
Abstract: 

Vertebrobasilar ischemic strokes, caused by lesions of magistral arteries.  

Background and Purpose  

     Progress in modern non-invasive or minimally invasive diagnostic methods 

has improved detection and evaluation of pathological changes in the vertebral 

arterial system. Ischemia in vertebrobasilar circulation, often caused by stenotic 

processes of vertebral arteries, is considered a severe form of stroke, with a 

mortality of 20 – 30%. Stenoses of these arteries may be responsible for up to 

one half of ischemic events in their nutritive region. Although there is no general 

consensus on treatment of the VA stenoses so far, recent recommendations 

consider interventions in secondary stroke prevention, when optimal 

conservative treatment did not prevent recurrent clinical symptoms. With the 

increasing number of centers providing diagnostics and possible interventional 

treatment, the objective assessment of these lesions should be available. 

However, due to a relatively small part of patients, who are indicated to 

vertebral angioplasty, the diagnostic procedures should be as noninvasive and 

safe, as possible.  The aim of this study was to create the accurate, noninvasive 

an safe diagnostic algorithm for the detection and evaluation of the VA stenoses 

and to test its reliability on our own patients group.  

   Ultrasonographic diagnostics, as a well available screening, was employed as 

a first choice method. However, its accuracy depends on a well defined 

examination procedure and utilized parameters. Knowledge of anatomic and 



hemodynamic conditions concerning VA is essential for correct definition of  

normal VA and for assessing its anatomic varieties and significant pathologic 

lesions, but all published data from the VA investigation using color duplex 

sonography (CDS) are relatively heterogenous. The aim of our first study was to 

evaluate normal vertebral arteries in our patients group using CDS according to 

a careful and rigorous procedure and to assess reference values of the diameter 

and flow velocities in the V1 and V2 segments of  both VA and their changes 

during aging. We also tried to assess the VA hypoplasia and its hemodynamic 

consequences, which could be important in case of pathological processes 

occuring in the contralateral dominant VA.  We wanted to prove, that CDS is an 

accurate diagnostic method for the assessment of VA under physiological 

circumstances, also useful for the detection of their pathological lesions.    

     In our second study we evaluated symptomatic VA stenoses using  CDS, 

according to our own improved procedure. CT angiography (CTA) has been 

employed as a noninvasive reference method. Next, we tested the accuracy for 

medium to high degree stenoses by digital subtraction angiography (DSA). Our 

suggestion was to present, that „gold standard“ DSA may be replaced by 

noninvasive combination of CDS and CTA for majority of patients with VA 

stenoses. This diagnostic algorithm was not referred before by any other authors. 

Methods   

    In our first study, three hundred and eighty-three asymptomatic patients were 

examined with CDS. All extracranial arteries were imaged and patients with 



significant stenoses or occlusions of any vessels were excluded. The VA 

diameters and flow velocities PSV, EDV and Vmean were assessed in the V1 

and V2 segments. We compared the diameters and hemodynamic values 

between the right and left sides and between the V1 and V2 segments using 

paired Student´s t-tests and Pearson´s correlation. Consequently, we have 

analyzed changes of these parameters according to age. Finally, we have studied 

relations of the both VA diameters and flow velocities in patients suspicious of a 

VA hypoplasia.      

    In our second study, sixty-two symptomatic patients with a proximal VA 

stenosis were examined prospectively with CDS and CTA. The VA diameters 

by both methods were correlated. The stenotic peak systolic velocity (PSV1) and 

its ratio to the poststenotic segment (PSVr) were analysed using receiver 

operating characteristic curve (ROC). Cutoff values for PSV1 and PSVr 

defining moderate and severe stenosis were assessed. In stenoses ≥ 50% an 

additional Spearman´s correlation with DSA was carried out. 

Results 

     Part 1: Mean VA diameter in the V1 segment was 3,502 +- 0,584 mm (left) 

and 3,316 +- 0,582 mm (right), with significant narrowing to the V2 segment by 

0,12 mm (p < 0,001) and significant positive linear correlation between V1/V2 

segments - Pearson r(dV1, dV2): 0,806 left / 0,841 right, p <0,001. We found 

non-significant negative correlation between both sides. Flow velocities PSV 

and EDV presented positive Pearson´s correlation between both sides in the 



V1segment - PSV r = 0,306, p < 0,01 and EDV r = 0,294, p < 0,01. Correlations 

between the VA diameter and flow velocities were weakly significant for EDV: 

r (d/EDV) = 0,237, p < 0,02 and non-significant for PSV: r (d/PSV) = 0,149, n.s. 

The PSV and EDV both presented significant decrease from the V1 to V2 

segment (p < 0,001), with significant linear correlation (Pearson): r (PSV) = 

0,406, p < 0,001 and r (EDV) = 0,397, p < 0,001. We have found non-significat 

increase of the VA diameter and dicrease of all flow velocities during aging 

from 3. – 9. decades, the most profound one for EDV:  PSV from 0,67 to 0,52 

m/s (by 22,4%), EDV from 0,19 to 0,12 m/s (by 58,3%), Vmean from 0,31 to 

0,25 m/s (by 24,0%) . At the same time we also detected minor dicrease of the 

flow volume (FV) from 87,3 to 74,9 ml/min (by 14,2%). Generally, flow 

volumes in the both VA of our patients group ranged from 75 ml/min. up to 250 

ml/min, with mean FV of 162 ml/min. We have found 3,8% patients with one 

VA diameter under or equal to 2,0 mm, 14,0% with one VA up to 2,5mm and 

38,4% up to 3,0mm, with significant negative correlation between the left and 

right VA diameters – Pearson r = - 0,245,  p < 0,01. Flow velocities PSV and 

namely EDV were significantly lower in the hypoplastic VA only for subgroups 

with the VA diameter under or equal to 2,0mm and 2,5mm (EDV ≤ 0,112 m/s), 

unlike the subgroup between 2,6 and 3,0mm.  

     Part 2: Mean VA diameter was 3,561mm (95% CI 3,361 – 3,760) by CDS 

and 4,180 (95% CI, 3,950 – 4,411) by CTA, accompanied with significant 

similarity in Pearson´s correlation (0,847, p<0,001). The PSV1 and PSVr were 



equally accurate (PSV 1 - area under ROC curve /AUC/ 0,814, p<0,001 with 

cutoff value ≥1,35 m/s, PSVr – AUC 0,819, p<0,001 with cutoff value ≥2,2) for 

the diagnosis of  ≥ 50 % VA stenosis, but for the VA stenosis of 70 – 99%, 

PSVr was more accurate parameter (AUC 0,877, p<0,001, cutoff value ≥3,5) 

than PSV1 (AUC 0,751, p = 0,006, cutoff value ≥1,60 m/s). Final Spearman´s 

correlation of CTA results vs DSA for VA stenoses ≥ 50% was highly 

significant (0,823, p < 0,001). 

Conclusion   

     Part1: We have assessed reference values of the diameter and flow velocities 

in the V1 and V2 segments of the both vertebral arteries and their changes 

during aging in our asymptomatic patients group, using CDS according to a 

careful and rigorous procedure. Our results are comparable with the published 

data, while we have disclosed some new interesting informations from the VA 

anatomy and hemodynamics – the increasing negative correlation of the VA 

diameters between both sides with the dicreasing width of the ipsilateral VA, 

more significant dependence of EDV than PSV on the VA diameter and also 

more profound dicrease of EDV with aging. For the assessment of VA 

hypoplasia, we recommend to use the VA diameter value under or equal to 

2,0mm. In cases of the diameter between 2,1 and 2,5mm we advice to add a 

criterion of the low EDV (up to 0,11 m/s). This definition of hypoplasia is 

meaningful for its hemodynamic consequences, which could be important for 

the evaluation of pathological lesions in the dominant VA.        



     Part 2: We have found a significant correlation between CDS and CTA in 

detection of moderate and severe VA stenoses. At the same group we have 

proved high accuracy of CTA results when correlated with DSA. Our data are 

comparable with other reports, including hemodynamic values in CDS 

correlated with DSA, but we have demonstrated the first time, that a substitution 

of „gold standard“ DSA by a noninvasive CTA is possible. The stenotic 

PSV(PSV1) values appeared equally accurate as the PSV ratio (PSVr), when 

evaluating the stenotic severity in moderate degrees, while PSVr was more 

accurate parameter when assessing severe stenoses ≥ 70%, superior to PSV1. 

CDS combined with CTA show to be a reliable tandem in the diagnostics of VA 

stenoses allowing to restrict DSA only to persons intended for endovascular 

intervention. 

 


