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To this day, car dio vas cu lar dis eases (CVDs) re main the
num ber one cause of death world wide, with out no signs
that their num ber will de cline any time soon. An es ti mated
17.9 mil lion peo ple died from CVDs in 2016 [1]. Stroke it -
self is the sec ond most com mon cause of mor tal ity and the
lead ing cause of long-term dis abil ity [1, 2]. Stroke re duces
mo bil ity in more than half of stroke sur vi vors aged 65 and
over and af fects over all qual ity of life of pa tients [3]. Due
to these ram i fi ca tions, it is vi tal to ad dress how treat ment
and re ha bil i ta tion of pa tients with stroke can be better
struc tured and re searched.

HY POTH E SIS

Due to the het er o ge neous na ture of spa tial ne glect (SN),
stroke sur vi vors chal lenged with this dis or der re quire an
in di vid ual re ha bil i ta tion ap proach. The loss of mo ti va tion
and in ter est to wards hap pen ings within the ne glected
space that pa tients with SN typ i cally dis play sug gests that
it would be ben e fi cial to in crease par tic i pa tion and in ter est
dur ing re ha bil i ta tion by us ing pa tients’ hob bies and crav -
ings as stim uli.

METH ODS

A search for re cent sci en tific sources in Eng lish was car -
ried out in the in ter na tional med i cal da ta bases UpToDate,
PubMed, and Elsevier. The fol low ing search terms were
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Sum mary. Stroke is an acute neu ro logic in jury that oc curs be cause of brain ischemia or brain 
hem or rhage. Im proved treat ment op tions for stroke have in creased pa tient sur vival, but the
con di tion re mains the lead ing cause of long-term dis abil ity world wide. The huge costs and
ad verse im pact of post-stroke dis abil ity make im prov ing re ha bil i ta tion strat e gies a pri or ity.
Spa tial ne glect (SN) is char ac ter ized as a con di tion in which pa tients dis play in suf fi cient at -
ten tion to the contralesional side of their sur round ings and their own body. It is the most com -
mon neurocognitive dis or der caus ing long-term dis abil ity, oc cur ring in ap prox i mately half of 
pa tients with stroke in the non-dom i nant brain hemi sphere. Typ i cal ad ja cent con se quences of 
SN are dif fi cul ties with at ten tion, per cep tion, learn ing, mem ory, rec og ni tion, mo ti va tion, and 
ex pres sion of emo tions. Nu mer ous re ha bil i ta tion tech niques have been de signed to al le vi ate
and remediate symp toms of SN. Par a dox i cally, many of these tech niques have not found their 
way into rou tine clin i cal bed side re ha bil i ta tion. Rehabilitators may be re luc tant to im ple ment
un fa mil iar strat e gies, es pe cially if they are new, con tro ver sial, or not tested in a clin i cal en vi -
ron ment. In this pa per, we pro pose a hy poth e sis that better re ha bil i ta tion re sults for stroke
sur vi vors with SN can be reached by in clud ing pa tients’ hob bies and crav ings when train ing
at ten tion to wards the ne glected space dur ing re ha bil i ta tion. Pa tients’ unique crav ings and
hob bies when used as con di tioned cueing may help boost the mesolimbic do pa mine sys tem
and elim i nate hemi spheric im bal ance, which is thought by many to cause SN. 
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used and com bined in var i ous ways: stroke, ne glect, non-
 dom i nant hemi sphere, re ha bil i ta tion, and spa tial ne glect.
The iden ti fied lit er a ture was then re viewed and an a lyzed in 
the con text of stroke, clas si cal lit er a ture on ne glect, and pa -
tient cases de scribed in well-known lit er a ture. In this ar ti -
cle, we pres ent a sum mary of the lit er a ture that sup ports
our hy poth e sis.

STROKE IN THE NON-DOM I NANT
HEMI SPHERE OF THE BRAIN

Stroke is an acute neu ro log i cal in jury that oc curs as a re sult 
of the fol low ing patho log i cal pro cesses: brain ischemia
(throm bo sis, em bo lism, or sys temic hypoperfusion) or
brain hem or rhage (intracerebral hem or rhage, or
subarachnoid hem or rhage) [4]. Ischemic stroke is the most 
com mon kind of stroke, ac count ing for ap prox i mately
80% of all cases. Hem or rhagic stroke ac counts for about
20% of all strokes [5]. Al though the most com mon pre -
sent ing symp toms of ischemic stroke are speech dis tur -
bance and weak ness in one-half of the body, symp toms
and their se ver ity vary dras ti cally, from al most non-de tect -
able to so se vere that symp toms cause death within a few
hours [6]. Pre sent ing symp toms cor re spond to the area of
the brain that loses blood flow.

The brain is one of the larg est and most com plex or gans 
in the hu man body. More than 95% of peo ple with right-
 handed dex ter ity and more than 70% with left-handed dex -
ter ity have left-hemi sphere dom i nance [7, 8]. The hemi -
sphere con tain ing the main lan guage area is called dom i -
nant, and the hemi sphere with out it is called non-dom i -
nant. In neu rol ogy, it is im por tant to con sider the dom i -
nance of the hemi sphere af fected by stroke or any other pa -
thol ogy. This re view and anal y sis of rel e vant lit er a ture will 
fo cus on stroke af fect ing the non-dom i nant brain hemi -
sphere, and more spe cif i cally tar get SN and ways that can
be used to mo ti vate pa tients with SN dur ing re ha bil i ta tion.
Speak ing of mo ti va tion, it is es sen tial to men tion the
mesolimbic dopaminergic sys tem. The mesolimbic
dopaminergic sys tem has been rec og nized for its cen tral
role in mo ti vated be hav ior, re sponse to var i ous types of re -
ward, and also its role in sev eral other cog ni tive pro cesses.
The mesolimbic dopaminergic sys tem con tains path ways
that con nect the ven tral tegmental area in the midbrain to
the ven tral striatum of the basal gan glia in the forebrain [9]. 
Func tional the o ries em pha size the in volve ment of the
mesolimbic dopaminergic sys tem in the or ches tra tion of
goal-di rected be hav ior and the pro mo tion and re in force -
ment of learn ing [10]. Dysregulation of the mesolimbic
path way can cause a hemi spheric im bal ance that is
thought, by many ex perts, to cause SN.

The non-dom i nant hemi sphere of the brain co or di nates 
many tasks, in clud ing prob lem solv ing, mem ory, and rea -
son ing. The def i cits vary de pend ing on the lo ca tion and ex -
tent of the brain dam age [11]. The most com mon mo tor
and sen sory def i cit among pa tients with non-dom i nant
hemi sphere stroke is hemiparesis on the contralesional

side of the body (usu ally on the left side). Less com mon
long- last ing mo tor  def  i  ci ts  are dysphagia and
homonymous hemianopsia. Pa tients with non-dom i nant
hemi spheric dam age most com monly have dif fi cul ties
with at ten tion, per cep tion, learn ing, mem ory, rec og ni tion,
mo ti va tion, and ex pres sion of emo tions. Other, less com -
mon def i cits in clude rea son ing and prob lem solv ing,
aware ness, ori en ta tion, and nav i ga tion [12]. Al though
speech def i cits are mainly re lated to the dom i nant hemi -
sphere of the brain, stroke in the non-dom i nant side of the
brain can also cause speech and sen tence com pre hen sion
dif fi cul ties [13].

The main is sue that com pli cates the re ha bil i ta tion of
many pa tients with non-dom i nant stroke is anosognosia, or 
the sit u a tion where pa tients min i mize or even act ut terly ig -
no rant of their im pair ments [14]. Be cause of anosognosia,
pa tients do not feel frus trated or up set when they are un able 
to per form tasks, they were pre vi ously able to do. This def -
i cit com pli cates re ha bil i ta tion greatly.

SN may, as men tioned pre vi ously, in ter fere with the
suc cess of re ha bil i ta tion. The dis or der is con sid ered more
com mon, se vere, and per sis tent af ter in jury to the brain’s
non-dom i nant hemi sphere, but it also oc curs due to dom i -
nant hemi spheric strokes [15]. Clin i cal man i fes ta tion of
SN is as so ci ated with a de fec tive aware ness of space lo -
cated on the contralesional side of the brain in jury [16]. The 
pre sen ta tion of SN is het er o ge neous and in volves dif fer ent
clin i cal sub types. SN is most com mon in the vi sual mo dal -
ity, which is la beled vi sual ne glect (VN). Pa tients with VN
dis play in ca pac ity to de tect and/or re spond nor mally to
stim uli pro vided within the contralesional vi sual field [17].
In somatosensory ne glect or tac tile ne glect, pa tients fail to
no tice tac tile, ther mal, or pain ful stim uli ap plied to the
contralesional body side suf fi ciently. Pa tients can also
make stim uli lo cal iza tion er rors or mis takes in eval u at ing
the spa tial po si tion of their limbs [17]. Fi nally, mo tor ne -
glect tran spires as a fail ure to use the con tralesional limbs
even in the ab sence of pri mary mo tor def i cits [18]. Pa tients
with mo tor ne glect may, in the worst cases, be have as if
they were hemiplegic and re frain from us ing their af fected
limb dur ing bimanual ac tiv i ties. The other two sub types of
SN are per sonal and extrapersonal ne glect. Per sonal ne -
glect is rec og nized when pa tients fail to ex plore or be aware 
of the contralesional part of their own body or face [19].
Extrapersonal ne glect de fines pa tients’ ig no rance of the
en vi ron ment fur ther away from them.

NE GLECT AND RE HA BIL I TA TION

Re ha bil i ta tion plays a vi tal role in stroke sur vi vors and
their abil ity to get back to ev ery day life or adapt to new cir -
cum stances. In re cent years, the un der stand ing of
neuroplasticity and func tional re cov ery has grown sig nif i -
cantly, and spe cial re ha bil i ta tive train ing is in many in -
stances tar geted at en hanc ing the pro cesses of neuronal
plas tic ity [20]. How ever, the suc cess of re ha bil i ta tion var -
ies greatly. It de pends not only on the se ver ity of the stroke
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and its treat ment, but also on pre sent ing symp toms. Thus,
some symp toms com pli cate re ha bil i ta tion more than oth -
ers. Pa tients with SN of ten re quire more ex tended re ha bil i -
ta tion stays than pa tients with out this dis or der. On av er age, 
pa tients with SN stay in in pa tient re ha bil i ta tion fa cil i ties
for one week lon ger than stroke pa tients with sen sory-mo -
tor def i cits [21]. Stud ies show that the du ra tion of re ha bil i -
ta tion and its suc cess de pends on the type of SN and its se -
ver ity [21]. Be cause SN en tails a dis rup tion of sev eral cog -
ni tive pro cesses, dif fer ent neuropsychological def i cits
may be ob served across pa tients. This va ri ety of symp toms 
makes it im pos si ble to re ha bil i tate pa tients with SN us ing
only a sin gle tech nique [22, 23]. There fore, sev eral dif fer -
ent re ha bil i ta tion ap proaches have been de vel oped to im -
prove SN, such as vi sual scan ning train ing, where the pa -
tient is en cour aged to make eye- or head move ments to -
wards the contralesional side and limb ac ti va tion ther apy,
where the main idea is to stim u late the af fected limb and di -
rect at ten tion to wards the ne glected hemispace [24, 25].
Other tech niques in clude spe cial ized de vices such as ne -
glect alert ing de vices that, for in stance, may make a noise
that only can be turned off by us ing the ne glected side of
the body [26]. Also, func tional elec tri cal stim u la tion of the
ne glected up per limb is a bot tom-up ap proach that can be
used to in duce pas sive move ment. This treat ment has
proved to in crease tar get de tec tion in vi sual scan ning tasks
[27]. One of the most prom is ing re ha bil i ta tion tech niques,
how ever, is prism ad ap ta tion. The idea of prism ad ap ta tion
is that while pa tients wear de vi at ing prisms, vi sual tar gets
ap pear dis placed, so when the pa tients point to them, they
get feed back that they have pointed too far. Af ter re mov ing 
prisms, pa tients make rapid bal lis tic move ments and usu -
ally show de vi a tion to the ne glected side [28]. Re search
stud ies have shown that prism ad ap ta tion can mod ify var i -
ous as pects of ne glect be hav ior. To ex em plify, somatosen -
sory ex tinc tion [29, 30], vi sual-ver bal mea sures [31], and
pos tural con trol [32] have im proved sig nif i cantly af ter
prism ad ap ta tion. How ever, not all stud ies have shown
con sis tent benefits [33].

A grow ing amount of ev i dence in di cates that in creas -
ing at ten tion to the contralesional side in pa tients with SN
is en cour aged by pro vid ing con text-re lated stim uli or us -
ing stim uli that in fuse emo tional re sponses [34, 35]. The
clin i cal sig nif i cance of strong emo tional cues was first ob -
served by the re nowned neu rol o gist Walther Rus sel Brain
who de scribed in the late 1940’ies how a pa tient with SN
used her wed ding ring placed on her left fin ger to rec og -
nize her ne glected ex trem ity [36]. Many stud ies have since
shown that stim uli that evoke fear, joy, and ex cite ment
boost attentional pro cess ing, even within the con -
tralesional side [37, 38]. In a more re cent qual i ta tive study,
a young mother with SN could hold her in fant baby with
her left arm, while, in con trast, she con sis tently dropped
other not as im por tant items when us ing her left arm [39].
Emo tion ally sa lient re in force ment can in crease pa tients’
mo ti va tion to di rect their at ten tion to items or events within 
the ne glected space [34, 38]. It is, there fore, not sur pris ing
that stim u la tion with solid emo tional com po nents such as

pos i tive in to na tion of voices, emo tional pros ody in fa cial
ex pres sions, col or ful stim uli, re wards, and mu sic are in -
creas ingly be ing in ves ti gated in SN stud ies [40–43].

How ever, we find it in trigu ing that hob bies and crav -
ings of pa tients, as far as we know, have not re ceived ex -
plicit at ten tion as clin i cal re ha bil i ta tion strat e gies. We sug -
gest look ing at mild crav ings in the con text of SN re ha bil i -
ta tion, which pro vides an op por tu nity for a more pro duc -
tive and novel iden ti fi ca tion of per son-bound stim uli that
have high emo tional sa lience or even pro duce a bodily
state of sat is fac tion. There is no clear def i ni tion of crav ing,
but it is usu ally un der stood as a per sonal long ing or sub jec -
tive de sire or want ing. To sim plify, a crav ing is per sonal
and sub jec tively linked to what the in di vid ual wants.

The con cept “crav ing” is of ten as so ci ated with a patho -
log i cal state of de sire, such as in the con text of smok ing, al -
co hol, or drug abuse, as well as neg a tive mood, in creased
re ac tion time, and any thing that in ter fere with cog ni tive
pro cess ing of stim uli [44]. In con trast to such patho log i cal
crav ings, we look at mild crav ings as some thing that, via
sa lience and meaningfulness of stim uli, helps pa tients sus -
tain at ten tion through out re ha bil i ta tion and be come more
vig i lant [45]. Sev eral stud ies have shown that en com pass -
ing is sues such as com puter games that trig ger re ward cir -
cuits in the mesolimbic do pa mine sys tem in re ha bil i ta tion
lead to im prove ments in SN, both re lated to tonic and pha -
sic alert ness [46, 47]. It is, how ever, sur pris ing that var i ous 
com put er ized meth ods have not been cou pled with more
per son al ized unique stim uli to help cap ture pa tients’ at ten -
tion and im prove their re sponse time within the ne glected
space. Also, it is sur pris ing that known hob bies and crav -
ings are underused in clin i cal re ha bil i ta tion. This lack of
use may be partly ex plained by dif fi cul ties in re search ing
the ef fects of this ap proach in pa tients with SN. Eval u at ing
the ef fects of crav ings and hob bies un ob tru sively in a clin i -
cal en vi ron ment is in deed chal leng ing. Vir tual re al ity, mo -
bile eye track ing de vices and func tional brain im ag ing may 
pro vide per ti nent ways of test ing our hy poth e sis. Mo bile
eye-track ing, in par tic u lar, pro vides unique op por tu ni ties
for as sess ing co vert at ten tion, what at tracts pa tients’ at ten -
tion dur ing daily re ha bil i ta tion, and how ef fec tive “mild
crav ings” and cues from pa tients’ hob bies are when they
are ei ther com bined with con ven tional re ha bil i ta tion strat -
e gies or pro vided in iso la tion. In pa tients with SN,
eye-track ing dur ing daily ac tiv i ties may re veal how they
or ga nize their ac tions and their per cep tual lim i ta tions, e.g., 
by pro vid ing data such as dif fer ences in vi sual ex plo ra tion
and fix a tions be tween left and right hemifields. Also, mo -
bile eye-track ing glasses can re veal how pa tients move
their gaze within their vi sual field, and there fore can be
used to as sess the ben e fits of train ing [48].

DIS CUS SION OF THE HY POTH E SIS

Ev i dence shows that pa tients with SN spend more time in
re ha bil i ta tion fa cil i ties and do not achieve the same im -
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prove ment as stroke pa tients with out the dis or der. This it -
self sug gests that tra di tional re ha bil i ta tion tech niques are
in suf fi cient. Pa tients with SN are some times dis charged
with out com plet ing re ha bil i ta tion pro grams be cause they
are con sid ered non-co op er a tive. As a re sult, many of
them are dis charged to nurs ing homes with out get ting a
fair chance to im prove their in de pend ence and qual ity of
life. Al though there are many re ha bil i ta tion tech niques
for pa tients with SN, many of them re quire spe cial equip -
ment or train ing of staff be fore im ple men ta tion. This
poses a prob lem be cause many rehabilitators world wide
are un fa mil iar with ne glect re ha bil i ta tion and many of the
tech niques used are new, con tro ver sial, and have not yet
fully proven their ef fec tive ness. In this ar ti cle, we pro -
pose the hy poth e sis that better re ha bil i ta tion re sults
among stroke sur vi vors with SN can be achieved by in -
clud ing pa tients’ hob bies and crav ings when train ing at -
ten tion to wards the ne glected space dur ing re ha bil i ta tion.
When used as con di tioned cueing, pa tients’ unique crav -
ings and hob bies can help boost the mesolimbic do pa -
mine sys tem and di min ish the hemi spheric im bal ance,
which is thought by many to cause SN. The unique ness of
crav ings and hob bies calls for di ver gent ways of es tab -
lish ing vi a ble stim u la tion and test ing its ef fec tive ness,
such as mo bile eye-track ing, vir tual re al ity (VR), and
func tional brain im ag ing. This hy poth e sis re quires fur -
ther stud ies and in put from both neu rol ogy and re ha bil i ta -
tion doc tors.

CON CLU SION

Since stroke is the lead ing cause of long-term dis abil i ties
world wide, it is vi tal to ad dress how re ha bil i ta tion can be
im proved. The main goal should be to cus tom ize re ha bil -
i ta tion ac cord ing to each stroke pa tient’s unique dis abil i -
ties. Al though SN is com mon in stroke sur vi vors and is a
known hin drance for suc cess ful re ha bil i ta tion out comes,
there is in suf fi cient data to draw firm and re li able con clu -
sions about re ha bil i ta tion strat e gies. Ex ceed ingly more
stud ies fo cus on cog ni tive re ha bil i ta tion and SN. How -
ever, the ef fec tive ness of cog ni tive re ha bil i ta tion in ter -
ven tions to re duce the dis abling ef fects of SN and in -
crease in de pend ence re mains un proven and new ap -
proaches are needed both in re search and clin i cal prac -
tice. Our hy poth e sis adds sub stance to the ar gu ment that
more fo cus should be put on SN re ha bil i ta tion to es tab -
lish the best ways to re duce dis abil ity and im prove the
qual ity of life of pa tients with SN. The strat egy we pro -
pose does not re quire ex pen sive pro ce dures that are dif fi -
cult to ap ply. On the con trary, pa tients’ hob bies and crav -
ings can be de lib er ately used with out ex ten sive bar ri ers
and costs. Sum ma riz ing our hy poth e sis, we can rec om -
mend col lect ing nec es sary de tailed and com pre hen sive
anamnesis of the pa tient’s pre vi ous hob bies and pos si ble
(patho log i cal) de pend en cies at the be gin ning of re ha bil i -
ta tion.
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NEDOMINUOJANÈIO PUSRUTULIO INSULTAS IR
ERDVINIS NEGLEKTAS. AR ÞINOMØ POMËGIØ IR
POTRAUKIØ STIMULIACIJA YRA BÛDAS PADARYTI 
REABILITACIJÀ EFEKTYVESNÆ?

Santrauka

Sme ge nø in sul tas – tai ûmus neu ro lo gi nis pa þei di mas, at si ran -
dan tis dël sme ge nø ið emi jos ar krau jo ið si lie ji mo á sme ge nis. Pa -
ge rë ju sios in sul to gy dy mo ga li my bës pa di di no pa cien tø ið gy ve -
na mu mà, ta èiau ði bûk lë lie ka pa grin di ne il ga lai kio ne ága lu mo
prie þas ti mi vi sa me pa sau ly je. Di de lës in sul tà ið gy ve nu siø, ta èiau 
nuo il ga lai kio ne ága lu mo ken èian èiø pa cien tø prie þiû ros ir gy dy -
mo sà nau dos ska ti na skir ti vis di des ná dë me sá re a bi li ta ci jos stra -
te gi jø to bu li ni mui. Erd vi nis ne glek tas api bû di na mas kaip bûk lë,
kai pa cien tas ne krei pia dë me sio á ap lin kà ir sa vo kû nà, prie ðin go -
je pa þei di mui pu së je. Tai la biau siai pa pli tæs neu ro kog ni ty vi nis
su tri ki mas, su ke lian tis il ga lai kæ ne ga lià, pa si reið kian tis maþ daug 
pu sei pa cien tø, pa ty ru siø sme ge nø in sul tà ne do mi nuo jan èia me

sme ge nø pus ru tu ly je. Erd vi nis ne glek tas api bû di na mas dë me sio, 
su vo ki mo, mo ky mo si, at min ties, at pa þi ni mo, mo ty va ci jos ir
emo ci jø raið kos su tri ki mais. Ðiems simp to mams pa leng vin ti bu -
vo su kur ta dau gy bë re a bi li ta ci jos pro gra mø ir me to dø, ta èiau
dau ge lis jø ne pa sie kë kas die nës kli ni ki nës re a bi li ta ci jos. Re a bi li -
to lo gai daþ nai ven gia ne þi no mø re a bi li ta ci jos stra te gi jø, ypaè jei
jos yra nau jos, bran gios, kom pli kuo tos, prieð ta rin gos ir ne tes tuo -
tos kli ni ki në je prak ti ko je. Ðia me dar be ke lia ma hi po te zë ir pa tei -
kia mas jos pa grin di mas, kad ge res niø re a bi li ta ci jos re zul ta tø tarp
ið gy ve nu siø jø in sul tà ir ken èian èiø nuo erd vi nio ne glek to ga li ma
pa siek ti, á re a bi li ta ci jà átrau kiant pa cien tø po më gius ir po trau -
kius, juos pa nau do jant pa cien to dë me siui at kreip ti á ig no ruo ja mà
ap lin kà ar kû no da lá. Uni ka liø pa cien tø po trau kiø ir po më giø
átrau ki mas á jø re a bi li ta ci jà ga li pa dë ti su ak ty vin ti me zo lim bi næ
do pa mi ner gi næ sis te mà, pa ða lin ti pus ru tu liø dis ba lan sà, ku ris,
dau ge lio ma ny mu, su ke lia erd vi ná ne glek tà.

Rak ta þo dþiai: ne glek tas, in sul tas, ne do mi nuo jan tis pus ru tu -
lis, re a bi li ta ci ja.

Gauta: Priimta spaudai:
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