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CLINICAL CHARACTERISTICS IN SUBCORTICAL
ISCHEMIC WHITE MATTER DISEASE

Gilberto Sousa Alves', Carlos Eduardo de Oliveira Alves', Maria Elisa de Oliveira Lannd’,

Letice Ericeira-Valente', Felipe Kenji Sudo’, Denise Moreira®*, Eliasz Engelhardt’, Jerson Laks"

Abstract — Background: Vascular white matter lesions (WML) represent one of the main neuroimage findings
in individuals older than 65 years and its clinical significance is still partially understood. Objective: To
describe and analyze the clinical profile of a high severity sample with WML focusing on the frontal executive
control. Method: Outpatients (n=20) with high severity WML evaluated with magnetic resonance imaging
were selected using the Fazekas scale. Results: Most patients (n=17; 85%) presented an altered Trail Making
Test ratio (section B/section A); on verbal fluency, 15 individuals (75%) performed below the cutoff score.
Apathy (5.9£4.65) and depression (3.0513.67) were frequent as assessed by the Neuropsychiatric Inventory.
The impairment in functional activities strongly correlated with apathy (r=0.814, p<0.001) and verbal
fluency (r=0.744, p<0.001).  Conclusion: Executive dysfunction, apathy, and ratio depression were the main
characteristics found. Extension of WML may have distinct impact on the clinical picture, but further studies
with methodological adjustments are necessary to provide more definitive conclusions.
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Caracteristicas clinicas na doenca isquémica da substancia branca subcortical

Resumo - Fundamento: Lesdes vasculares em substancia branca (LSB) sao um dos principais achados de
neuroimagem em individuos acima de 65 anos e sua importancia em termos clinicos é ainda parcialmente
conhecida. Objetivo: Descrever e analisar o perfil clinico de amostra com LSB grave enfocando as alteragdes
do controle executivo frontal. Método: Pacientes ambulatoriais (n=20) avaliados pela ressonancia nuclear
magnética e com maior proporcao de LSB foram selecionados através da escala de Fazekas. Resultados:
A maioria dos pacientes (n=17; 85%) apresentou alteragao na proporgao teste das trilhas (secdo B/A); na
fluéncia verbal, 15 individuos (75%) apresentaram desempenho abaixo do ponto de corte. Apatia (5,9+4,65)
e depressao (3,0513,67) foram frequentes na avaliagao pelo Inventario Neuropsiquiatrico. O prejuizo nas
atividades funcionais correlacionou-se fortemente a apatia (r=0, 814, p<0,001) e a fluéncia verbal (r=0, 744,
p<0,001).  Conclusio: Disfungao executiva, apatia e depressao foram as principais caracteristicas encontradas.
A extensao e localizagao das LSB parecem exercer um impacto distinto nas manifestagoes clinicas, porém
estudos futuros com ajustes metodoldgicos sao necessarios para conclusdes mais definitivas.

PALAVRAS-CHAVE: neuropsicologia, cognicao, comportamento, fungdo, deméncia vascular, lesdes de substancia

branca.

Cerebrovascular disease is a relatively common condi-
tion and can contribute to cognitive decline in old age™.
Subcortical hyperintensities due to vascular lesions are
the most frequent neuroimage findings on magnetic res-
onance image (MRI) in the majority of individuals older
than 65 years*. Among the etiologies of vascular impair-
ment, small vessel disease plays a leading role and can be
visualized as a lacunar state or as white matter lesions

(WML). WML can involve periventricular and deep sub-
cortical regions and are consequent to partial occlusion
of arterioles, generally due to arteriolosclerosis, consti-
tuting a picture of subcortical ischemic vascular disease
(SIVD)™. Those lesions are strongly associated to age and
other risk factors, such as arterial hypertension, diabetes
mellitus, dyslipidemia, coronary artery disease, smoking,
among many others’.
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There is crescent evidence associating the presence of
WML with a sort of clinical features, including memory
impairment, executive dysfunction®, apathy, loss of initia-
tive, abulia and depressive symptoms®. However, its clini-
cal significance is still partially understood. Most of brain
imaging studies have demonstrated a relation of WML and
the degree of cognitive losses* and behavior disturbances',
although the absence of such associations have also been
reported®. Other important aspects such as the threshold
of WML needed to generate clinical outcomes and the
natural course of WML in normal aging and cognitive de-
cline are still in debate.

This study aims at describing the socio-demographic
and the clinical profile of a patient sample selected ac-
cording to the severity of WML (hyperintensities on brain
MR), examining the association of WML, cognitive perfor-
mance, behavioral disturbances, and functional status.

METHOD

Sample selection

This cross-sectional study included a consecutive series of
55 individuals of an outpatient clinic examined from January
2006 to December 2007. Patients with multiple risk factors for
cerebrovascular disease (CVD), with or without documented his-
tory of stroke and varied degrees of cognitive decline were sub-
mitted to a comprehensive clinical neurological, psychiatric, and
neuropsychological evaluation. Diagnosis of mild cognitive im-
pairment was established according to Petersen criteria’, where-
as NINDS-AIREN and DSM-IV criteria were adopted for diag-
nosing vascular and mixed dementia. Exclusion criteria included
major psychiatric disorder, schooling less than four years, motor
deficits in dominant hand and sensorial difficulties.

Brain magnetic resonance image was assessed by a neurologist
(EE) and a radiologist (DM) who were blind to any information re-

garding the clinical condition of the patients. Only patients with
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the highest severity of subcortical lesions (n=20) were select-
ed for the present study. This study was approved by the local
Ethics Committee and all the participants have signed a written
consent, after receiving complete explanation about the study.

Clinical and functional assessment

Risk factors associated to CVD were investigated by clinical
history and the use of Hachinski scale®, which assesses previous ep-
isodes of stroke, hypertension, atherosclerosis, depression symp-
toms and physical neurological features. Clinical stage of cognitive
impairment was established using the Brazilian validated version
of the Clinical Dementia Rating (CDR) scale™, which ranges from
zero (absence of clinical impairment) to three (severe dementia).

Depressive symptoms and behavior changes such as agita-
tion and delusions were assessed by Brazilian validated version

of the Cornell depression scale™”

)13,14

and by the Neuropsychiatric
Inventory (NPI)*", respectively. The former is an instrument de-
signed to rate depression symptoms in demented patients, and
the latter is comprised by 12 behavior items, including delusions,
hallucinations, irritability, loss of inhibition, agitation, anxiety,
depression, euphoria, apathy, psychomotor, sleep and eating dis-
orders. The level of autonomy for activities of daily living were
evaluated with the Functional Activities Questionnaire (FAQ)"®,

rated on a seven-point scale.

Neuropsychological assessment

The global cognitive performance was assessed by the Mini-
Mental State Examination (MMSE)"* and the CAMCOG". CAM-
COG provides a wider analysis of the cognitive domains (mem-
ory, orientation, attention, concentration, language, calculation
and praxis) with a cutoff score for dementia according to the
education level. Aspects of executive function were analyzed
using three instruments: Trail Making Test (TMT) A and B forms
(time in seconds taken to perform each section)® to assess plan-

ning abilities, auto-regulation, fine motor coordination, and im-

Fig 1. Flair MRI of a patient with higher score in Fazekas scale; white matter lesions (WML) are shown by arrows: [A] periventricular WML af-
fecting anterior and posterior horns, bilaterally (axial section); diffuse ([B] axial section) and deep WML ([C] coronal section. Courtesy of Hos-

pital Pro-Cardiaco, RJ.
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Table 1. Demographic variables and associated risk factors.

(%) N

Sex

Male 25% 5

Female 75% 15
Arterial hypertension 100% 20
Diabetes mellitus 15% 3
Smoking 30% 6
Alcohol consumption 5% 1
History of heart disease 0% 0
History of documented stroke 30%

Table 2. Demographic and clinical characteristics of the sample

(n=20).

Mean (SD) range
Age 75.35 (7.31) 60-86
Education 74 (4.84) 0-17
Hachinski 8.45 (3.86) 2-16
MMSE 21(5.70) 9-29
Verbal fluency 8.75 (5.03) 0-20
CAMCOG 63.40 (19.47) 27-91
TMT A 22530 (261.90) 40-1125
TMT B 666.25 (787.21) 120-3375
NPI 19.95 (15.2 0) 0-53
Cornell 795 (5.85) 0-22
FAQ 1140 (10.14) 0-30

MMSE: Mini-Mental State Exam; NPI: Neuropsychiatric Inventory; TMT A:
Trail Making Test A; TMT B: Trail Making Test B; FAQ: Functional Activities
Questionnaire.

pulse control; verbal fluency (number of animal names generat-
ed in one minute), and a modified Porteus Mazes test” to assess
planning capacity, anticipation, and impulse control. The fol-
lowing values and references were adopted as measures to de-
termine abnormality: percentiles for each form of the TMT, and
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TMTB/TMTA ratio >3; cutoff points for verbal fluency proposed
by Brucki®®, according to schooling; and a maximum of three er-
rors in the Porteus test.

Lesions quantification in neuroimage

The MRI was performed with a 1.5 T Signa Horizon scanner
(General Electric, Milwaukee, WI, USA). Diffuse subcortical white
matter lesions were quantified using FLAIR weighted images and
rated by Fazekas et al. scale’, complemented by an evaluation
of the percentual extent of the WML. Images were visually as-
sessed by two investigators (EE, DM), both blinded to clinical and
functional data and the scoring was obtained by consensus. The
selected patients presented a Fazekas score=6, with white mat-
ter legions ranging between 25 and over 75% (Fig 1). The Fazekas
scale is a visual assessment of periventricular (O to 3 points), and
centrum semiovale (O to 3 points) white matter changes, in a to-
tal of O to 6 points range” .

Statistics

Age, years of education, severity of dementia, behavior out-
comes, cognitive, and functional performance were described
by using mean (M) and standard deviation (SD). Correlations be-
tween clinical and functional data were conducted with Spear-
man coefficient. The adopted level of significance was 5%. SPSS
for Windows, version 15.0 was used as the statistic package.

RESULTS

The patients were mainly female (Table 1) with a mean
age 75.717.3 years and mean schooling 7.4+4.8 years. The
clinical diagnosis comprised mild cognitive impairment
(n=6), vascular dementia (n=7), and mixed dementia (n=7).
According to the CDR scale, six of the patients had ques-
tionable dementia (CDR=0.5), eleven were in a mild stage
of dementia (CDR=1), two presented moderate demen-
tia (CDR=2), and only one patient had severe dementia
(CDR=3). The neurological examination revealed changes
in 95% of the sample (n=19), namely in pyramidal reflexes
and balance (n=12; 60%), and in gait and urinary control
(n=5; 25%). Other demographic and clinical characteristics
of the sample are depicted on Table 2.

Table 3. Correlations among performance in cognitive tasks, presence of vascular risk factors (Hachinski score), behavioral disorders

(NPI), depression (Cornell) and functional impairment (FAQ), using Spearman coefficient.

Age Education Hachinski NPI Cornell FAQ
MMSE -0.196 0.357 —0.543* —0.633** —-0.398 —-0.770**
Verbal Fluency —-0.374 —-0.285 -0.417 —-0.620** -0.324 —0.744**
CAMCOG -0.283 0.478* —-0.476* —-0.512* -0.301 —0.674**
TMT A 0.169 —0.474* 0.272 0.419 0.228 0.479*
TMTB 0.127 -0.467* 0.299 0.446* 0.262 0.486*
Porteus 0.162 -0.481* 0.389 0.094 0123 0.409

*p<0.05; **p<0.01; MMSE: Mini-Mental State Exam; TMT: Trail Making Test.
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Fig 2. Neuropsychiatric symptoms found in the sample (NPI).

Cognitive performance was affected by age and
schooling, as shown in Table 3. The majority of patients
presented an altered TMTB/TMTA ratio (n=17; 85%), and
performed equal or bellow the 25" percentile, in both
TMT A (n=15; 75%) and B (n=16; 80%). Also, most patients
(n=15; 75%) showed a verbal fluency below a proposed cut-
off score in a Brazilian sample®. On the other hand, only
8 individuals (40%) presented 3 errors in Porteus test. Ex-
ecutive function tasks showed a moderate to strong cor-
relation with ADL (Table 3).

The occurrence of neuropsychiatric features is showed
in Figure 2. Apathy and depression were the most com-
mon symptoms observed in the NPI scores ([apathy n=14;
score= 5914.65] [depression n=12, score=3.0513.66])), fol-
lowed by anxiety (n=11; score=2.943.33). Some patients
showed both symptoms of depression and anxiety. As ex-
pected, the severity of apathy strongly correlated with
the impairment in ADL (r=0.814, p<0.001).

DISCUSSION

Executive dysfunction, apathy, and depression were
the main cognitive and behavioral findings in our sample.
Disexecutive syndrome may present as a loss of planning
ability and execution of a task, through an appropriate se-
quence of actions and with error monitoring’. It is consid-
ered one of the core aspects of SIVD and can be one of
the earliest features of this disease’. Executive dysfunc-
tion has been proposed as one important marker in dif-
ferential diagnosis among other causes of cognitive de-
cline, such as AD and FTD*. The strong correlation found
in the current study between executive dysfunction and
impaired activities in daily living is in consonance with
previous literature®. Individuals with executive dysfunc-
tion may have difficulties performing complex activities
such as medicine and financial management, which re-
quires goal directed behavior, organization of an action
and behavioral persistence. On the other hand, impulsiv-
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ity, loss of inhibition, and personality changes were rare-
ly observed in our sample. Although frequently found in
SIVD, there is evidence of a distinct disconnection syn-
drome leading to such pattern of features, different from
that typically presented in executive dysfunction. While
fibers connecting limbic and paralimbic areas, including
the orbitofrontal cortex, seem to be interrupted in most
of the behavioral syndromes, basal ganglia-thalamocorti-
cal connections with the prefrontal dorsolateral cortex,
are likely affected in executive dysfunction’. The discrim-
ination between the two subtypes of clinical presentation
can be further detailed by neuropsychological evaluation,
with special importance for diagnosis and cognitive re-
habilitation approach. Late onset depressive symptoms
and lack of motivation are also largely described in vascu-
lar patients and can be strongly associated to subcortical
WML*. Possibly, interruption of neuronal loops that con-
nect basal ganglia, thalamus and limbic areas may play a
role in the etiology of these manifestations®*. Taken to-
gether, the co-existence of white matter lesions, execu-
tive dysfunction, apathy and depression underlines fron-
tal lobe syndrome as the central characteristic of SIVD>?.
In terms of clinical picture and medical intervention, this
association may represent a longer duration and greater
severity of affective symptoms and also a worse response
to antidepressive treatment™.

Although all patients selected for the present study
presented severe WML, six of them had no diagnosis of
dementia (CDR=0.5). Even in the absence of coexisting
brain lesions, a higher intensity of subcortical disease does
not necessarily represent a greater impact on cognitive
function. This evidence is supported by community in-
vestigations such as the Framingham study, that found a
proportion of healthy individuals (up to 10 percent) pre-
senting unexpected brain ischemic lesions®. In contrast,
the association between localization of WML and stra-
tegic points of cholinergic pathways affected in vascu-
lar disease may influence in clinical presentation®. More-
over, some studies demonstrated that periventricular and
diffuse white matter lesions affect cognitive functions in
different degrees, with the former being more associated
with global cognitive impairment® whereas the latter may
also be related to motor disturbances, such as gait disor-
ders”. Thus, more studies assessing specific brain neuronal
circuits which suffer interruption are needed to better
clarify the association between anatomical lesions and
clinical manifestations in SIVD.

Together with apathy, some neurological disturbanc-
es found in our sample — such as gait disorders and loss
of urinary control — are considered subacute manifesta-
tions of SIVD. Most patients present a gradual course of
impairment in volitional and physical features for a long
period, with milder symptoms being neglected or poorly
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recognized by relatives and clinicians. More recent studies
have highlighted the clinical significance of such manifes-
tations, by reporting a predictive value of long term neu-
rological features (mainly parkinsonism) and apathy sever-
ity on the later onset of non-Alzheimer dementia”.

The most important methodological strength of the
current study is that we started from the radiological di-
agnosis of the sample. The white matter hyperintensities
may represent an important finding which may lead to
clinically relevant questions. Firstly, it should draw the
attention to typical profiles of cognitive, behavioral and
functional features frequently found in vascular disease.
Secondly, when combined to clinical data, it allows an ear-
lier diagnosis of SIVD and provides more effective inter-
ventions focused on the control of concurrent risk factors
(hypertension, diabetes, and smoking), which can contrib-
ute to the progression of the disease'. Finally, the presence
of such lesions may represent a possible biological mark-
er for conversion to dementia, mainly in groups with non-
amnestic mild cognitive impairment, as investigated by re-
cent studies®®*. In fact, one article® showed an increased
rate of cognitive decline associated with periventricular
WML, independently of MCI subtype, vascular risk fac-
tor, and temporal lobe atrophy. Another study™ concluded
that a large amount of hyperintensities in the periventricu-
lar and deep white matter were independent variables for
prediction of vascular and mixed dementia over the years.

Some limitations of our study must be taken into ac-
count. Some variables that interact with WML, such as
global cortical atrophy, mesial temporal atrophy and stra-
tegic infarcts were not examined. Previous literature re-
ported an independent association of these measures and
executive dysfunction®. Thus, the adoption of more than
one quantitative rating scale may be considered for future
studies, although it is known that most of these instru-
ments are seldom interchangeable and their combined use
can lead to greater heterogeneity in the scores and possi-
ble reliability biases. Another limitation is the absence of
control groups (e.g., AD, healthy controls) which also re-
stricted the investigation on differential diagnosis and the
correlation between neuroimage and clinical data.

In conclusion, our study could verify a typical pattern
of frontal executive impairment in patients with wide dif-
fuse white matter disease. It seems that the subcortical
hyperintensities are associated both to cognitive decline
and behavior disorders, as shown in other studies. Local-
ization of these lesions and concurrent brain lesions may
have an additional influence on clinical and functional
characteristics of SIVD.
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