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A systematic review of the effects of early
onset cognitive rehabilitation on acquired
brain injury patients from a neural
perspective

REVIEW

Cognitive impairments - a frequent consequence of acquired
brain injury (ABI) - are currently addressed by compensatory
approaches within cognitive rehabilitation. However, several
studies support a restorative approach, because a period of
increased neural plasticity is seen in the first three months
after ABI. Starting neuropsychological rehabilitation within this
period could maximize functional improvement. To examine this
hypothesis, a systematic review of randomized controlled trials
on early onset cognitive rehabilitation programmes for ABI
patients was executed. A total of thirty studies were included
studying 1988 patients. Thirty-seven per cent was found to be
effective in restoring (partly) multiple domains of cognitive
functioning, especially visuospatial functioning and awareness.
The influence of intervention onset on cognitive functioning
was evaluated by comparing the effectiveness of early and late
onset rehabilitation programmes. A new theoretical model, the
Interplay Model, and guidelines for a more restorative approach
in clinical practice and future research are discussed.
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INTRODUCTION

Cognitive impairments are a frequent consequence of acquired brain injury (ABI).
ABI can be subdivided in cerebrovascular accident (CVA) and traumatic brain injury
(TBI). A CVA or stroke is the loss of brain function due to ischemia or haemorrhage
(van den Berg & van Zandvoort, 2012). Ischemia, lack of blood flow, arises when a
blood vessel is blocked while haemorrhage, loss of blood, arises due to a tear in the
blood vessel. A CVA causes the loss of brain functionality which could comprise
multiple cognitive functions. More than 50% of the CVA patients experience
cognitive function disorders (Bots et al., 2009). Cognitive impairments can also
be a consequence of TBI, which is brain damage due to an external force on the
skull (Stapert & Spikman, 2012). The prevalence of ABI, especially CVA, is high and
will increase enormously over the following decades due to the aging population
and lower mortality rates (Koek et al., 2005). Which cognitive impairments are
commonly seen after ABI are dependent on the locus and severity of the brain
damage.

Commonly seen affected cognitive functions are attention (e.g. loss of ability
to concentrate), memory (mostly anterograde), mental speed (e.g. slowness), social
cognition (e.g. loss of empathy), executive functions (e.g. inability to plan, be
cognitively flexible and regulate behaviour) and language (e.g. inability to speak).
Cognitive rehabilitation tries to address these impairments and their enormous
interferences with daily life activities and participation in society.

According to many national clinical guidelines cognitive rehabilitation is a
standard component of rehabilitation programmes for ABI patients (van Heugten
et al., 2012). The effectiveness of different cognitive rehabilitation programmes is
well established by Cicerone et al. (2000, 2005, 2011). Especially, attention training
after TBI and language and visuospatial training for respectively aphasia and neglect
syndromes after stroke are found to be effective. Another conclusion by Cicerone
et al. (2000, 2005, 201) is that the current approach of cognitive rehabilitation
is mostly compensatory, meaning that the patient is taught to compensate for
their impaired functions with their intact functions ( e.g. an agenda for memory
problems). According Krakauer et al. (2012) this is a consequence of the proven
effectiveness of compensatory interventions on functional outcomes. However,
improving the impaired function itself and therefore minimalizing the interference
with daily life activities would be a tremendous improvement for the patient, the
patient’s surroundings and the therapist.

Lately a new view towards neural plasticity of the adult brain has been
extensively investigated in animal studies, which supports the possibility of
improving impaired cognitive functions due to ABI. Neural plasticity is the
possibility of neurons to structurally and functionally adapt.

In animal models it is found that after acquired brain injury heightened
plasticity occurs in the residual neural circuits. This means that there is a higher
possibility that other intact neurons could replace the damaged neurons and
take over their original function and therefore restore the cognitive functioning
of the patient. This plasticity is found on the level of cortical activation maps,
neurotransmission, dendritic spine structures and axonal connections.
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Dijkhuizen et al. (2003) found that cortical sensory maps are highly plastic
within the first two weeks after a stroke. Directly after a stroke, unilateral sensory
stimulation leads to activation of the ipsilateral cortex instead of the contralateral
cortex. However, after two weeks the same sensory stimulation leads to activation
of the contralateral cortex. The shift of an abnormal activity response to a normal
activity response is correlated with level of sensory recovery. On a cellular level,
Clarkson et al. (2010) found that in the first weeks after a stroke motor neurons
are hypo-excitable due to diminished re-uptake of the inhibitory neurotransmitter
GABA. This diminished re-uptake leads to more GABA in the synaptic cleft, which
leads to less signal transduction. Fortunately, the excitability of the motor neurons
is restored within two weeks and remaps limb functioning. Formation of new axonal
connections, also known as axonal sprouting, and reorganization of dendritic spines,
also known as dendritic spine morphogenesis, accompany this process (Brown et
al., 2009).

An extensive amount of research has shown that the neurophysiological
processes causing the plasticity in a human brain are comparable to the described
neurophysiological changes in a rodent brain (Grossman et al., 2002; Sadato et al.,
1996). This is highly influenced by the common role of the brain-derived neurotropic
factor (BDNF) in rodents and humans. BDNF enables the structural changes needed
for plasticity (Murphy & Corbett, 2009).

This heightened plasticity is the underlying mechanism for relearning the
impaired function driven by brain injury and learning in the intact brain driven
by behavioural experiences (Kleim, 2011; Krakauer et al., 2012). In the intact brain
the amount of plasticity is negatively related to age, meaning that plasticity is very
high in the immature brain and gradually diminishes after maturing (Eriksson et al.,
1998). A short window of increased plasticity is seen in the first three months after
acquired brain injury to provide rearrangement of impaired functions to different
intact brain regions by several structural changes. This is the so-called intrinsic
repair/learn capacity of the brain (Krakauer et al., 2012).

There is a possibility that rehabilitation enhances this intrinsic repair
capacity of the brain, so that there is interplay between the two causal factors of
neuroplasticity: injury and experience. In other words, rehabilitation could optimize
the neural plasticity and therefore the functional improvement. Importantly, in
the phase of heightened plasticity, the first four weeks after ABI in rodents and
the first three months after ABI in humans, the brain can maximally recover and
maximal functional improvement can take place (Kleim et al., 2008; Krakauer
et al., 2012; Murphy & Corbett, 2009). Biernaskie et al. (2004) reported that rats
exposed to rehabilitation initiated within the period of heightened plasticity (5
days after stroke) experienced a significantly greater recovery than rats exposed to
rehabilitation which was not initiated within the period of heightened plasticity
(30 days after stroke). This finding and comparable findings by Chikahisa et al.
(2006) and Kim et al. (2006) support the possibility that rehabilitation enhances
this intrinsic repair capacity of the brain. However, implementing rehabilitation or
training in the first days, could have the opposite effect, namely worsening of the
impairment, due to overuse effects (Kleim et al., 2008; Krakauer et al., 2012; Murphy
& Corbett, 2009).
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Translating these findings to humans and clinical practice would imply to
start interventions for cognitive impairments within these three months, because
these interventions could benefit from the restorative ability of the brain. So, if
heightened neural plasticity is a requirement for maximal effectiveness of cognitive
rehabilitation, which implies a more restorative approach, this should be shown in a
greater effect of early onset cognitive rehabilitation on cognitive functions than late
onset cognitive rehabilitation measured by the same outcome measures.

To examine the possibility and evidence for this restorative approach in
a clinical setting, randomized controlled trials evaluating the effectiveness of
cognitive rehabilitation programmes for ABI patients, starting within three months
after the injury will be reviewed. Content and effects of these programmes will be
evaluated. Furthermore, a comparison between early onset cognitive rehabilitation
programmes and late onset cognitive rehabilitation programmes is made.
Implications for clinical settings and future research are discussed according the
Interplay Model.

METHODS

The following method was used to identify randomized controlled trials (RCTs)
evaluating early onset interventions targeted at cognitive impairments as a
consequence of acquired brain injury, published within the period from January
1970 until August 2010.

The database created by van Heugten et al. (2012) was filtered by an eight
exclusion criterion concerning early onset interventions, because their systematic
literature search identified randomized controlled trials (RCT’s) evaluating both
early onset and late onset interventions targeted at cognitive impairments as a
consequence of acquired brain injury, published within the period from January
1970 until August 2010.

The systematic literature search, which was executed by van Heugten et
al. (2012), used PubMed and PsycINFO and was based on the articles found by
Cicerone et al. (2000, 2005). For an overview of the search terms, see table 1. This
process yielded 1963 published articles in PubMed and 959 in PsycINFO. In total
2832 articles were found after exclusion of duplicates.

Studies were only included if they addressed the effect of a cognitive
rehabilitation programme in a randomized controlled trial with a non-progressive
human adult ABI sample, which was defined operationally in the search terms. Only
randomized controlled trials were included because of their high validity.

Further study selection was done on the basis of the following seven exclusion
criteria: (1) no intervention; (2) other design than RCT; (3) reports without explicit
description of randomization of patients; (4) subjects did not have acquired brain
injury; (5) pharmacological interventions; (6) aim of intervention was not cognitive
impairments; (7) language was not English. An article could be excluded based on
title, abstract or full paper.

As already mentioned, for the purpose of this article an eight exclusion criteria
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was needed, namely that the intervention started later than three months after
acquired brain injury (time since injury was longer than o1 days).

All included RCTs were identified by extracting the early onset interventions
from the database created by van Heugten et al. (2012). Their database included 95
articles of which 30 articles started their intervention within three months after
acquired brain injury. These 30 articles were included. See figure 1 for an overview
of the selection process.

After study selection the articles were assigned to categories according to their
primary area of intervention as was done in the previous reviews of van Heugten et
al. (2012) and Cicerone et al. (2000, 2005, 2011): awareness, visuospatial functioning,
memory, attention, executive functioning, apraxia, language and communication
and multi-domain studies. The investigated domains of the selected 30 studies were
awareness, visuospatial functioning, attention and language and communication.
The following data was extracted: (1) intervention characteristics (duration,
intensity, form); (2) patient characteristics (number of patients, type of injury, time
since injury); (3) treatment outcome; (4) content of effective treatment.

Table 1. Search terms used for the period from January 1970 till August 2010 (van Heugten et al., 2012)

Search Terms

Cognitive Attention/concentration, information processing/slowness, awareness/
domain insight, cognition, communication, executive/planning/organisation/
regulation, language/aphasia, memory, perception/perceptual/agnosia/
neglect/visual, problem solving, reasoning, apraxia/dyspraxia

Rehabilitation Rehabilitation, remediation, education, training, retraining, paging system,
treatment, treatments, therapy

Acquired Stroke, brain injuries/brain-injuries/brain injury/brain-injury/brain injured/
brain injury brain-injured, head injuries/head-injuries/head injury/head-injury/
head injured/head-injured, brain damage/brain damaged, tbhi/head
trauma/traumatic, cerebrovascular disorders/cerebrovascular accident/
cerebrovascular accidents/cva/stroke/poststroke/post-stroke/post stroke,
chronic aphasia
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Systematic literature search

January 1970 — August 2010 (n=2922)
- PubMed: 1963
- PsycINFO: 959

| Exclusion of duplicates (n=90) |

Potentially relevant articles (n= 2832)

| Exclusion based on title or abstract (n=2675) |

Articles selected on abstract (n=157)

Inclusion based on reference lists of |

included articles and reviews of Exclusion based on full text (n=82) |

Cochrane and Cicerone (n= 20)

Selected articles for systematic review of
van Heugten et al. (2008) (n=95)

Exclusion based on exclusion criteria 8,
average time since brain injury < 91 days.
(n=65)

Selected articles for review (n= 30)

Figure 1. Flow-chart

RESULTS

The frequency of studies per domain (including all references) is shown in table 2.
Most studies were conducted in the area of visuospatial functioning (n=16). This is
in line with the extensive amount of neglect rehabilitation research, which contains
one of the oldest rehabilitation RCTs, namely the RCT conducted by Weinberg et

al. (1977).
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Table 2. Study Domains

Domain n % Author, year of publishing

Awareness 5 17 Carter et al., 1983
Salazar et al., 2000
Sarkamo et al., 2008
Soderback, 1988
Vanderploeg et al., 2008

Visuospatial 16 53 Antonucci et al., 1995
Functioning Cherney et al., 2003
Edmans et al., 2000
Fanthome et al., 1995
Kalra et al., 1997

Katz et al., 2005
Lincoln et al., 1985
Luukkainen et al., 2009
Rossi et al., 1990
Rusconi et al., 2002
Si Hyun et al., 2009
Taylor et al., 1971
Tsang et al., 2009
Weinberg et al., 1977
Weinberg et al., 1979
Wiart et al., 1997

Memory

Attention 4 13 Barker-Collo et al., 2009
Malec et al., 1984
Mazer et al., 2003
Novack et al., 1996

Executive Functioning

Apraxia

Language and communication 5 17 Bakheit et al., 2007
David et al., 1982
Lincoln et al., 1984
Wertz et al., 1981
Wertz et al., 1986

Multi-domain

Total 30 100

Treatment characteristics.

Type of therapy was not reported in seven studies. The other 23 studies provided
individual therapy.

Frequency, duration and intensity were not always described in the original
papers, for this reason the following data is based on 24 studies which did report
these treatment characteristics. Frequency, duration and intensity are summarized
in table 3. On average patients received 4.0 hours therapy per week for 8.7 weeks.
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Table 3. Frequency, duration and intensity

Mean Standard Deviation
Hours 40.0 70.8
Week 8.7 9.1
Hours/Week 4.0 2.6

Patient characteristics.

In the included 30 studies 1988 patients were studied. The mean (SD) number
of patients per study was 70.3 (66.3) ranging from 4 to 360. The largest study by
Vanderploeg et al. (2008), for instance, included 360 adult veterans or active duty
military service members with moderate to severe traumatic brain injury. Eight
studies have included a sample of 20 participants or less, indicating a small sample
size, which could influence interpretation of results.

The mean age of the patients was 59.9 years (SD = 13.9), ranging from 25.5 to
77.0. Most of the studies which included younger subjects assessed traumatic brain
injury patients, while most of the studies which included older subjects assessed
CVA patients.

The time since the acquired brain injury was described in all studies, which
was also necessary for inclusion in this review. The intervention started on average
441 days after the injury (SD = 24.4, with a minimum of 4.7 days and a maximum of
88.3 days).

The most studied diagnosis was stroke, which was studied in 23 articles (76.7%).
Other studied diagnoses were traumatic brain injury (n= 5, 16.7%) or heterogeneous
populations (n= 2, 6.7%).

Treatment Outcome.

In 11 of the 30 studies the experimental treatment was found to be beneficial (n=1;
36.7%), meaning that the improvements in the impaired cognitive functions were
significantly higher in the treatment group compared to the control group. These
improvements were measured by various outcome measures, like the line bisection
task and letter cancellation test for visuospatial functioning. The other 19 studies
concluded with no differences between experimental and control treatment (n= 13;
43.3%) or ambiguous results (n= 6; 20.0%). Ambiguous results consisted primarily
of various effects on different domains.

Content of effective early onset interventions.

An overview of the characteristics of the included studies which examined effective
early onset interventions can be found in table 4. Sample size, time since injury,
content of interventions, outcome measures and results are mentioned.

132



EFFECTS OF EARLY ONSET COGNITIVE REHABILITATION ON BRAIN INJURY PATIENTS

*dnou8 |043u02 3y} ueyy

SN 8uissoud 199415 [enUIA Sulnp Y3| 8y 01 (v) 6
2Jow payoo| dnous |epusawiiadxa ay] - :|oJu0) 'Syse}
*dnou8 |0J3u02 3y} UBY] SIUSPIIDE JOMBY Sujuueos
Ajpueoyiusis spew dnou8 jeyuswiadxs (¥)e6 |ensin paseq *8uiuieuy 8uissoud 19341 5002
¥0°0> ay3 Suissoud 39a11s [enMIA Bulin( - dx3 J93ndwo) paseq Ajljeas [enuip Iy ajoss 8 T 6T “leiwzie)
. dnou8 |oJ1u02 3y}
1000 ueys [eydsoy ay3 je uapoys Ajpuesyiusis 'auo}
paAels dnou8 [ejuswiiadxa ayj - JO uopesolsal
‘uoneso|dxa |eeds pue s||js |[euouape pue Ayanoe
ul sjuswanosdwi asned |[IM Yaiym asiie Jojow
|[IM UoleAlOe Ujelq JO UoleWWNS ‘quii| ‘usoped
pa103ye Sy} JO SJUSWISAOW 3y 0} anQ  (ZT) €€ JUSWSAOW U0
'}S91gNS  :|OJIUOD)  PI}edIUaU0D ‘Buluonouny jo a|gejieaeun
uole[|aoued 93| Y} UO UonIpuod yarym uopjelolsal uo siseydwa X3} ||n4
|0J43u02 8y} pawuoyiadino Apueoyiudis  (21) 8¢ ‘Adesayy Y1IM UOLlIUSAI3IUI paseq /661
100 uolpuod [eludWIadxXa ay] - :dx3  |euopuanuo) Suiano Jojow-jepeds 9 aons €T e [V “le1 ey
*309|8aN Jo uonen|ens ayy *ain3y e jo uondiiosap
10} 9|eas [euodoun4 3y} Aq painseaw se e SulnI8 pue xujew e
saniAloe aj1| Ajlep 03 a|qezijelauas asam uo suimeup auj| Jo
syuawanosdwi asay] ‘dnoud |oJu0d (8) € SuiAdoo ‘Buiuies; SuiAdod
ay3 03 pasedwod ‘}s9) UOLIE|[9OUBD  :[043U0) pue Suipeau ‘Sujuiesy
19119 3Y3 31| ‘3593 109|8au piepuels ‘uope|NWLlS Suluueds-onsia jo
uo juawanoidwi ya3ea.d Ajpueayiusis (8)s aAnu8od  palsisuod yaiym ‘Suiuiesy G66T “1e 12 | Sutuonouny
S0°0> pamoys dnoug |ejuswiadxa ay| dx3 |eJauan uoneyljiqeyal 103|3aN 6/ jons o1 o1 (114 12onuojuy | |enedsonsip
(s>199m) (sAep)
Joom e Ainful
sinoy dnou8 [oJsau0) dnou8 |ejuswiiadx3 ERIIH sisou [ud  dxa 101
d sy nsay ueap uoLlUBAIU| uopuanidlu]  awil  -Seiq N N N Apnmis urewo(

*SUOLIUSAIUI 13SUO A[JBD SALD3Y4S PaulWeXa YdIym S|y Papn|dul Jo sonsialoeley) *f ajqel

133

Maastricht Student Journal of Psychology and Neuroscience



WIJENBERG

"(10) Adesayy
|euonednaoo pue (1d)
AdeiayyoisAyd jeuonippe

(v) LT paAIadas usned ayy
:JoJ3uo) uonppe uj "joeqpasy
Aioyipne pue |ensia
*dnou8 [0J3u0d By} ul ueyy (w1 Suinladau ajiym ‘syasiey
dnou8 |eruswiiadxa sy ul Juswanosdwi 10 o3 1uiod 03 J3pJo ul peay
J9y31y queayiudis e pamoys ‘(IA4) (v) ot siy anoge Jajuiod |elaw e
ainsea|\ aouapuadapu| [euonoun ayj 1d UM 1S9A Jequin|-0deioy}
Aq painseaw ‘(3uinl| Ajiep jo sanianoe) (¥)s e sieam juaned syl yaiym
uonoduny gy pue (uonaasiq aul| "8-9) JSg  ‘uoneljigeys. Suunp ‘(Dsg) poylaw /66T “|e
S0°0> 199|83U JO SJUBWISSISSE 3] UO S2400S :dx3 piepueis awo) jules uog ayl €€ jons T T r44 19 Help\
‘syuawiedwi
|enidaoiad a1anas aiow yum syaalgns
ul uasedde j3sow sem yaiym ‘dnous (¥)s ‘uoneziuedio
]0J3U0D 3y} UBY) SH S} JlWapedR  :[043U0) |eneds pue ssaualeme a|gejieaeun
pue [enedsonsiA uo Juswanoidwi Aiosuss uo siseydwa X31 [|In4
J91e248 ueayiusis e pamoys dnous (#) s ‘uoneyjgeya. y1Mm uoneipawal 6/6T “|e 12
S0°0> JuSWeaJ] 3yl Yluow auo JaYy :dx3 pJepuels |enidasiad-onsip o dons €T o€ €5 Siaquiapn
‘8uluueds jensin (¥)o
10e3Ul Uo puadap 0} pazisayrodAy auam 1A
yo1ym syse} Suipeals djwapede pue (3se}  :|oJuo)
uone||aaued Jana)| '3'9) sysel Suluueds *(LA) Buiuten s|ge|ieaeun
ay1293ds juaiayip uo dnoud joiuod (¥)s |ensia ou X31 [|In4
ay1 pawuoyiadino Ajpueayiusis dnoud 1A 1nq ‘Adesayy ‘Adesay) [euonednaoo /16T “|e 12
S0'0> |eruswadxa syl yruow suo Jayy :dx3  |euonednadQ + (LA) Buureny jensip 0/ ons I3 (o4 /S S1aquiapp

134



EFFECTS OF EARLY ONSET COGNITIVE REHABILITATION ON BRAIN INJURY PATIENTS

HOOG}IOM S|IIS
Sunjuiy] ays Jo sasiuaxa Agq painseaw

|oeqP3IS) SleIpaW W] pue
1UsWSI0juIBl dALIsod
‘sysey [1puad pue saded

awspn( sul| pue uonejusio [epeds (€)o 1| ‘syusWd|d snosswWNU
-|ensiA ‘Bujuueds |ensiA iseade |[)S  :|0J3u0) panjoaul uluiesy sty €86T
234y} ulyym dnoug [oa3uod ay3 ueyy ‘8uiurely uoneipawal ‘13N,0 8
swanosdwi saysiy Ajpueoyiusis (¢)sT ‘Adesayy s anudoo + piemoH
000 e pamoys dnoug Juawieasy ayl :dx3  |euopuanuo) Adeiayy |euonuanuo) S oas /1 9T €€ Japue) ssaualemy
(v)o
uopuane uo 3032 annisod Jueoyliudis 1dV
e pey | dv 1ey1 Sunesipul (1dD-VAI)  :|oiauo)
1S3] @dUBWIOIRd snonupuo) Aloyipny
|ensiA paied8aiul ayl Aq painsesw se (¥)s 6002
dnou8 |o41u02 ay3 pswuogiadino dnoud 1dvY ‘aie) *(LdV) 8ulules) ssad0ud “|e 13 o[j0D
100 |eauawiIadxa ay} Sa9M aAY JaYY :dx3 pJepuels  UOLUINY + dJeD piepuels 6T ajosis o 8¢ 8/ -19yJeg uonuany
(er) 6
ds
(er)o
1IN
:JoJ3uo)
*(1N) uawieasy ou
(er)o "(dS) a1t sy98m SAPMI USYL ‘(TOA)
1IN ul3isiSojoyied awoy }e SI93}uN[oA
(c1) 6 yoaads Aq paulesy Aq Juswieasl
10N juswiealn asuodsai-sninwys
:qdx3 asuodsai S)o9M dA[aM] IS4l g
-snjnwins *(LN) uswiean
's3s93} a8en8ue| snolJeA Yyym painseaw (zT) 0  Syoom anjamy OU S)29M dA]aM] U Y}
Ayjige sanesiunwwod uo dnous 1IN uayl ‘(1N) ‘(dS) a1uipo urisiojoyzed /¢ s|ge|ieaeun
]043U02 3y} uey3 Janaq Ajpueoyiusis (c1) 6 juawieas yoaads Aq uswieasy g X31 [|In4 uones
pue ajqesedwod pawJoyiad sdnous ds ou syaam asuodsai-sninwys v 986T “|e -lunwwo)
S0°0> JUSWIRAI} OM] DY} SYD9M SA|IM] JDYY 1ydx3 aA[aM] 15414 S}29M dA[DM] 15414 1Y 9¢  Moss oy W TICT 12 zZM3\ | 13 98en8ueq

135

Maastricht Student Journal of Psychology and Neuroscience



WIJENBERG

“Ioyine ay} 0} 3|qejieAeun 1o pajiodal Jou aiam A3y} asnedsaq pauouaW J0uU e SIZIs 137,

(t1)o
:JoJ3uo)
(91)C qeyau St
“(wHI) 0dx3 pJepuels + | Hl + 141D bo]
JUBWISSISSY YJOMISNOH [EN}I3||9U] ‘uoneyl|iqeyas piepuels
ay3 pue (v4]) Juswissassy uonoun4 (z1) € snid (1HI) Suturesy 61
|en3aa||a3u] @y} Aq painseaw ‘dnous :gdx3 3JOM3SNOH [en3a3]|au] g g a|gejieaeun
]0J3u02 3y} uey} Sujuonouny |EN3I3||RIUI ‘uoneyl|iqeyas piepuels X3} ||n4
U0 9A[D3YS aJow Ajjueoyiudis asam (¢1) € ‘-uoneujiqeyss sn|d (141) Suiuresp ST '886T
S0°0> sdnou8 [euawiiadxa aauyy ay| 1ydx3 piepueis uorouNy [BN13|2Y] 1Y 89 oS 8T R' /9  “deqiapos
sdnou8 Jayzo ayj ui ueyy dnoud
00> aisnw ayy ut 1aysiy Ajpueoyiusis sem
“se1 doouis syl Sunp ssw uopoeald (8)o ‘uoney|igeyal piepuels +
pawwns Aq painseaw ‘AJanodas  :josuo) s)ooq oipne 0} Aep Aiana
uoluape Pasnd0) SYUoW XIS JaYY - SYUOW OM} IO} Pauajsl|
'sdnou8 (8)T6 dnou8 s8en8ue| ay] :g 6T
J3y1o ay3 ui ueyy dnoud oisnw ay3 ui :gdx3 ‘uoneyl|iqeyas piepuels g
asow Ajpueayiudis panoadwil ‘1 |ANGY Y3 +21snw o} Aep Aians
40 1531gns ||edas AJo1s oyl Aq painsesw  (8) Z'TT ‘uoney|iqeysat SYUOW OM} IO} Pauajsl| 6T 800C “|e
S0°0> ‘Adowiaw [BQIaA SYUOW 331y} JBYY - 1ydx3 piepueis dnoi8 aisnwi ay] 1y 6 oAs /T R' GG 19 oweyles

136



EFFECTS OF EARLY ONSET COGNITIVE REHABILITATION ON BRAIN INJURY PATIENTS

DISCUSSION

Several studies showed the existence of a time window of heightened plasticity in
the first three months after acquired brain injury (Kleim et al., 2008; Krakauer et al.,
2012; Murphy & Corbett, 2009). Due to this finding it was hypothesized that early
onset interventions would be more effective in enhancing cognitive functioning of
ABI patients compared to late onset interventions, by benefiting from this intrinsic
neural repair capacity. In order to examine this hypothesis, early onset interventions
(time since injury <3 months) targeted at cognitive impairments as a consequence of
acquired brain injuries (ABI) were identified by performing a systematic literature
search. It is important to note that identification of some RCTs may have failed,
although the used strategy identified those found in other systematic reviews
(Bowen & Lincoln, 2008; Greener et al., 2008).

Thirty randomized controlled trials have been identified of which eleven found
beneficial effects for stroke patients. Out of these eleven studies six studies were
primarily aimed at treating spatial neglect and therefore improving visuospatial
functions. More research on TBI patients is needed to generalize these results to
TBI patients.

To investigate the cause of the effectiveness of the eleven studies and provide
guidelines for clinical practice and research, therapy elements that the effective
treatments have in common were identified per domain. In order to identify
common therapy elements, content of the treatment programmes and hypothesized
underlying mechanism were evaluated.

Extraction of communal treatment elements in the ‘Visuospatial functioning’
domain leads to the two conclusions. Firstly, Wiart et al. (1997) and Karla et al.
(1997) assessed an effective training for spatial neglect which both comprises motor
activation. A possible theory for this effectiveness could be that motor activation
leads to a change in brain activity in networks which are linked with networks
controlling visuospatial functioning. Through this indirect route, the increased
activation will draw awareness to the neglected contra-lateral visual field and
therefore, treating spatial neglect. However, this conclusion should be interpreted
with caution. These findings are based on a relatively small sample size and assume
a similar effect of brain activity and localization on this activity, which may not be
valid. Secondly, Antonucci et al. (1995) and Weinberg et al. (1977, 1979) have shown
that visual scanning training and other forms of visual trainings are a beneficial
addition to standard rehabilitation for neglect patients. However, it remains unclear
if the improvements on the specific tasks also generalize to the daily live activities
of these patients. Katz et al. (2005) did show that virtual reality training could be
beneficial for neglect patients and that these effects generalize to daily life activities.
However, the programme should be further developed before application in clinical
practice and future research is needed for replication of these results and further
investigation of the causes of the effectiveness of these interventions. Overall, it
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can be concluded that the addition of motor training or visual scanning training
is beneficial for treating neglect patients in the early stage of recovery. Motor
training is often already part of the rehabilitation programme because of motor
impairments. Further research into motor rehabilitation programmes with a ‘side’-
effect on cognitive impairments is necessary, while this could be a very effective,
cost and time efficient standard rehabilitation programme for stroke patients.

Extraction of communal treatment elements in the ‘Awareness’ domain
leads to the conclusion that awareness could be improved significantly in stroke
patients by intensive training as an addition to the standard cognitive rehabilitation
programmes. The discussed studies examined three different kinds of training, but
all required an active role of the patient, which could be (part of) the reason for
the effectiveness. Translation of these findings to traumatic brain injury patients
should be studied more extensively, since these discussed studies included only
stroke patients.

Extraction of communal treatment elements is not possible for the domain
‘Language & Communication’ and ‘Attention’, because there is only one effective
study within these domains.

Another possible reason for the effectiveness of the eleven studies could be
the interplay between cognitive rehabilitation and the heightened neural plasticity
during the first three months after ABI (Chikahisa et al., 2006; Kim et al., 2006;
Kleim, 2011; Sarkamo et al., 2008). If this neural plasticity is indeed a requirement
for maximal effectiveness of cognitive rehabilitation, this should be shown in greater
effect of early onset cognitive rehabilitation on cognitive functions than late onset
cognitive rehabilitation measured by the same outcome measures.

To examine if the onset of the intervention has an influence on its effectiveness
the results of early onset rehabilitation programmes (intervention onset < 3
months) were compared with the results of effectiveness of late onset rehabilitation
programmes (intervention onset > 3 months), acquired by filtering the database of
van Heugten et al. (2012). The proportion of studies that found a positive effect in
cognitive functioning is higher in the late onset rehabilitation programmes than
in the early onset rehabilitation programmes. Regarding late onset rehabilitation,
more than half of the studies, 42 out of the 64 studies (65%), found beneficial effects
of the intervention. Regarding early onset rehabilitation, only 11 out of 30 studies
(36.7%) found beneficial effects of the intervention. These findings suggest that
starting earlier with the rehabilitation programme does not increase the beneficial
influence of the programme on improving cognitive functions due to ABI.

However, this conclusion should be carefully interpreted, because this is a
rough comparison. The homogeneity of groups is restricted due to the difference
in the distribution of the amount of studies in all the different domains and the
difference in participant characteristics (only stroke patients vs. mixed patients)
and outcome measures.

More importantly, the characteristics of the interventions differ between the
early onset group and the late onset group. In the early onset group, interventions
are primarily aimed at restoring the cognitive function. However, in the late
onset group, interventions are primarily aimed at compensating for the cognitive
impairment with intact cognitive functions. When the same outcome measures are
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used, measuring cognitive functioning, the same level of improvement could be
found between the two groups. However, in the early onset group this could be the
consequence of actual improvement of the cognitive function, while in the late onset
group this could be the consequence of the compensating behaviour. For example,
when a patient has memory impairments, due to early onset interventions the actual
memory function will improve and therefore the patient reports less forgetting. In
contrast, due to late onset interventions the patient learns to compensate for his
memory loss by using a pager and therefore the patients reports less forgetting.
The outcome is the same, but the underlying mechanism is different and therefore
limits comparability.

The above mentioned reasons made clear why comparison between these
two groups, early onset rehabilitation programmes and late onset rehabilitation
programmes, is invalid. Therefore, no direct conclusions about the effect of onset on
the effectiveness of cognitive rehabilitation can be made based on this comparison.

However, Antonucci et al. (2008) executed a RCT with onset of intervention
as independent variable to examine if onset of rehabilitation had an effect. There
were two groups of stroke patients, one group received the neglect rehabilitation
training immediately after admission to the clinic and the other one received the
same training after two months. They found that both groups obtained similar
improvement which implies that the moment of onset of intervention had no
influence on the effectiveness, which is in accordance with the results of this review.

Controversially, Horn et al. (2005) and Salter et al. (2005) reported in their
reviews, which included 830 and 435 post stroke patients respectively, that earlier
initiation of rehabilitation is preferred for stroke patients. For instance, Salter
et al. (2005) reported that interventions started within 30 days result in greater
functional gains than interventions started beyond 30 days. This means that there is
a significant difference in functional outcome between interventions started within
one month after brain injury and interventions started more than one month after
injury. Yet, there are no differences in functional outcomes between interventions
started one month after brain injury and interventions started two or more months
after brain injury. This implies that a functional improvement window of one
month appears after a stroke. Applying this to the results of Antonucci et al. (2008),
the conclusion that the moment of onset of intervention has no influence on the
effectiveness is invalid, since it is based on the comparison of interventions both
started beyond 30 days, namely 79 days. These results imply that the hypothesized
critical period of the first three months after brain injury seems to be too liberal
and should be restricted to only the first month, which also limit interpretation of
the current results of the review because the liberal 3 months criteria for early onset
interventions was used.

Combining the discussed neural findings and clinical findings, a new
theoretical model is suggested, named the Interplay model. This model states that
maximal effect of a rehabilitation programme on cognitive impairments due to
ABI can be achieved by initiating the intervention within the first month instead
of the hypothesized three months. The first month forms the so-called window
of opportunities, where the amount of neural plasticity exceeds the threshold for
interplay between neural plasticityand rehabilitation. Furthermore, the model states
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that neural plasticity is enhanced in the first three months after brain injury, but
that this enhancement gradually decreases after the first month till the premorbid
level of neural plasticity is reached after three months. According to Wade et al.
(1985) a similar course of recovery is seen in motor functioning of stroke patients. So
only within the first month, the amount of neural plasticity is high enough for the
possibility that rehabilitation enhances the intrinsic repair capacity of the brain, so
that there is interplay between the two causal factors of neuroplasticity: injury and
experience. In other words, only when a rehabilitation programme is implemented
during a specific time window, where neural plasticity is above a certain level, it
will cause a significantly greater effect on cognitive impairments than implemented
beyond this time window. This model states that there is an effect of onset on the
effectiveness of cognitive rehabilitation. So to maximize the effect of a rehabilitation
programme on cognitive impairments due to ABI, the intervention should be
initiated within the first month, the so-called window of opportunities. However, as
mentioned before, implementing rehabilitation or training in the first days, could
have the opposite effects due to overuse effects. This is included in the model, since
the amount of neural plasticity does not exceed the threshold for interplay during
the first week (Kleim et al., 2008; Krakauer et al., 2012; Murphy & Corbett, 2009). See
figure 2 for a clarification of this model.

== threshold
= neural plastcity in
time

Amount of ncural plasticity

-1 01 2 3 4 5 6 7 8 ¢g 101 12 13 14
Time since brain injury (weeks)

Figure 2. The Interplay Model. The black line displays the time course of the amount of neural plasticity, based on
discussed neural findings from human and animal studies. Zero on the X-axis represents the moment of injury.
The dotted line displays the hypothesized threshold for interplay between neural plasticity and rehabilitation.
In the time window where neural plasticity exceeds this threshold, effect of the cognitive intervention will be
maximized, the so-called window of opportunities. Note that there is always neural plasticity, but that this
neural plasticity is increased during the first 12 weeks and only exceeds the threshold between one and four
weeks after brain injury.
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Future research is needed to validate the accuracy and application of this model.
This research could consist of multiple randomized controlled trials on cognitive
rehabilitation for ABI patients with onset of intervention as independent variable.
So ideally, two randomly formed groups consisting of ABI patients receive the same
intervention aimed at restoration of the cognitive function, but initiate at different
moments regarding their time since injury. The interplay model suggests that the
early onset group should start their intervention after one week and the late onset
group after more than one month.

Moreover, limitations of the Interplay Model are that the time course of
neural plasticity is primarily based on animal studies. More research is needed
to investigate the generalizability of the findings of neural plasticity in rodents to
the human brain. Furthermore, the findings supporting the existence of a time
window of interplay were solely based on stroke patients. Therefore, more research
validating translation of these findings to other acquired brain injuries is needed
due to their difference in type of injury. TBI is most often diffuse, whereas brain
injuries due to stroke are most often local.

Despite these limitations, the Interplay Model is in line with the findings of all
discussed studies and the results of the discussed systematic review. Therefore, the
main implications for clinical practice are to shift from a compensatory approach to
a restorative approach, where treatment of cognitive impairments should already
start in the first month after ABI. This is even earlier than the current view of early
cognitive rehabilitation of the first three months suggests. So, it is important to
start within this first month with cognitive rehabilitation in order to utilize the
natural brain recovery mechanism of heightened plasticity and therefore maximize
the possibility of restoration of the impaired cognitive function. Compensatory
approaches can always be offered, their effectiveness is, unlike the restorative
approach, not dependent of a level of neural plasticity exceeding the interplay
threshold. So ABI patients should receive earlier rehabilitation than the current
standard compensatory rehabilitation, namely within the first month after brain
injury, the window of opportunities. Use it or lose it.
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