No  remarkable  findings
6 50/M  Traffic  accident

(cyclist)
2  23  86  Bilateral,  predominantly  frontal  lesions,

suggestive  of  DAI,  with  associated  microbleeds
7 42/F  Traffic  accident

(motorcyclist)
0  25  74  Small  microbleed  on  the  left  side  of  the  pons.

Signal  alteration  in  the  periventricular  WM
(Fazekas  1)

8 30/F  Fall  12  25  80  No  remarkable  findings
9 28/M  Assault  13  25  −

a No  remarkable  findings
10 56/F  2-m  fall  2 25  82  No  remarkable  findings
11 38/M  Assault  9 26  77  Single  posterior  temporal  focal  microbleed
12 27/M  Traffic  accident

(collision)
8  26  82  No  remarkable  findings

13 22/M  Assault  1 26  74  No  remarkable  findings
14 27/F  Traffic  accident

(motorcyclist)
8  27  88  No  remarkable  findings

15 24/M  Sports  accident  7 27  84  No  remarkable  findings
16 46/M  Traffic  accident

(motorcyclist)
6  27  86  Small,  non-specific  lesions  to  the  subcortical

and  periventricular  WM,  with  no  focal
microbleeds

17 18/M  Sports  accident  9 27  84  No  remarkable  findings
18 19/M  Sports  accident  7 28  83  No  remarkable  findings
19 30/M  Sports  accident  7 29  —a No  remarkable  findings
20 24/M  Sports  accident  4 30  94  No  remarkable  findings

DAI: diffuse axonal injury; MRI: magnetic resonance imaging; SAC: Standardized Assessment of  Concussion; SCAT2: Sport Concussion
Assessment Tool 2; WM: white matter.

a It  was not possible to test balance in patients who were unable to leave bed, for which reason SCAT2 scores could not be calculated.

and  balance)  is  less  reliable  in  the  hospital  context  civil-
ian  mTBI  than  in  sport,  as  it  is  often  based  on  information
provided  by  patients  themselves  or  on  witness  accounts.
Furthermore,  balance  cannot  be  assessed  in  patients  with
injuries  to  the  lower  limbs  which  prevent  them  from  stand-
ing.  Results  of  balance  assessments  are  more  variable  in  the
general  adult  population  than  among  young  athletes:  10%  of
a  sample  from  a healthy  Canadian  population  and  approx-
imately  65%  of  a  Finnish  control  group  had  low  scores  for
balance  tests.16 These  results  suggest  that  we  should  recon-
sider  the  value  of  the  SCAT2  balance  subtest  in  future  studies
aiming  to  validate  the  scale’s  use  outside  the  context  of
sport.

Neuropsychological evaluation results

While  traumatic  brain  injury  can  affect  almost  any  aspect
of  brain  function,  the  most  significant  consequence  is

probably  dysfunction  of  frontal  systems,  which  are  of
particular  importance  for  executive  function  (planning  and
organisation,  working  memory,  flexibility,  and  behavioural
inhibition,  among  others).  For  this  reason,  researchers  such
as  Chen  and  d’Esposito28 and  Stuss29 define  traumatic  brain
injury  as  a  disorder  of  cognitive  control.

The  results  of  our  detailed  neuropsychological  evalua-
tion  of  patients  with  mTBI  and  controls  show  that  learning
SIN  capacity  and  memory  are  mildly  impaired  in  the  first  2
weeks  after  an  mTBI.  Other  indicators  of attention  (which
also  have  an  executive  component,  due  to the  involvement
of  working  memory  and  inhibition)  add  to  the  results  that
show  the  presence  of  subtle  (...)  subtle  cognitive  deficits  in
this  group  of  patients.

These  are  the  results  of  an  exploratory  analysis,  and  sta-
tistical  significance  for  differences  between  the  patient  and
control  groups  was  set  at  P  < .05,  with  no strict  post  hoc  cor-
rection.  However,  they  are  consistent  with  the  results  of  a
recent  systematic  review,  which  concluded  that  cognitive
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CT MRI (SWI)

Figure  2  Neuroradiological  findings  in  a  26-year-old  patient  with  mTBI.  The  results  of  a  brain  CT  scan  (left)  performed  2  h  after
the trauma  were  normal,  whereas  a  brain  MRI  study  at 10  days  (right)  revealed  focal  signal  alterations  (arrows)  on  SWI  sequences,
which corresponded  to  microbleeds  indicative  of  mild  DAI.

deficits  are  consistently  associated  with  mTBI  in  the  first  2
weeks  after  trauma  occurs.11 The  study  also  found  a limited
association  between  loss  of  consciousness  and  reduced  infor-
mation  processing  speed.  However,  while  nearly  70%  of  the
patients  in  our  study  had  experienced  loss  of consciousness,
the  results  do  not  clearly  confirm  impairment  of information
processing  speed.

Normal brain computed tomography findings and
lesions on the magnetic resonance images

Patients  with  mTBI,  and  particularly  those  with  persistent
symptoms,  may  present  brain  injuries  that  can  go  unno-
ticed  on  brain  CT  scans.  SWI  sequences  identified  traumatic
structural  lesions  in  10%  of  the  patients  who  underwent  MRI
studies.  In  another  five  patients  (25%),  MRI  displayed  lesions
which  were  not  observable  on  conventional  brain  CT  scans,
although  aetiology  was  unclear  in  some  cases.

Although  other  studies  have  found  a correlation  between
the  total  volume  of lesions  detected  on  SWI  sequences  and
clinical  indicators  of  severity,30 no  clear  association  has  been
established  between  the  presence  of these  lesions  and  cog-
nitive  recovery  following  trauma.  Several  studies  report  that
the  presence  of  lesions  in  neuroimaging  studies  of patients
with  mTBI  is  associated  with  poorer  results  for  such  cogni-
tive  functions  as  memory.  However,  as  the  great  majority
of  the  neuropsychological  tests  applied  yield  similar  results
for  groups  of patients  with  and  without  lesions  observ-
able  through  neuroradiology,  some  authors  assert  that  these
patients  do  not  require  different  treatment.31

These  brain  lesions  occur  during  the  acute  phase  of  mTBI
and  persist  indefinitely.  Identification  of  these  lesions  pro-
vides  information  not  only  about  severity,  but  also  about
which  neurobehavioural  systems  may  be  affected.  Advanced
MRI  studies  provide  information  on  the  distribution  of  a  brain
injury  and  enable  the  creation  of  more  effective  assessment
and  treatment  strategies,  similar  to  the  role  these  studies
play  in  the  rehabilitation  of  patients  with  ischaemic  stroke.

In  conclusion,  despite  our  study’s  limitations,  and  con-
trary  to  the  received  wisdom  in  the  clinical  setting,  our
results  confirm  that  some  cases  of mTBI  should  not  be  con-
sidered  banal  injuries.  Despite  normal  CT  findings,  advanced
MRI  studies  showed  that  10%-35%  of  patients  had  lesions
that  were  potentially  indicative  of  DAI.  Both  during  the
acute  phase  and  at  1-2  weeks,  our  patients  displayed  alter-
ations  in  their  overall  neurocognitive  status,  compared  to
the  control  group.  The  results  of  the  neuropsychological
evaluation  show  that  these  patients’  cognitive  status  con-
tinues  to  be  affected  in  the  medium  term,  with  symptoms
including  memory  and  executive  attention  issues.  One  of
the  study’s  main  limitations  is  its  relatively  short  follow-
up  period.  As  symptoms  can  persist  for  months  following
mTBI,  potentially  even  becoming  permanent,  longer  follow-
up  periods  are  necessary.  Future  studies  should  address  this
matter.

Our  findings  show  that  the  typical  management  of
patients  attending  hospital  with  mTBI  (usually  an  assessment
and  discharge  without  follow-up)  may  not  be  appropriate  in
all  cases.  Structured  recording  of  post-concussive  symptoms
and  neuropsychological  assessment  provide  very  important
information  on  the  alterations  these  patients  may  display
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for  at  least  the  first  2 weeks  after  trauma.  Despite  the  need
for  larger  samples,  our  results  support  the  use  of  the  SCAT2
questionnaire  as  part  of  routine  clinical  care.
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