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Abstract Early diagnosis of chronic and acute cerebrovascular disorders remains a major challenge in modern medicine,
as these conditions significantly impact patient outcomes and quality of life. Vertebrobasilar insufficiency (VBI), a common
cerebrovascular disorder, is often difficult to diagnose due to its nonspecific symptoms. This study presents an analysis of
data obtained through the duplex scanning method for diagnosing VBI. Duplex ultrasonography is a non-invasive,
cost-effective, and highly informative diagnostic tool that allows for real-time visualization of blood flow in the
vertebrobasilar system. A total of 117 patients with VBI were examined using this method to assess the severity of
hemodynamic impairments and vascular abnormalities. The results demonstrate the effectiveness of duplex scanning in
identifying stenotic changes, vascular occlusions, and blood flow disturbances, which are critical in the early detection of
cerebrovascular pathology. The study highlights the importance of incorporating duplex ultrasonography into routine clinical
practice for timely diagnosis and intervention. Early identification of VBI through advanced imaging techniques can
significantly improve treatment strategies, reduce the risk of stroke, and enhance patient prognosis. Further research is needed
to explore the integration of duplex scanning with other neuroimaging modalities to improve diagnostic accuracy and patient
outcomes.
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1. Introduction other pathological conditions that could contribute to their
symptoms.

Both the observation group and the control group
underwent duplex scanning to assess blood flow parameters
in the internal carotid and vertebral arteries. The results
were compared to determine the differences in cerebral
hemodynamics. The study specifically examined blood flow
velocity, vascular asymmetry, and stenotic changes in patients
with VBI.

Vertebrobasilar insufficiency (VBI) is a significant
cerebrovascular disorder that can lead to transient ischemic
attacks and, in severe cases, ischemic stroke. Its early
diagnosis remains a crucial challenge in modern medicine
due to the variability of symptoms and the complexity of
cerebrovascular circulation. Duplex scanning is an effective,
non-invasive imaging technique that allows for the assessment
of vascular blood flow and potential abnormalities. This study
aims to explore the clinical significance of duplex scanning
in diagnosing VBI and to conduct a comparative analysis of
its hemodynamic impact.

3. Objective

The primary objective of this study is to facilitate the early
diagnosis of vertebrobasilar insufficiency using duplex

2. Materials and Methods

This study was conducted at the Republican Specialized
Center of Surgical Angioneurology. A total of 117 patients
(100%) diagnosed with VBI were selected from December
2017 to 2025. As part of the diagnostic protocol, patients
presenting with tinnitus underwent an audiogram to rule out
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scanning and to conduct a comparative analysis of its impact
on cerebral hemodynamics. By identifying variations in
blood flow, this study aims to enhance the understanding
of the vascular mechanisms underlying VBI and improve
diagnostic accuracy.

4. Results

The duplex scanning results of 117 hospitalized patients
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diagnosed with vertebrobasilar insufficiency revealed
significant differences in blood flow velocity in the internal
carotid and vertebral arteries in 80.5% (94/117) of cases.
Furthermore, in 60.2% (28/70) of patients, blood flow
velocity was found to vary depending on the diameter of the
vertebral arteries, indicating asymmetry in vascular perfusion.
These findings suggest that duplex scanning is a valuable
tool in detecting hemodynamic disturbances associated with
VBI. The results highlight the necessity of integrating duplex
scanning into routine diagnostic procedures to improve early
detection and optimize treatment strategies for patients at
risk of cerebrovascular complications.
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Information Obtained from Changes in the Vertebral
Arteries

The results of Vs (systolic velocity), Vd (diastolic velocity),
and Vm (mean velocity) of blood flow in the vertebral
arteries were found to be lower in the observation group
compared to the control group. In 22.6% (15/70) of cases in
the observation group, where symptoms of vertebrobasilar
insufficiency were predominant, pathological deformation of
the internal carotid artery was observed. These pathological
deformations, such as kinking and coiling, were found
to have significant hemodynamic implications during duplex
scanning.

Figure 1

For a more in-depth diagnostic examination of patients in
this group, MSCT angiographic imaging of the intracranial

segment of the cerebral vessels and the Willis Circle was
recommended.
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Figure 2

The results of duplex scanning in patients with
vertebrobasilar insufficiency were graphically presented.
The findings revealed that in 25.4% (29/117) of cases,
patients with abnormal cervical spine development exhibited
symptoms of vertebrobasilar insufficiency. Transient ischemic
attacks (TI1A) were observed in 8.2% (9/117) of cases, while
ischemia in the vertebrobasilar circulation was detected in

4.4% (5/117) of cases. In cases where both TIA episodes and
ischemia were present, MSCT angiographic data indicated
that these insufficiencies were due to compression of the
second and third segments of the vertebral arteries. Signs of
vertebrobasilar insufficiency (VBI) were found in 60.8%
(71/117) of cases involving vertebral artery deformities.

A crucial aspect of the study was evaluating the TIA and
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ischemic conditions in patients with hemodynamically

significant atherosclerotic narrowing of the vertebral arteries.

In 40.2% (49/117) of cases, symptoms of VBI remained
stable. Thorough examinations in such patient cohorts revealed
pathologies with a predominance of intracranial vertebral
artery lesions and significant internal carotid artery pathologies.
TIA episodes were recorded in 62.4% (73/117) of cases, while
ischemic changes were observed in 70.8% (82/117) of patients.
Duplex scanning also enabled the assessment of spinal
artery blood flow, including the linear velocity of blood
circulation in the vessels. Using De-Kleijn's functional
tests with pyridamole under duplex scanning supervision, it
became possible to adequately evaluate the state of the Willis
Circle. Duplex scanning remains an essential diagnostic tool
for assessing vertebral arteries, including vessel diameters,
blood flow velocity, and the structure and surface of
atherosclerotic plaques, which cause arterial narrowing.
Additionally, transcranial Doppler sonography (TCD)
plays a significant role in evaluating the reserve capacity
of intracranial vessels. The combination of transcranial
Doppler ultrasound and pharmacological tests is crucial in
determining cerebral hemodynamic reserve. The De-Kleijn
test demonstrated that functional impairments of the Willis
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Circle disappeared following bolus administration of
dipyridamole. During head rotation, the ultrasound signal
vanished in the posterior communicating artery, whereas under
dipyridamole administration, intracranial arteries exhibited
a tendency toward vasospasm. This test is instrumental in
determining the type, severity, and circulation status of the
spinal cord and basilar arteries.

Moreover, otoneurological and neurophysiological
examinations play an important role in diagnosing
vertebrobasilar insufficiency, particularly in assessing
brainstem function.

Duplex scanning and transcranial Doppler ultrasound
results were also analyzed before and after conservative
treatment in patients with vertebrobasilar insufficiency.
Regression of symptoms and improved vertebral artery
blood flow were observed in 54.8% (64/117) of patients
with hemodynamically significant vertebral artery stenosis
following adequate conservative or endovascular treatment
as determined by duplex scanning. However, in cases with
hemodynamically significant vertebral artery deformations,
regression of vertebrobasilar symptoms was noted in 56.7%
(66/117) of patients after prolonged conservative treatment,
though blood flow velocity did not show significant changes.

Regression of symptoms
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Figure 3

Comparative Indicators of Symptom Regression Based
on Duplex Scanning Analysis

A series of studies based on duplex scanning of the carotid
and vertebral arteries have established differences in linear
blood flow velocity and resistance index (RI) values in
patients with chronic cerebral ischemia. According to the
obtained data, the analysis of quantitative indicators of
cerebral hemodynamics in chronic cerebral ischemia helps in
understanding the disease from a pathogenetic perspective
and selecting appropriate diagnostic and therapeutic measures.

To determine the cerebral neurofunctional status of
patients with chronic cerebral ischemia, functional magnetic
resonance imaging (FMRI) was conducted during the analysis.
The study compared groups with resistance index values
below the normal threshold (RI = 0.38 + 0.07) and above
the normal threshold (RI = 0.61 + 0.01). The resistance
index of the right internal carotid artery, as determined by
Doppler ultrasonography, was found to be lower than the
physiological norm.

The fMRI results did not reveal significant changes in the
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interconnections of different brain network regions or in
verbal functional brain activity. However, in cases where the
resistance index of the left internal carotid artery exceeded
the normal physiological range, the analysis showed that the
cerebral hemispheres were functionally interconnected with
the brainstem, basal ganglia, cerebellum, and the frontal cortex.

Based on the analysis, it can be concluded that the
resistance index level of the left internal carotid artery in
patients with chronic cerebral ischemia can be considered a
biomarker of neuronal network reorganization and cognitive
function decline.

5. Discussion

The findings of this study emphasize the significant role of
duplex scanning in diagnosing vertebrobasilar insufficiency
(VBI) and its impact on cerebral hemodynamics. The results
confirm that duplex ultrasonography is an effective, non-
invasive method for detecting vascular abnormalities such as
stenotic changes, vascular occlusions, and asymmetrical blood
flow in patients with chronic cerebrovascular insufficiency.
The study's outcomes provide valuable insights into the
necessity of early diagnosis to reduce the risk of transient
ischemic attacks (TI1A) and ischemic stroke.

One of the key findings of the study is the observed
differences in blood flow velocities in the vertebral and
internal carotid arteries among the observation and control
groups. The lower systolic (Vs), diastolic (\Vd), and mean (Vm)
velocities in patients with VVBI, compared to healthy individuals,
highlight the hemodynamic disturbances associated with
the condition. Additionally, the presence of pathological
deformations such as kinking and coiling in 22.6% of cases
further supports the hemodynamic significance of vascular
anomalies detected through duplex scanning.

Another crucial aspect explored in the study is the
correlation between vertebral artery diameter and blood
flow asymmetry, with 60.2% of cases showing variations
in velocity based on vessel diameter. This finding suggests
that anatomical and physiological factors contribute to
hemodynamic instability in VBI, reinforcing the importance
of vascular imaging in assessing disease severity. Moreover,
the detection of ischemic changes in 4.4% of patients and
TIA episodes in 8.2% suggests that early diagnosis through
duplex scanning may facilitate timely interventions to
prevent cerebrovascular complications.

The study also highlights the role of functional and
pharmacological tests, such as the De-Kleijn test with
pyridamole, in assessing cerebral hemodynamic reserve.
The ability to detect functional impairments in the Willis
Circle and the tendency of intracranial arteries to spasm
under dipyridamole administration underscores the need
for a comprehensive diagnostic approach that integrates
duplex scanning with transcranial Doppler ultrasound and
neurophysiological assessments. The study's findings align
with existing literature, reinforcing the importance of multimodal
imaging techniques in diagnosing and managing VBI.
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Additionally, the analysis of symptom regression based on
duplex scanning suggests that conservative and endovascular
treatments may improve hemodynamic parameters in patients
with vertebral artery stenosis. The observed regression
of symptoms in 54.8% of patients following conservative
or endovascular interventions highlights the potential of
targeted therapies in improving blood flow dynamics and
reducing cerebrovascular risk. However, cases with
significant vertebral artery deformations showed symptom
regression in 56.7% of patients, although blood flow velocity
remained unchanged, indicating that structural vascular
abnormalities may require long-term management strategies.

Despite these significant findings, the study has certain
limitations. The reliance on duplex scanning as the primary
diagnostic tool, while effective, may benefit from additional
neuroimaging techniques such as functional MRI and MSCT
angiography to enhance diagnostic accuracy. Further studies
are needed to explore the integration of these modalities in
routine clinical practice. Additionally, larger sample sizes and
longitudinal studies would provide a more comprehensive
understanding of the long-term effects of different treatment
strategies on cerebral hemodynamics.

This study demonstrates that duplex scanning is a valuable
diagnostic tool in detecting hemodynamic abnormalities
associated with vertebrobasilar insufficiency. By providing
real-time visualization of blood flow dynamics, this method
enhances early diagnosis and facilitates appropriate treatment
strategies, potentially reducing the incidence of stroke and
other cerebrovascular complications. Future research should
focus on refining diagnostic protocols and integrating advanced
imaging techniques to optimize patient outcomes.

6. Conclusions

The use of duplex scanning plays a crucial role in the early
and accurate diagnosis of chronic cerebral insufficiency,
particularly in patients with vertebrobasilar symptoms.
This non-invasive imaging method allows for a detailed
assessment of blood flow parameters, helping to identify
vascular abnormalities that may contribute to cerebrovascular
insufficiency.

The study highlights the importance of carotid and
vertebral arteries in determining the degree of hemodynamic
significance of pathological deformations and stenotic
changes. Duplex scanning provides valuable insights into
the structural and functional state of these arteries, helping
to detect vascular narrowing, occlusions, or asymmetrical
blood flow that could affect cerebral circulation.

Additionally, the findings emphasize the need for
comprehensive vascular assessments, including functional
and pharmacological tests, to evaluate the adaptive capacity
of cerebral blood flow and its compensatory mechanisms.
Combining duplex scanning with other advanced imaging
modalities, such as transcranial Doppler ultrasound, functional
MRI, and MSCT angiography, may further enhance diagnostic
accuracy and improve treatment planning.
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In conclusion, duplex scanning remains an essential diagnostic
tool for evaluating patients with suspected vertebrobasilar
insufficiency. Its application in routine clinical practice can
lead to timely interventions, reduced risk of ischemic events,
and better management strategies for patients with chronic
cerebral insufficiency.
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