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A B S T R A C T

The purpose of this investigation was to determine the atherosclerotic changes in patients with vascular
parkinsonism and in patients with idiopathic Parkinson’s disease, in order to evaluate the possible influence of the
extracranial pathology of carotid arteries in developing lacunar cerebral infarcts. Degree of stenosis and plaque mor-
phology of the extracranial part of carotids in both group of patients were evaluated by color Doppler flow imaging ultra-
sound investigation and the results were compared. We selected two matched groups of patients with parkinsonism: 22
patients with vascular parkinsonism, and 28 with idiopathic Parkinson’s disease.The atherosclerotic changes found in
patients with Parkinson’s disease showed mild carotid lesions with mostly stable calcified plaques and lesser risk for
embolic cerebral intravascular events contrary to the higher degree of carotid stenosis found in patients with vascular
parkinsonism with mostly mixed plaques prone to embolization. Therefore, we suggest performing ultrasonographic ex-
amination of the extracranial part of carotid arteries in all patients with parkinsonism to assess risk of vascular acci-
dents originating from carotid lesions. That would enable adequate treatment of parkinsonism and prevent further oc-
currence of intracranial vascular changes.

Key words: vascular parkinsonism, Parkinson’s disease, atherosclerosclerotic changes, plaque morphology, color
Doppler ultrasonography

Introduction

Vascular parkinsonism is characterized by sudden on-
set and rapid progression of clinical symptoms, absence
or poor response to substitute therapy, postural instabil-
ity with a shuffling gait and absence of tremor1. It is a
clinically different entity from idiopathic Parkinson’s
disease. The term vascular parkinsonism was introduced
by Critchley in 1929, who at first called it »atheroscle-
rotic parkinsonism«2.

Patients who suffer from idiopathic parkinsonism are
not expected to have obvious atherosclerotic changes on
extracranial and intracranial blood vessels, except for
asymptomatic changes which can be present in the gen-
eral population.

Nakaso et al. reported a mild hypertrophy of the in-
tima-media thickness of the carotid artery, which has

been established as a marker for systemic atherosclero-
sis, in Parkinson’s disease patients compared with normal
subjects3. These changes were primarily detected in pa-
tients treated with L-dopa for a longer period of time and
in patients with an elevated homocysteine level in
plasma connected with a certain genotype.

Atherosclerosis is a well known risk factor for devel-
opment of cerebrovascular disease and intracranial cere-
bral pathology such as lacunar infarcts, present in pa-
tients with vascular parkinsonism, or may cause even
greater territorial ischemic stroke4–7.

Patients with vascular parkinsonism are expected to
have atherosclerotic changes on extracranial part of ca-
rotids contributing the developing of intracranial pathol-
ogy such as basal ganglia lacunar infarcts4.
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Vascular pathology was proved whereas the finding in
the substantia nigra was normal thereby excluding idio-
pathic parkinsonism8–10. Results of some clinical and epi-
demiological studies have not revealed significant differ-
ences in the incidence of atherosclerosis between Parkin-
son’s disease patients and general population11. These
authors investigated possible cerebral hemodynamic al-
teration in patients with Parkinson’s disease in assessing
with extracranial Doppler ultrasonography where no sig-
nificant differences with healthy controls were found.

CT and MR are methods used for detection cerebral
anomalies which can cause symptoms of parkinsonism,
such as hydrocephalus, subdural haemathoma, cerebral
neoplasm and multiple cerebral infarcts12.

Many cases described in literature confirm that ce-
rebrovascular lesions correlate to parkinsonian signs13,14.
These studies point out rapid onset, poor response to
L-dopa therapy and sometimes reversibility of motor
symptomatology.

At present, there is a relatively small number of pub-
lished papers on atherosclerotic changes on the extra-
cranial part of carotids in patients with a clinical picture
of parkinsonism.

For now it is still uncertain whether, and to what ex-
tent, cerebrovascular lesions influence the symptoma-
tology of parkinsonism, in particular if present in basal
ganglia. Therefore, it is important to determine the in-
fluence of vascular lesions to the development of par-
kinsonism and to determine the type of atherosclerotic
changes on extracranial vessels.

The purpose of this investigation was to determine
whether the morphology of atherosclerotic changes on
extracranial carotid arteries and the degree of stenosis
present in patients with vascular parkinsonism and pa-
tients with Parkinson’s disease differ and influences the
intracranial vascular pathology.

Patients and methods

Fifty patients of both genders with symptoms of
parkinsonism have been involved in the study, all of them
older than 40 years who were treated and monitored in
the Outpatient Clinic for Extrapyramidal Disorders at
the Department of Neurology, Clinical Hospital Center in
Osijek.

The patients were divided into two groups: patients
with vascular parkinsonism and patients with idiopathic
Parkinson’s disease.

A Color Doppler examination was performed using
the Aloka Color Doppler with an ultrasound linear probe,
frequency ranging from 5 to 10 MHz which was placed on
the patient’s neck, laterally from thyroid lobes. During
the examination, the patient is on his back and his neck
is hyperextended. Every patient had ultrasound exami-
nation in B mode first and then colored and duplex Dopp-
ler flow imaging and quantification of spectral imaging
in order to detect the presence of stenosis of carotid in-
ternal artery and the level of damage.

Early carotid lesion was assessed through the mea-
surement of intimomedial thickness (IMT) of the com-
mon carotid artery 1cm proximal to the carotid bulb on
the far wall.

To evaluate the stenosis doppler criteria used in our
ultrasound laboratory we used the criteria proposed
from the relevant ultrasound laboratory at the Clinical
Hospital Center in Zagreb, » Sestre milosrdnice«15.

Criteria for mild stenosis (at least two)

¿ systolic lumen reduction � 50%

¿ Systolic blood flow velocity (BFV) � 120–170cm/s

¿ BFV internal carotid artery (ICA)/ BFV common ca-
rotid artery (CCA) � 1.8

Criteria for moderate stenosis(at least two)

¿ systolic lumen reduction 51–75%

¿ systolic BFV � 171–299cm/s

¿ BFV ICA/BFV CCA 1,9–3,9

Criteria for severe stenosis (at least two)

¿ systolic lumen reduction � 75%

¿ systolic BFV > 300 cm/s

¿ BFV ICA/BFV CCA � 4

¿ Inverse circulation in the ophthalmic artery

Criteria for pseudooclusion (at least two)

¿ systolic lumen reduction � 95%

¿ systolic BFV < 0.5 m/s

¿ absence of diastolic flow

Criteria for occlusion

¿ lumen filled with plaques

¿ absence of colour coded flow and power doppler col-
our coded flow

Criteria for intracranial carotid occlusion

¿ color coded and power Doppler flow in the whole lu-
men

¿ systolic BFV � 0.5 m/s

¿ absence of diastolic flow

The sonographer was blinded to the diagnosis of the
patients in order to avoid expectation bias.

Statistical methods used are the chi-square test and
theYates’ correction factor. Statistically significant dif-
ference was taken at p < 0.01. In cases of several types of
pathological findings in a patient, the most severe find-
ing in case of stenosis and the most frequent in plaque
detection regardless of whether it is the right, or left ca-
rotid tree, was taken.

Results

A group of 50 patients was divided into two sub-
groups, according to the clinical picture and performed
neuroradiological examinations like computed tomogra-
phy (CT) or magnetic resonance (MR). Out of 50 patients
with signs of parkinsonism, 28 (56%) suffered from the
idiopathic type, out of whom 17 (61%) men and 11 (39%)
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women, whereas 22 (44%) patients suffered from the vas-
cular type and thus 10 (45%) men and 12 (55%) women.

Using the c2-test, no statistically significant differ-
ence in age between the two subgroups (c2-test, p=0.771),
and sex (c2-test, p=0.285) were found, so therefore they
were suitable for comparison.

The majority of men who suffer from idiopathic (42%)
and vascular parkinsonism (40%) were 70–79 years old.
The majority of women who suffer from idiopathic par-
kinsonism (64%) and vascular parkinsonism (42%) were
60–69 years old.

In further analyses we compared normal and patho-
logical findings on the extracranial arteries between the
groups of patients. The results are shown in Table 1.

When comparing the pathological findings on the
extracranial part of carotids in patients with idiopathic
parkinsonism and vascular parkinsonism, we found a
high percentage of patients with a pathological finding
on carotids in both groups, in particular in those with
vascular parkinsonism 22 (100%).

There is also a significant number of pathological
findings on the extracranial part of carotids in patients
who suffer from Parkinson’s disease, 22 (79%) patients.

A statistically significant difference was found between
pathological and negative findings (c2-test, p=0,024).

Analysing the distribution of the pathological find-
ings by CDFI according to age within individual groups
we have obtained the following results shown on Figure 1.

Our data show that, in both groups of patients, the
frequency of pathological findings on extracranial arter-
ies is proportional to age. They are most frequent in pa-
tients at the age of 60 to 69 (idiopathic parkinsonism, 10
(45,5%) and vascular parkinsonism 7 (31,8%) patients),
and in those who are 70–79 years of age (idiopathic
parkinsonism 10 (45,5%) and vascular parkinsonism 8
(36,4%) patients).

Age distribution of pathological findings in the two
subgroups is not statistically significant (c2-test, p=0,422).

The pathological atherosclerotic changes on the extra-
cranial arteries like the stenosis degree and plaque mor-
phology we found are presented in Table 2. and Table 3.

Our data suggest that 54% of patients with Parkin-
son’s disease have the mildest atherosclerotic changes on

the extracranial arteries in the form of the early carotid
lesions. No cases of severe stenosis or occlusion were de-
tected (Table 2).

Comparison of the stenosis degree on carotids in pa-
tients who suffer from idiopathic parkinsonism with the
changes in patients with vascular parkinsonism shows a
statistically significant difference (c2 test, p<0,001).
When comparing stenosis degree in patients with vascu-
lar parkinsonism and the idiopathic parkinsonism, the
results suggest a greater frequency of mild stenosis in 18
(82%) patients with vascular parkinsonism, and early ca-
rotid lesion in 15 (68%) patients with idiopathic par-
kinsonism. There was no case of severe stenosis or occlu-
sion detected.

We studied the plaque characteristics in patients with
idiopathic and vacular parkinsonism (Table 3).

In patients with idiopathic parkinsonism calcified pla-
ques were detected in 64% of the cases. Mixed plaques
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Fig.1. Age distribution of parkinsonian patients with pathologi-
cal findings on carotid arteries demonstrated by color doppler

flow imaging.

TABLE 1
FREQUENCY OF PATHOLOGICAL FINDINGS ON THE

EXTRACRANIAL PART OF CAROTID ARTERIES IN PATIENTS
WITH IDIOPATHIC AND VASCULAR PARKINSONISM

Parkinsonism

Total N (% p*Idiopathic Vascular

N (%) N (%)

Normal finding 6 (21) 0 6 (12) 0.024

Pathological finding 22 (79) 22 (100) 44 (88)

Total 28 (100) 22 (100) 50 (100)

*c2-test

TABLE 2
FREQUENCY OF PATHOLOGICAL FINDINGS CDFI DEPENDING

ON THE STENOSIS DEGREE IN THE GROUP OF PATIENTS
WITH IDIOPATHIC AND VASCULAR PARKINSONISM

Stenosis degree

Parkinsonism Total p*

Idiopathic Vascular

N (%) N (%) N(%)

Early carotid
lesion

15 (68) 2 (9) 17 (39) <0.001

Mild stenosis 5 (23) 18 (82) 23 (52)

Moderate stenosis 2 (9) 2 (9) 4 (9)

Severe stenosis 0 0 0

Occlusion 0 0 0

Total pathological
findings

22 (100) 22 (100) 44 (100)

Negative findings 6 (100) 0 6 (100)

Total 28 (100) 22 (100) 50 (100)

*c2-test



were found in 14% of the cases. None of the patients in
this subgroup had prevalently soft plaques.

Statistically significant difference was proved between
the occurrence and plaque characteristics on the ex-
tracranial part of carotids between patients with idio-
pathic parkinsonism and patients with vascular par-
kinsonism (c2 test, p<0,001).

In patients who suffer from Parkinson’s disease mostly
stable and calcified atherosclerotic plaques were found.

When comparing characteristics of plaques in pa-
tients with vascular parkinsonism we noted that they
had mostly mixed plaques in 14 (64%) patients, calcified
plaques were found in only 6 (27%) patients with and soft
plaques were found in 2 (9%) of the cases. Patients with
idiopathic parkinsonism had mostly predominantly calci-
fied plaque in 18 (64%) of the cases.

Discussion

Parkinson’s disease is a neurodegenerative disorder
with a pathophysiological basis of absence of L-dopa in
substantia nigra. According to the most recent studies
the changes occur also in the peripheral autonomic ner-
vous system and these have been studied intensively16.

Patients with early parkinsonian signs have mostly
idiopathic form of disease, and only a small number of
patients in that group have vascular or atherosclerotic
parkinsonism.

They are characterized with morphological substrate
of multiple lacunar infarctions, localized mostly in the
basal ganglia, although they can occur in the frontal
lobes and in the deep subcortical white matter 17–20.

Stenosis in the extracranial part of carotid arteries
has been confirmed as a risk factor for developing intra-
cranial cerebrovascular pathology5–7,21. Cerebrovascular
diseases and their consequences, including vascular
parkinsonism, are the third mortality cause in the world,
but in Croatia, especially in our region of eastern part of

Croatia, cerebrovascular diseases are the leading cause of
mortality22.

A certain percentage of the general population has
prevalently asymptomatic carotid disease7,23–25. With re-
gard to that we also expected that our patients with Par-
kinson’s disease would have certain pathological changes
on the extracranial part of carotid arteries.

Our research has shown a slightly higher percentage
of pathological but non-symptomatic findings in patients
with idiopathic Parkinson disease mainly detected as
higher IMT values on common carotid artery, which
could be a consequence of long term L-dopa therapy3.

In another study no significant differences in Doppler
parameters of carotid arteries were found between idio-
pathic parkinsonism patients and matched controls11.

A special attention has been paid to the plaques pres-
ent in the extracranial part of carotids in patients with
Parkinson’s disease. Most of our patients had predomi-
nantly calcified plaques which do not result in high-de-
gree stenosis. Compared to the findings of Rektor et al.
we found in our group of idiopathic Parkinsonian pa-
tients greater presence atherosclerotic plaques than they
did26. However, calcified atherosclerotic plaques,also cal-
led stable plaques because of lower tendency to bleeding
into plaque, are good prognostic factor for lower cerebral
embolism incidence in idiopathic form of Parkinson’s dis-
ease.

Patients with vascular parkinsonism have different
pattern of atherosclerotic changes on carotid arteries. In
18 of our patients with vascular parkinsonism we de-
tected mild degree of carotid stenosis and 14 (64%) pa-
tients had mixed plaques prone to cerebral embolism.
That ultrasonographic findings correspond well to the
neuroradiological and clinical findings in patients with
vascular parkinsonism.

Conclusion

Parkinson’s disease is a neurodegenerative disorder
which, despite adequate therapy, progresses and results
in patient’s disability. Therefore, it is important in a
group of patients with symptoms of parkinsonism to de-
tect those who suffer from a secondary, vascular, type in
order to slow down the development of multiple in-
farctions of lacunar type.

If the pathology on the extracranial part of carotids
were detected on time, we could prevent further progres-
sion of cerebrovascular pathology and the clinical signs
in patients who suffer from idiopathic parkinsonism could
be milder.

On the basis of these findings we conclude that athe-
rosclerotic changes on the extracranial part of carotid ar-
teries are very important predictor of intracranial cere-
brovascular pathology. Therefore, ultrasonographic diag-
nostics and detection of plaque morphology and stenosis
degree in all patients with symptoms of parkinsonism is
necessary in case of both idiopathic and vascular type.
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TABLE 3
OCCURRENCE OF PLAQUES IN PATIENTS WITH IDIOPATHIC

PARKINSONISM AND VASCULAR PARKINSONISM

Plaque
morphology

Parkinsonism
Total

p*Idiopathic Vascular

N (%) N (%) N(%)

Predominantly cal-
cified plaque

18 (64) 6 (27) 24 (48) <0,001

Mixed plaque 4 (14) 14 (64) 18 (36)

Predominantly soft
plaque

0 2 (9) 2 (4)

Summary 22 (78) 22 (100) 44 (88)

No pathology 6 (21) 0 6 (12)

Total 28 (100) 22 (100) 50 (100)

*c2-test
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ULTRAZVU^NA PROCJENA O[TE]ENJA EKSTRAKRANIJSKIH KAROTIDNIH ARTERIJA U
BOLESNIKA S PARKINSONIZMOM

S A @ E T A K

Svrha ovoga istra`ivanja bila je ispitati aterosklerotske promjene u bolesnika s vaskularnim parkinsonizmom i idio-
patskom Parkinsonovom bole{}u da bi se procijenio mogu}i utjecaj patologije ekstrakranijskih karotidnih arterija na
nastanak lakunarnih mo`danih infarkta. Stupanj stenoze i morfologija plakova u ekstrakranijskim dijelovima karotida
ispitani su usporedbom rezultata u obje grupe bolesnika pomo}u pretrage obojenog Doppler ultrazvu~nog prikaza.
Odabrali smo dvije usporedive skupine bolesnika s parkinsonizmom: 22 bolesnika s vaskularnim parkinsonizmom i 28
sa idioptskom Parkinsonovom bole{}u. Aterosklerotske promjene u bolesnika sa Parkinsnovom bole{}u pokazale su
bla`a o{te}enja karotida sa ve}inom stabilnim kalcificiranim plakom i manjim rizikom za embolijski mo`dani intra-
vaskularni doga|aj, nasuprot vi{em stupnju karotidne stenoze u bolesnika s vaskularnim parkinsonizmom s ve}inom
mje{ovitim plakovima koji su skloniji embolizaciji. Stoga, smatramo da je svim bolesnicima s parkinsonizmom potrebno
u~initi ultrazvu~no ispitivanje karotidnih arterija da bi se procijenio rizik vaskularnih akcidenata koji potje~u iz o{te-
}enja karotidnih arterija. To bi doprinijelo adekvatnom lije~enju parkinsonizma i sprije~ilo nastanak promjena u in-
trakranijskim krvnim `ilama.
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