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Abstract—There are more left hemisphere damaged than right hemisphere damaged children and adults if one
relies on studies of congenital hemiparesis as well as on those done on groups with radiologically demonstrated
perinatal and postnatal unilateral stroke, hemispherectomy, or unilateral epilepsy in childhood or adulthood.
The main pathogenetic factor seems to be a hemodynamic one, responsible for insufficient blood supply to the
left hemisphere. Since adults show a difference in the same direction as children, the blood supply to the left
internal carotid artery would seem to be the crucial factor. Around birth, an open ductus arteriosus may play an
additional role. The hemodynamic asymmetry does not exclude an intrinsic maturational hemispheric tissue
factor, making the left hemisphere more vulnerable than the right to detrimental influences around birth and
during the early postnatal period. Immature white matter is especially vulnerable to asphyxia.
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INTRODUCTION

Many studies suggest that in early childhood left
hemisphere damage (LHD) predominates over right
hemisphere damage (RHD). However, relatively few
authors mention this difference explicitly in their
reports when it occurs in their studies of left hemi-
sphere damaged (LHD) and right hemisphere damaged
(RHD) subjects. Some authors mention it for early
cerebral infarcts in the vascular distribution of the mid-
dle cerebral artery [1, 2]. De Vries et al. [1] mention the
difference in 23 infants with a lateralized infarct with-
out, however, quantifying it. The difference is also
found in periventricular hemorrhage [3], in neonatal
stroke [2, 4], and in cerebral palsy [5]. Most authors
seem to take the difference for granted; few have
hypothesized about the cause of this phenomenon in
neonates [6].

I first noted the above-mentioned difference
between LHD and RHD while reviewing hemispherec-
tomy studies of congenitally hemiparetic—epileptic
children and therefore decided to do a larger metastudy
on other groups, such as those with perinatally acquired
unilateral damage and acquired unilateral damage in
childhood or adulthood. It was found that the difference
in the number of LHD and RHD subjects comes to light
only in studies in which there is no selection bias
between these two subgroups.

In this study it was found that the left-right asym-
metry in frequency of hemispheric damage is not lim-
ited to brain damage acquired during early childhood
(the pre- and perinatal time). The question that remains
is what the cause of this uneven distribution might be.

! The text was submitted by the author in English.
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Is the cause intrinsic to the brain itself or do other fac-
tors, for example, vascular ones, play a role?

METHOD

Studies after 1970 were involved, but only studies
whose aim was to look for qualitative differences
between LHD and RHD subjects. Studies with a selec-
tion bias to one side were excluded. Most of the studies
were done in order to investigate the neuropsychologi-
cal status or the outcome of LHD or RHD, which means
that their authors carefully divided LHD and RHD sub-
groups to exclude bilaterally damaged subjects. Apha-
sics were sometimes excluded when the aim of a study
was cognition in LHD and RHD. Although not all
authors mention it, this could influence the statistics.
Although one can find a higher number of left brain
damaged subjects, studies with a total of less than ten
subjects have not been included. Some studies are not
mentioned because other authors from the same
research group used the same subjects in several subse-
quent studies, which might bias the results. In such
cases, the most recent study has been used, which often
entails more subjects than older studies done by the
same laboratory.

Age was the key criterion in our study. Other cova-
riables such as within-hemisphere localization, gender,
and etiology other than vascular were not studied.

The difference between the numbers of LHD cases
and RHD cases is expressed in a percentage, calculated
as (nLHD — nRHD)/nLHD x 100. The percentage is
negative in the case of a higher number of (n) RHD.
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Table 1. Studies of congenital hemiplegia with perinatal in-
sult to one hemisphere

References (n) LHD | (n) RHD | % difference
[7] CHP 161 109 +32
[8] 0SS 24 14 +42
[9] CHP 19 6 +68

[10] CHP 8 9 -12
[11] CHP/EPI 28 15 +46
[12] CHP 10 12 -25
[13] CHP 10 7 +30
[14] CHP 18 13 +28
[15] CHP 19 +68

[2] 0SS 12 3 +75
[16] (ONN 60 49 +22
[17] 0SS 7 5 +28
[18] CHP 88 61 +31

[3] IPE 46 28 +39
[19] CHP/EPI 34 23 +32
[20] CHP 20 11 +45
[217* CHP 32 24 +25
[22] CHP 9 5 +44
[23] 0SS 14 6 +57
[24] CHP/EPI 23 15 +35
[25] CHP 15 13 +15
[26] 0SS 10 6 +40
[27] CHP 16 6 +62
[28] CHP/OSS 26 13 +50

[5] CHP 80 71 +11
[29] +EPI 42 40 +5
[30] CHP 23 20 +13
[31] CHP/OSS 10 4 +60

Note: The studies published are of cases called CHP (congenital
hemiplegic children), OSS (one-sided nonhemorrhagic
stroke), IPE (intraparenchymal echodensities), and EPI (epi-
lepsy). The table shows the number of subjects () for each
damaged hemisphere (LHD, left hemispheric damage;
RHD, right hemispheric damage). The right-hand column
shows the percentage by which LHD is more frequent than
RHD. The percentage is positive in all studies except two.

* Kolk and Talvik’s [21] study only partially involves the
same subjects as the study done by these authors in 2000.

RESULTS

Unilateral pre- or perinatally acquired damage
or early childhood stroke. These studies mainly
involve children with congenital hemiparesis. In most
research done before the 1970s, the side of hemiparesis
is taken to suggest contralateral hemispheric involve-
ment. Since the mid-1970s, the side of injury has also
been assessed using neuroimaging (CT or MRI). Table 1

summarizes these studies. Except for two of them, they
all show more LHD than RHD cases.

Postnatal stroke, i.c., after the perinatal period, and
subsequent hemiplegia is not rare in children. In these
children one can also find an unequal occurrence of
LHD and RHD. Table 2 summarizes the results of some
studies.

Mixed etiology. A large number of studies do not
meet the inclusion criteria of our survey. This is espe-
cially so when vascular etiology is mixed with other
causes such as infection or tumors. The LHD-RHD dif-
ference in these patient populations is lower or may
even be reversed. Table 3 gives some examples. We did
not try to study the influence of etiologies other than the
vascular one in detail.

Epileptic children with unilateral brain damage,
usually perinatally acquired, in a minority of cases
acquired in early childhood. Table 4 summarizes
these studies. Most subjects have temporal lobe epi-
lepsy (TLE) and are assessed before surgery (hemi-
spherectomy or lobectomy) or even when no operation
is done. The purpose of these studies is usually behav-
ior, learning, cognitive status, or the prognosis of left or
right brain damage or the sequelae of lobectomy. These
studies therefore carefully divide left and right hemi-
sphere cases. It is noticeable that even Rasmussen’s
encephalitis, i.e., unilateral epilepsy with unknown or
heterogeneous etiology, occurs more frequently on the
left side.

Adults with unilateral epilepsy. Giovagnoli [45]
studied 112 patients with TLE. A clear left-right differ-
ence is present. Divided according to localization (fron-
tal or temporal), the left-right difference is present in
both subgroups. Divided according to mesial or lateral
temporal localization, the difference is present in lateral
TLE only. If the author divides the patients according to
brain pathology (etiology), the differences are still
present in all three subgroups when the pathology is tem-
poromesial: hippocampal sclerosis (26 left, 15 right),
low-grade glioma (17 left, 11 right), and cavernous
angioma (4 left, 3 right). Manaut et al. [46] studied
adult and child patients with unilateral epilepsy. They
mention 395 subjects with left-sided discharges and
276 subjects with right-sided discharges, a difference of
30%. However, among them there were 218 children
under 14 years of age (left-right hemisphere difference
23%) and the etiology is mixed and partially nonvascu-
lar. Table 5 summarizes adult subjects with unilateral
epilepsy before they underwent a brain operation.

Adults with first-ever ischemic stroke. In adults
with first-ever ischemic stroke, one also finds a left—
right difference in hemispheric damage (Table 6). One
study does not show this difference [53]; all the sub-
jects in this study were males and the study protocol,
based on an interview (personal communication),
required that severe aphasics be left out. Two other
studies are mentioned because of their high number of
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patients [55, 56], but in these study groups there were
also kinds of pathology other than ischemic stroke.

DISCUSSION

In which brain-damaged people does one find an
unequal number of RHD and LHD subjects?

1. Although hemispherectomy is done for unilateral
epilepsy caused by vascular as well as other causes, the
number of studies concerning children who undergo
right-sided hemispherectomy is significantly lower
than that of studies of left-sided hemispherectomy.
These data suggest a lower occurrence of right hemi-
spheric (RH) lesions. The main cause is usually perina-
tal or postnatal stroke. Other causes are of a cardiac or
infectious nature or arteriovenous malformation.

2. In infants there are fewer RH lesions from a vas-
cular cause. This comes to light in the unequal number
of RHD and LHD cases in studies with perinatal hemi-
spheric damage from stroke or congenital hemiplegia,
which is usually of a vascular nature [authors men-
tioned in Table 1].

3. In children with postnatally acquired hemiplegia
caused by nonhemorraghic stroke several months to
years after birth, the occurrence of LHD is also higher
than that of RHD (Table 2). In children with LHD and
RHD and etiologies other than vascular, the left-right
difference is not significant or may even be absent
(Table 3).

4. The difference is also found in adults with unilat-
eral first-ever stroke (Table 4).

5. In children with unilateral epilepsy, usually TLE
with or without hemiplegia, there are more left- than
right-sided cases (Table 4). Given the pathologic nature
of the lesions, it is highly probable that these epilepsies
have a perinatal hypoxic-ischemic cause.

6. In adults with unilateral TLE, we find a clear asym-
metry, except in lateral TLE (Table 5). It is known that
the cause of TLE is often a morphological abnormality of
developmental nature or is acquired early. Asphyxia is a
likely cause. In this respect, this group does not differ
from the children described under point 5.

What might be the cause of an unequal number
of RHD and LHD subjects?

Disturbances in cerebral blood flow are a major
cause of cerebral damage in the neonate, especially the
preterm baby. Although brain damage is nearly always
caused by hypoxia and/or ischemia, differences might
be either a hemispheric vulnerability difference for
hypoxia or a difference in blood supply, i.e., a vascular
factor. The difference in the number of lesions on the
left and on the right side, however, is not restricted to
damage acquisition in early childhood.

Mullaart et al. [6] were the first to find an interesting
explanation for perinatal cases. Perinatal hypoxic-
ischemic damage is asymmetrically distributed,
according to these authors, because of a hemodynamic

HUMAN PHYSIOLOGY  Vol. 32

No. 1 2006

Table 2. Studies of hemiplegia with postnatal insult to one
hemisphere

References| Pathology | () LHD | (n) RHD %edéier'
9] |OSSPosm. | 27 14 148
[32] |OSSPostn. | 14 13 +7
[33] OSS angio 8 6 +25
[34] |OSSNI 16 5 +68

Note: This table shows postnatal stroke and acquired hemiplegia in
children. The study by Banich ez al. [9] includes one stroke
at 1.5 months, while the other children studied had strokes
between 7 and 114 months. Angio, results of unilateral
angiographic findings, occlusion or stenosis; NI, neuroimag-
ing. See explanations under Table 1.

Table 3. Studies of childhood hemiplegia with mixed etiol-
ogy and mixed time of acquisition

References| Pathology | (n) LHD | (n) RHD | % difference
[35] Mixed 39 36 +5
[36] Mixed 22 26 +18
[37] Acute 8 8 0
[38] Mixed 6 8 -33
[29] Mixed 28 25 +11
[39] +EPI 10 8 +20

Note: Mixed, mixed etiology; EPI, epilepsy.

Table 4. Unilateral damage and epilepsy in children with or
without hemiplegia

References| Pathology | (n) LHD | (n) RHD | % difference
[40] TLE 13 14 -07
[41] RAS 14 8 +43
[41] DEV 12 11 +8
[20] +CHP 8 6 +33
[42] TLE/Other 13 7 +46
[43] +CHP 10 7 +33
[44] TLE 51 29 +43

Note: If TLE (temporal lobe epilepsy) is the case, it is mentioned
in the table; “Other” is used for other types of epilepsy.
Some authors explicitly mention that their epileptic children
are also congenitally hemiplegic (CHP); most of the authors
do not mention that the children are CHP. DEV, develop-
mental idiopathic epilepsy; RAS, Rasmussen’s encephalitis.
For other explanations, see Table 1.

left-right asymmetry. Using a blood flow study, they
were able to show that the left hemisphere is more often
damaged by hypoxic-ischemic insults because the duc-
tus arteriosus Botalli, connecting the left pulmonary
artery and the descending aorta in the fetus and closing
soon after birth, steals blood from the left carotid artery,
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Table 5. Unilateral epilepsy in adults (before temporal lo-
bectomy)

References (n) LHD | (n) RHD %edrgier'
[47]% |TLE 15 1 127
[48] |TLE 38 1 +71
[45] |MTLE mesial | 47 29 +53
[45] LTLE lateral 18 18 0
[45] | TLE total 65 47 +27
[45] |FLE 30 | 23 +23
[49] |MTLE 102 82 +20
[42] |TLE & EPI 13 7 +46
[50] |TLE 20 1 +45

Note: LTLE, lateral temporal lobe epilepsy; MTLE, mesial tempo-
ral lobe epilepsy; FLE, frontal lobe epilepsy; EPI, other
types of epilepsy. For other explanations, see Table 1.
* No etiology and no time of insult mentioned.

Table 6. Adults with first-ever unilateral ischemic stroke

References (n) LHD | (n) RHD % differ-
ence
[51] 50 26 +48
[52] 194 173 +11
[53] 56 54 +3
(males only)
[54] 32 15 +53
[55 68% ischemic 291 188 +36
lesions only
[56] 29 16 +45
[57] Ischemia and 39 23 +41
tumors
[58] Vascular oc- 33 21 +66
clusion (UIS)
[59] 151 119 +21
Note: UIS, unilateral ischemic stroke. For other explanations, see
Table 1.

causing hypoperfusion on the left side. A patent ductus
arteriosus might be unfavorable. Earlier, Saliba et al.
[60] showed that acute ligation of the ductus arteriosus
in preterms was associated with an increase in the sys-
temic systolic blood pressure in the anterior cerebral
arteries.

Dabbs [61] stated in an earlier study that “... when
a person drinks ice water, circulation of the blood will
carry cooling to the head, causing a slight temperature
drop on each side proportional to the blood flow on that
side. Data from right and lefthanded subjects showed
greater temperature drop on the nonverbal side of the
head, consistent with radiological findings that the non-
verbal side receives more blood.” Other authors who

found that the right hemisphere receives more blood are
quoted by Dabbs. The left hemisphere thus receives
less blood in adults, and it is also possible that this hap-
pens in children as well. This difference might then
work in concert with ductal shunting, making the
hemodynamic asymmetry decisive for unilateral dam-
age in unfavorable circumstances. That a vascular cause
plays a role seems probable because, in studies of post-
natal stroke from causes other than vascular ones, the
left-right difference is smaller (Table 3).

According to Coker et al. [2], the left circulation
predilection suggests a differential flow in the left cir-
culation, but anatomic studies by others did not reveal
differences in angulation, size, or tortuousity between
the left and the right carotid arteries. Doppler sonogra-
phy by the authors did not demonstrate flow differ-
ences. The authors state that laminar flow and turbu-
lence may be different on both sides.

Corballis and Morgan [62] argue that the left hemi-
sphere is immature at birth, undergoes a rapid matura-
tion process, and is therefore more vulnerable. Imma-
ture white matter is especially vulnerable to asphyxia
[63]. The results of Kolk and Talvik [20] support the
hypothesis that the period of vulnerability is more pro-
longed for the left hemisphere than for the right hemi-
sphere.

Taylor [61], looking at the first fit in 168 cases of
temporal lobe epilepsy before age 10, found left-sided
lesions common in the first year and rare after two
years, while right-sided lesions were equally prevalent
during the first four years of life. In females the fall of
the inception rate was more precipitate than in males in
the first four years. The author concluded that cerebral
maturation is more rapid in girls and the right (tempo-
ral) lobe. Brain tissue less active in the first year and
immature (the left hemisphere) would be at greater risk
for insults. For research purposes the number of left and
right cases in this study were kept equal.

Another indication of maturity differences in the
hemispheres at birth is the earlier formation of gyri
and sulci around the sylvian fissure (temporal superior
and frontal superior gyri) on the right than on the left
side [65].

The difference in number of cases between LHD
and RHD seems to have two pathogenetic mechanisms
in children. The main factor seems to be a vascular one,
which causes diminished blood supply to the left hemi-
sphere. However, the vascular hypothesis cannot be
attributed principally to ductal steal because the left—
right difference is also found in childhood and adult
cases with first-ever stroke. An additional, probably
maturational factor, may be intrinsic to the hemi-
spheres, favoring the right one in early childhood.
Beginning white matter maturation may be the main
vulnerability factor. The perinatal factors favoring the
right hemisphere over the left hemisphere are probably
the same in childhood and adult unilateral epilepsy.
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We conclude, therefore, that blood hypoperfusion to

the left carotid artery probably plays a significant role
in the causation of the difference in frequency of RHD
compared to LHD in cases at all ages.
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