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Summary. Color-coded duplex sonography has im- 
proved the evaluation of the hemodynamics of the verte- 
bral arteries (VA). A reliable differentiation between a 
normal vessel, hypoplasia, stenosis and occlusion of VA 
can now be made. We studied two groups of patients in 
a prospective study with isolated carotid artery disease 
(n = 48), and with a combination of carotid and verte- 
bral artery disease (n = 14), to determine the role of VA 
in the pathogenesis of transient ischemic attacks (TIAs) 
in the vertebrobasilar system. Apart from the existing 
arteriosclerotic changes of the internal carotid arteries, 
the condition of the VA was of importance for the occur- 
rence of TIAs in the vertebrobasilar territory. We found 
that 8% of the patients with isolated hemodynamically 
relevant stenosis or occlusion of one or both internal 
carotid arteries had a TIA in the vertebrobasilar territ- 
ory. Patients with combined carotid and vertebral artery 
disease had an increase of TIAs in the same region in 
71%. The high rate of TIAs in this group might be attri- 
buted to the combined effect of carotid and vertebral ar- 
tery disease, as a third group (n = 30) with isolated ver- 
tebral artery disease showed TIAs in only 13%. 
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Introduction 

Continuous-wave (CW) Doppler sonography was intro- 
duced for the identification of extracranial lesions of the 
carotid arteries [5, 20]. B-Mode, real-time ultrasono- 
graphic imaging became available later and is able to 
demonstrate vascular anatomy rather than hemodynam- 
ics. The combination of both, Doppler and B-mode, re- 
sulted in the development of duplex sonography, which 
allows a precise visualization of the vessel structure and 
the quantitative measurement of blood flow characteris- 
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tics [1-3, 7, 31]. With the development of the above- 
mentioned ultrasound imaging techniques, the extra- 
cranial carotid arteries became available for routine non- 
invasive examination. The vertebrobasilar arteries, how- 
ever, were usually examined in a very cursory fashion 
[12, 15, 19, 25, 27, 32-34]. There are several reasons for 
this: 

1. The anatomy of the vertebral arteries does not allow 
continous insonation as is the case with the carotid ar- 
teries [26]; 

2. The diagnostic value of ultrasound is currently under- 
estimated owing to the lack of surgical implications in 
patients with stenosis of the vertebral artery [14], and 
hence 

3. complete angiographic data as a reference method are 
not available in many cases. 

For the vertebral system, CW-Doppler is sensitive 
enough for qualitative measurement of vertebral blood 
flow velocities, but not for the exact differentiation of 
the underlying vascular disease (e.g. stenosis vs. hypo- 
plasia; [13]). The new method of color-coded Doppler 
imaging, combining the ability of ultrasound to image 
tissue with the measurement of blood flow velocities, 
was used in this study [6]. The duplex concept is based 
upon the ability to identify the walls of a vessel within 
a two-dimensional ultrasound image, and it employs a 
pulsed Doppler sample volume to measure blood flow 
velocities within the visualised artery. There are two 
locations for assessing the vertebral artery with this tech- 
nique [2, 17]. One is the origin of the vertebral artery. 
The second is the midportion (pars transversia). Here 
the measurement of blood flow velocities is fairly accu- 
rate and reliable because of to the straight course of this 
segment of the artery. The transverse processes of the 
cervical spine (between the levels of C3 and C6) are the 
anatomical structures of reference. 

It has often been concluded from clinical observa- 
tions that transient ischemic attacks (TIAs) within the 
vertebrobasilar system may depend more on hemody- 
namic factors, such as a transient decrease of perfusion, 



180 

than on recurrent embolism. Relatively little is known 
about mechanisms of stroke and associated clinical fea- 
tures in patients with the combination of vertebral artery 
and carotid artery disease. Earlier studies considered the 
importance of vertebrobasilar symptoms as a prognostic 
factor in patients with stenosis of the carotid arteries 
[4, 28]. However, no study has examined the coincidence 
of these symptoms with normal, hypoplastic, stenosed or 
occluded vertebral arteries in ultrasonographic findings 
[4, 8-11, 18, 22, 28]. We "therefore investigated the role 
of the vertebral arteries in the pathogenesis of TIAs in 
the vertebrobasilar system with special emphasis on the 
question as to whether or not additional stenosis or oc- 
clusion of one or both carotid arteries is important. Our 
hypothesis was that additional carotid disease should 
result in a higher frequency of TIAs within the vertebro- 
basilar territory provided that hemodynamic factors are 
important. The possible role of additional embolic 
mechanisms was investigated in a group of patients with 
isolated changes of vertebral arteries. 

Materials and Methods 

Sixty-two patients (mean age 62 years, SD 10 years, 48 males, 14 
females) were studied prospectively between 1 October 1990 and 1 
April 1991. All patients had hemodynamically relevant carotid ar- 
tery disease (> 50%), most of them (33 patients) an occlusion of 
the internal artery. Patients were divided into two groups: patients 
with isolated carotid artery disease (group 1), and patients with a 
combination of carotid and vertebral artery disease (group 2). A 
third group (group 3) with isolated hypoplasia (diameter < 2 ram), 
stenosis or occlusion of the vertebral arteries was matched for sex and 
age (mean age 63 years, SD 9 years, 23 males, 7 females, Table 1). 
These patients had normal Doppler und duplex examinations of 
the carotid arteries. As a reference for diastolic and systolic veloc- 
ity measurements in duplex sonography, we obtained data from a 
normal population (n = 100), age and sex matched without carotid 
and vertebral artery disease (group 4). 

In all three patient groups the occurrence of TIA or stroke in 
the carotid or vertebrobasilar territory was evaluated by prior 
history and neurological examination. The clinical data of groups 
1, 2, 3 are shown in Table 2. The diagnosis of vertebrobasilar TIA 
was based on the following clinical criteria [4, 29]: 

Table 1. Number and degree of unilateral stenosis or occlusion of 
ICA (%) in groups 1-3. In group 1, four patients with bilateral 
occlusions. Group 1: isolated ICA disease; Group 3: isolated ver- 
tebral artery disease 

Group i Group 2 Group 3 

Degree of ICA stenosis 
50-69% 8 1 
70-90% 14 3 

> 90% 3 1 
100% 23 9 

VA disease 

Hypoplasia - - 
Stenosis - 9 (64%) 
Occlusion - 5 (36%) 

1 (3%) 
24 (80%) 
5 (17%) 

Total 48 14 30 

Table 2. Clinical data in groups 1-3. I: Symptoms ipsilateral to 
carotid disease. C: Symptoms contralateral to carotid disease; VB: 
Symptoms in the vertebrobasilar system; TIA/PRIND/STROKE: 
Hemispheric symptoms 

Group i Group 2 Group 3 
(n = 48) (n = 14) (n = 30) 

Asymptomatic 22 1 26 

VB 2 3 4 

TIA/PRIND I: 2 0 0 
C: 1 1 0 

Stroke I: 9 1 0 
C: 5 0 0 

Amaurosis fugax I: 5 1 0 
C: 0 0 0 

TIA/PRIND I: 0 0 0 
and VB C: 0 0 0 

Stroke and VB I: 2 6 0 
C: 0 0 0 

Amaurosis fugax I: 0 1 0 
and VB C: 0 0 0 

1. homonymous hemianopia or bilateral "gray out" of the vis- 
ual fields; (2). sensory and/or motor defect of any combination of 
extremities; (3). dysarthria, dysphagia, diplopia, vertigo; (4). 
ataxia, imbalance or unsteadiness. To warrant an accurate clinical 
diagnosis of vertebrobasilar TIA, the combination of at least two 
of these groups of symptoms had to be simultaneously present for 
selecting the patients with TIA in the vertebrobasilar system (VB). 

All patients underwent continuous-wave Doppler sonography 
(CWDS) of the extracranial vessels (Sonotechnic GmbH LC-02, 
transducer 4 MHz). The examination included insonation of the 
periorbital branches of the ophthalmic artery to recognize a patho- 
logical flow (zero-flow, retrograde flow), as well as direct insona- 
tion of the whole extracranial segment of the carotid artery (left 
and right common, external, and internal carotid arteries). Appro- 
priate tests were used to identify the vertebral arteries (VA). For 
evaluation of Doppler findings in the vertebral arteries, we 
employed the criteria described by Btidingen and von Reutern [5]. 
With a conventional 4-MHz hand-held probe, the optimal signals 
from the vertebral arteries at the atlas loop and in the supra- 
clavicular fossae were obtained by acoustic control. The vertebral 
artery was identified by its retromastoid location, and repetitive 
compression at the atlas, when examining its origin in the supra- 
clavicular fossa. The occipital artery was distinguished from the 
vertebral artery by compression over the occipital squama. Patients 
with signs of narrowed subclavian artery in CWDS were excluded. 

Diameters, end-diastolic and peak systolic flow velocities were 
measured in all groups in the middle part (V2 segment or pars costo- 
transversaria) of the right and left vertebral artery by color-coded 
duplex sonography (CCDS; Acuson 128 Computed Sonography 
System, 7.5-MHz transducer). The color-coding allows a rapid 
identification of the vertebral artery between the transverse pro- 
cesses of the cervical spine (Fig. 1). Color flow systems help to 
place the Doppler sample volume within the colored vertebral ar- 
tery and to measure the Doppler angle (generally between 45 ~ and 
60~ We assessed the vertebral hemodynamics at the vessel's mid- 
portion between C3 and C6. After obtaining a good image of the 
common carotid artery, a slight lateral shift of the transducer 
brought the vertebral artery into view. Periodic shadowing from 
the transverse processes of the cervical spine provide the necessary 
anatomical landmarks. The course of the vessel was then followed 
down to the subclavian artery to analyse the ostium and the proxi- 
mal portion of the artery. 

A vertebral artery with a lumen < 2 mm was defined as hypo- 
plastic. We assumed a stenosis in the following cases: 1. A stenosis 
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Table 3. Classificatibn of patients (n = 92) with/without transient 
ischemic attacks in the vertebrobasilar territory (VBI); Group 1: 
Isolated ICA disease; Group 1: ICA and VBI disease; Group 3: 
Isolated VBI disease 

n VBI No symptoms 
of VBI 

Group 1 48 4/48 (8%) 44/48 (92%) 
Group 2 14 10/14 (71%) 4/14 (29%) 
Group 3 30 4/30 (13 % ) 26/30 (87%) 

Fig. 1. Doppler sample volume within the red-colored vertebral 
artery. Periodic shadowing from the cervical spine. Doppler spec- 
tra from normal vertebral artery 

of the proximal segment of the vertebral artery was visible in the 
color-coded duplex sonography. 2. In cases of insufficiently vis- 
ualized origin of the vertebral artery, a normal lumen and marked 
(> 50%) reduced end-diastolic and/or peak systolic blood flow veloc- 
ities were measured in the middle part of the vessel in comparison 
with the contralateral vertebral artery. 3. Transcranial Doppler 
sonography (2-MHz Doppler, TC 2-64) presented an intracranially 
located stenosis of the vertebral artery (V4 segment). A visible 
vessel lumen of the vertebral artery without a blood flow signal 
and no Doppler signal indicated an occlusion of the artery. The 
Doppler sample volume was placed exactly within the vessel lumen. 

Resul ts  

Clinical symptoms and arterial disease are summarized 
in Tables 1 and 2. Four  patients in group 1 had bilateral 
occlusions of ICA,  but no patient had the combination 
of occlusion and contralateral stenosis > 50% or a bi- 
lateral stenosis > 50% of the internal carotid artery 
(ICA).  In group 2, only one patient (7%) was asympto- 
matic. Six patients (43%) had had a hemispheric stroke 
occurring in combination with VB-symptoms.  Twenty- 
two patients (46%) with isolated ICA disease and normal 
vertebral  arteries had no neurological signs or symptoms. 
In only 4% of the patients in this group, a combination 
of hemispheric stroke and VB-symptoms appeared.  In 
group 3, no hemispheric symptom were observed. 

We found a vertebrobasi lar  TIA-ra te  of 71% (10/14) 
in patients with combined carotid and vertebral  disease, 
compared  with only 8% (4/48) in the group with carotid 
disease alone (Table 3). Only 13% (4/30) of the third 
group with isolated hemodynamic  changes of the verte- 
bral arteries had TIAs  in the vertebrobasi lar  system. 

A retrograde flow in the ophthalmic artery as a sign 
of a collateral flow from external to internal carotid ar- 
tery was observed in 27% of the patients in group 1 and 
in 28% of patients in group 2 (Table 4). These data dem- 
onstrate a comparable  rate of this collateral supply f rom 
the external carotid artery in each group. 

Table 4. Supraorbital Doppler examination (CWDS) in groups 1-3. 
Normal flow: orthograde flow (or); Pathological flow: 0-flow (Of) 
and retrograde flow (re) in the supratrochlear artery 

Degree of Group 1 Group 2 Group 3 
ICA stenosis (n = 48) (n = 14) (n = 30) 

or re Of or re Of or 0gre 

0% 0 0 0 0 0 0 30 0 
50-69% 8 0 0 1 0 0 0 0 
70-90% 14 0 0 3 0 0 0 0 

>90% 2 1 0 1 0 0 0 0 
100% 7 12 4 5 4 0 0 0 

Table 5. Flow velocity measurements (m/s; arithmetic mean: AM; 
standard deviation: SD) in vertebral arteries (group 1); N: Normal 
population with normal carotid and vertebral duplex; SI: Uni- 
lateral ICA stenosis; O1, 02: Uni- or bilateral ICA occlusion; 
Systol: Systolic flow velocity; Diastol: Diastolic flow velocity 

n Diastolic Systolic 

AM SD AM SD 

N: 100 0.2 0.1 0.6 0.2 
$1: 25 0.2 0.1 0.6 0.2 
O1: 19 0.3 0.1 0.7 0.2 
02: 4 0.5 0.2 1.4 0.6 

The peak systolic and end-diastolic flow velocities 
(AM + SD) in the vertebral  artery of the normal  popula- 
tion, measured with duplex sonography are shown in 
Table 5. In group 1, (without involvement of vertebral  
artery), the diastolic and systolic velocities in the vertebral 
arteries were moderate ly  increased in patients with uni- 
lateral I C A  occlusion (Table 5). An exception was the 
patients with bilateral occlusions of the internal carotid 
artery (n = 4). These patients showed markedly increased 
diastolic and systolic velocities in the vertebral  arteries 
(Table 5). 

Discuss ion  

The pathogenic mechanisms underlying ischemic brain 
symptoms are obviously manifold. The spectrum of 
mechanisms ranges f rom arteriosclerotic carotid or ver- 
tebral lesions, to hemodynamical ly  induced brain isch- 
emia,  and to embolic occlusions of  intracranial arteries. 
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Therefore ,  we examined the influence of arteriosclerotic 
lesions and hypoplasia of  the vertebral  arteries on the 
frequency of transient or permanent  ischemic brain 
symptoms,  and especially on VB symptoms in cases of 
additional carotid artery disease (stenosis > 5 0 % ) .  
Patients with ICA occlusions, who additionally suffer 
f rom VB symptoms are known to have a prognosis that 
is worse than that of patients with I C A  occlusions with- 
out VB symptoms [4]. 

In group 2 the high I C A  occlusion rate (64%) and the 
higher frequency of VB symptoms indicate that hemo- 
dynamic mechanisms in cases of  combined stenosis or 
occlusion of V A  and I C A  play a role in the pathogenesis 
of VB symptoms in this group. This will be supported by 
the reduced VB rate in group 3 with isolated alterations 
of vertebral  artery compared  with the combined I C A  
and V A  disease. We suggest that apart  f rom the existing 
arteriosclerotic changes of the internal carotid arteries 
( ICA),  the condition of the vertebral  arteries is of im- 
portance for the occurrence of T I A  in the vertebrobasi-  
lar terri tory caused by th romboembol i sm and/or hemo- 
dynamic factors. The  possibility of hemodynamic  mech- 
anisms has already been advanced in earlier studies [4, 
11, 21, 24, 29, 30], that repor ted VB symptoms in hemo- 
dynamically significant stenosis or occlusion of the I C A  
without evidence of embolic phenomenona .  Findings in 
other studies, similar to our data, showed a high prevalence 
of T IAs  in the VB system in patients with common caro- 
tid artery occlusion, further supporting hemodynamic  
mechanisms [16, 23]. One possibility to explain this is 
the assumption of a steal phenomenon  [16]. By steal, we 
mean  a posterior  to anterior flow through the posterior  
communicating artery. 

In our  study, we demonstra ted  the importance  of a 
normal  hemodynamic  function without arteriosclerotic 
alterations of the ver tebral  arteries in the presence of 
carotid stenosis or occlusion. In the presence of a bi- 
lateral occlusion of the internal carotid artery, the angle 
corrected measurements  of blood flow velocities with 
color-coded duplex sonography showed a compensatory  
increase in systolic and diastolic flow velocities in the 
normal  vertebral  arteries in all patients. This indicates 
a compensatory  increase in vertebral  artery velocity and 
flow representing hemodynamic  changes in cases of I C A  
occlusion. The combination of increased vertebral  artery 
velocity and the occurrence of T I A  in the VB terri tory 
might be explained by the above-ment ioned steal phe- 
nomenon.  Another  hypothesis is that there are increased 
flow velocities and turbulent flow pat terns in vessels with 
high-grade stenosis, or "jet effect" contralateral  to 
occluded ICA,  inducing emboli  to the intracranial ar- 
teries by loosening platelet  aggregates. 

In conclusion, we observed a high correlation be- 
tween disease of the carotid and ver tebral  arteries and 
the occurrence of TIAs  in the vertebrobasi lar  t e r r i to ry .  
In patients with a vertebrobasi lar  T IA ,  ver tebral  artery 
disease together with carotid disease was observed in 
71%. In the group with isolated carotid disease, V B - T I A  
occurred in only 8% of the patients. The group with iso- 
lated pathology of the vertebral  arteries had V B - T I A  in 
13%. This observation illustrates the important  role the 

vertebral  arteries play in the pathophysiology of T I A  in 
the posterior circulation. This findings may explain dif- 
ferences in the recovery f rom VB symptoms after end- 
arterectomy in cases of ICA stenosis with VB-TIA  [4, 18, 
22, 28], as no report  of associated V A  disease occurred 
in these studies. We believe that some patients with 
combined V A  and carotid artery disease who suffer f rom 
VB symptoms may benefit  f rom a carotid endarterec- 
tomy.  Because of the small number  of patients with com- 
binated V A  and carotid artery disease in our study, we 
think that therapeutic rules should be established once a 
larger study has been completed.  
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