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We searched the literature on the epidemiology, diagnosis,
prognosis, treatment and costs of mild traumatic brain
injury. Of 428 studies related to prognosis after mild
traumatic brain injury, 120 (28%) were accepted after
critical review. These comprise our best-evidence synthesis
on prognosis after mild traumatic brain injury. There was
consistent and methodologically sound evidence that chil-
dren’s prognosis after mild traumatic brain injury is good,
with quick resolution of symptoms and little evidence of
residual cognitive, behavioural or academic deficits. For
adults, cognitive deficits and symptoms are common in the
acute stage, and the majority of studies report recovery for
most within 3-12 months. Where symptoms persist, com-
pensation/litigation is a factor, but there is little consistent
evidence for other predictors. The literature on this area is of
varying quality and causal inferences are often mistakenly
drawn from cross-sectional studies.
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INTRODUCTION

may also help clinicians to screen individuals who are at greatest
risk for sub-optimal outcome. However, there is great variability
in opinions and research findings about prognosis after MTBI, as
well as great variability in the quality of research.

The most informative studies of prognostic factors and
outcome after MTBI employ a longitudinal design, and identify
a comprehensive and representative cohort of subjects with
MTBI as soon as possible after the injury. These individuals
should then be followed over time to identify time to recovery,
and prognostic factors affecting recovery or symptom persis-
tence. Both cohort and case-control studies can be used to
identify and test the strength of the association between potential
prognostic factors and outcome.

Strength of the evidence within longitudinal studies also
needs to be considered. One paradigm that has been used for
ranking evidence of prognostic factors in breast cancer and
whiplash classifies cohort studies into a 3-level hierarchy of
knowledge (2, 3). Phase | studies explore associations between
potential prognostic factors and disease outcomes in a descrip-
tive way. For example, a cohort study exploring the crude
relationship between age and recovery after MTBI is considered
a phase | study. Phase Il studies are more extensive exploratory
studies using controls, stratified analyses and/or multivariable
analyses to focus on sets of prognostic factors. For example, if a
study of the association between age and recovery after MTBI is
stratified by other factors thought to be important (such as
positive or negative intracranial findings), it would be classified
as a phase Il study, since the association between age and

The incidence of hospital-treated mild traumatic brain injury recovery has considered the confounding of intracranial abnor-
(MTBI) is high, at 100-300/100,000 population per year, malities. Phase Il are confirmatory studies, where the goal is to
making this a public health problem, disproportionately amongconfirm or refute the independence of the relationship between a
teenagers and young adults (1). The outcome and course @farticular prognostic variable and the outcome of interest. For
recovery after MTBI is important to patients, healthcare example, a phase Il study examining the strength and
professionals, researchers and policymakers, and impacts andependence of the relationship between age (the exposure)
decisions about compensation after an injury. Knowledge abouand recovery after MTBI (the outcome of interest) would test
the usual course of recovery after MTBI allows clinicians to that relationship while explicitly controlling for possible con-
provide appropriate advice to patients, and to recognize wheffounders of that relationship. A confounder is defined as a third
recovery is not taking place as expected. Identification of prefactor that is associated with both the exposure and the outcome.
morbid and injury-related factors affecting recovery after MTBI It is not in the causal pathway between the exposure and the

DOI 10.1080/16501960410023859 J Rehabil Med Suppl 43, 2004



Prognosis after MTBI 85

outcome, but accounts for some or all of an observed relation- RESULTS

ship between that exposure and the outcome. In our example

this might involve examining the relationship between age andWe found 427 articles in our literature search pertaining to

recovery from MTBI after explicitly controlling for such prognosis of MTBI. After critically reviewing these studies plus

confounders as MTBI severity, pre-injury health, other injuriesthe original research study pertaining t prognosis (5), we

and others. Using this hierarchical framework, a phase | Stud};:onsmered 120 (28%) to be of sufficient scientific merit to be

might identify a potential prognostic factor for recovery from zcc?p;ed for ?u:j.best-ev:jdence. syn;h:ss. r‘:’hese sdt.ud|e; are the
MTBI. A phase |l study would explore that relationship further asis for our findings and consist of 67 cohort studies, 2 case-

by also considering other possible prognostic factors. A phase ”Fontrol studies, 17 cross-sectional studies, 1 controlled trial of

study would then confirm the strength and independence of the‘lpteryentlon |dent|fy|ng_ prognostic fa_ctors, ! StUd'_eS Of_ diag-

relationship, given a wide range of possible confounders. In thdostic procedures relating to prognoss, ! sy.stematlc review and
current paper, this hierarchy is employed to interpret the25 gase series or other variant study designs. Of the cohort
prognostic studies. studies, 25 were phase |, 40 were phase Il and 2 were phase Il

The main objective of the task force was to perform aprognostic cohorts. The heterogeneity of the study populations,
systematic search of the literature on MTBI in order to produce astudy designs, progniostic factors, follow-up periods, outcomes

best-evidence synthesis on the epidemiology (incidence, risQnd analyses does not support statistical pooling of results, and

and prevention), diagnosis, treatment and prognosis of MTBI. Intherefore our findings are presented for each study in our

this paper, we report the best-evidence regarding prognosigv'dence tables and form the basis for our recommendations.

MTBI, and we identify factors that determine variations in
prognosis. Our purpose was to create a baseline of the be&§rognosis of mild traumatic brain injury in children
scientific evidence that can inform clinicians, researchers andwenty-eight longitudinal (9-36), 1 cross-sectional study (37)
policymakers about MTBI. and 1 case series (findings reported in 2 publications) (38, 39)
examined outcome and prognostic factors of MTBI in children
(Table 1). These studies included a variety of control groups;
METHODS such as children with other injuries (11-13, 30, 34), children

) » . ) ) ) _hospitalized for other reasons (37), healthy school children
The literature search and critical review strategy is outlined in detail

elsewhere (4). Briefly, we performed a systematic search of the world9: 10, 14, 15, 18-20, 29, 35, 36), or 2 or more control groups
literature on MTBI using the following electronic databases: Medline (24, 26).

and PsycINFO (1980-2000), Cinahal (1982-2000) and Embase (1988- pqst-concussion symptoms, cognitive and behavioural se-
2000), and screened these abstracts for relevance to the task force

mandate. Articles were considered relevant if they examined diagnosi<luélae.Two phase Il cohort studies indicate that post-concus-
incidence, risk factors, prevention, prognosis, treatment and rehabilitasion symptoms in children appear to be largely resolved within

tion or economic costs of mild traumatic brain injury; if they contained 2_3 months of the injury (13, 30) and the majority of studies
data and findings specific to MTBI; or if they described a systematic '

review of the literature on MTBI. We also checked reference lists from '€POIt N0 short- or long-term cognitive problems, or post-injury
relevant articles and solicited literature from experts in the field of behavioural deficits attributable to MTBI (9, 10, 12, 14-22,

MTBI, and we report 2 original research studies performed as part of theyg 29_33 35-37). These studies used a broad range of control

task force mandate (5,6). Rotating pairs of Scientific Secretariat . .
members (listed at the front of this supplement) independently reviewedOUps and included a broad range of MTBI severity. Because of

each article relevant to MTBI, identifying strengths and weaknesses anthe strength of these studies and the consistency of findings, the

extracting data for our evidence tables. The Scientific Secretariat as gyidence that MTBI has little short- or long-term effect on
whole then discussed each article, and made a consensus judgement

about its scientific merit (4). children’s cognitive functioning or behavioural development
We classified the cohort studies identifying prognostic factors intocan be considered persuasive. However, 2 studies report

phase I, Il or Il studies, depending whether the associations Wergjiscrepant findings. One described more hyperactivity in
described in a descriptive or univariate way (phase 1); described in a

more extensive exploratory manner using comparisons with controlChildren with MTBI, but the authors state that hyperactivity
groups or multivariable approaches (phase lIl); or described in acould have been present before the injury, and it may have been

confirmatory manner, in which the strength, direction and independenc% causal factor for the head injury, rather than an outcome of it

of a particular hypothesized prognostic factor is examined in a focuse . .
manner (phase Ill) (2, 3). Accepted articles are summarized in evidenc 11). The other reported the development of a slight visual

tables and included in the best-evidence synthesis (7, 8), which followsclosure deficit in young children (34). The visual closure deficit
The best-evidence synthesis links summary statements and conclusiop$s assessed by a timed test of the child’s ability to find partially

to the evidence tables so that the strength of the evidence on which these . L
statements are based is obvious. Strength of the evidence considers b&Ancealed objects embedded in pictures. The MTBI cases and

the design of the study and methodological quality. Information from controls (having other injuries) showed no differences in
sound phase Il studies is confirmatory, and considered the Strongeﬁerformance on this test within the first month of injury, but

evidence, followed by evidence from methodologically sound phase I . . .
studies. Phase | studies do not consider confounding and are considertigere were differences at 6 and 12 months after the injury. Visual

more limited evidence, but still potentially more informative about closure test scores were not related to reading ability when the
prognosis than cross-sectional and case series designs. Evidence frgqpildren were again assessed at the age of 6.5 years, 2—4 years
case series and cross-sectional studies is included in these summa .. ’
statements, but carries less weight than more robust designs and %ter the injury.

considered suggestive. Most studies found no MTBI-attributable deficits in school

J Rehabil Med Suppl 43, 2004



salnzias padojanap %6’ "dWwo9INo poohb A1sbinsoinau 1o} pasu pue
pey sainuiw GT>00T YIM ||V "P3IP %GZ'0 92Ua1INd20 aInzias ‘SO9 :Sawo9INQ

‘A1ano2al poob apew 9%459°'86 aAndiIdsaq '007 Jo yibugj :siojoe} onsouboid
uoneonpa

[e1oads pue Inoineyaq ‘swoldwAs

‘Yyeay :BwodNQO dwodu| Ajiwey

awoono Jood pue uoneonps jualed ‘Jepuab ‘aoel

yum pareinosse Ajbuons Ausnod -awodino ‘abe ‘yyeay ‘saunlul 1ayio ‘Ausnas
Jood yum pajerdosse jou 91N (Il 9seud Ainful peay :siojoe} onsoufold

sisal

pouad dn aAnubod pue Jnoireysq :S8wWoNO

-MoOJ|0} Aue Je swiou Woi) uoleInap oN :| 8seyd Ainful aouis awn :s103oe} onsoubold

pouad dn  juswanalyde |ooyds pue Buiuonouny
-mojjo} Aue 1e juswdojanap [eloos ‘abenbue|]  Ajwe) ‘Inoineyaq palel Jayoea) pue

“Inoineyaq ‘Buiuonouny Ajiwey ‘uswanaiyoe waled ‘sisal aAuUbOI :SBWO02INO

j00yds ‘Aljige aAmubod ul syalap ON |l 8seyd ‘Anful 191N :s101oe) onsouboid

swoldwAs

pue subis :sawodNQ ‘syoepesy

adA) Ainfur jo ssajpebal swoldwAs juaisuen ‘Buniwon ‘D07 ‘s3s ‘Jepuab
aney Anfur Jjouiw Buusayns ualpiy)d || 8seyd ‘abe ‘Ainlul jo adA) :sio10e} onsouboid

saunlul
Jo Jaquwinu 1o adA} Jou ‘sioyoe} [euosiad sisal yrew pue Buipeal
pue [ernos Aq paurejdxa suouap aanubo) ‘s1S9) 8AnIUboI :sawodINQ "saunlul

‘sal|ige aAubod ul SaduaIayIp ON :|| 8Seyd o Jaquinu pue adA} :s1010e) ainsoubold
uoissalbbe pue AlanoeladAy
‘Aipge samubos :swono

Ainfur Jo 1088 10 asned aq pjnod saunlul Jaylo pue suoneziendsoy

uodal sioyine yaiym ‘AnanoeladAy payodal ‘yireay sJayiow ‘sloioey [eloos

-18yoea] Ul soualaylp [jews 1daoaxa saunlul ‘1apuab ‘AunnoelsadAy ‘uoissalbbe
13Y10 pue peay Usamiag SaouaIallIp oN || 9seyd ‘gouafii@ul :sio1oe) onsoubold

L. J. Carroll et al.

86

syuaned Awoyospuadde ayy ueyl
1918316 Ssem yalym ‘aaueqginisip [einoineyadg Jo Ainlul Jaye Jnoineysq ul abueyd
aouajenald sejiwis pey sdnoib painlul ‘Ainlui pauodal-juared :swodnQO “Ainlur jo
-1sod sreak G 0] syluow g 1y :[euondas-ssol) adA) pue aouasaid :siojoe} ansouboid

“Jesjoun
alel dn-mojjo4 Inq
‘sieak ; pamoj|o}
S8INZIas Yyum (162 =Y GT-€T
asoy ] ‘abreyasip o] SO9O ‘fendsoy 01 paniwpe ‘sieak 9T—Q saby

(09 =u)
GT—€T SO9O ‘ai0w Jo Z SIV ‘ewnel
eak T peay lJoj paziendsoy ‘sreak GT—G saby

(€T =M1gLIN ‘A1aBinsoinau
Syjuow gT pue 9 oujelpsed 01 psniwpe ‘sieak GT-¢ saby

(es=u)
aouewlopad dlwapedse pue Inoireyaq
palel-1aydes) ‘Jepuab ‘abe ‘woolissed

uo payorew aiam Asyl ‘papnjoul

S|0U0D BJaYM :S|oiuo) *(€G =u)

D07 yum GT-€T SO9 ‘Aoushiswse

sleak € 0] SyoaMm ¢ Ul Uaas |91\ :sase) ‘sieak GT—9 saby

(6¥72 =9 saunfur sayio

:s|01u0D *(2TZ ¥ 8SBUSNOIISUOD palsle

syuow g JuaISuel} YIm g 1IN :SaseD ‘pazijendsoy

pue syaam g ‘sAepigu 1nq Aousbiaws ul usss ‘sieak gT—0 saby
(GT6T =U)

sapn(ul Jo Jsquinu pue Japusb uo paydrew

saunlul Jaylo :sjonuo) (STET =U)

rendsoy ui sAep gz 01 dn Jo ared Aiorejnque
sieak g Buuinbas mojq peay :sesed ‘uoyod yuig

(082 10

058 S9p02 D Sk Papo9 ‘SUOISSNIUOD dJaM

#TT Yolym jo ‘saunlul zgTe =Y 0T pue
sleak gg sabe usamiaq painful ualpjiyd ‘Loyod yuig
(08 9wsalwoloapuadde

:z dnoub jonuo) (07 =u) saunlul

Jayro :T dnoub jouod (0y =Y 1D rewlou

V/N ‘ST—¥T SO9 :$8se) "ualp|iyo pazifendsoH
(ge =u Auge Ainfui-aid

pue s3s ‘Ispuab ‘ebe uo paydrew ‘painful

(6€ ‘8€)
€66T ‘SUOTON ¥
uyeH :886T ““[e 18 uyeH

(1)
T66T ‘alzuayoen
® uedsusalo

(91)
066T “'[e 18 Jayd19|4
(9€ ‘ge) 666T
/66T ‘[ 19 UOISHIOA
‘(ee-T¢€) 9661
‘€66T 'Z66T e 18
eleAly ((62) 66T e
18 Jessijod :(0Z—8T)
G66T ‘€66T ‘266T
“le 19 ayer (ST ‘vT)
¥66T ‘€66T | 18 Aed

(ST) 286T “[e 10 Jowire

(2T) 966T "o 19 Jnlig

(TT) 066T "2 18 Jnlig

(L) T66T ‘e 18 uosseg

syluow 8T -uou :sjouo) (T =uwexa [ealbojoinau
Alowaw ‘2T ‘9 16 pamoj|o} pue Buibew! ewliou ‘SSaUSNOIISU0D
dn-mojjo} 10 auleseq pue asuabijjgiul :awoNQ Alllanas pue ‘syuow € palaje yum ‘GT—¢T SO9O ‘Alebinsoinau (o1)
1e s)olep [enjoa)jalul 10 Alowaw oN :| aseyd ‘aouasald |91 N :sloloe) ansoubold ulyum Bunsay [eniu| 0] paniwpe ‘sreak J—z sabe :sase) 0002 ‘e 19 uosiapuy
(9g =u)
wexa [ealbojoinau pue Buibewl ewiou
juepodwi jou Ainful Ol :dwo2nQ ‘Buiuonouny ‘SSBUSNOIdSU0D palale Yum ‘GT-€T SOO (6)
1e aby "1eaA T o aulj@seq 1e S)olap oN :| aseyd aulaseq ‘abe :si01oe} dnsoubold syuow gt ‘Alabinsoinau 0} paniwpe ‘sieak zi—¢ saby 0002 “|e 19 uosiapuy
sbuipuly pue ubisag Sawo021N0/sI0}oe} dnsoubold dn-mojjo4 s109lgns pue Bumas sloyiny

uaJpliyo ul (19N Ainfur urelq oewnel pjiw

laye sisouboid | a|qel

J Rehabil Med Suppl 43, 2004



87

fter MTBI

'9[eaS awWo09INO Mmobse|H = SOO ‘9[edas Anlu] pareinalgqqy = S|y {SSaUSNOIISU0I JO SSO| = D01
‘saseasiI| Jo uoneamiFseigIPe= gDl ‘dn-mojjo) ou = /N ‘ueds Aydeibowo] Jaindwod = D ‘snjeis J1Wou0Ia-0100s = S3S ‘quanonb asuabidiul = O] ‘8jeds ewod mobse|o = SO9

SERIVEIENY)
parel-1ayoea)l Jo aAubod 1ayio oN (%PT
SA 056¢) Bulpeal [elpawsa. Ul S9sed aI0N
's1eah G'g 1e /'GZ SA vi'ge 'syiuow ZT 1e Zi'g
T sA 09°9 ‘SUIUOW 9 Je 00°L SA L'S) 1S} 2INSOd
[ensiA ay1 Uo asIoMm alam sased ay) ‘dn-moj|o}
IV "Yluow T Je S9duaIayip ON :LoYyod || aseyd
S10SSa.1S pigJow-aid alow pue
saunlul peay Joud pey swajqoid sisisiad
yum sased 1eyl moys sdiysuoine|al apnip
‘'sdnoib usamiag sadualaylp ou ‘syuow
€ v ‘sbBuipuly aAmubod ul ssduaiaylp ou [eaibojoinau Joud pue sannaiyip
‘y9am T 1e S|01u0d uey) anbie} pue ssauizzip Buiures| soud ‘Ainful peay
‘sayoepeay alow pey sased :1oyod || aseydJoud ‘Ainful jo adAy :sio1oe) onsoubolid

aouewlopad
|00Y2s ‘sisal aAnubod :8Wo2N0
‘adAy Aunlur :siojoey ansouboid

s)s81 annuboo
pue Inoireyaq ‘swoidwAs :awoanQ
‘'swiajqoud Ajwrey 1o aurelyoAsd

awo09IN0 9[eas awodnQ mobse|9
Jood pey (1D rewiouge) pjiya auQ “Aujigesip :awo02InQ ‘sbuipuly 1D pue eixodAy
pliw 1o A1ano02a1 poob pey 9486 :M0Y0I || 8seyd ‘abe ‘Aluanas Ainlul :si010e) onsoubold

Ainlui-isod pue -aid s2109S 2lWBpeRIR ISMO|

pue s|0JlU0d UBYl swajgold Inoineyaq alow  souewload dlwapedR pue ISIosyd

pey sdnoib painlu] *Sa100s JUSWBABIYIR IO InoiAeyag pjiyd :sswodnQ “Ainlul jo
sapelh [00Yos Ul SaoUBIBYIP ON 1oYyo9 || aseyd adA) pue aouasald :sioyoe) onsoubold

SO9 :BWo2NO
‘abe pue ainjoely ||NYs ‘AlIaAaS
Ainlul peay :siojoe} onsouboid

Aujigesip
pliw 10 A13A0931 poob 9,00T :MOY0D | aseyd

ST uyreap
—£T SO9 10} arel Alferow 940 :UoYoI || 8seyd :awo9nQ abe :si010e) onsouboid

sinoy g ulyum pazijewlou
ng sdnoib Jayio ay) ueyl sjuaired passnNIU0D
ul Jamo| wnisselod wnias pue WNIpPos WNIsS  poojq aliym pue asodn|b pue wnipos
'SJUNOJ PO0|g SIYM pue S|aA3| WwnIas asoon|b ‘wnisselod wnias :sawodnQ ‘adAy
Jaybiy pey sdnoib painluj :u0yood || aseyd pue asuasaid Ainfui :sio1oe} ansouboid
abreyosip 1e
sanljigesip pue sAep [endsoy ‘yresp
:8Wwo2INQ “1ouap [ealbojoinau
pue AuaAas Ainful ‘ainmoely Inys
‘adA) Aunlur ‘ebe :siojoe} onsouboid
Buiuonouny Ajiwey pue
Inoineyaq p|iyd jo uodai Jayoeal pue
Ainlui-isod swajgosd  uated :awo001nNQ “AliaAss Ainlul pue
JnoiAeYyag Ul asealoul ON :1oyood || aseyd sJoioe} pigiow-aid :siojoe) onsouboid

unoo

abueyosip 1e uonexiy ensia
paysiuiwIp pey pliyd auQ ‘skep z-T sem Kels
[eudsoy uelpajy "Alufenow 9,0 HoYyod | aseyd

s1s9) aANIuBoD

SHo1ap Walsisiad ON 1OY0D | aseyd  :SawWwodnO "auou :siojoe) onsoubold

sieak v (98 =Uu) saunlul
—Z pue ‘syuow g1 Jay1o :sjonuo) ‘(82 =0 |91 :sased
‘syuow 9 ‘yuow T Aousbiawa Ul uaas ‘sieak Gy pue Gz saby

(96 =u)

saunful Jouiw Jayio :sjonuo) (0ST =U)

A1abins 1oy pasu ou ‘subis [e20} ou ‘sinoy

YZ>v1d ‘semnuiw 0£>007 ‘ST-ET SO

Syluow g pue xaam Tsase) ‘Aouabiawsa e Bunuasaid ‘GT—9 saby

(15 =4 Buibew

fewlou yum y z1—9 1e pablreyosip asoyr
papn|ox3 "SINoY g UIYUM UOIRIoLa1ap

JI GT SOO 10 ¥T-E€T SOO uoissiwpe
‘A1sbinsoinau 01 paniwpe sieak g1 paby
(90T =ppayorew Ayoluyre

pue Japuab ‘abe ‘sjonuod jooyas painfuiun
:z dnoub jonuo) (YT =)upayorew-abe
‘Kouabiswa ul uaas ‘saunlul Jaylo :T dnoib
j013u0D “(TT 9 Kouabiaws ul uass ‘g
Ieak T SIV peay ‘IgLlIN :sase) 'sieak 9gT—8 saby

abureyasip

12 2Wo921N0 (8¢ =u)

pooB 1noym GT—ET SO ‘uswieal) pue uonenjend
asoy) 40} syluow g [ealbinsoinau 1oy paniwpe ‘sieah {1 saby
(2/¥T =)uainmoely |INYS 10 aInzIas

‘SSBUSNOIJISUOD Ul UoieId)e YIM GT—ET

abreyosip 01 SOO ‘suoissiwpe [elndsoy ‘sreak GT>saby

(05 =u)

Jredal eiulay :g dnoib jonuo)d (oG =u)

S]0JJU02 sauoq Buo| Jo sainioely 1o} paniwpe

Jo dn-moj|o} ‘painfur :T dnoib jonuod (05 =Y sinoy

ON 'S8sed Io} g Jaye pabireyosip ‘sejanbas [eaibojoinau
Syluow g pue gT ‘9 ou ‘GT—ET SO :Sase) ‘sieak yT—g saby

syuow 9

(909 39 Uuabins 1oy pasu ou ‘Buibewl
[ewiouqge ou ‘ST—ET SO Se paulep 191N
‘I86T Ul |91 yum rendsoy oy Bunuasaid
abreyasip o] ‘sieak GT Japun uaip|iyd ‘pased-uoireindod
(6Z 9W.D rewuou ‘subis [eaibojoinau
[e20} OU ‘sINoYy $Z>V1d 10 sanuiw
sieak z 029071 awos ‘ST-ET SO9 ‘sinoy
pue JeaA T ‘syluow € g 1ses| Je Io} pazijendsoy ‘sieak GT—G saby
(TT 3 8UOKSP [ea1b0oj0INBU OU ‘sanuIW
G120 ‘ST-€T SO9O ‘Asbinsoinau

syluow 9 olrelpaed 01 paniwpe ‘sieak 97—, saby

(4]
S66T ‘Te 19 uosiyBLm

(0€)
666T ‘e 18 plojsuod

(82) 966T “[e 18 Buo

(92) 866T ‘e 12 Y61

(G2) T66T ‘e 10 1AO7

(L2)
886T ‘‘|e 19 uassianT

(¥2) 166T “le 10 Jezen

(€2) £86T “[e 18 sneuy
(22)
666T |2 19 e|lasury

(12)
€66T "'[e 1@ uuewjney]

sBuipuy pue ubisaqg Saw092IN0/s10108} Jnsouboid

dn-mojjo4 sy1oalgns pue Bumas

sloyiny

J Rehabil Med Suppl 43, 2004



88 L. J. Carroll et al.

performance (11, 14, 15, 17-22, 26, 29, 31, 35, 36). There is Tthildren (MTBI and other injuries), with lower serum sodium
report that more children with a history of MTBI were enrolled and serum potassium in the MTBI cases (24). These abnormali-
in remedial reading post-injury, but no other teacher-ratedties resolve spontaneously within 24 hours.
deficits were reported (34). Two phase Il cohort studies report Summary of prognosis after MTBI in childrefihere is a
that, where deficits are found in functioning, the determinantsgreat deal of uniformity in the findings of the methodologically
are personal and social factors, such as pre-morbid stressors aadceptable studies on the prognosis of MTBI in children. Where
poverty, rather than the MTBI itself (12, 17). post-concussion symptoms are present, they are usually transient
Only 2 studies examined whether a prior head injury is a riskin nature, and by 2 weeks to 3 months, symptoms are similar to
factor for persistent symptoms after a second MTBI. Thegroups of children who have sustained other types of injuries
findings are inconsistent, with 1 study which did not consider(such as orthopaedic injuries). The evidence also suggests few
confounding suggesting a positive relationship (30), and theshort- or long-term cognitive deficits. Most of the evidence also
other study, a larger one in which the analysis adjusted for othesuggests that children with MTBI do not have higher rates of
factors, reported no relationship (12). subsequent behavioural or school problems than children with
Two studies suggest that injured children have more postother types of injuries.
traumatic behavioural disturbances than uninjured children,
regardless of whether the injury was a head injury or anothef’rognosis of mild traumatic brain injury in adults
type of injury (26, 37). These findings emphasize the importancelhere were 66 accepted studies relating to prognosis of MTBI in
of using an appropriate comparison group when attempting tadults, 10 of which relate to MTBI sustained in athletic events
evaluate sequelae in children with head injuries. Use of an(Table Il). There were 34 cohort studies, of which 18 were Phase
appropriate comparison group assists in differentiating anyl (42-59) and 16 were phase Il studies (5, 27, 60-73). One study
effects of a head injury from outcomes that may be due to prewas a randomized controlled trial, in which a phase | analysis
injury characteristics, extra-cranial influences or the generaprovides information on prognosis (74), another 1 was a sys-
deleterious effects of a traumatic event. tematic review (75), 10 were cross-sectional studies (76—85) and
Mortality and disability.Children’s mortality after traumatic 20 (86—103) were case series or variant designs.
brain injury (TBI) is low, ranging from 0% (23, 25, 27, 28) to Cognitive sequelaeThis section summarizes the evidence
0.25% (39). In the latter study, the fatalities were characterizecabout cognitive sequelae after a single MTBI, as identified
by an initial Glasgow Coma Score (GCS) of 13 with deteriora- through formal cognitive assessments. The accepted studies
tion after admission to hospital. The Glasgow Outcome Scalegrovide consistent and methodologically sound evidence of
(GOS) (40) is a frequently used outcome measure for grossognitive deficits within the first few days after the injury,
assessment of disability after traumatic brain injury. Scores aréncluding problems of recall of material, speed of information
usually determined through an interview, usually unstructuredprocessing and attention (42, 44, 53-56, 59, 70, 83, 84). Only 4
and classify patients into 5 categories: dead, vegetative, severebtudies used an injured control group, and only 1 of these
disabled (conscious but dependent), moderately disabled (incompared pain and distress between them, finding greater levels
dependent but disabled) and good recovery (may include mildn the MTBI group (42). Consequently, we cannot rule out the
residual effects). Despite its widespread use in assessingossibility that injury-related pain and distress play a role in the
outcome after brain injury, several limitations should be observed cognitive deficits immediately after MTBI.
considered in interpreting the findings of studies using GOS to There are consistent findings that early cognitive deficits in
assess outcome after MTBI. The GOS is limited in its ability to MTBI are largely resolved within a few months post-injury, with
distinguish mild disability and complete recovery, it does not most studies suggesting resolution within 3 months (44, 53, 54,
consider pre-injury status in assigning a disability score, nor70, 79, 96). Since this evidence is based on a variety of study
does it distinguish disabilities attributable to the MTBI from designs, in a number of different MTBI populations and through
disabilities resulting from injuries to other parts of the body (41). comparisons with both injured and non-injured control groups,
Disability (as assessed by GOS or equivalent measure) owe consider it persuasive and consistent evidence.
discharge was uncommon, and in most studies, it is unclear Predictors of cognitive functioning after MTBWone of the
whether the disability noted was caused by the MTBI or by otheraccepted studies examining the question found an association
associated injuries. The overall frequency of moderate to severbetween loss of consciousness and increased deficits in cognitive
disability in children with admission GCS score of 13-15 rangedfunctioning after MTBI (55, 59, 80, 80, 94). However, a phase |
from 0% to 1% (23, 25, 38). One small study<51) ofa group  study provides limited evidence that focal brain lesions and/or
of more severely injured children (initial GCS 13—-14 or GCS 15, depressed skull fractures are risk factors for poorer cognitive
deteriorating within 24 hours) reports that 2% have moderate tdunctioning within the first 3 months after MTBI (58). It should
severe disability at 6 months (28). Only 1 of the above 4 studiede noted that a number of experts consider the presence of focal
(23) provides sufficient information to clearly attribute the brain lesions or depressed skull fracture to reflect a moderate,
disability to the MTBI, rather than to other associated injuries. rather than a mild brain injury (104).
Neuroendocrine and metabolic response after MTBhe Few accepted studies examined the effect of multiple con-
study reports higher initial serum glucose levels in injured cussions on cognitive ability, although cross-sectional studies
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indicate that athletes who have sustained repeated head blovestributable to associated injuries, pre-morbid factors, or post-
and concussions while playing soccer frequently show deficits irinjury events (76).
cognitive functioning (77, 81). However, no causal inferences Since symptoms are most often ascertained through self-
can be made and these findings should be considered suggestikaport, it is important to consider the possible role of recall bias
only, due to the use of a cross-sectional design. For example, ther selective differences in reporting of symptoms after MTBI.
design cannot rule out the possibility that there are priorThere has been little empirical study of these issues in the MTBI
differences in players who are more likely to sustain multiple population, but 1 study addressed accuracy in recall of pre-
concussions. However, given the dose-response relationshipjury symptoms. This study found that subjects, who had
found between head blows/concussions and cognitive deficitssustained a concussion an average of 6 months previously,
this research question merits further attention in the form of aunderestimated their pre-concussion symptoms by 97% (78).
longitudinal study which clearly assesses the existence of aifhis highlights the importance of using an appropriate control
independent causal association between multiple concussiorggroup, as significant recall bias may influence the internal
and cognitive functioning. validity of studies in which concussed subjects are asked to

Self-reported symptoms and functional recovery after MTBI.estimate their pre-injury symptoms, or report current symptoms
This issue was examined in 7 phase Il prognostic cohort studiesas compared with pre-injury symptoms.
5 phase I, 3 cross-sectional, and 3 case series or descriptive SummaryThere is consistent evidence that adults experience
studies. Those injured in sports commonly experience symptomsymptoms, especially headache, in the acute stage and during the
of headache, blurred vision, dizziness, self-perceived memoryirst month after MTBI. Although symptoms are common after
problems and confusion immediately after concussionMTBI, they are not unique to this type of injury since they are
(48, 53, 55, 71). Other populations of adults with MTBI report also evident in chronic pain patients, in other types of injuries
similar physical and self-perceived cognitive symptoms afterand in healthy controls. Therefore, post-concussion symptoms
their injury, most commonly headache, fatigue, forgetfulnessshould be assessed in the light of the background prevalence of
and sleep difficulties (42, 68, 74, 82, 89, 94, 95). These sympthese symptoms and with attention to other possible contributing
toms are not unique to MTBI, although they are more commonfactors. Few studies, for example, have adequately assessed the
within the first month after MTBI than after other injuries or in role of psychological distress and depression after an injury,
the general population (42, 68, 82). In particular, patients withmedication effects or pain from associated injuries in the
non-head injured chronic pain report frequent and severe postetiology of symptoms in the acute stage of MTBI.
concussion symptoms, including substantial degrees of self-
perceived cognitive deficits (92). Prognostic factors for persistent symptoms

Findings from studies of sports-related injuries (including The stronger studies, utilizing appropriate control groups and
injuries sustained in American football and Australian football controlling for confounding factors, suggest that post-concus-
or rugby) consistently indicate resolution of symptoms within 15 sion symptoms are largely resolved within 3 months to a year.
minutes to 2 weeks (48, 53,55, 71). However, where studiesHowever, some individuals experience persistent symptoms
address other adult populations, findings on duration ofafter MTBI, and several studies have attempted to identify
symptoms after MTBI are mixed. One phase | cohort reportsreasons for this. There is evidence that some of the observed
that symptoms after MTBI are largely resolved within 3 weeks long-standing post-concussion symptoms may be attributable to
(as assessed by self-reported absence of acute post-MTBactors other than the MTBI. Studies that examine the relation-
symptoms) (74); 1 phase Il study reported resolution within 3ship between litigation and/or compensation issues and slower
months (for MTBI cases not seeking compensation comparedecovery after MTBI consistently report an association between
with non-injured matched controls) (67); and 1 phase | and 1them (5, 42, 67, 69, 75, 91, 99, 102, 103). For example, a meta-
phase Il study report resolution within 1 year (compared withanalysis of 17 studies found that financial compensation was a
injured controls) (47, 64). In the last 2 studies, no interim follow- strong risk factor for long-term disability, symptoms and
up was done, so it is unclear when in that year symptoms hadbjective findings after MTBI (75). Subsequent to that meta-
subsided. However, in another large study, more symptoms weranalysis, Paniak et al. (67, 69) found that compensation-seeking
reported in MTBI cases than injured controls, as long as 5 yearstrongly predicted delayed return to work, more long-term
after the injury, although some of these symptoms (pain andymptoms and greater symptom severity, independent of MTBI
depression) were attributable to injuries other than MTBI (66).injury severity. Amongst individuals with MTBI making
There was also no measure of other factors emerging during thansurance claims after motor vehicle collisions, the insurance
period, such as changes in life circumstances, or health statumpensation system (tort, compared with no-fault) was one of
that might confound the association between type of injury andhe strongest factors associated with slower recovery, again
symptoms at 5 years. Likewise, in a cross-sectional study ofndependent of injury severity (5). However, there is a need for
injuries that had occurred 1-5 years previously, MTBI casedurther study of this issue, particularly phase Il (confirmatory)
reported more self-perceived cognitive problems than uninjuredtudies.
controls. Again, however, no differentiation was made between Other than litigation or compensation, there is little uni-
long-term sequelae specific to MTBI and sequelae possiblyformity in the identification of predictors of delayed recovery
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confidence

computer to@bgrdpbyinternational Classification

Design and findings
0.24 vs 0.41, SD 0.19) and recognition

memory (86.50, SD 7.51 vs 80.55, SD

severe disability and sequelae, which
had been previously unrecognized.
(35.35, SD 28.26 vs 23.61, SD 22.36),
information-processing rate (0.56, SD
12.37). 97.10% MTBI without and
83.78% with complications had good
recovery

Age over 40 years, pre-existing
brain illness were predictors of poor

outcome
Phase | cohort: Mild better than mild

physical limitations and history of
complicated on mean verbal fluency

noteapRcabldds ratio; Cl

Phase Il cohort: 47% had moderate/

post-traumatic stress disordeac#t8Dstress disorder;

post-concussion syndrome; DSMsti¢ ambiagtatistical Manual

problems in daily living and employment

injury, pre-existing physical limitations
status

and history of brain illness. Outcome:
Outcomes: cognitive tests, Glasgow

Extended Glasgow Outcome Scale,
Outcome scale

Prognostic factors/outcomes
Prognostic factors: age, gender, cause of

Prognostic factors: MTBI complications.
Minnesota Multiphasic Personality Inventory; N/A

intelligence quotient; PCS
motor vehicle collision; PTSD

cognitive testing,
6 months for
Glasgow
Outcome Scale

Follow-up
1-3 months for

1 year
Glasgow Coma Scale; IQ

post-traumatic amnesia; MVC

abbreviated injury score; MMPI

injury severity score; SF-36 =the Short-Form 36 Health Survey questionnaire; CT

215 with 23% to 48% loss to

follow-up for cognitive testing)
loss of consciousness; GCS

positive predictive value; PTA

standard deviation; AIS

socioeconomic status; ISS

neurosurgery. Mild TBI defined as GCS

hospitalized for head injury (507 had
GCS 13-15 and 362 of these were
13-15, normal CT, may include linear or
basilar skull fracture. Mild complicated
TBI defined as GCS 13-15 with focal
brain lesion, depressed skull fracture or

followed)

both (

Setting and subjects
Glasgow residents aged 14 years or older,

Ages 16-40 years, admitted to

emergency room; LOC

Version IV; PPV

ER

emergency room; SD

1990 (58)

2000 (73)

*Some case series or descriptive studies (41, 86—-103, 105) are not included in table due to space considerations.

of Diseases; RR = relative risk.

Authors
Thornhill et al.,
Williams et al.,
ER

interval; SES

Prognosis after MTBI 95

after MTBI, since there is little consistency in predictors being
studied and no confirmatory studies in this area. This makes
comparisons between studies difficult and inconsistencies
difficult to interpret. Some studies identify female gender as a
predictor of persistent symptoms (42, 70), but others found no
independent relationship (5, 73). In a study of motor vehicle
injury insurance claimants with MTBI, being married, being off
work due to the injury, not being at fault for the collision, post-
injury symptoms of nausea or memory problems and other
injuries (percentage of body in pain after the collision) were
independently associated with slower recovery (5). History of
pre-existing physical limitations (73), prior brain illness or
neurological problems (70, 73), prior head injuries, psychiatric
problems, life stressors, being a student, sustaining MTBI in a
motor vehicle collision (70) and age over 40 years (73) have also
been identified as predictors of prolonged symptoms. Severity of
the MTBI itself was not an independent predictor of persistent,
long-term symptoms in any study. However, there is a report of
concussed ice hockey players with prior concussions missing an
average of 1-2 more games or practices than those with no prior
history of concussion (60). It is unclear whether the delay in
returning to play was because the injury was more severe,
because it took longer for symptoms to resolve or because the
history of concussion lead to increased caution on the part of the
team physician in approving the return to play.

It is difficult to study the question of whether pre-morbid
personality is an important predictor of persistent symptoms
after MTBI. One study that addresses this issue in a unique and
highly selected sample of individuals who had been adminis-
tered psychological tests prior to their injury, found that post-
MTBI psychological problems reflected pre-morbid personality,
rather than the effects of the injury (49). This study is suggestive,
but should be considered a preliminary step in the investigation
of this question.

Several reports from 1 cohort of subjects examined the role of
acute stress disorder and post-traumatic stress disorder in the
outcome of individuals with MTBI associated with a motor
vehicle injury. They show that prior psychiatric history is a risk
factor for acute stress disorder following a motor vehicle
collision, whether the injury included MTBI or not. In addition,
acute stress disorder was a strong predictor of later development
of post-traumatic stress disorder, which was, in turn, associated
with more self-reported symptoms (45, 50, 61, 85). Acute post-
traumatic stress after a traffic injury was also associated with
delays in functional measures of recovery, such as return to work
(62).

Mortality and disability

Eleven accepted studies report mortality, GOS scores, or some
other measure of disability as a primary outcome. Mortality after
MTBI is rare, with rates from 0% to 0.9% (27, 63, 88). However,
none of these studies specify how many deaths were directly
related to the MTBI vs other injuries sustained in the event.
Most studies utilizing the GOS found that patients with MTBI
have a good outcome (as defined by the scale), in both the short

J Rehabil Med Suppl 43, 2004
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and the long-term (51, 52, 63, 66, 97). One study reported goodccurately determine the relationship between blood alcohol and
outcome in 100% of all hospitalized patients with MTBI (52) outcome at discharge (65). Alcoholism is likely to be associated
and another reported 98% good outcome for GCS 15, 93% fowith markers of poor outcome, even in the absence of injury.
GCS 14 and 76% for GCS 13 (51). In that study, poor outcomeHowever, a high blood alcohol level at presentation to
in GCS 15 with normal radiographic findings was rare (0.2%)emergency departments after a head injury appears to be a
and was due to factors other than the MTBI. Two studiesmarker for a history of problem drinking (46). Clearly, the
compared outcome in injured individuals with MTBI and question of whether alcohol use is a determinant of outcome
controls with other injuries judged to be similar in severity. after MTBI deserves further study.
They both report no differences in rates of disability (63, 66), Complicated MTBIThere is some evidence from a phase |
and both conclude that the poor outcome in the MTBI cases wastudy that there is a lower rate of good recovery as assessed by
not due to TBI itself. Similarly, where disability pensions were the GOS when MTBI is complicated by a focal brain lesion and/
awarded after MTBI, the pension was granted because o0br depressed skull fracture, than when such complications are
problems that are risk factors for MTBI, such as alcoholism,not present (58). A descriptive study reports that adults with
rather than because of the MTBI itself (57). Behaviouralinitial GCS 15, who required surgery after developing acute
problems, alcohol/drug use and criminal convictions are moreantracranial haematoma, are at risk for poorer outcome than
frequently cited as reasons for discharge from the US military inthose not requiring surgery (only 65% in the former group had
those with a history of MTBI (43). However, these reasons forgood outcome), and there was a suggestion that delays in
discharge cannot be attributed to the MTBI, because they ardiagnosis in this group are also associated with poor outcome
also risk factors for experiencing head injuries. Similarly, the (98). While these results are not surprising, there is still a need
other studies that report disability after MTBI do not distinguish for good studies of these patients.
whether the disabilities are attributable to the MTBI, to pre- MTBI in elderly peopleThe effect of older age on recovery
existing conditions, or to other injuries sustained in the event. from MTBI has not received much research attention. There
Most studies suggest a generally good outcome (little or nowere several case series or descriptive studies that suggest that
disability) for individuals with MTBI. However, 1 notable study elderly people have poorer recovery after MTBI (86, 100, 101).
suggests a much more negative prognosis. Thornhill et al. (73Unfortunately, none of these studies report information that
followed 362 Glasgow residents aged 14 years or older, who hadvould permit us to distinguish disabilities due to the head injury
been admitted to hospital with MTBI. At 1 year, 47% had vs other injuries.
moderate or severe disability, according to the Extended MTBI and severe associated injurieShe role of severe
Glasgow Outcome Scale (GOSE). They found that age ovemssociated injuries in recovery from MTBI has not been well
40 years, pre-existing physical limitations and history of brainstudied. One series of patients hospitalized for MTBI with
illness (e.g. stroke) were associated with poor outcomesevere associated injuries suggests poor outcome (only 62% had
However, the high frequency of pre-existing and concurrentgood outcome at 4-5 years post-injury). However, it was unclear
co-morbid health conditions may result in questionable generalwhether these residual disabilities were attributable to the head
izability of these findings to other populations. In addition, sinceinjury (90).
there was no follow-up prior to 1 year post-injury, it is unclear ~ MTBI with associated seizure€ne large descriptive study
whether other events may have occurred which influenced thexplored the prognosis for adults who developed seizures after
outcome. MTBI, and reported that 7% required intracranial surgery, but
Prognostic factors for disability A small study provides that 92% had good recovery at 6 months (93).
some evidence that disseminated intravascular coagulation Summary.In general, the studies examining prognosis of
immediately after MTBI predicts poor score on the GOS at 6 MTBI in adults make less use of control groups than the studies
months (72). Patients with GCS 13 at admission have higheof children. Where controls are used, they are usually uninjured
rates of disability than GCS 15 (51), however, again, it is notcontrols, often volunteers, who may be matched on socio-
clear how much disability is attributable to the MTBI or to other demographic factors, but may be dissimilar on pre-injury

injuries. symptoms or personality characteristics. Injured controls are
rarely used, and the possible contributions of psychological

Outcome and prognostic factors in specific subgroups of distress or pain associated with other (non-brain) injuries have

patients with MTBI not been adequately considered.

Some studies examined outcome in particular subgroups of

MTBI cases. Measures used to assess prognosis in MTBI

Alcohol uselt is clear that alcohol is an important risk factor No separate literature search was performed to assess the
for injury occurrence. However, the role of alcohol as a predictorreliability and validity of tests or questionnaires used to assess
of poor prognosis is an under-studied area, and no conclusionsrognosis of MTBI, however a number of such studies were
can be drawn on its importance. Only 1 study specificallyidentified in the course of our search. Many of the common
examined this question in a systematic manner, and concludesheasurement tools have not been validated on an MTBI
that blood alcohol level testing was performed too selectively topopulation. Of the studies we identified in our search that
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specifically assessed the ability of these measurement tools tile injury, and the great majority of paediatric MTBI studies
accurately reflect prognosis of MTBI, 4 were accepted. Two ofreport no short- or long-term cognitive problems or post-injury
these studies confirm the reliability of the Rivermead Post-behavioural deficits attributable to MTBI. The literature on
Concussion Symptoms Questionnaire and the Rivermead Heagcovery time is less clear for adults, and although there is
Injury Follow-up Questionnaire (87, 105) and 1 study confirms support for the idea that most adults recover within 3 months,
the reliability (inter-observer agreement) of the GOSE (41). Thethis needs further study.

fourth study supported the ability of the Problem Checklist (106) The most serious problem in the diagnosis of Postconcus-
and the SF-36 (107), but not the Community Integrationsional Disorder or Postconcussional Syndrome is linking
Questionnaire (108), to distinguish MTBI cases from normalresidual symptoms to the MTBI. The ICD-10 criteria explicitly

controls (82). recognize that the cause of subjectively reported symptoms is
not always clear. Nor, as noted previously in this paper, are these
Poor outcome after MTBI symptoms specific to MTBI. The most consistent predictors of

Two widely used sets of diagnostic guidelines, the Diagnosticdelayed recovery after MTBI are compensation and litigation
and Statistical Manual of the American Psychiatric Associationfactors, independent of MTBI injury severity. However, it
(DSM-IV) and the International Classification of Diseases (ICD- should not be assumed that all patients pursuing a compensation
10) provide possible criteria for diagnosing what might be claim or litigation are experiencing a delayed recovery; that
referred to as poor outcome after MTBI (109, 110). The DSM-these factors are the only predictors of prolonged symptoms; or
IV has proposed Postconcussional Disorder as a diagnostithat settling a claim will result in quick recovery. The mech-
category, but states that further research is required to determirnisms through which compensation/litigation issues impact on
the utility of the category and to study the criteria suggestedrate of recovery are not well studied or understood.
Proposed criteria for Postconcussional Disorder include a Malingering or incomplete effort in poor outcome of MTBI.
history of head trauma causing loss of consciousness (LOC) ofhe DSM-IV diagnostic criteria require differentiation of
more than 5 minutes, post-traumatic amnesia (PTA) lastingPostconcussional Disorder from malingering, although the
longer than 12 hours or onset of seizures within 6 months. ThéCD-10 diagnostic criteria for Postconcussional Syndrome do
proposed diagnosis also specifies evidence from cognitivenot. Malingering is described by the DSM-IV as a condition in
assessments of attention or memory deficits, 3 or morevhich desire for compensation leads to the production or
symptoms lasting at least 3 months, and resulting significanprolongation of symptoms. Although, according to this descrip-
impairment in social or occupational functioning. Furthermore, tion, seeking financial compensation or litigation after MTBI is a
Postconcussional Disorder must be distinguished from Factinecessary condition for malingering, it should not be assumed
tious Disorder or Malingering. that all or most individuals seeking compensation after MTBI
ICD-10 criteria indicate that Postconcussional Syndromeare malingering.
occurs following head trauma, usually severe enough to result We accepted 11 studies relating to what is frequently referred
in LOC. Further criteria include a number of disparate symp-to in the literature as possible/probable malingering or incom-
toms such as headaches, dizziness, fatigue and difficult conceplete effort (111-121) (Table IIl). Seven of these identified
trating. It acknowledges that the aetiology of the symptoms ismeasures that might be useful in identifying possible or probable
not always clear, and that both organic and psychological factorsnalingering (112-115, 118, 119, 121). However, few of these
have been proposed to account for them. At least 3 of thes&ests have yet been extensively researched, and further work is
features should be present for a definite diagnosis. needed to cross-validate them in other samples, and to
In comparing these 2 sets of criteria, there are similarities,nvestigate their accuracy.
although the DSM-IV research criteria appear to be clearer and Seven studies report that persons with MTBI who are seeking
easier to operationalize than the ICD-10 diagnostic criteria.compensation or litigating, and who are considered possible or
However, the research reviewed earlier does not support thprobable malingerers, perform as badly or worse on cognitive or
importance of injury severity threshold proposed in either themotor tests than do individuals with more severe brain injuries
DSM-IV criteria (more than 5 minutes LOC or PTA of more (111, 113, 115-118, 120). One of these studies (117) reports that
than 12 hours) or the ICD-10 criteria (head trauma usuallyexternal verbal motivation to perform well leads persons with
sufficient to result in LOC). We also found no evidence thatchronic complaints after MTBI to improve their vigilance and
length of PTA or onset of seizures after MTBI are prognostic of attention test scores from the level of the severe brain injury
slower recovery or prolonged symptoms. Therefore there is littlesurvivor up to the level of normal controls.
evidence-based justification in the literature for setting a However, all studies relating to malingering or incomplete
particular threshold of injury severity in the diagnosis of this effort were cross-sectional in design, and studies were
disorder. performed many months or years after the injury. The studies
There is some justification for considering a threshold of 3provide no information about the frequency of malingering after
months to reflect prolonged recovery, especially for children.MTBI, or the frequency of malingering in individuals seeking
The research reviewed earlier in this document indicates thatompensation or litigating. Nor can causal directions be
symptoms in children are largely resolved within 2—3 months ofascertained from the current literature.
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SummaryNeither the DSM-IV category of Postconcussional problematic and uncertain. In summary, findings regarding the
Disorder nor the ICD-10 category of Postconcussional Syn+ole of MTBI as a risk factor for dementia should be considered
drome is strongly supported by the best available evidence. Thaconclusive.
proposed injury severity thresholds are not supported by most of
the available research and the symptoms listed under eacl§ MTBI a risk factor for intracranial tumours?
diagnosis are not specific to MTBI, thus making it difficult to Three accepted studies examined traumatic brain injury as a risk
link the presence of symptoms to the MTBI. There is somefactor for development of intracranial tumours (127-129) (Table
evidence, which is especially convincing in paediatric cases, tdV). The 2 cohort studies utilised national hospital databases
support the 3-month threshold proposed by the DSM-IV tofrom Denmark (128) and Sweden (129), and the case-control
reflect the time period during which most MTBI cases havestudy (127) utilized data from a large American cancer registry
recovered. However, the best studies on children with MTBland matched controls. In examining traumatic brain injury as a
show little or no evidence of persistent problems suggestive ofisk factor for tumours, diagnostic lead-time should be con-
this disorder. In adults, the most consistent correlates of delaysidered in order to ensure that the tumour was not present
in recovery after MTBI relate to compensation/litigation factors undetected at the time of the head injury. Both Nygren et al.
and related motivational issues. This means that where there af@29) and Inskip et al. (128) utilized a 1-year buffer period to
prolonged and significant complaints after MTBI, it is important address this possibility; although Gurney et al. (127) did not. The
to investigate thoroughly other factors that may be contributinglarger confirmatory study (129) found no increased risk of brain
to the problems. The use of terms such as “Postconcussionalimour after head injury of any severity. However, in the
Disorder” or “Postconcussional Syndrome” to describe long-exploratory cohort study (phase II) (128), a small increased risk
term bad outcomes after MTBI may be misleading because ofvas noted. Neither cohort study found any risk difference due to
the implication that these problems are a result of the MTBI orage; but the case-control study (127) reported an increased risk

concussion. of brain tumour in children after head injury. This last study,

) _ ) though, was more susceptible to both diagnostic lead-time bias
Is MTBI a risk factor for development of seizures/seizure and recall bias, and the best evidence suggests little or no risk of
disorder?

brain tumour attributable to TBI.

Two large population-based cohort studies examined whether

MTBI is a risk factor for development of seizure disorders D0€s whiplash injury result in cognitive deficits (MTBI)?

(122, 123) (Table IV). The second of these studies extends thBecause this was not our primary research question, no specific
findings of the first by including all subjects from the first study, search was performed to attempt to capture all possible studies
and extends both the inception and follow-up periods. Thereforetelating to this issue. However, studies of cognitive deficits after
findings from the later report are more informative. MTBI was whiplash that were identified in our search were reviewed, as
found to increase the risk of seizures by 50%, primarily duringwere studies cited in this literature and studies brought to our
the first 4 years after the injury. However, the absolute risk ofattention by members of the task force. We reviewed 22 studies
seizure after MTBI remains low, and the 5-year cumulative on this topic and accepted 5 studies (Table V). These consisted
incidence of seizure activity after MTBI is 0.7%. Neither age nor of 1 phase Il cohort (130), 1 cross-sectional (131) and 3 case
gender affected the risk of seizure activity. A much smaller,series (132—-134). Two of the case series report on 1 group of
descriptive study reported that 5.9% of children hospitalizedwhiplash patients, and these studies suggest that subjective
with MTBI had seizures after their injury, usually within the first cognitive disturbances are frequent. However, objective cogni-
24 hours, but no information is available on how many childrentive testing failed to confirm the presence of these deficits
continued to have seizures after discharge (38, 39). (132, 134). The 2 stronger studies, a cohort and a cross-sectional
study (130, 131) suggest that where cognitive deficits are found
in patients with whiplash, these deficits are mild and likely
Three studies, 2 cohort studies and 1 case-control studyassociated with pain (130, 133), anxiety (133), pain medications
addressed this issue (Table IV). Given the small humber ofand other psychosocial factors (130, 131), rather than brain
exposed cases in the case-control study and the infrequency damage (131). Given this evidence, it is unlikely that any long-
dementia cases in the cohort studies, statistical precision iterm cognitive deficits in patients with whiplash are related to a
problematic for all 3, and results are inconsistent. Overall, themild brain injury.
larger study concludes that head injuries are not a risk factor

(124) and the 2 smaller studies conclude that head injuries are a

risk factor for dementia (125, 126). All 3 studies were well DISCUSSION

designed, but the small numbers of exposed cases limits anwe found only 2 acceptable phase Il studies on prognosis for
convincing conclusions. In addition, information bias is of MTBI; 1 relating to risk of brain tumour and the other relating to
concern in studying this question, since ascertaining the historyhe risk of epilepsy after MTBI. Of the cohort studies reporting
of head injury requires recall of past events. Ascertaining thechildren’s prognosis for recovery after MTBI, approximately
timing of the outcome (onset of dementia) is also clinically 85% were phase Il, with the remainder being phase I. However,

Is MTBI a risk factor for dementia?
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Design and findings
cognitive findings, and poor performance was associated

with stressful life events
deficits on 4 of 48 cognitive tests compared with controls.
One of these tests was still within normal limits. Authors
conclude no evidence for brain damage from whiplash
Prognostic factors: persistent symptom®hase |l cohort: Cognitive functioning at normal levels at 6
pain intensity were associated with poorer performance on
test of divided attention. No association between imaging
findings and cognitive performance. Authors conclude that

attention tasks were low. Both current (state) anxiety and
whiplash does not result in brain damage

months. Symptomatic group showed slower recovery in
complex attention, which may be related to medication

effects

were not supported by test results. No overall objective
Prognostic factors: depression, anxiety,Case series: Average score on working memory and divided

Case series: Subjective complaints of cognitive disturbance
Cross-sectional: At 6-18 months post-whiplash, cases had

Prognostic factors/outcomes
education. Outcomes: cognitive tests.

pain intensity. Outcomes: cognitive

cognitive tests, symptom checkilist,
tests, neuroimaging

Prognostic factors: none Outcomes:
psychological tests
adjusted for age, medications and

Prognostic factors: whiplash trauma.
Outcome: cognitive tests

Follow-up
1 and 7 months

None
None

21)
21, 17 were

post-traumatic amnesia.

31). Controls: no

29)

neurology/neurosurgery departments;

after whiplash injury without head
trauma, seen within 14 days of injury

(n

Outpatients. Cases: whiplash with
average of 26 months post-injury; no

head trauma or LOC, PTA, fractures

(no head blows). Cases: symptomatic
or dislocations 1

at 6 months rf
including cognitive complaints, an

Controls: chronic pain patients, no

history of trauma rf
Referrals from physicians, with whiplash6 months

persistent symptoms & 34).
symptoms at 6 month\E 67)
Persistent post-whiplash complaints,

Patients reporting to emergency or
involved in litigation)

Setting and subjects

loss of consciousness; PTA

1997 (132);

Smed, 1997

(134)
1993 (130)

1999 (133)

(131)

Table V. Studies of cognitive deficits after whiplash injury

Authors
Karlsborg et al.,
Olsnes, 1989
Radanov et al.,
Radanov et al.,

LOC
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of the cohort studies reporting prognosis after MTBI in adults,
only half were phase Il studies. This difference may account in
part for the greater degree of variability in findings for the adult
MTBI population, and this problem leads to less certainty in
conclusions. Cross-sectional studies can also suggest hypotheses
about outcome and prognostic factors, although this design
makes it difficult to assess causal roles. Case series and
descriptive studies can identify potential prognostic factors,
but because the generalizability of these findings is poor and the
potential for bias and confounding is high, such studies are very
limited in their ability to provide meaningful information about
prognosis.

The findings on prognosis for recovery after MTBI in children
are quite consistent and positive. Drawing evidence from a
variety of study designs, subject populations and comparing
cases with a variety of control groups leads us to conclude that
post-concussion symptoms and cognitive deficits are largely
resolved within 2 or 3 months after MTBI in children. A number
of studies point out the similarities between children sustaining a
MTBI and those sustaining other kinds of injuries, suggesting
that where deficits are observed, it is likely due to pre-morbid
characteristics and/or the experience and aftermath of sustaining
any injury.

The evidence for prognosis after MTBI in adults is less clear,
partially because there has been less effective use of appropriate
control groups and inadequate consideration of the possible
confounding effect of other factors. The latter include pain,
medications, the disabling effect of associated injuries, emo-
tional distress and medicolegal or financial compensation
factors. Follow-up is often too short to capture time to resolution
of symptoms; or too long with no intervening follow-up periods,
and there is no consideration of other factors that may have
emerged in the interval that might explain the observed
associations. Many measures of post-concussion symptoms
ask subjects to identify symptoms that are either new or more
intense since the injury, and thus may be seriously affected by
failures of recall and/or reporting bias influenced by compensa-
tion issues. This is especially true when subjects are asked
weeks, months or even years after the injury to recall pre-injury
symptoms, injury-related events or acute post-injury symp-
toms.

The best evidence consistently suggests there are no MTBI-
attributable, objectively measured, cognitive deficits beyond
1-3 months’ post-injury in the majority of cases. Self-reported
symptoms are common after MTBI; however there is little
consistency in findings about how long such symptoms persist.
On the other hand, symptoms usually resolve rapidly in athletes
after a sports concussion, although it could be argued that they
may under-report symptoms in order to resume play. With
respect to other populations, the stronger studies of MTBI,
which use appropriate control groups and consider the effects of
other non-MTBI factors, generally show resolution of symptoms
within weeks or a few months. There is also evidence that some
of the observed long-standing post-concussion symptoms may
be attributable to factors other than the MTBI. However, there is
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a great need for well-designed, prospective, phase Il confirmaeleficits and post-concussion symptoms (most commonly head-
tory studies in this area. ache) in the early weeks after the injury. However, there has
Litigation and/or compensation have been consistently identibeen insufficient attention paid to the role of psychological
fied as prognostic of poor outcome in those cases that experienadstress or pain from associated injuries in the aetiology of these
persistent symptoms and disability after MTBI, although again,symptoms. Although the evidence indicates good recovery for
no confirmatory study has been performed. Furthermore, amost adults sustaining MTBI, where symptoms and disability
general lack of confirmatory studies similarly prevents firm are persistent, compensation and litigation factors are important,
conclusions about the role of other predictors of recovery afteand exploratory studies suggest that prior health, age and life
MTBI, although exploratory studies have suggested a number o$tressors are also determinants of poorer outcome. Future studies
possible factors, including mechanism of injury, pre-injury of prognosis in adults after MTBI should consider the con-
health, pain from associated injuries, and age. No study reportefbunding factors of pre-injury symptoms and personality
that severity of the MTBI was an independent predictor of characteristics, pre- and post-injury psychological distress,
persistent post-concussion symptoms. However, those sustaifactors related to litigation and compensation and pain asso-
ing more serious MTBI (e.g. GCS 13 or 14, focal brain lesions,ciated with injuries to other parts of the body.
depressed skull fractures) appear to have increased rates of
disability, as assessed by the GOS or awarding of disability
pensions. Most studies examining this issue, however, do not ADDENDUM

distinguish MTBI-related disabilities from those associated with Two recent studies (136, 137) concerning prognosis after MTBI
injuries to other parts of the body. Thus, the independent role ofy children came to the attention of our task force at our first
severity of MTBI in long-term disability cannot be confirmed. presentation of findings at the 5th World Congress on Brain
The best evidence suggests that MTBI increases the risk ofnjury (May, 2003). Time constraints did not permit a formal
seizures during the first 4 years post-injury, although thereview of this research or inclusion in our best-evidence
absolute risk is still low; but there is little or no increased risk synthesis. However, the studies are phase Il cohorts, with
of brain tumours following MTBI. No conclusions can yet be |ong-term follow-up of the same birth cohort of children with
reached on the role of MTBI as a risk factor for dementia. MTBI, and the findings are notably discrepant from other strong
There is an ongoing debate as to whether whiplash injuries t@vidence included in this report. These findings, which need to
the head and neck can commonly result in MTBI, and our taske reproduced in other samples, definitely raise the possibility of
force reviewed the available evidence. The evidence shows thain association between MTBI and later onset of hyperactivity/
mild cognitive complaints do occur after whiplash, but are notinattention and conduct disorder, especially in children under the

specific to MTBI and are not likely due to a brain injypgr se age of 5 years who were hospitalized for MTBI.
These same cognitive complaints are also reported in patients

with chronic pain (92), depression, anxiety, post-traumatic stress
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