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Summary

Stroke is the second leading cause of death and the leading cause of disability in
Croatia. One-quarter of all ischemic strokes occur in the posterior circulation. One third
of ischemic strokes are caused by large artery diseases. Transcranial Doppler sonography
(TCD) is a non-invasive method with an excellent temporal resolution for real time inves-
tigations of cerebral hemodynamics and, among other methods, functional TCD tests are
very useful tools for establishing the cerebral vasomotor capacity. TCD studies revealed
that a proximal stenosis in the carotid circulation severely influences distal cerebral hemo-
dynamics and autoregulative mechanisms.

The aim of this study was to establish the influence of a vertebral artery (VA) occlu-
sion on visual evoked responses in the posterior cerebral artery (PCA) measured by means
of TCD.

We measured mean blood flow velocities (MBFVs) in the PCA before and during a
visual stimulation in patients with a VA occlusion by means of TCD.

Without visual stimuli there was no significant difference between the control group
and the patients with a VA occlusion. During white light stimulation a statistically signifi-
cant increase of MBFVs in the PCA in both groups occurred. In the control group the
increase was 22.85+20.9% for the right PCA and 20.67+15.31% for the left PCA. In the
group of patients with a VA occlusion the increase in the right PCA was 12.3+16.46% and
in the left PCA 11.89%13.08%. In the patients with a VA occlusion repeated testing led
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to diminished responses, which could be an indicator of the exhaustion of the cerebrov-
ascular vasomotor reserve.

Based on the results of our study we can conclude that there is a negative effect on
the functioning of the distal small vessels in the case of a VA occlusion. Visually evoked
functional TCD testing is a non-invasive and precise method for the estimation of vasore-
activity in the posterior circulation.

INTRODUCTION

Stroke is the second leading cause of death and the leading cause of disability in
Croatia. One-quarter of all ischemic strokes occur in the posterior circulation [1]. One
third of ischemic strokes are caused by large artery diseases; in the posterior circulation
a vertebral artery (VA) occlusion has a significant role. Vertebral artery stenoses and
occlusions account for approximately 20% of the posterior circulation strokes [2]. The
most common cause of a VA occlusion is the development of an atherosclerotic plaque,
butin a significant number of cases a distal embolism is present. In the extracranial part,
a VA could be occluded due to the dissection of the artery, mostly after a traumatic event
[34].

When an occlusion of the proximal VA occurs, ischemic events develop only in 9%
of cases [5], the reason lies in good compensatory pathways. The most important one is
an intact contralateral vertebral artery. In the case of a hypoplastic VA or additional
vascular pathology the risk of an ischemic event in the vertebrobasilar territory and the
development of posterior syndromes is higher [6,7].

Cerebral perfusion is maintained constant in different conditions due to protective
mechanisms, cerebral autoregulation and cerebral vasoreactivity. Also, the cerebral cir-
culation responds promptly to increased metabolic demands due to neuronal activity,
known as neurovascular coupling. These three mechanisms are functioning on the
level of small cerebral vessels, arterioles and capillaries. It is possible to make conclu-
sions about the functioning of one mechanism based on the test results of one of the
others because all three are representing the capability of cerebral vessels to constrict or
dilate after some stimuli [8-11].

The introduction of the transcranial Doppler (TCD) in neurological diagnostic pro-
cedures and scientific studies enabled the estimation of the cerebral circulation in real
time. Mean blood flow velocities (MBFVs) measured by TCD represent the size of the
cerebral blood flow. Due to the very high temporal resolution of this method itis possi-
ble to watch and quantify the changes of the cerebral blood flow after different stimuli
[12,13].

In the case a significant stenosis or occlusion of the cerebral artery, the distal blood
flow remains normal if the collateral pathways and cerebral autoregulation function
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properly. Some acute cerebral diseases, as well as chronic diseases like arterial hyperten-
sion, diabetes mellitus, atherosclerosis and others, impair the capacity of small cerebral
vessels to constrict and dilate, with an inadequate compensation of the blood flow distal
to the stenosis as a consequence. Previous studies investigated in detail the influence of
a proximal internal carotid artery stenosis on the cerebral autoregulation in the area of
the middle cerebral artery (MCA) [14]. They also revealed an association between the
internal carotid artery stenosis, impaired autoregulation in the MCA and increased risk
of an ipsilateral stroke. When the same tests were repeated after the carotid endarterec-
tomy, the results showed a significant improvement [15,16]. Investigations of cerebral
vasoreactivity, autoregulation and neurovascular coupling in the area of the posterior
circulation are not as numerous as in the area of the MCA. In the posterior circulation a
very reliable way of testing the neurovascular coupling is measuring the responses in
the posterior cerebral artery (PCA) to light stimulation, as itis known that the light is the
most powerful stimulus of metabolism in the visual cortex. This kind of testing was
performed for the first time by R. Aaslid who found that MBFVs in the PCA significantly
rose during watching at the white light [17].

The aim of this study was to investigate the velocity changes in the PCA during
visual stimulation in patients with a VA occlusion by means of TCD. The main hypoth-
esis in our study was that visually evoked flow responses in the PCA were reduced in
patients with a VA occlusion.

Patients and methods

This study was performed in the Cerebrovascular Laboratory of the University Neu-
rology Department, Sestre Milosrdnice University Hospital in Zagreb. It was a prospec-
tive study which included in- and outpatients with a VA occlusion. The same diagnos-
tic tests were performed in the age and sex matched control group. Excluded from the
study were patients with an intracranial stenosis of cerebral vessels, unconscious and
demented patients and patients with hypertension and diabetes mellitus.

The VA occlusion in all patients was diagnosed by means of Color Doppler Flow
Imaging using the Acuson 128 XP/10 device, Mountain View, California. For morpho-
logic investigation a 7.5MHz linear probe, and for hemodynamic investigation a 5SMHz
probe were used. The VA occlusion was diagnosed according to the previously pub-
lished criteria [18].

Transcranial Doppler sonography of the Willis circle and the vertebrobasilar region
was performed using the MultiDop X4 DWL device, Electronische Systeme GmbH,
Sipplingen, with a2MHz probe. During the testing of the visual evoked flow responses
in the PCA, a simultaneous recording of both PCAs by two Doppler channels was
performed, using the software application for the evoked flow.
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During the testing the patients were placed in a supine position in a quiet, dark
room. The testing started after a 10 minute accommodation period with the patient’s
eyes closed. Both PCAs were insonated simultaneously through the temporal window
in the P1 segment [13]. For light stimulation we used a light bulb of 100W placed 50cm far
from the patient’s eyes. First we measured MBFVs with the patient’s eyes open, but
without the light stimulation; thus obtained velocities were considered as MBFVs in
basic, neutral conditions. Then the patient rested with the eyes closed for two minutes.
After this period, MBFVs in both PCAs were measured for one minute with the patient’s
eyes closed. Then the patient was asked to open the eyes and to look at the light for one
minute during which MBFVs in both PCAs were measured. These recordings were
repeated three times in each patient, in the control group as well. For the visual evoked
response calculation we took the mean value of MBFVs recorded during the one minute
testing period. The size of the response was defined as the percentage of the PCA MBFVs
change after light stimulation, as compared with the PCA MBFVs with subjects’ eyes
closed.

Statistical analysis was performed using standard statistical software. All results
were presented as mean values with standard deviations. The differences between meas-
urements were established using the T test and Kolgomor-Smirn test. For statistical
significance the p value <0.05 was used.

Results

We investigated 30 patients with a VA occlusion, 24 males and 6 females. The mean
age of the patients was 60.73+11.63 years. The control group was age and sex matched
and consisted of 26 subjects examined in our Cerebrovascular Laboratory on the basis of
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Figure 1. Visually evoked flow responses in the PCA in the control group.
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Figure 2. Visually evoked flow responses in the PCA in the patients with a vertebral artery
occlusion.

cerebrovascular risk factors, but without any evidence of cerebrovascular diseases. In
the male group most of the patients with a VA occlusion were in the age group between
55 and 74 years. In 57% of the patients the right VA was occluded, in 23% the left VA and
in 20% both VAs were occluded. Majority of VA occlusions (58%) occurred in the extrac-
ranial part of the VA.

During recording of MBFVs in basic conditions, MBFV in the PCA did not differ
significantly between patients and controls. In the control group MBFVs in the right VA
were 36.3+12.4 cm/s and in the left VA 35.61+13.3 cm/s. In the patient group MBFVs in
the right VA were 37.03+12.9 cm/s and in the left VA 35.60+11.52 cm/s. In the control
group MBFVs in the PCA rose from 32.84cm/s in the right VA and 32.5cm/s in the left VA
during the one minute recording in darkness to 40.23 cm/s in the right VA and 39.15cm/
s in the left VA during the one minute recording with the light stimulus on. In the
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Figure 3. Percentage of visually evoked responses in both groups
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patient group MBFVs in the PCA rose from 34.24cm/s in the right VA and 33.34cm/s in
the left VA during the one minute recording in darkness to 38.22 cm/s in the right VA
and 37.14 cm/s in the left VA during the one minute recording with the light stimulus
on. In the control group the increase of MBFVs in the PCA during light stimulation was
22.85+20.9% for the right and 20.67+15.31% for the left PCA. In patients with a VA
occlusion the right PCA showed increase of MBFVs by 12.3+16.46% and the left PCA
showed increase by 11.89+13.08% (Figure 3). The visual evoked responses for the both
groups and the comparison of responses in the form of percentages are shown in Figure
1and 2. During the three consecutive testing periods, the values of MBFVsin the PCA in
the patient group decreased for both types of conditions (darkness or white light) (Fig-
ure4).

45

; /
£

30

cm/s

T T T T
dark light dark light
—l— 1. measurement —— 2.measurement —l— 3.measurement

Figure 4. Reduction of evoked flow responses during repeated testing in patients with
a VA occlusion in contrast with constant responses in the control group.

Discussion

Cerebrovascular ischemic incidents are in 30% of cases caused by large artery diseas-
es. They are more frequent in the male population in the age group between 55-75 years.
Our results showed a distribution of patients according to age and gender similar to the
results of previous studies [19,20].

According to previous studies, 20% of ischemic events in the vertebrobasilar territo-
ry are caused by heart embolism and 20% by intraarterial embolism, usually from the VA
[21]. The atherothrombotic process has a major role in vertebrobasilar ischemia. Usually
itislocated in the proximal, V1 part of the VA which is concordant with our results; 58%
of VAs were occluded in the extracranial part. Similar to previous studies, our results
showed that more often the right VA occlusion occurs [18]. Possible explanation is a
vertebral artery hypoplasia that affects more often the right VA. This is a frequent inborn
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condition, with a narrow lumen of the VA, 2mm in diameter or less. In a hypoplastic VA
the hemodynamics is changed and the VA is more prone to an atherothrombotic process
and occlusion [22-24].

MBEFVs in the PCA with eyes open, without additional light stimuli, did not differ
significantly between the control group and the patients with a VA occlusion. This is
probably the result of a good compensatory mechanism of pathological changes in
basic, physiological conditions.

During looking at a white light, in all investigated subjects occurred the increase of
MBEFVs in the PCA. This kind of study was for the first time performed in healthy
volunteers by R. Aaslid in 1987. During watching at a white light MBFVs in the PCA rose
for 16.4% and the regional blood flow volume rose for 20.2%. These changes developed
in a very short time; 50% of the increase occurred in only 2.3 seconds [17]. Trkanjec and
Demarin performed a similar study, but using different modes of light stimulation.
Results showed that a flash light induced a greater response than continuous white
light stimuli. Also, the responses depended of the wave-length of the light stimuli [23].

In our study results showed significantly lower responses in the PCA to light stim-
uli in the patients with a VA occlusion. Similar results were presented in the study of
Urban, who performed similar testing in patients with an occipital infarction [26]. Be-
fore the light stimulation, MBFVs in the PCA in 13 patients and in the control group did
not differ significantly. But, during the light stimulation in the control subjects MBFVs
in the PCA rose for 30.6+9.7% and in the patient group this response was significantly
lower, 3.4+4.1%. The magnitude of the response in patients depended on the size of the
occipital lobe infarction. Haubrich et al. performed a dynamic cerebral autoregulation
testing distally to the severe bilateral vertebral artery disease where they detected au-
toregulatory deficits of different degrees [27].

This kind of functional testing of the cerebral vasculature by means of TCD is more
often involving the carotid circulation pathology. Responses to functional stimuli in
patients with a carotid disease are good indicators of the autoregulative, vasoreactive
capacity of small cerebral vessels distal to the stenosis or occlusion. Silvestrini et al.
showed in their study the change of MBFVs in the middle cerebral artery (MCA) during
a two-minute task of moving the fingers in patients with a significant carotid artery
stenosis. In the control group MBFVs in the MCA rose for 5.52+2.4cm/s. In the patient
group on the side of the carotid stenosis MBFVs increased by 1.76+1.6cm/s and on the
contralateral, healthy side the increase was 3.82+2.1cm/s. After carotid endarterectomy
(CEA), the response to motoric stimuli improved and differences between sides became
insignificant [16]. In similar groups of patients with a carotid disease before and after
CEA Demarin et al. performed vasoreactivity testing using acetazolamide (Diamox,
1000mg), one of the currently used tests for cerebrovascular reactivity assessment. This
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carboanhydrase inhibitor increases the CO, level in blood and the hypercapnia is used
as the most potent vasodilatatory stimulus for testing the cerebrovascular reactivity [28].
Patients with a carotid stenosis showed weaker responses after acotazolamide adminis-
tration. On the side of the stenosis, the impairment of vasoreactivity correlated with the
degree of stenosis. After the surgery, a significant recovery of vasoreactivity occurred®.
Testing of the vasomotor reserve in patients with a carotid disease was also used as a
possible predictor of ischemic events in the distal area [29,30].

In investigated subjects the measurement of MBFVs in the PCA was performed in
three consecutive sequences. In the group of patients with a VA occlusion in every subse-
quent measurement, during resting as well as during the watching at the white light,
MBEFEVs in the PCA became lower. The differences between the first and the third measure-
ment were statistically significant. The possible explanation is the habituation during the
repeated stimulation, but the possible cause lies in the exhaustion of the vasomotor reserve
distal to the vertebral artery occlusion. In the control group we did not find any signifi-
cant decrease of MBFVs in the PCA in the second and third sequence of testing.

Due to the anatomical position of VAs and the limited diagnostic and therapeutic
possibilities, very few studies have dealt with vertebral artery pathology. Also, very few
studies have dealt with the impaired autoregulation, vasoreactivity and neurovascular
coupling in the posterior circulation up to now.

The advantages of functional testing by means of transcranial Doppler are non-
invasiveness and regional selectivity. This is especially valid for the PCA and visual
cortex, due to the exclusive irrigation of the visual cortex by PCAs, and very precise
relations between the light stimulation, increase of neural metabolism and blood flow
volume in the visual cortical area. Neurovascular coupling is functioning on the level of
small cerebral vessels, which means that conditions that impair the cerebral autoregula-
tion and cerebral vasoreactivity also affect the neuronal coupling. The diminished re-
sponse after functional stimulation can be addressed to the functional or structural
impairment of the neuronal area, impaired neurovascular coupling or compromised
hemodynamics due to a proximal stenosis or occlusion [11].

The diminished answer in the PCA during light stimulation in the patients with a
VA occlusion in our study probably reflects the hemodynamic impairment of the poste-
rior circulation, which is not able to react properly to increased metabolic demands of
the visual cortex. Also, it is possible that such results are also the consequence of a
structural injury of the visual cortex, since in some patients a brain CT scan revealed
ischemic changes in the PCA area.

Functional testing of the visual cortex by means of TCD is a non-invasive and relia-
ble method for estimating the vasomotor reserve. In this study it revealed the impair-
ment of the vasomotor reserve distal to the VA occlusion. The results of this study could
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help in further investigations aimed at establishing the risks of ischemic events in the
posterior circulation.
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Sazetak

Utjecaj okluzije vertebralne arterije na odgovore u straznjoj mozdanoj arteriji
tijekom vidnih podrazaja

Mozdani udar je po ucestalosti drugi uzrok smrti i vodeci uzrok onesposobljenosti u Hrvat-
skoj. Cetvrtina svih ishemijskih moZdanih udara nastaje u podrucju straznje cirkulacije. Tre¢ina
svih ishemijskih mozdanih udara uzrokovana je bolescu velikih krvnih Zila. Transkranijska dopler
sonografija (TCD) je neinvazivna dijagnosticka metoda s izvrsnom vremenskom rezolucijom koja
omogucava ispitivanje mozdanog krvotoka u Zivom vremenu. Funkcionalni TCD testovi, izmedu
ostalih metoda, imaju znacajnu ulogu u procjeni mozdanog vazomotornog kapaciteta. Rezultati
prethodnih TCD istrazivanja ukazali su da proksimalna stenoza u karotidnoj cirkulaciji izrazito
utjeCe na distalnu hemodinamiku i mehanizme autoregulacije.

Cilj ovog istrazivanja bio je pomocu TCD-a utvrditi utjecaj okluzije vertebralne arterije na
odgovore u straznjoj mozdanoj arteriji tijekom vidnih podrazaja.

Odgovore tijekom vidnih podrazaja u straznjoj mozdanoj arteriji u bolesnika s okluzijom
vertebralne aterije biljezili smo TCD-om mijeredi srednje brzine strujanja krvi (SBSK) u straznjoj
mozdanoj arteriji prije i tijekom vidnih podrazaja.

Mjereci SBSK u straznjoj mozdanoj arteriji bez vidnih podrazaja, vrijednosti u kontrolnoj
skupini nisu se znacajno razlikovale od vrijednosti SBSK u skupini bolesnika s okluzijom verte-
bralne arterije. Tijekom vidnih podrazaja bijelim svjetlom u obje skupine ispitanika zabiljezeno je
statisticki znacajno povecanje SBSK u straznjoj mozdanoj arteriji. U kontrolnoj skupini to pov-
ecanje SBSK iznosilo je 22,85+20,9% u desnoj, a 20,67%15,31% u lijevoj straznjoj mozdanoj
arteriji. U skupini bolesnika s okluzijom vertebralne arterije povecanje u desnoj straznjoj mozdanoj
arteriji iznosilo je 12,3=16,46%, a u lijevoj 11,89+13,08%. U bolesnika s okluzijom vertebralne
arterije opetovani vidni podrazaji doveli su do smanjenja odgovora u straznjoj mozdanoj arteriji
Sto je mogudi pokazatelj iscrpljivanja mozdane vazomotorne rezerve.

Na temelju naseg istrazivanja mozemo zakljuciti da postoji negativni utjecaj okluzije verte-
bralne arterije na distalnu hemodinamiku. Funkcionalni TCD testovi vidnim podrazajima pred-
stavljaju neinvazivu i preciznu metodu za procjenu vazoreakivnosti u straznjoj mozdanoj cirku-
laciji.

Kljucne rijeci: vertebralne arterije, vidni evocirani odgovori, ultrazvuk, straznja mozdana
arterija
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