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A Brief review

Innovative Methods of Diagnosing Vascular Changes in Oncology
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Abstract

Oncological diseases remain one of the leading causes of mortality worldwide, and the annual increase in the number of new cases
necessitates the development of more effective diagnostic and treatment methods.

Objective: To explore innovative vascular imaging methods in oncology patients, assess their advantages and limitations, and examine
their potential for clinical practice. Special attention is given to new imaging technologies that show high potential in diagnosing vascular
neoplasms and assessing tumor invasion into vascular structures.

The introduction of innovative vascular imaging methods in oncology patients represents an important step forward in oncological
diagnostics. These technologies play a key role in creating a more accurate and personalized picture of the disease, which not only improves
treatment outcomes but also significantly enhances the quality of life for patients.

Key words: oncology, vascular changes, diagnostics.

Corresponding author: Dinara Baizhakhanova, Ultrasound sonographer in the Lifeline screening, USA, South Carolina
Address: USA, South Carolina, Barton Oaks Plaza 2, Suite 130

Barton Oaks Plaza 2, Suite 130

901 South Mopac ExpresswayAustin, TX 78746

Phone: 800.718.0961

E-mail: Dbajzahanova@gmail.com

Oncology.kz 2024; 4 (14): 11-16
Recieved: 12-09-2024
Accepted:  29-09-2024

Lﬁ: This work is licensed under a Creative Commons Attribution 4.0 International License


https://doi.org/10.56598/2957-6377-2024-4-14-11-16
https://orcid.org/0009-0009-3903-1254

Oncology.kz, Volume 4, Number 14 (2024)

Introduction

Oncological diseases remain one of the leading
causes of mortality worldwide, and the annual increase in
the number of new cases necessitates the development of
more effective diagnostic and treatment methods.

A crucial aspect of oncology is the timely and accurate
diagnosis of changes in the vascular system, which often
accompany malignant neoplasms. Tumor vascular invasion,
thrombosis, and abnormal blood flow can significantly
affect disease progression and prognosis.

In recent years, there has been significant progress
in the development of vascular imaging techniques that
improve diagnostic accuracy and increase the chances of
successful treatment.

Modern innovative methods, such as contrast-

enhanced ultrasound (CEUS), magnetic resonance
angiography (MRA), and positron emission tomography
(PET), make a significant contribution to the diagnosis of
vascular changes in oncological diseases. These techniques
not only help visualize the vascular network but also identify
pathological changes at early stages, which is especially
important for selecting the optimal treatment strategy.

Objective: To explore innovative vascular imaging
methods in oncology patients, assess their advantages and
limitations, and examine their potential for clinical practice.
Special attention is given to new imaging technologies that
show high potential in diagnosing vascular neoplasms and
assessing tumor invasion into vascular structures.

The Role of Vascular Diagnosis in Oncology

The vascular system plays a key role in the
pathogenesis of oncological diseases. Tumor growth
requires an active blood supply, so tumors often stimulate
angiogenesis to sustain their growth and spread. This
leads to vascular changes that can be identified using
modern imaging techniques. Studies show that early
detection and monitoring of these changes help assess
tumor aggressiveness and predict its progression, which is
particularly important for treatment planning.

In oncological diseases, vascular changes may
include both tumor invasion into large vessels and the
development of new vessels within the neoplasm itself.
The metastatic process is often accompanied by changes in
microcirculation and the formation of abnormal vascular
structures that facilitate the spread of tumor cells. For
example, in patients with hepatocellular carcinoma or renal
cancer, thrombotic complications are frequently observed,
which are related to the vascularization characteristics of
these tumors.

Vascular diagnostics also plays a crucial role in
determining treatment strategies. For instance, information
on tumor vascularization helps assess the efficacy of various
therapeutic approaches, such as chemotherapy, radiation
therapy, or targeted therapy. Imaging techniques such
as CEUS and MRA provide detailed data on the tumor's
vascular architecture and its response to treatment, which
helps assess disease progression or detect recurrence at
early stages.

Thus, the role of vascular diagnostics in oncology is
not only about detecting and monitoring tumor changes but
also about providing a personalized approach to treatment.
Modern imaging methods allow for a deeper understanding
of vascular morphology and functional changes related to
tumors, contributing to improved prognosis and patient
quality of life.

Modern Methods of Diagnosing Vascular Changes

Modern innovative imaging methods significantly
expand the possibilities for diagnosing vascular changes
associated with oncological diseases. The wuse of
technologies such as CEUS, MRA, and PET allows for a more
detailed evaluation of tumor vascularization, detection of
vascular invasion, and monitoring of the tumor's response
to treatment.

Contrast-Enhanced Ultrasound. CEUS is one of
the leading methods for assessing vascular changes in
oncological diseases. CEUS involves injecting microbubbles
into the bloodstream, enhancing the echo signal from the
vessels and allowing for detailed visualization of their
structure and blood supply. CEUS is particularly valuable
for evaluating vascularization in superficial tumors, such
as those in the liver, kidneys, and pancreas, as it allows
visualization of both arterial and venous blood flow with
high temporal and spatial resolution.

Advantages of CEUS:

- Non-invasive and low toxicity of the contrast agent
compared to iodinated contrast agents, which is particularly
important for patients with renal insufficiency.

- High accuracy in assessing tumor blood supply and
its structure, aiding in diagnosis and therapy monitoring.

Limitations:

- CEUS is limited when visualizing deep organs such
as the lungs, where ultrasound penetration is poor.

- Limited availability in certain medical centers,

requiring specialized equipment and trained specialists.

Magnetic Resonance Angiography. MRA uses
magnetic field capabilities to visualize blood vessels without
ionizing radiation [1]. MRA allows for detailed examination
of the tumor's vascular network and assessing the degree
of invasion into blood vessels, which is especially important
for tumors in the brain, pelvic organs, and liver.

Advantages of MRA:

- High accuracy in assessing blood vessels and small
vascular structures without the use of contrast agents.

- Detailed visualization of large vessels, which is
important for planning surgical interventions and evaluating
tumor invasion.

Limitations:

- MRA is less accurate for visualizing small vessels
compared to CEUS or PET and may require contrast agents
for better detail [2].

- High cost and equipment requirements, which may
limit its use in certain institutions.

Positron Emission Tomography. PET, in
combination with CT or MRI (PET-CT, PET-MRI), provides
information on both the functional activity of the tumor
and its vascular network. This method is particularly useful
for determining metastatic activity and evaluating tumor
vascularization, helping predict its aggressiveness.
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Radiopharmaceuticals, such as
~18F-fluorodeoxyglucose, can detect areas of increased
metabolism, which often correspond to sites of invasion or
metastasis.

Advantages of PET:

- The ability to assess the metabolic activity of
the tumor, improving diagnostic accuracy and helping
determine disease stages.

- The ability to differentiate malignant and benign
vascular changes, which is important for treatment planning
and prognosis.

Limitations:

- The need for radiopharmaceuticals, which requires
specialized equipment and increases procedure costs.

- PET may be less informative for diagnosing slowly
growing tumors with low metabolic activity.

Comparative Analysis of Innovative Methods

Each of the methods described above has its
advantages and limitations depending on the type of tumor,
its location, and the research objectives. For superficial
tumors, CEUS may be the optimal method, while for
assessing large tumors with vascular invasion or metastatic

activity, MRA or PET is preferred. Modern studies show that
a combined approach using multiple imaging techniques
improves diagnostic accuracy and provides a more
comprehensive understanding of vascular changes.

Advantages and Limitations of Innovative Methods

Advantages of Innovative Diagnostic Methods.
Innovative vascular imaging methods in oncology provide
unique opportunities that contribute to more accurate
diagnosis and improved treatment outcomes. Let's consider
the advantages of each method:

Contrast-Enhanced Ultrasound:

High sensitivity and specificity: CEUS allows real-
time detection of vascular changes, which is especially useful
for assessing tumor vascularization in the liver, pancreas,
and kidneys. It provides clear visualization of blood flow
and can detect even small vascular abnormalities.

Safety of contrast agents: The microbubbles used in
CEUS are considered less toxic than traditional iodinated
contrasts, making the method safer for patients with renal
insufficiency, which is common among oncology patients.

Non-invasiveness and accessibility: CEUS is widely
used and does not require complex equipment, making its
implementation in diagnostic practice easier.

Magnetic Resonance Angiography:

Safety with no ionizing radiation: MRA does not
require radiation, reducing the risk for patients undergoing

multiple examinations, which is especially important for
long-term monitoring.

Excellent visualization of large vessels and complex
structures: Thanks to its high resolution, MRA is suitable
for assessing tumor invasion into the vascular system,
particularly in patients with brain, liver, and pelvic tumors.

Multiplanar scanning: MRA provides images in
multiple planes, enhancing the diagnosis of vascular
changes and aiding in surgical planning.

Positron Emission Tomography:

Assessment of tumor and vessel metabolic activity:
PET allows detailed evaluation of metabolic processes,
helping to differentiate between benign and malignant
tumors [3].

Accuracy in detecting metastases: PET-CT and PET-
MRI offer high accuracy in determining metastatic activity,
enabling better assessment of disease stage and determining
further treatment strategies.

Quantitative analysis: PET provides the possibility
of quantitative analysis, which helps in predicting and
evaluating treatment effectiveness.

Limitations and Challenges of Using Innovative Methods

Despite many advantages, each method has
its limitations and challenges, which may hinder their
widespread application:

Contrast-Enhanced Ultrasound:

Limited penetration depth: CEUS is primarily
suitable for superficial structures and organs like the liver
and kidneys. The method is less effective for visualizing
deeply located structures and bones.

Limited use in lung tumors: Due to the limited
penetration of ultrasound in lung tissue, CEUS is less
suitable for assessing vascular changes in lung tumors [4].

Operator dependence: Successful CEUS performance
depends on the operator's experience and skills, which
requires additional training and qualification.

Magnetic Resonance Angiography:

High cost and limited availability: MRA requires
expensive equipment, which may limit its availability in
healthcare facilities, especially in developing countries.

Current Challenges and Trends

The main challenges to the widespread use of
innovative methods are the high cost of equipment, the need
for specialized staff training, and the limited availability
of technologies in some countries. However, there is a
trend toward improving the availability of these methods

Contraindications: Patients with metallic implants
or pacemakers cannot undergo MRA, which limits the
method's applicability in certain patient groups.

Need for contrast agents in some cases: For better
visualization of vessels, MRA sometimes requires the
administration of a contrast agent, increasing the risk of
side effects in patients with chronic conditions.

Positron Emission Tomography:

Use of radioactive isotopes: The need for
radiopharmaceuticals requires strict radiation safety
measures, which requires specialized equipment and limits
the number of procedures. High cost of the procedure: PET
is one of the most expensive imaging methods, limiting its
use in clinical practice for routine monitoring [5].

Sensitivity to tumors with low metabolic activity:
PET is less effective at detecting tumors with slow
metabolism, such as some types of low-grade carcinomas.

and adapting them in clinical practice. Technological
advancements and reduced production costs in the future
may increase the accessibility of these methods and make
them more universal.
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Prospects and Directions for Further Research

Research in the field of vascular changes in oncology
continues to expand. New technologies and approaches offer
additional opportunities to improve diagnosis, treatment
planning, and patient monitoring. This section discusses

Improvement of Imaging Methods

One promising direction is improving the quality
of existing imaging methods. Engineers and doctors are
working together to enhance the resolution and contrast of
images and to reduce the time required for procedures.

Improvement of contrast agents: Recently, there has
been active development of new, safer, and more effective
contrast agents for CEUS and MRA. These agents should be
not only less toxic but also have a longer circulation time
in the bloodstream, allowing for detailed imaging of the
tumor’s vascular network throughout the procedure.

Combined Approaches to Imaging

Another promising area is the combination of several
imaging methods to obtain comprehensive data on vascular
changes in oncology. Combined approaches such as PET-
MRI and PET-CT provide both functional and anatomical
information, improving diagnostic accuracy.

Integration of CT and PET data for 3D vascular
network modeling: These technologies can be used to build
three-dimensional models of tumors and their vascular

key areas for future research, such as improving imaging
methods, developing combined approaches, incorporating
artificial intelligence, and enhancing the accessibility of
innovative methods.

Improving PET accuracy with new
radiopharmaceuticals: The  emergence of new
radiopharmaceuticals  targeting  specific = molecules

associated with tumors will allow more accurate localization
and activity of the tumor’s vascular network. For example,
radiopharmaceuticals targeting integrin avf3, involved in
angiogenesis, can more accurately visualize tumors with
active blood supply [6].

networks, helping doctors assess vascular invasion and plan
surgical interventions.

Advantages of multiplanar and multimodal
approaches: Combining CEUS with MRA or PET can provide
more accurate data on the tumor’s vascular network and its
metabolic activity, allowing assessment of both the structure
and function of blood vessels, detecting metastases, and
more accurately determining disease stages.

Artificial Intelligence and Machine Learning

Artificial intelligence (AI) and machine learning are
becoming important tools in analyzing and interpreting
imaging data. These technologies allow for the automation
of image processing and the detection of complex patterns
that may not be obvious in visual assessments.

Algorithms for automatic segmentation and
vascular analysis: Al can be used to develop algorithms that
automatically highlight vascular networks and assess blood

flow parameters such as velocity, volume, and direction,
helping doctors evaluate tumor invasion more accurately
[7].

Al-based predictive models: Machine learning can
also be used to create predictive models that can forecast
tumor responses to treatment, its tendency to metastasize,
and other factors. Al-based models will help doctors make
more accurate decisions and personalize patient treatment.

Expanding the Accessibility of Innovative Methods

Overcoming barriers to the accessibility of innovative
imaging methods is another important direction. High costs
and equipment complexity limit the use of these methods
in some regions. However, efforts to develop compact and
more affordable devices are making it possible to increase
access to these technologies.

Compact systems for ultrasound and MRI: New
developments in portable ultrasound and MRI devices can

Future Research and Clinical Trials

Ongoing research and clinical trials play a key role
in evaluating the effectiveness of new technologies and
approaches. Clinical trials are being developed to assess
the effectiveness of combined imaging methods, the safety
of new contrast agents, and the prognostic value of Al in
diagnosing vascular changes.

Clinical Trials of Combined Methods: Studies
evaluating the effectiveness of combined approaches, such as
CEUS + MRA or PET-CT, will determine which combinations
are most beneficial for different types of tumors and stages
of the disease.

Al Trials for Personalized Medicine: The development
and implementation of Al algorithms require clinical
validation and testing across diverse patient populations to
ensure accuracy and reproducibility of results. Research in

significantly improve access to vascular change diagnostics
in smaller clinics and remote regions where larger machines
are not available.

Reducing equipment costs: Gradual reductions in the
cost of PET and MRA equipment also contribute to increasing
their accessibility. This can be achieved through production
optimization and the use of new technologies, such as open
magnetic systems for MRL

this area will help confirm the advantages of Al and its role
in diagnosis and treatment.

Modern diagnosis of vascular changes in oncology
patients is undergoing significant changes due to the
introduction of innovative imaging methods. The latest
technologies, such as contrast-enhanced ultrasound (CEUS),
magnetic resonance angiography (MRA), and positron
emission tomography (PET), allow for detailed examination
of the vascular network of tumors and identification of
important pathophysiological features such as invasion,
angiogenesis, and metastatic activity. This opens up new
opportunities for doctors and researchers to make more
accurate diagnoses and optimize treatment, which is
especially crucial for oncology patients.

Contribution of Innovative Imaging Methods to Clinical Practice

The combination of modern imaging technologies
and analytical methods, such as Al, enables a more accurate

assessment of the vascular state in oncology diseases. These
methods not only improve diagnostic quality but also allow
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for a more personalized approach to each patient, which
is especially important in oncology. Ultrasound techniques
with enhancement, MRA, and PET-CT help to determine

Importance of Further Research

It is necessary to continue research aimed at
improving the resolution and effectiveness of diagnostic
methods. In particular, attention should be given to
developing safer and more effective contrast agents,
increasing the availability of PET and MRI equipment in
remote regions, and expanding the use of Al for image

Future Applications in Oncology

Innovative vascular imaging methods are likely
to play an even more significant role in oncology in the
future. As technologies such as multispectral imaging,
nanoparticles for targeted delivery of contrast agents, and
deep learning continue to evolve, new diagnostic tools

Role of an Interdisciplinary Approach

The success of introducing new diagnostic methods
depends on close collaboration between specialists
om various fields of medicine and science. Radiation
oncologists, vascular surgeons, radiologists, bioengineers,
and Al developers must work together to develop and

the extent of vascular involvement in the tumor process,
aiding oncologists in planning surgical interventions and
radiotherapy based on individual patient characteristics.

analysis and interpretation. Advancements in these
technologies will allow for quicker and more accurate
detection of vascular changes, as well as the development
of prognostic models for assessing disease progression and
therapy effectiveness.

may emerge that can accurately assess the tumor vascular
network at the micro-level. These methods will expand
the use of imaging not only for diagnosis and treatment
planning but also for monitoring therapy effectiveness and
assessing the likelihood of recurrence.

adapt innovative technologies for clinical practice. An
interdisciplinary approach will take all aspects of diagnosis
and treatment into account and create a more holistic and
effective system of care for oncology patients.

Impact on Patients' Quality of Life and Life Expectancy

The introduction of innovative diagnostic methods
for vascular changes not only improves diagnostic accuracy
but also contributes to increasing the life expectancy and
quality of life of patients. Early detection of vascular changes
allows for timely treatment, minimizing complications,

Conclusion

The introduction of innovative vascular imaging
methods in oncology patients represents an important step
forward in oncological diagnostics. These technologies play
a key role in creating a more accurate and personalized
picture of the disease, which not only improves treatment
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Tyninaeme
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JHCbI CallblHFbL 6cyl duazHocmuka MeH emoeydiy muimadi adicmepiH a3ipaeydi Kaxcem emedi.

BasHdamaHblH Makcamol: OHKO/102USL/IbIK Haykacmapoarbsl mamvipaapoul 6etineseydiH UHHOBAYUSIbIK
adicmepin  3epmmey, o04apdblH  APMBIKWLLILIKMAPLl MeH WeKmey/aepiH 6aranay MoHe KAUHUKAALIK —maxcipube — ywiH
osnapovly  aseyemin  3epmmey. Tamvipabl  icikmepdi  duazHocmukaaayda — caHe  icikmepdi — mamvipabl  KypblabMOApFa
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eHyiH 6arasnayda Jcorapbl aseyemmi  KepcememiH JcaHa — GeliHesey — MeXHO/02UAAAPbIHA — epeKwe  Ha3ap  aydapslaadbl.
OHKO/102US/1bIK HAYKAcmapoda KaH mamblpAapbiH 6eliHesneydiy UHHO8AYUS/IbIK d90icmepiH eHz2i3y OHKO/102Us/1blK QUAZHOCMUKAJAFbl MAHbI30bl
Kadam 601N mabwliadel. bys mexHosozusaap aypydslH daJipek dtcaHe xcekeneHdipineeH 6eliHeciH jcacayoa wewywi pea amkapadsl. by
emdey HomuoicenepiH Heakcapmbin KaHa KolMatll, COHbIMeH Kamap, Haykacmapdbly eMip cypy canacsiH aimapasikmat apmmupadsl.

TyiiiH ce30ep: OHKO102USNbIK aypyAap, mamblpaslK e32epicmep, duazHOCMuKa.
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Pe3ome

OHKo/102uvecKue 3a60.1e8aHUsI 0CMArMCEsl 0OHOU U3 OCHOBHbIX NPUYUH CMEPMHOCMU 80 8CEM MUPE, A eHCe200HbII POCM YUCAA HOBbIX
cay4aes 3a601e8aHusi dukmyem Heo6xoduMocme paspabomku 6os1ee 3ghekmusHblx Memodos dUAZHOCMUKU U J1e4eHUS.

He./lb COO6Ll4€Huﬂ.‘ uzyvums UHHOB8AYUOHHbLIE Memodbl cocyaucmoﬁ susyaausayuu y OHKO/102U4YeCcKux nayueHmos, oyeHumbs ux
npeumyuwecmeda u 02paHu4eHus, a mak}ice u3yvyums ux nomeHyuas 0151 KAUHUYecKol npakmuku.
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