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Mood Changes After Right-Hemisphere Lesions

SERGIO E. STARKSTEIN, ROBERT G. ROBINSON, MARC A. HONIG,
RAJESH M. PARIKH, JOHN JOSELYN and THOMAS R. PRICE

Ninety-threepatientswith acutestrokelesionsrestrictedto the righthemispherewere examined
for the presenceof mood changes. While 46 patients showed no mood changes, 19 were
undulycheerful, 17 haddevelopedmajordepression,and 11 haddevelopedminordepression.
Althoughtherewere no significantbetween-groupsdifferencesin otherdemographicvariables,
neurologicaldeficits,activitiesof dailyliving,cognitiveimpairment,orqualityof socialsupport,
patients with major depressionhad a significantly higher frequency of familial history of
psychiatricdisorderandlesionsof the parietalcortexthan patientswith eithernomoodchange
or majordepressionfollowingleft-hemispherelesions.Onthe otherhand, unduecheerfulness
was significantlyassociatedwith lesionsof the rightfrontaloperculum.Thesefindingssuggest
that majordepressionfollowing right-hemispherelesionsmay have a different aetiologyand
mechanismthan major depressionfollowing left frontal or basal ganglia lesions.

In previous studies of post-stroke mood disorders,
we have consistently found significant associations
between left anterior brain injury and major
depression (Robinson et a!, 1984; Starkstein et a!,
1987a). Although this association between left
hemisphere lesions and either depression or a
negativistic affective state has been reported by
numerous studies (Gainotti, 1972; Gasparrini et a!,
1978;Finklestein eta!, 1982), some investigators have
found a high frequency of depression associated with
right- as well as left-hemisphere injury (Foistein eta!,
1977; Sinyor et a!, 1986). We have suggested
(Robinson et a!, 1987) that the failure to find a
lateralised emotional response to injury may be due
to methodological differences between studies in
variables such as time since injury (lateralised
differences are more evident during the acute post
stroke period), intrahemispheric lesion location
(lateralised differences are more evident with anterior
than posterior brain injury), or prior brain injury (the
most recent injury does not predict severity of
depression) (Lipsey et a!, 1983).

The formulation, however, that these method
ological variables are important in determining the
relative frequency of depression following right
hemisphere injury, does not address the fundamental
issue of whether the aetiology of depression associated
with right- and left-hemisphere lesions may be
different. Since we have described the phenomenology,
natural course, and relationship to location of
injury for depressive disorders associated with left
hemisphere lesions extensively in previous publi
cations, the present study focuses on mood disorders
associated with right-hemisphere injury.

We report here the results of an evaluation of 93
patients with right-hemisphere strokes for the

presence of mood changes (depression and undue
cheerfulness) and their association with predisposing
factors.

Study population

Method

Patients included in this study were selected from two
hospital populations: (a) 254 consecutive admissions to the
University of Maryland Hospital for treatment of acute
thromboembolic infarction or intracerebral haemorrhage,
and (b) a consecutive series of 68 patients admitted to the
Montebello Rehabilitation Hospital for therapy following
a cerebral infarct or haemorrhage. Patients with decreased
consciousness (stupor or coma) or severe comprehension
deficits (as determined by an independently administered
standardisedneurologicalexaminationand the fmdingthat
patients did not score within ten points on testâ€”retest
administrationof the Zung DepressionScale)wereexcluded
from the study.

For the presentinvestigation,we includedtwo groups
of patients: (a) patients who had single right-hemisphere
strokes based on CF fmdings and/or clinical diagnosis, and
(b) a consecutiveseries of patients who developed major
depressionfollowingleft-hemispherestrokes.CT scanswere
performedinallpatientsincludedinthestudy.Patients
with a previous history of stroke were excluded from the
study.

Neurological and psychiatric examination

The neurological examination and diagnosis for all
University of Maryland patients (72 with right-hemisphere
lesions and 24 with left-hemisphere lesions) was done using
the criteria established by the Stroke Data Bank of the
National Institute of Neurological and Communicative
Disorders and Stroke (NINCDS) (Kunitz et a!, 1984).
Patients at Montebello Hospital (21 with right-hemisphere
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lesions and 3 with left-hemisphere lesions) received a
standard clinical neurological examination. All neurological
examinationswereperformed blind to findingson psycho
pathologicalexamination.

After giving informed consent, patients were administered
a series of standardised quantitative measures of mood,
cognitive function, and physical impairment. We have
previously shown that these instruments give reliable and
valid measurements in this stroke population (Robinson &
Benson, 1981;Robinson & Szetela, 1981;Robinson et a!,
1983).Examinationswereadministeredin a privateroom
between 11.00a.m. and 2.00p.m. to minimiseany possible
effect of diurnal mood variation. The Hamilton Rating
Scale for Depression (HRSD; Hamilton, 1960),a 17-item
questionnaire measuring psychologicaland physiological
symptoms of depression, was filled out by the interviewer.
The Zung Self-RatingDepressionScale (Zung, 1965), a
20-item questionnaire, was read to each patient and his/her
responses were scored using the four Zung categories. The
modified Present State Examination (PSE; Wing et a!,
1974), a semistructured psychiatric interview that elicits
symptomsrelatedto depressionand anxiety, was scored
by the examiner.The Mini-MentalState Exam (MMSE;
Foistein et a!, 1975)and the Johns Hopkins Functioning
Inventory (JHFI; Robinson et a!, 1983) were also
administered to each patient. The MMSE is an 11-item
examination that has been found to be reliable and valid
in assessinga limitedrange of cognitivefunctions in stroke
patients(Folsteineta!, 1975;Robinsoneta!, 1986).Scores
may range from 0 to 30 and a score of 23 or below indicates
cognitive impairment. The JHFI contains ten items and
evaluates degree of independence in activities of daily living
such as walking, dressing, and eating (Robinson eta!, 1983).
Scoresrange from 0 to 27, and higherscoresindicategreater
degrees of impairment. Social functioning was quantified
both by nwnber of socialconnectionsusing the SocialTies
Checklist (STC) (maximum score of 10)and by personal
satisfactionwithsocialrelationsusingthe SocialFunctioning
Exam(SFE)(scoresrangefrom 0 to 1000,withhigherscores
indicating poorer social functioning) (Starr et a!, 1983).

Psychiatricdiagnosis was establishedusing DSM-III
(AmericanPsychiatricAssociation, 1980)symptomcriteria
for major depressionor minor (dysthymic)depression.The
symptoms used for these diagnostic criteria were elicited
by the PSE. The method used to convert PSE symptoms
to DSMâ€”III major or minor depression diagnosis is
available upon request. Undue cheerfulness was also
determinedfrom symptomselicitedby the PSE. The criteria
for undue cheerfulnesswereas follows:a self-report of an
elevated or expansive mood; or a clinical observation of
inappropriate cheerfulnessor elation, and a self-report of
no feelings of sadness or depression.

Based on the hand used for writing, patients were
considered right-handed, left-handed or mixed-handed.

While patients were interviewed generally within the
second or third weekafter stroke, no interviewwas carried
out after 60 days post-stroke.

CT scan examination

the clinical findings. All CT scans had a consistent slice
thickness and angle to the canthomeatal line. The damaged
area was localised in specific brain regions following the
procedure of Levine & Grek (1984). Lesion volume
(expressed as a percentage of total brain volume) was
calculatedfrom the ratio of the largest cross-sectionalarea
of the lesion on any CT-scan slice to the cross-sectional
area of the whole brain on the slice passing through the body
of the lateral ventricles.We have previouslydemonstrated
the reliabilityof this procedureand its highcorrelationwith
other methods of determining lesion volume (Robinson et
a!, 1986).

Statisticalanalysis

Statistical analysis was carried out using means and standard
deviations, analysis of variance (ANOVA) and Pearson
correlation coefficients. Frequency distributions were
analysed using @2tests with Yates' modification for cx
pected cell sizes below 5.

Results

Backgroundcharacteristics

Demographic data are presented in Table I. The study
population consisted mainly of males in their late 50s and
early 60s. There was a slight preponderance of blacks,
and the population was primarily from lower socio
economic classes (i.e. Hollingshead class IV and V).

Although we did not obtain detailed family histories using
multiple informants (Andreasen et a!, 1977)we did obtain
as much informationabout familyhistoryas wecould from
the patients and/or relativeswho wereavailableat the time
of interview. The distribution of positive familial history
of psychiatric disorder for first- and second-degree
relatives (alcoholism (55Â°lo)and depression (45%)) was
significantly different between the four groups (@= 7.7,
d.f. =3, P<0.05); and on individual comparisons, patients
with major depressionhad a significantlyhigher frequency
of positivefamilyhistoryof psychiatricdisorderthanpatients
with no mood disorders (@ Yates=4.08, d.f. =1, P<0.05).
Although there was also a trend for major and minor
depressed patients to show higher frequencies of positive
personal psychiatrichistory (x2=6.3, d.f. =3, P=0.09), it
did not reach statisticalsignificance.Personalhistorieswere
positivefor alcoholismand anxiety, whileonly one patient
had a previous history of depression. No other significant
differences were observed in the remaining demographic
variables (Table I).

In order to establish if this higher frequency of family
psychiatric history was specific for major depression
followingright-hemispherelesions,wecomparedthis group
of patients with a consecutive series of 27 patients who
developed major depression following left-hemisphere
lesions(Table I). Patients with major depressionfollowing
right-hemisphere lesions showed a significantly higher
frequencyof positivefamilyhistory of psychiatricdisorder
than major depressed patients following left-hemisphere
lesions(onepatient had a familyhistoryof anxietydisorder
in a first-degree relative) (@ Yates =4.44, d.f. =1, P<0.05).CT scans were read by one of us (SES) who was blind to
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Right hemisphere Left hemisphere

No depression Undue Major MinorMajorcheerfu!ness
depression depressiondepressionNumber

of patients 46 19 17 1127Age:
yearsmean

64 60 60 6256s.d.
10 14 11 813Sex:%females
35 42 47 3652Race:

Â¾blacks 65 74 41 5559Socio-economic
status:Hollingshead
classIVorV

87 74 82 8289Marital
status: Â¾married 54 37 42 3644Handedness:Â¾

right-handed 87 90 100 10089Education:
yearsmean

6.5 8.2 8.4 8.89.3s.d.
3.7 4.3 3.4 3.52.8Familial

historyofpsychiatric
disorders:Â¾

positive 6 5 29 94Personal
historyofpsychiatric

disorders:Â¾
positive 15 5 29 366Time
since stroke:daysmean

13.1 11.2 16.0 20.914.5s.d.
12.7 6.5 9.4 18.611.4â€¢P<005TABLE!!Scores

of depression, cognitive impairment, activities of daily living and socia!functioning'No

depression Undue cheerfu!ness Major depression MinordepressionNumber

of patients 46 19 1711Depression

scoresPSE2
4.0 (3.0) 8.3 (4.5) 23 (9.2) 15(7.5)HRSD3
5.0 (4.1) 5.6 (3.1) 15.2 (5.3) 12.2(5.3)Zung4

36 (6.7) 36 (5.4) 57 (9.3) 45(9.0)Activities

of dailylivingJHFI
5.6 (4.6) 5.2 (6.2) 7.7 (4.9) 5.8(5.7)Cognitive

impairmentMMSE
24 (4.6) 23 (6.3) 23 (5.6) 24(6.1)Socia!

functioningSFE
251 (163) 291 (201) 332 (217) 358(272)STC

3.5 (1.6) 4.3 (1.8) 4.3 (2.1) 3.8 (1.9)
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TABLE I
Demographic data

1. Standard deviations are In parentheses.
2. F=51.2, d.f.â€”3,88,P<0.00l.
3. F=26.5, d.f.-3, 88, P<0.00l.
4. Fâ€”34.4, d.f. â€”¿�3,88, P<0.001.
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No depressionUndue
cheerfulnessMajor depressionMinordepressionNumber

of patients withpositiveCTscans251298Ischaemlc

strokes221177Frontal
dorsolateral1024Frontal
opercular4501Temporal
lobe7120Parietallobe9165Occipitallobe7130Basalganglia6621Thalamus4100Internalcapsule2500Coronaradlata1112Lesion

volumemean9.06.210.01.4s.d.6.34.05.16.5
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No significantdifferenceswere found in the remaining
demographic variables (Table I).

Neurological findings

Therewereno significantdifferencesin the frequencyof
motor or sensory impairments among the four groups. Most
patients had a hemiparesis(91Â¾,84W.,94Â¾and 100Â¾for
non-depressed, unduly cheerful, major and minor depressed
patients, respectively),and about half had sensorydeficits
(59Â¾,47Â¾,31Â¾and 0Â¾,respectively).A smaller pro
portion showed visual-fielddisturbances (26Â¾,5Â¾,19Â¾
and 0Â¾,respectively),neglect (17Â¾,11Â¾,13Â¾and 0Â¾,
respectively) and dysarthria (22Â¾, 11Â¾, 19Â¾ and 18Â¾,
respectively).

Depression scores, physical Impairment,
cognitive Impairment and social function

As expected, patients with major depression showed the
highest depression scores, while patients with minor
depression had scores between those of the major depressed
and the non-depressed patients (Table II).

There were no significant between-group differences in
scoresof cognitiveimpairment (MMSE),activitiesof daily
living(JHFI), socialfunctioning(SFE)and socialties (STC)
(Table II).

There were no significant correlations between PSE scores
and scoresof cognitiveimpairment(PSEv. MMSE,r =0.15),
activities of daily living (PSE v. JHFI, r = 0.23), social
functioning (PSE v. SFE, r = 0.13) or social ties (PSE v.
STC, râ€”0.13).

CT scanfindings

Fifty-four patients had positive CT scans (Table III). The
lesions were mainly ischaemic infarctions, and the distri
bution of infarcts and haemorrhages was not significantly

differentbetweenthe fourgroups(TableIII). Therewere
also no significant between-group differences in lesion
volumes (F =0.96, NS) (Table III). Patientswith undue
cheerfulness, however, showed a significantly higher
frequency of lesions involving the frontal operculum
compared with (major and minor) depressed and non
depressed patients (j@@'=6.17, d.f. =2, P<0.05). On indivi
dual comparisons, patients with undue cheerfulness showed
a significantlyhigherfrequencyof frontalopercularlesions
than patients with (major and minor) depression (j@
Yates- 3.88, d.f. = 1, P<0.05). On the other hand, patients
with depression (both major and minor) showed a
significantly higher frequency of lesions involving the
parietal cortex than the other two groups (x@=9.60,
d.f. = 2, P =0.022) (Table III). On individual comparisons,
thedepressedpatients(majorandminor)hada significantly
higher frequency ofparietal lesions than the unduly cheerful
patients(@=9.21, d.f.=1, P<0.Ol).

Although there were more depressions associated with
posterior (parietal) than anterior lesions, there was no signifi
cant correlation between the distance of anterior lesion
border from the frontal pole and severity of depression
(PSE v. anterior border, r=0.05) or betweenthe distanceof
posterior lesion border from the frontal pole and severity
of depression(PSEv. posteriorborder,r=0.01). Inaddition,
there was no significant correlation between lesion volume
andseverityof depression(PSEv. lesionvolume,r=0.10).

Discussion

In the present study, we have examined the type
and frequency of mood changes following right
hemisphere strokes. During the acute post-stroke
period, almost one-third of the patients developed
depression (minor or major), while almost a quarter
developed undue cheerfulness. Patients with major
depression had a significantly higher frequency of

TABLE III
Lesion location (number of patients)
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familial history of psychiatric disorder than patients
with right-hemisphere lesions without major depres
sion, or patients with major depression following
left-hemisphere lesions. Depressed patients with
right-hemisphere lesions also had a significantly
higher frequency of lesions in posterior (mainly
parietal) cortex than non-depressed or unduly
cheerful patients. On the other hand, patients with
undue cheerfulness showed a significantly higher
frequency of lesions involving the frontal operculum.

Before further discussion, several limitations of
this study should be pointed out. While family
histories were obtained from patients and/or relatives,
systematic interrogation using multiple informants
was not carried out. Thus it is probable that the
frequency of familial psychiatric history was under
estimated, and it is also possible that the presence
of depression may have biassed the report of a
positive familial psychiatric history. The present
findings therefore need to be replicated using
multiple-informant family pedigrees (Andreasen et
a!, 1977). It should be emphasised, however, that
these methodological limitations should have affected
all groups equally and that they are not an explanation
of why familial disorders were more frequent
with right-hemisphere major depression than left
hemisphere major depression.

Another limitation is that the diagnosis of undue
cheerfulness was not based on standard criteria, as
unduly cheerful patients do not meet DSMâ€”III
criteria for hypomania. Notwithstanding, this pheno
menon of euphoria or elation has for many years
been reported in patients with right-hemisphere
lesions (Gainotti, 1972; Cutting, 1978). Although no.
diagnostic criteria have been established for this
phenomenon, we defined undue cheerfulness based
on either the presence of a self-report of an expansive
or elated mood (74Â°loof the patients with undue
cheerfulness had this symptom) or the clinical
observation of inappropriate cheerfulness or excite
ment (26% of the patients). Although not a part of
our criteria for undue cheerfulness, flight of ideas
and increased energy were present in 37% of the
unduly cheerful patients, while 11% had grandiose
ideas.

Questions that now arise are, first, what is the
pathogenesis of depression in patients with right
hemisphere lesions, and second, is this pathogenesis
different from that in patients with left-hemisphere
lesions? There were no significant differences
between depressed and non-depressed patients in
terms of important demographic variables, such as
age, sex, race, education and socio-economic status.
Moreover, there were no significant between-group
differences in scores of physical impairment, cognitive

deficits, social functioning or social ties. The finding
that patients with major depression following
right-hemisphere lesions had a significantly higher
frequency of family history of psychiatric disorder
suggests that hereditary factors may play an
important role in the production of major depression
following right-hemisphere lesions, at least for a
subgroup of patients.

Lesion location also seemed to play an important
role in the production of depression, and the finding
of a significantly higher frequency of depression
following lesions in posterior cortical areas replicates
our previous findings in a much smaller population
(Robinson et a!, 1984), and also agrees with findings
of other investigators (Finset, 1988).

We have previously suggested that left anterior
lesions may lead to depression by disrupting biogenic
amine pathways, and that the correlation between
severity of depression and proximity of the lesion to
the frontal pole is a result of interrupting these
pathways closer to their â€˜¿�downstream'origin in
the frontal pole. How parietal lesions in the
right hemisphere may lead to depression is un
certain. However, the findings do suggest that the
mechanism which produces major depression after
right-hemisphere lesions may be different from those
which lead to major depression after left anterior
lesions.

Ross & Rush (1981) reported the case of a patient
with a right temporo-parietal infarction who denied
being depressed, but showed autonomic symptoms
of depression and a depressive affect. A dexa
methasone suppression test showed non-suppression
and the depressive symptoms improved after treat
ment with tricyclic antidepressants. Based on these
findings, Ross and colleagues have hypothesised that
a patient's denial of depression may be secondary
to the inability of mood information (generated in
the right hemisphere by structures which were not
involved by the lesion) to reach the verbally
expressive left hemisphere. They have suggested that
expression and comprehension of emotions are
organised in the right hemisphere in an analogous
fashion to language in the left hemisphere. Although
we did not examine our patients for disturbances in
recognition or expression of emotion, we did find
depression to be significantly associated with lesions
in the parietal lobe. We require that a diagnosis of
major depression includes the patient's admission
that he or she is feeling depressed or sad. Thus, all
patients we examined with major depression and
parietal involvement clearly acknowledged internal
feeling of depression. The extent to which aprosodic
disturbances may interfere with the diagnosis of
mood disorders in patients with right-hemisphere
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injury, however, is uncertain. This issue will
need to be examined systematically in another
study.

The other mood change that was frequently
identified among patients with right-hemisphere
lesions was inappropriate cheerfulness, which was
associated with lesions involving the right frontal
operculum. Previous studies have found that lesions
of the frontal cortex, mainly in the right hemisphere,
are associated with elevated mood (Oppenheim,
1890; Kleist, 193 1; Rylander, 1939; Starkstein et a!,
1987b ). We have suggested (Starkstein et a!, 1987b)
that these mood disorders may be related to
disruptions in frontal cortical interaction with
the limbic system, particularly the amygdala,
septum, hypothalamus and mesencephalon (Nauta,
1971).

In conclusion, right-hemisphere strokes were
associated with a high frequency of mood changes.
Depression was associated with both genetic factors
and lesions in posterior cortical areas, while undue
cheerfulness was associated with lesions in the frontal
operculum. Since demographic factors, neurological
symptoms, severity of physical impairment, cognitive
deficits and social support did not explain the
presence of depression or undue cheerfulness, these
findings suggest that mood changes following right
brain lesions (as with left-hemisphere lesions) are
not simply an understandable consequence of
the impairment but may be the result of more
complex biological processes. The neurophysiological
mechanisms leading to major depression, however,
may be different for left frontal/basal ganglia injury
as compared with right parietal or brainstem injury
(Starkstein et a!, 1988).
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