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ABSTRACT: We review forms of diaschisis and their relationship with neurobehavioral and neuropsy
chological findings. The following forms of diaschisis are discussed: (1) cortico-cerebellar diaschisis; 
(2) cerebello-cortical diaschisis; (3) transhemispheric diaschisis; (4) cortico-thalamic diaschisis; (5) 
thalamo-cortical diaschisis; and (6) basal ganglia-cortical diaschisis. For each form, the neurobehav
ioral and neuropsychological findings are discussed. Diaschisis can be classified from the behavioral 
point of view as follows: (1) forms in which the metabolic effect at distance is not followed by neu
robehavioral impairment; (2) forms in which the remote metabolic impairment could induce 
neurobehavioral and neuropsychological disorders; and (3) forms in which the role of the lesion itself 
and its remote metabolic effects on the production of neurobehavioral and neuropsychological abnor
malities cannot be disentangled. 

RESUME: Diaschisis et comportement: Faire une revue concernant les diverses formes de diaschisis et 
leurs relations avec les donnees comportementales et neuropsychologiques. Les auteurs presentent les 
differentes formes de diaschisis: (1) diaschisis cortico-c6rebelleaux; (2) diaschisis cerebello-cortical; 
(3) diaschisis transhemispherique; (4) diaschisis cortico-thalamique; (5) diaschisis thalamo-cortical; et 
(6) diaschisis des ganglions de la base - cortex cerebral. On discute de la presence ou de I'absence des 
troubles neuropsychologiques et du comportement moteur et non-moteur pour chaque forme de 
diaschisis. Du point de vue des troubles neuropsychologiques et des troubles du comportement moteur 
et non-moteur, les diaschisis peuvent etre classifies comme suit: (1) une forme de diaschisis non 
accompagnee par des troubles de comportement ou des troubles neuropsychologiques; (2) une forme 
de diaschisis dans Iaquelie la souffrance metabolique a distance puet determiner des troubles de com
portement et des troubles neuropsychologiques; et enfin (3) une forme de diaschisis dans Iaquelie les 
effets de la lesion primaire et des effets metaboliques a distance ne peuvent pas etre differenci£s. 
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ABBREVIATIONS 

ACA: anterior cerebral artery 
CBF: cerebral blood flow 
CeBF: cerebellar blood flow 
CCD: crossed cerebellar diaschisis 
CMR jfc: mean cerebral glucose utilization 
CNS: central nervous system 
CT: computed tomography 
CVA: cerebrovascular accident 
ECT: emission computed tomography 
EEG: electroencephalogram 
l8FCHr' fluorine l8fluoromethane 
lsFDG: '"F-fluorodeoxyglucose 
99mTc-HMPAO: Technetium-99m hexamethyl-

propyleneamineoxime 
ml-IMP: Iodine-123 iodoamphetamine 
LCMR lc: local cerebral glucose utilization 
MCA: middle cerebral artery 
MRI: magnetic resonance imaging 
,3NH}:

 ,3N-ammonia 
PET: positron emission tomography 
SPECT: single photon emission computed tomography 
VL: nucleus ventralis 
Vim: nucleus ventralis intermedius 

Diaschisis (di-as'ki-sis), derived from the Greek "dia- + 
schizein" meaning a splitting, is classically defined as a sudden 
inhibition of function produced by an acute focal disturbance in 
an anatomically intact portion of the brain remote from the orig
inal seat of injury, but anatomically connected with it through 
fiber tracts.1 It is well known now that these changes at a dis
tance may also be the result of not only acute lesions but also 
chronic degenerative ones. 

This phenomenon was first described in 1914 by the Russian 
neurologist Von Monakow2 who introduced the terms: "diaschi
sis cortico-spinalis", i.e., impaired function of spinal motor neu
rons due to cortical motor lesions; "diaschisis associativa", i.e., 
cortical dysfunction due to lesions of connected areas within 
one hemisphere; and "diaschisis commisuralis", i.e., cortical 
dysfunction due to lesions of the interconnected contralateral 
hemisphere. As a matter of fact, diaschisis was first described as 
an explanation for spinal shock after spinal cord transection.2 

In day-to-day clinical neurology, one knows that symptoms 
of CNS lesions, especially tumors, may be due to the lesions 
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themselves, to edema surrounding the lesions but also to dis
tance effects. This phenomenon is also observed in acute spinal 
cord injuries where spinal shock, characterized by areflexia, loss 
of sensation and flaccid paralysis below the level of the lesion, a 
flaccid bladder and a lax anal sphincter, may occur. These 
patients may regain substantial or even normal neurological 
function, even though the initial neurological deficit may be 
severe.3 

The term "diaschisis" has been extended to include all effects 
at a distance from acute and chronic lesions of the CNS result
ing in metabolism and perfusion alterations remote from the pri
mary site of lesion and hence, depression of neuronal function. 

The term diaschisis presupposes an anatomic lesion as shown 
by standard CT scans or MRI and metabolic and perfusion dis
orders on both the lesion site as well as in structures remote 
from the primary lesion. 

Modern neuroimaging techniques (PET, SPECT) have 
allowed further understanding of the diaschisis phenomenon, 
establishing, for example, that the clinical neurological mani
festations of an acute stroke all far exceed the size of the 
infarct, and that, furthermore, local cerebral metabolism and 
local CBF are measurably reduced in areas of the brain far 
localized from the infarct locus (areas which appear normal on 
standard cerebral CT or MRIs), confirming Von Monakow's 
theories. 

At least 6 types of diaschisis have now been described and 
more will probably be found. 

FORMS OF DIASCHISIS 

Cortico-cerebellar Diaschisis (or Crossed Cerebellar Diaschisis 
or Transtentorial Diaschisis) 

CCD was first reported by Baron et al.4 who observed a par
allel reduction in blood flow and oxygen uptake in the cerebellar 
hemisphere contralateral to the side of supratentorial ischemic 
infarction. Needless to say, cerebellar hemispheres are normal 
on standard CT or MRI. Since its first description, CCD has 
been confirmed by many other groups.58 PET studies confirm a 
matching decrease in both CeBF and cerebellar oxygen con
sumption affecting the cerebellar hemisphere contralateral to the 
cerebral infarct with no change in the cerebellar oxygen extrac
tion fraction, indicating that the reduction in CeBF is secondary 
to metabolic depression.9 Adding weight to these affirmations is 
the rapid development of CCD occurring among patients receiv
ing intracarotid sodium amytal injections and following tempo
rary balloon occlusion of the internal carotid artery. Prompt 
resolution of CCD results when either procedure is discontin
ued.10"12 The rapid onset and resolution of CCD proves that it is 
a functional transsynaptic decrease of cerebellar excitation with
out structural abnormality.'3 Similar phenomena have been 
reported under other clinical circumstances, including intracra
nial tumors, arteriovenous malformations, hemorrhages, epilep
sy, encephalitis, hydrocephalus, Moyamoya disease, 
Sturge-Weber syndrome, tumors, and even during Wada's 
test.61415 A recent study showed that it could also occur with 
vascular and mixed dementia.16 

CCD is highest in frequency and severity in patients with 
infarction in the deep MCA territory but it is also observed in 
subjects with cortical infarcts, and the more extensive the cortical 

lesion, the greater the depression of metabolism in the con
tralateral cerebellum.5 However, others have not found any rela
tionship to infarct size.78 The general lack of correlation 
between diaschisis, infarct volume and degree of clinical (motor 
and non-motor) deficit may be surprising, but the most likely 
explanation for this is that small deep lesions may be as effec
tive as large cortical lesions in producing diaschisis because of 
their effect on tightly packed pathways.6"817"'9 

Although it may persist or even worsen, some CCD often 
resolves with time. The mechanisms by which cerebellar 
metabolism returns to normal are unknown. 

CCD follows functional damage to cortical projections to the 
cerebellum via the cortico-ponto-cerebellar tract.2021 Loss of 
excitatory influences, which originate in the contralateral cere
bral cortex and relay in the pontine nuclei before reaching the 
cerebellar granule cells, would explain this remote transneuronal 
metabolic depression.22 Morphologically evident atrophy has 
been reported in a few cases of CCD (due to longterm diseases), 
a phenomenon now called crossed cerebellar atrophy.23 

It is interesting to mention that glucose metabolism in the 
posterior fossa in cases of unilateral supratentorial tumors is 
diminished not only in the cerebellar cortex but also in the ipsi-
lateral pons where synapses of the cortico-ponto-cerebellar tract 
are located.24 Moreover, unilateral brain stem infarction in the 
upper pons (but not in those with lesions below this level) was 
shown to cause significant contralateral cerebellar hypoactivity 
and confirmed that functional damage to the cortico-ponto-cere
bellar pathways is the key event in the genesis of CCD.253' 

There is now evidence that in unilateral supratentorial stroke 
patients with crossed cerebellar hypoperfusion, the decreased 
metabolic rate of oxygen and reduced cerebellar blood flow 
were negatively correlated with the metabolic rate of oxygen in 
the pons, also supporting the view that interruption of the corti
co-ponto-cerebellar tract is the mechanism of crossed cerebellar 
hypoperfusion.3233 

Usually, this cortico-cerebellar diaschisis does not lead to 
significant clinical features (i.e., there are no frank cerebellar 
signs). Rather subtle cerebellar signs, minor dyspraxia or gait 
ataxia may be found.5914 Lesions of predominantly excitatory 
cortico-pontine-cerebellar projections, most of which originate 
from the frontal and parietal cortices, have long been thought to 
be implicated in the genesis of gait apraxia.34 Cases of homolat
eral arm ataxia and crural paresis associated with infarction of 
the ACA territory (involving the upper part of the corona radiata 
adjacent to the lateral ventricle and in the paraventral area corre
sponding to the subcortical part of the ACA territory) have been 
reported.34 Recent studies have demonstrated that at longterm, 
this remote cerebellar dysfunction does not carry any additional 
significant clinical deficit and most likely it simply represented 
part of the damage induced by the stroke itself.18 

Cerebello-cortical Diaschisis (or Crossed Hemispheric 
Diaschisis or Crossed Cerebello-cortical Diaschisis) 

Cerebello-cortical diaschisis, i.e., the reverse phenomenon of 
CCD, was first reported by Broich et al.,35 in a 26-year-old 
patient with a right cerebellar infarction following occlusion of 
the right vertebral artery. Botez et al.3637 published cases of cere
bellar infarctions in which SPECT neuroimaging showed crossed 
cerebello-cerebral hypoperfusion (at 6 months, 5 and 16 years 
respectively). In addition, olivopontocerebellar degeneration and 

6 
https://doi.org/10.1017/S0317167100033424 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100033424


LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES 

Friedreich's ataxia patients were also found to have various 
degrees of decreased HMPAO uptake in both the cerebellum 
and cerebral hemispheres, revealing the presence of cerebello-
cortical diaschisis in chronic cerebellar damage in subjects with 
various cerebellar disorders other than infarction.37 

Later, Rousseaux and Steinling38 published 11 cases of unilat
eral cerebellar hemorrhage manifesting significantly reduced 
HMPAO uptake in the contralateral hemisphere (predominantly 
in the frontal region and in the lenticular nucleus of the contralat
eral hemisphere). Crossed cerebellar-cerebral diaschisis at the 
subcortical level is associated with remote hypoperfusion mostly 
in the basal ganglia and not the thalamus,36"39 and at the cortical 
level, diminution of HMPAO uptake is more pronounced in the 
contralateral frontal lobe and less so in the parietal lobe. 

It is interesting that reduced HMPAO uptake in cerebellar-
cortical diaschisis generally spared the thalamus and was found 
mainly in the basal ganglia. Some anatomical and neurochemi
cal facts may explain this phenomenon. Snider et al.40 noted the 
predominance of fastigial efferents synapsing on cells in the 
ventral tegmental area in cats and rats whereas projections from 
interpositus-dentate nuclei showed a preference for the 
dopaminergic substantia nigra pars compacta. Projections from 
the substantia nigra enter the neostriatum and pass to the frontal 
cortex. Dopamine release in both caudate nuclei and both sub
stantia nigrae in response to unilateral stimulation of cerebellar 
nuclei in the cat was demonstrated by Nieoullon et al.41 

While the corticostriate projection has excitatory effects, the 
nigrostriatal dopaminergic projection has been generally regard
ed as inhibitory.39-42 On the basis of these anatomical and physi
ological data, the low blood flow in basal ganglia could be 
explained by loss of excitatory inputs from the cortex and/or 
perhaps from the contralateral dentate nucleus in the cerebellum 
(via dopaminergic projections). The reduced HMPAO uptake in 
basal ganglia could therefore be the result of lack of excitation 
due to reduced inputs from the contralateral dentate nucleus. We 
can conclude that cerebellar o basal ganglia o cortical diaschi
sis follows the neurochemical-anatomical pathways. 

Reversed cerebello o basal ganglia o cortical diaschisis 
involves most prominently the frontal and parietal areas. This is 
in accordance with anatomical data showing feedback connec
tions43'44 between the prefrontal cortex and the cerebellum as 
well as cerebellar connections with the parietal lobe.4546 

Neuropsychological abnormalities suggestive of contralateral 
fronto-parietal neuropsychological dysfunction have been 
demonstrated with strictly unilateral cerebellar lesions.47-48 

However, after 6 months, the neuropsychological abnormalities 
and reaction time became normal even if the cortico-cerebellar 
diaschisis persisted.47 In our cases, many years after unilateral 
cerebellar strokes, the cerebellar o cerebral diaschisis persisted 
but the neuropsychological and the neurobehavioral assessments 
became normal. It can be concluded that in some cases, diaschi
sis may be present but it is not accompanied by neuropsycholog
ical or neurobehavioral deficits. In the same line of thought, 
experimental lesions of the dentate nucleus in monkeys also 
resulted in prolongation of reaction time which had a tendency 
to normalize within 20 days.49 Clinical data showed the absence 
of neuropsychological disorders in patients with chronic 
unilateral cerebellar CVAs. 

We3637'50 have demonstrated that bilateral chronic cerebellar 
lesions interfered with the following functions: (1) visuo-spatial 

organization for concrete tasks, a function linked to the parieto-
cerebellar loops; (2) programming of day-to-day activity, a func
tion linked to fronto-cerebellar loops; and (3) speed of 
information processing, a well-known subcortical function. 

Transhemispheric Diaschisis 
The term "transhemispheric diaschisis" was first introduced 
in 1987, but the phenomenon had already been reported in 1964 
in an article by Hoedt-Rasmussen and Skinhoj51 who observed a 
bilateral reduction of hemispheric blood flow in patients with 
unilateral cerebral infarction. They measured hemispheric blood 
flow by means of intracarotid injection of a bolus of radioactive 
inert gas and an uncollimated detector placed over each hemi
sphere and found hemispheric blood flow to be reduced on the 
"healthy" side as well as in the diseased hemisphere. They did 
not measure cerebral metabolism, but hypothesized that unilat
eral infarction decreased metabolism, and consequently resulted 
in lower blood flow in the contralateral hemisphere due to 
transneuronal depression. 

Meyer et al. confirmed the reduction of CBF occurring in 
both hemispheres following acute unilateral cerebral infarc
tion.52 In patients with stroke, using l8FDG-ECT, Kuhl et al.53 

showed that CMR |c in the contralateral hemisphere was moder
ately decreased during the first week, profoundly depressed in 
irreversible coma, and normal after clinical recovery. Dobkin et 
al.54 noted a significant reduction of CBF contralateral to a 
strictly unilateral ischemic infarction in 19 patients by l8FCH, 
CBF analysis and PET. 

It appears that this form of diaschisis is dependent on the 
integrity of the corpus callosum. In animal experiments employ
ing chronic corpus callosum section, Kempinsky55 found that 
none manifested changes in the evoked response following con
tralateral brain injury, while in most animals with an intact cor
pus callosum, a marked modification of the evoked response 
took place (transient depression of cortical EEG and steady 
potentials) on the contralateral side after brain damage, 
including experimental MCA occlusion. Kempinsky offered a 
unifying concept of diaschisis by proposing that the functional 
activity of remote neuronal networks is facilitated by constant 
afferent synaptic activation from other neuronal groups, and 
when the facilitator group of neurones is inactivated by a focal 
lesion, the neurones they facilitate become depressed.5255 

Andrews56 reviewed the entire literature on the transhemi
spheric diaschisis phenomenon by periods based on the time 
from initial injury, to elucidate its time course: hyperacute phase 
(< 1 hr), acute phase (1-24 hrs), subacute phase (1-10 days), 
intermediate phase (10 days-2 months) and chronic phase (> 2 
months). Contralateral electrical activity, such as evoked poten
tial amplitude, is increased in the late stages after unilateral 
infarction, with data from the more acute periods being incon
clusive. Some studies have reported a decrease in contralateral 
blood flow over the first week followed by a gradual return 
toward baseline. Most measures of contralateral metabolism 
show a time course similar to blood flow, i.e., a decline followed 
by gradual recovery. 

Andrews56 brought new insights to transcallosal (or trans
hemispheric) diaschisis. Using a large animal model (swine) 
simulating operating room brain retraction ischemia, an increase 
in CBF and evoked potential amplitude (obtained in the acute 
phase in the first 5 hours following callosal section) was 
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observed contralateral to retraction. Later on, however, the 
diaschisis resulted in contralateral depression (which gradually 
resolves after weeks to months in man). With retraction follow
ing callosal section, there was no increase in CBF or evoked 
potential amplitude contralateral to retraction. It has been con
cluded that during the early stages of focal, unilateral injury, 
diaschisis takes the form of contralateral disinhibition (as mea
sured by CBF and evoked potentials). This effect is lost follow
ing callosal section. These studies confirm the abundant 
transcallosal connections between both hemispheres but intro
duce new concepts of initial "reactive contralateral disinhibition 
or facilitation" followed by well-known contralateral hemispheric 
depression. 

This form of diaschisis is translated into some clinical, neu-
robehavioral and neuropsychological abnormalities. Motor con
sequences following a CVA are not only limited to the affected 
side. Many studies have demonstrated abnormal motor perfor
mances in the normal side when tested simultaneously with the 
paretic side although no abnormalities are found when the nor
mal side is used independently. For example, a patient with right 
hemiparesis will, in dexterity tests using the Purdue pegboard, 
be able to place 24 pegs with his normal left hand and 9 with his 
paretic right hand in 60 seconds if he uses his hands separately. 
However, when asked to perform the same tasks using both 
hands simultaneously, he can only place 10 or 13 pegs with his 
normal left hand (and 8 pegs with his paretic right hand). Hence, 
simultaneous movements of paretic and normal hands lead to a 
reduction of performance in the normal hand. This incoordina
tion problem is thought to result from an interhemispheric dis
equilibrium secondary to a diaschisis phenomenon which may 
persist. 

Rizzo and Robin57 recently published data on the bilateral 
effects of experimental unilateral visual cortex lesions in 
humans (oversensitivity to signals, response time, and useful 
field of view under conditions of differing attention demands). 
An explanation for these bilateral effects in unilateral occipital 
lobe lesions is that damage to interhemispheric connections 
along their pre-splenial course could have affected the synthesis 
of visual information from both hemifields.56"58 

Cortico-thalamic Diaschisis 
Cortico-thalamic diaschisis was initially described by Kuhl et 

al.:53 in patients with a CVA in which the focal lesion has inter
rupted or sectioned thalamo-cortical projections but spared the 
thalamus, diminished metabolism and perfusion can be found in 
the thalamus.59-60 Kuhl et al.53 by means of ECT with l8FDG and 
l3NH3 observed ipsilateral thalamic hypometabolism in 5 
patients with infarcts restricted to the MCA territory, although 
primary thalamic blood supply originates from the posterior 
cerebral artery. An experimental study confirmed that local 
blood flow in the thalamus decreased on the ischemic side in 
rats with MCA occlusion.60-6' In 14 consecutive patients with 
unilateral cerebral infarction, hypoperfusion of the ipsilateral 
thalamus was as high as 85.7% as measured by l23I-IMP 
SPECT.60 

This secondary thalamic hypometabolism and hypoperfusion 
probably result from a deafferentation phenomenon.62 Theories 
include Wallerian degeneration of thalamic neurons efferent to 
the region of cortical infarction or decreased excitation of thala
mic neurons secondary to a loss of afferent neurons from the 

region of cortical infarction or a combination of these changes.61 

Ipsilateral thalamic atrophy may be clinically observed after a 
stroke, supposedly from retrograde transsynaptic degeneration 
of thalamic neurons following thalamo-cortical pathway 
injury.60'63-65 

The clinical importance of this diaschisis is controversial and 
not yet fully understood. In Kuhl's 5 patients with ipsilateral 
hypometabolism and hypoperfusion following MCA CVA, 4 
were aphasic, 3 had contralateral sensory loss and none experi
enced the thalamic pain syndrome.53 

Thalamo-cortical Diaschisis 
The role of thalamo-cortical loops underlying language disor
ders66 opened the way to understanding the role of subcortical 
structures in human cognitive behavior. 

Reversed cortico-thalamic diaschisis has been described and 
is simply called thalamo-cortical diaschisis. In patients with 
subcortical stroke, PET commonly shows reduced metabolic 
rates of glucose or oxygen in the ipsilateral cerebral cortex.6768 

Bilateral paramedial thalamic infarcts lead to subsequent hypo
perfusion and hypometabolism in prefrontal areas, unilateral 
posterior thalamic infarcts can result in ipsilateral parieto
temporal hypometabolism, and unilateral anterior thalamic 
infarcts can elicit lateral frontal hypometabolism. Moreover, 
unilateral electrocoagulation of the VL and the Vim (stereotaxic 
VL-Vim thalamotomy performed for movement disorders in 11 
patients reported by Baron et al.) induces widespread but prefer
entially ipsilateral depression of cortical energy metabolism.67 

In bilateral paramedial thalamic infarcts, the diaschisis prob
ably reflects lesion of the thalamocortical connections with a 
transsynaptic effect in the neocortex. Findings in patients with 
stereotaxically-placed unilateral thalamic lesions confirm that 
damage to the thalamus itself is capable of inducing cortical 
hypometabolism and point to a role for cortical afferents origi
nating from the VL-Vim in the development of thalamo-cortical 
diaschisis.67"69 To explain the presence of contralateral presum
ably indirect cortical metabolic depression and unilateral thala
mic damage inducing bilateral metabolic depression, the favored 
hypothesis implies a transcallosal spread of ipsilateral metabolic 
effects,67-70 but this proposed mechanism has been challenged. 

Thalamo-cortical diaschisis provides the neurobiological 
basis for a better understanding of language disorders, memory 
disturbances and attention deficits observed following thalamic 
lesions. In patients with unilateral thalamic infarcts, significant 
neocortical hypometabolism is mainly found when they present 
neuropsychological troubles (language, memory, neglect).71 In 
certain patients, predominantly frontal hypometabolism coexists 
with frontal type disorders but also of the amnestic type.72-74 The 
severity of ipsilateral fronto-parieto-cortical hypometabolism 
found in patients with unilateral thalamic lesions following CVA 
or stereotaxic thalamotomy done for tremor-control in parkinso
nian patients is proportional to the neuropsychological distur
bances (as evaluated by both a comprehensive standard test 
battery and tests more sensitive to thalamic-related deficits -
Wechsler memory scale, the verbal scale, Raven's progressive 
matrices, visuospatial and visual memory tests, standard lan
guage tests, calculation tests, differential assessment of visual 
and verbal memory, assessment of hemineglect in right thalamic 
lesions, etc...).67 
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Other studies as well have found that small thalamic infarcts 
can result in longterm neuropsychological abnormalities. Kim et 
al. have reported anterograde and retrograde memory distur
bances more pronounced for the verbal aspect in a patient with a 
previous thalamic infarct associated with hypoperfusion in the 
ipsilateral fronto-temporo-parietal cortex and in the contralateral 
cerebellum.75 

Left thalamic lesions, especially of the posterior thalamus, 
can determine sub-cortical aphasia66 and are significantly cor
related with the severity of left parieto-temporal 
hypometabolism.76 Moreover, abnormal verbal fluency can fol
low lesions of the anterior thalamus and is correlated with the 
severity of left latero-frontal hypometabolism.76"78 Metter et 
al.,76 using PET technology, have shown both a direct and an 
indirect (through frontal hypometabolism) role of structural 
damage to the left thalamus and basal ganglia in impaired verbal 
fluency. A manic-like disorder with inappropriate laughs, jokes 
and comments, delirium and confabulations has also been 
reported with right paramedian infarction.72 The cortical 
metabolic changes seen after a unilateral thalamic lesion usually 
disappear progressively concomitantly with clinical reversal of 
the neuropsychological findings, suggesting an important synap
tic reorganization capacity following thalamo-cortical deaf-
ferentation. Patients with bilateral paramedial thalamic infarcts 
present a clinical syndrome of apathy with loss of psychic 
autoactivation, with or without memory disturbances and com
pulsive presleep behavior (thalamic dementia). Current knowl
edge indicates that prefrontal hypometabolism is constantly 
accompanied by psychic akinesia due to the involvement of the 
fronto-striato-pallido-thalamo-cortical loops. It is noteworthy 
that bilateral thalamic infarcts manifestating chronic apathy with 
an amnestic syndrome are associated with definitive persistent 
cortical hypometabolism in the prefrontal regions.79 

A syndrome of left multimodal motor and sensory hemine-
glect following right sub-cortical lesions can be found with ipsi
lateral cortical hypometabolism, particularly in the frontal and 
parietal regions.7080"82 Fiorelli et al.80 suggested that in their 
study hemineglect was associated with widespread 
hypometabolism of the entire ipsilateral cortex in the context of 
moderately reduced metabolism of the ipsilateral thalamus and 
contralateral cerebral cortex. For Fiorelli et al., neglect resulted 
from functional depression of the subcortico-cortical network 
subserving attention that could be damaged at any one of its 
parts since hemineglect syndromes (including motor neglect 
syndromes) are known to develop following lesions affecting 
either the cerebral cortex (parietal or frontal areas), the thala
mus, or the fiber pathways linking the two.8083"85 

Although a study by Baron68 indicated that cortical 
hypometabolism participates in the mechanism of neuropsycho
logical impairment, the important and direct role of the subcorti
cal structures should not be overlooked. Thus, significant 
correlations have been reported between intellectual perfor
mance and caudate metabolism in Huntington's disease and 
between some aspects of language dysfunction and caudate or 
thalamic hypometabolism in brain infarction. 

Basal Ganglia-cortical Diaschisis (or Basal Ganglia-cerebral 
Cortex Diaschisis) 

Orgogozo et al.86 first described remote effects of deep-seat
ed hemispheric lesions in a series of 6 patients. Baron reviewed 

the literature regarding the effects of lesions of the basal ganglia 
on brain metabolism.87 Certain observations can be made from 
this excellent overview: (1) unilateral infarctions of the lenticu
lar nucleus can result in hypometabolism of the homolateral cor
tex; (2) bilateral lenticular nuclei necrosis (almost restricted to 
the globus pallidus sparing nearby structures) may be associated 
with prefrontal hypometabolism in addition to severe striatal 
hypometabolism; (3) progressive supranuclear palsy (which 
constantly severely affects the globus pallidum in neuroimaging 
studies) can be found to have diffuse cerebral hypometabolism, 
predominantly in the basal ganglia, thalamus and prefrontal cor
tex; (4) Huntington's disease, characterized by major striatal 
hypometabolism, can show medial frontal hypometabolism 
(with, in addition, lateral prefrontal hypometabolism in depres
sive patients); (5) Wilson's disease, in addition to the severe 
hypometabolism of caudate and lenticular nuclei, presents thala
mic and predominantly medial frontal cortical hypometabolism; 
(6) in non-demented patients with Parkinson's disease, signifi
cant hypermetabolism can be seen in some studies at the level of 
the lenticular nucleus (especially evident in hemi-parkinsonian 
patients) associated with frontal hypometabolism (although this 
latter observation is disputed). 

In unilateral basal ganglia infarction, cortical metabolic 
depression could in fact, or partly, be due to thalamo-cortical 
diaschisis. In bilateral lesions of lenticular nuclei, prefrontal 
hypometabolism probably is the result of an anterograde 
transneuronal alteration following interruption at the pallidal 
level of the fronto-striato-pallido-thalamo-frontal loop.88 The 
severity of frontal hypometabolism seems to be greater if the 
site of interruption is at the thalamic level more than at the stri
atal or pallidal level. In progressive supranuclear palsy, the 
frontal hypometabolism is said to be due to a pallidal lesion 
leading to thalamic deafferentation.89 

Neuropsychological and behavioral abnormalities have been 
associated with this type of diaschisis. In unilateral infarction of 
left lenticular nuclei, the severity of language disorders is posi
tively correlated with the associated homolateral cortical 
hypometabolism: left parieto-temporal cortex hypometabolism 
with semantic language disorders and left frontal cortex 
hypometabolism with verbal fluency disorder.78 Temporo-pari-
etal hypoactivity or left fronto-parietal hypoactivity can also be 
associated with more complex cognitive abnormalities.9"'91 

Demeurisse et al.92 found in patients with deep-seated left 
hemiphere infarct lesions not involving the cortex that language 
disorders cannot be ascribed entirely to the presence of cortical 
diaschisis. However, the location and severity of the diaschisis 
seem to be related to the occurrence of aphasia and its severity. 

In unilateral infarction of the right lenticular nucleus, the 
severity of hemispatial and motor neglect has been linked with 
ipsilateral cortical hypometabolism. 

Patients with bilateral lenticular nuclei necrosis frequently 
present inertia, affective indifference and abnormalities of exec
utive functions (psychic akinesia or athymhormia) with loss of 
psychic self-activation. It has been suggested that this clinical 
picture is due to prefrontal hypometabolism since other studies 
have linked similar neuropsychological and behavioral disorders 
with even mild prefrontal/frontal hypometabolism, as in 
schizophrenia (latero-frontal hypometabolism)93, in bilateral 
paramedian thalamic infarction with psychic akinesia (pre
frontal hypometabolism), in post-traumatic psychic akinesia 
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with loss of psychic self-activation,94'95 in amyotrophic lateral 
sclerosis patients with progressive dementia,96 and in progres
sive supranuclear palsy frontal syndrome.89 In Huntington's dis
ease, the possibility of direct cortical lesions complicates the 
investigation of relationships between cortical metabolism with 
cognitive and affective disorders.97-98 In Wilson's disease, no 
study to date has looked into the cognitive or behavioral disor
ders associated with medial frontal hypometabolism. In some 
patients with Parkinson's disease, deficiencies of executive func
tions possibly related to cortical hypometabolism were 
observed.99"102 

Metabolic depression of cortical and subcortical structures, 
as revealed by PET and SPECT (whole cerebral hypoperfusion 
apart from the infarcted area), secondary to cortical-subcortical 
disconnection in thalamic and striato-cortical pathways, may 
also play a role in the dementia associated with lacunar infarc
tions.103 

Bogousslavsky recently reviewed the frontal stroke syn
dromes79 and briefly discussed frontal lobe symptomatology due 
to stroke sparing anatomically the frontal cortex or white matter, 
mainly in 3 instances, i.e., lenticulo-capsular stroke, caudate 
stroke, and thalamic stroke, in which diaschisis may play a role. 
In lenticulo-capsular stroke, neurobehavioral changes are divid
ed into 3 major clinical subsets: (1) lower capsular genu syn
drome: acute-onset lethargia, abulia, often with confusion and 
memory loss; (2) bilateral pallidal-striate stroke: apathy, lack of 
motivation, severe loss of drive, affectivity and interest with the 
possibility of appropriate activation by external stimuli (psychic 
akinesia, or athymhormia); (3) multiple lacunar infarcts: impair
ment of frontal systems. In caudate strokes neurobehavioral 
abnormalities are: (1) in unilateral caudate head stroke: loss of 
drive and apathy coexisting with marked obsessive stereotypia 
and checking rituals, sometimes with affective disinhibition 
bursts, memory dysfunction, transcortical motor aphasia with 
rich semantic paraphasias and hypokinesia/motor extinction 
contralateral to the lesion; (2) in bilateral involvement: affective 
behavioral changes, vulgarity, impulsiveness, violent outbursts, 
hypersexuality, and sometimes minor criminal behavior con
trasting with coexisting indifference, loss of independence and 
decreased self-care. 

CONCLUSION 

We have tried to review here all forms of diaschisis described 
to date with their possible relationship to neurobehavioral and 
neuropsychological findings. Cortico-cerebellar diaschisis may 
be implicated in gait apraxia but no frank cerebellar signs can be 
detected. Cerebello-cortical diaschisis could explain neuropsy
chological abnormalities suggestive of contralateral fronto-pari-
etal dysfunction, especially in chronic cerebellar lesions. 
Transhemispheric diaschisis may explain motor incoordination 
of the normal limb when used simultaneously with the hemi-
paretic limb. Knowledge of the neurobehavioral consequences 
of cortico-thalamic diaschisis is still embryonic. Thalamo-corti-
cal diaschisis is probably implicated in language and memory 
dysfunction in left lesions and hemineglect in right lesions, 
although the role of subcortical structures in these same func
tions should not be undermined. Finally, basal ganglia-cortical 
diaschisis has been linked to language and neglect abnormalities 
as well as psychic and motor akinesia. 

Obviously, our knowledge of behavioral diaschisis is far 
from complete. Some forms of diaschisis have not been shown 
(yet) to yield any neurobehavioral impairment. Furthermore, 
neuropsychological abnormalities can normalize in spite of per
sistent diaschisis. Finally, the effects of diaschisis on cognitive 
behavior are sometimes difficult to differentiate from those that 
due to the anatomical-primary localization of lesions. 

In the actual state-of-art of our knowledge, we can divide the 
different forms of diaschisis in relation to neurobehavior as fol
lows: 1) forms of diaschisis which appear not to induce behav
ioral manifestations other than those elicited by the primary 
lesions, for example, cortico-cerebellar diaschisis and cortico
thalamic diaschisis; 2) forms in which diaschisis seems to be the 
cause of definite neurobehavioral symptoms: cerebello-basal 
ganglia cortical diaschisis, thalamo-cortical and transhemispher
ic diaschisis; 3) forms of diaschisis in which the behavioral 
effect of the primary lesion is difficult to disentangle from the 
possible remote effect: basal ganglia o cortical diaschisis. 
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