City Research Online
City St George’s, University of London

ST GEORGE'S

UNIVERSITY OF LONDON

Citation: Babington, E. A., Amedu, C., Anyasor, E. & Reeve, R. (2024). Non-
contrast ultrasound assessment of blood flow in clinical practice. Journal Of
Ultrasonography, 24(98), pp. 1-9. doi: 10.15557/jou.2024.0029

This is the published version of the paper.

This version of the publication may differ from the final published version. To cite
this item please consult the publisher's version.

Permanent repository link: https://openaccess.city.ac.uk/id/eprint/34293/

Link to published version: https://doi.org/10.15557/jou.2024.0029

Copyright and Reuse: Copyright and Moral Rights remain with the author(s) and/or
copyright holders. Copies of full items can be used for personal research or study,
educational, or not-for-profit purposes without prior permission or charge, unless otherwise
indicated, provided that the authors, title and full bibliographic details are credited, a
hyperlink and/or URL is given for the original metadata page and the content is not changed
in any way. For full details of reuse please refer to City Research Online policy.

City Research Online: http://openaccess.city.ac.uk/ publications@citystgeorges.ac.uk



https://openaccess.city.ac.uk/policies.html
mailto:publications@citystgeorges.ac.uk
http://openaccess.city.ac.uk/

medical

communications

Submitted: M
15.01.2024
Accepted:
26.03.2024
Published:
18.09.2024

Keywords

Doppler imaging;
B-flow imaging;
microvascular imaging;
advanced dynamic flow

Introduction

§ sciendo

Review paper

Cite as: Babington EA, Amedu C, Anyasor E, Reeve R:
Non-contrast ultrasound assessment of blood flow in clinical practice.
J Ultrason 2024; 24: 29. doi: 10.15557 /JoU.2024.0029.

Non-contrast ultrasound assessment of blood flow in clinical
practice

Emmanuel Abiola Babington'®, Cletus Amedu2®, Ebuka Anyasor®®,
Ruth Reeve®

! Ultrasound Department, University Hospitals of Leicester NHS Trust, Leicester, United Kingdom

2 Department of Midwifery and Radiography, School of Health ¢ Psychological Sciences, City University
of London, London, United Kingdom

? Department of Radiology, University Hospital Kerry, Tralee, Ireland

* Department of Radiology, Portsmouth Hospitals University NHS Trust, Portsmouth, United Kingdom

Corresponding author: Emmanuel Abiola Babington; e-mail: emmanuel babington@uhl-tr.nhs.uk
DOI: 10.15557 /JoU.2024.0029

Abstract

Since the first clinical use of ultrasound in the 1940s, significant advancements have been made in its
applications. Color Doppler imaging and power Doppler imaging are considered the first and second
generations of flow ultrasound assessment tools, respectively. Subsequently, the introduction of contrast-
enhanced ultrasound has significantly improved the assessment of arterial and venous vascular patterns
in lesions and vessels. ‘Blood flow brightness-mode imaging’ or ‘B-flow} a non-Doppler ultrasound flow
assessment mode introduced more recently, provides even more information for ultrasound users in flow
assessment. Microvascular imaging, introduced about a decade ago, is the third generation of Doppler
non-contrast ultrasound flow modes, and is growing in popularity. Using a special wall filter, microvascular
imaging overcomes the limitations of color Doppler imaging and power Doppler imaging in the detection
of slow flowing signals. Advanced dynamic flow is a third-generation non-contrast Doppler flow technol-
ogy that has so far gained popularity in obstetric ultrasound, commonly used to evaluate fetal umbilical
vessels and heart chambers. This review article presents some recent updates on the various non-contrast
ultrasound flow modalities available in clinical practice. It focuses on the design principles of individual
flow modalities, discussing their strengths, limitations, and clinical applications, along with a review of the
relevant literature.

ered the first and second generations of flow ultrasound assessment
tools, respectively®.

Ultrasound was first reportedly used for clinical purposes in the
1940s to investigate the brain®. Since then, there have been sig-
nificant advancements in the applications of this medical imaging
modality across various specialties for different anatomical organs.
Blood circulation is essential for the function of normal body tis-
sues®. Similarly, abnormal growths depend on blood supply and
oxygenation for their development. This leads to the formation of
unique circulatory network from the surrounding blood vessels,
popularly known as neoangiogenesis®.

Ultrasound in well-trained hands is a non-invasive, relatively inex-
pensive modality that can provide valuable real-time information
on blood flow within the large and small vessels®. There are many
different uses of ultrasound when assessing blood flow. Color Dop-
pler imaging (CDI) and power Doppler imaging (PDI) are consid-

Following CDI and PDI, the introduction of contrast-enhanced
ultrasound (CEUS) has further improved the assessment of vascu-
lar patterns in lesions and flow in vessels®. CEUS utilizes the in-
travenous administration of microbubble-based contrast agents®
into the bloodstream. Using a specific software package, micro-
scopic vascularities are detectable at a specified time interval rela-
tive to the examined region®®. This is similar to the phenomenon
used in Contrast-Enhanced CT (CECT)/MRI which also relies
on the intravenous introduction of contrast agents to visualize
vessels and vascular areas”. Nevertheless, unlike CECT, CEUS
poses a significantly lower risk of nephrotoxicity and is consid-
ered relatively safe for use”. Similar to CECT and MRI, CEUS is
minimally invasive, requiring additional training from ultrasound
users. Despite the advantages, the application of CEUS has not
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yet reached acceptance globally, as initially anticipated by some
researchers®?.

More recently, a new generation of non-contrast flow assessment
in ultrasound technology, considered the third generation, has
emerged®'?. These include non-invasive flow modalities that are
expected to overcome the pitfalls of CDI and PDI, discussed later
in this article, thereby enhancing the visualization of microscopic
blood vessels in tissues and lesions®!?). These techniques allow users
to examine the main blood vessels and the microvasculature within
smaller organs and all sorts of lesions (superficial and deep) bet-
ter!?, Ultrasound practitioners must be familiar with these new flow
imaging technological tools, which can be implemented by pushing
a button on the ultrasound equipment.

This article presents recent updates on the various non-contrast ul-
trasound flow modalities available in daily ultrasound practice. The
process involved reviewing the current literature and providing in-
formation based on the authors” decades of clinical ultrasound ex-
pertise. This review article can be a ‘one-stop-shop’ for information
on non-contrast flow ultrasound modalities.

Doppler principle in ultrasound

The “Doppler effect” was discovered in 1842 by an Austrian physi-
cist, Christian Doppler". This discovery, and many other ultra-
sound-related discoveries, like that of Ian Donald in 1958, led
to a complete revolutionization of medical diagnosis and patient
pathways. The Doppler effect in ultrasound provides real-time, non-
invasive, and non-ionizing insights into blood flow dynamics within
the heart and blood vessels®, rendering it an essential instrument
for diagnostic accuracy in modern ultrasonography, thereby aiding
clinical decision-making.

While brightness mode (B-mode) imaging employs the amplitude
of reflected echoes to construct a 2D image, Doppler ultrasonogra-
phy assesses the frequency of the returning echo to ascertain relative
motion™. Doppler ultrasound relies on the Doppler effect to assess

Arterial flow towards
A the transducer

blood flow movement within the body!?. The technique is founded
on a simple yet profound principle which states that “when a sonic
source is moving towards or away from a stationary listening device,
the relative frequency heard by the device will be shifted according to
the velocity of the source™®). In order to visualize blood vessels using
Doppler imaging, the transducer generally serves as the fixed ele-
ment. Meanwhile, the dynamic reflectors generating the returning
signal echoes are represented by the movement of red blood cells®.

Blood moving towards the transducer increases in ultrasound fre-
quency (positive frequency shift), whereas blood moving away from
the transducer decreases ultrasound frequency (negative frequency
shift). This is shown in Fig. 1.

The frequency shift"® can be calculated from the equation below:

AFs = 2VfoCost/C

2 x blood flow velocity x transmission
frequency x cos (insonation angle)

Frequency shift =
Speed of sound in the tissue

The traditional Doppler principle has been employed in many ul-
trasound modalities including color Doppler, power Doppler, and
spectral Doppler (pulsed wave Doppler, continuous wave Doppler).

Spectral Doppler

Spectral Doppler can be explained as a graphic representation of
blood flow, direction, and velocity. It is obtained from the blood
vessel lumen when pulse wave Doppler (PWD) or continuous wave
Doppler (CWD) has been applied; therefore, graphic and waveform
representation of PWD and CWD is known as spectral display
or spectral Doppler. It depends on the location or area within the
blood vessel lumen and the amount of red blood cells within the
interrogated region of interest. It can also be described as a quanti-
tative visual presentation of blood flow information, and it is a real-
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Venous flow away from the transducer

Fig. 1. Waveforms of arterial blood (A) flow towards the transducer, and venous blood (B) flow away from the transducer. The waveforms illustrate a higher
frequency (4 cycles per second) of the arterial flow (a positive shift) than the venous flow frequency (2 cycles per second) within the same period. This is
further illustrated (C, D) using metal spring diagrams where there are more compressions on the spring pattern representing flow towards the transducer
and more regions of rarefactions on the spring pattern representing flow away from the transducer
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time presentation of Doppler shift versus time on the vertical and
horizontal display axes. Spectral display provides flow information
(presence, direction, speed, and character) at the interrogation
site"”. Peak systolic and end-diastolic velocities are derived from
spectral waveform, reflecting spectral Doppler (Fig. 2).

Spectral Doppler velocimetry involves systematic analysis of the
spectrum of frequencies that constitute the Doppler signal®®.
CWD consists of a double-element transducer that transmits and
receives ultrasound signals; one continuously emits ultrasound, and
the other constantly receives backscattered echoes. It can calculate
very high velocities. PWD ultrasound consists of a single transducer
crystal that emits a pulse of short bursts of ultrasound energy; the
same crystal also serves as the receiver transducer, i.e., one crystal
acts as both the transmitter and receiver of ultrasound signal®.
PWD measures flow velocities in vessels at a target and exact lo-
cation; however, this evaluation method makes PWD vulnerable to
aliasing at higher velocities, especially at target structures further
away from the transducer. CWD allows the detection of very high
peak flow velocities without the ability to pinpoint the location of
the actual flow (as in cardiac evaluations)®.

Color Doppler imaging (CDI)

Principle and physics

CDI integrates data on the velocity of moving objects onto a stan-
dard B-mode image. It relies on the Doppler effect and the frequency
(or wavelength) change of sound waves when they encounter mov-
ing red blood cells"?. To achieve this, a Doppler box is positioned
over a region of interest. By analyzing the frequency and amplitude
of echoes generated from the interrogation of that region using
multiple pulse sequences, the machine provides information about
the flow in that specific area. Colors are then assigned based on the
direction of flow, known as phase shift, with red typically indicat-
ing flow towards the transducer and blue indicating flow away from
the transducer®. However, these fixed color codings (red and blue)
were introduced at inception, and nowadays can be used inter-
changeably during real-time scanning.

Furthermore, the machine calculates a color shade determined by
the mean frequency shift of an interrogated pixel, representing the
mean velocity of flow in that region. Lighter shades are typically as-
sociated with faster-moving objects, while darker shades indicate
slower-moving objects®. It provides real-time information about
blood flow direction and velocity.

Applications

Used for quick assessment of blood flow (including turbulent flow,
for example, in a region of stenosis) in large vessels and organs, and
to identify areas of interest for further Doppler examination.

CDI is pivotal in diagnosing vascular conditions such as deep vein
thrombosis (DVT), carotid artery disease, and peripheral artery
disease (PAD). In obstetrics, CDI monitors fetal well-being by as-
sessing umbilical blood flow. Users of ultrasound in cardiology de-
partments utilize CDI to evaluate heart valve function and detect
abnormalities in blood flow within the heart. CDI is also invaluable
during interventional procedures, providing guidance for the place-
ment of intravenous catheters and/or measuring blood flow before
and after procedures like angioplasty or stent placement.

Despite its advantages in ultrasound assessment, CDI is limited to
qualitative assessment of flow velocities without providing quantita-
tive or measurable values. Furthermore, CDI has limitations in as-
sessing slow flow in smaller vessels accurately.

Power Doppler imaging (PDI)

PDI evaluates the total number of Doppler shifts of the moving cells
regardless of direction and speed. This Doppler mode is sensitive to
small and weak flow, and is independent of its direction; it is a type
of color flow imaging that can display blood flow in small vessels
and some slow-flow tissues®". It measures the total amplitude of
Doppler frequency shift and is independent of velocity, flow direc-
tion and insonation angle. The functionality of this flow imaging is
based on the intensity of the blood flow rather than the direction of
flow, therefore aliasing does not affect PDI.

RIGHT CCA

Fig. 2. Sonograms of the right internal (ICA) and common carotid arteries (CCA) showing spectral Doppler waveforms and measurements of the PSV and EDV

within the lumen of the vessels - images by E.A.
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PDI allows the detection of lower velocities and higher flow sensitiv-
ity than color flow, which is why it may be favored over CDI because
of its sensitivity to small flow in capillaries and small vessels®**?),
PDI is a Doppler method in which the power or intensity of the
Doppler signal is measured and mapped in color rather than the
Doppler frequency shift®.

Limitations of PDI include a slower frame rate compared to color
Doppler, which renders this imaging method less valuable for exam-
ining rapidly moving vessels, non-cooperative patients (especially
children), and areas subject to respiratory or cardiac motion, such as
subphrenic hepatic lesions. Also, PDI does not provide flow direc-
tion information®”. PDI is also useful when examining superficial
structures like the thyroid, testes, renal grafts, subcutaneous lesions,
and deep organs like the liver, uterus, endometrium, and ovaries®.

Advanced dynamic flow (ADF)

ADF is a third-generation non-contrast Doppler flow technology
released in the early 2000s by Toshiba Medical Systems that was re-
ported to provide high detection of microvascularities and is con-
sidered to be an improvement on PDI®®. Unlike PDI, ADF shows
information about flow directionality and calculates velocity. So far,
due to its reduced blooming, ADF has gained popularity in obstet-
ric ultrasound, commonly used to evaluate fetal umbilical vessels
and heart chambers®”. Despite the increased use of ADF in clinical
obstetric ultrasound, some studies have found ADF to be less sensi-
tive than CDI, PDI, and McVI in detecting small and slow-flowing
blood vessels in other anatomical areas, as presented in the related
literature section of this article.

Microvascular imaging (McVI)

Due to the limitations of CDI and PDI in their ability to separate
clutter artefacts from microvascular flow signals, a new ultrasound
flow technology, called Superb Microvascular Imaging (SMI), was
developed and introduced in 2013 by Toshiba Medical Systems, now
Canon Medical Systems (Otawara, Tochigi, Japan)®?). After this,
further ultrasound equipment manufacturers have provided users
with their versions of this technology (Tab. 1), which are collectively
classed as McVT in this article.

McVI is a technology that can separate motion artefacts from mi-
croscopic vascularity through the application of a special wall filter
which, unlike the traditional Doppler techniques, does not filter out
the low and flash artefacts®?®. This filter can utilize a unique Dop-
pler algorithm to suppress/separate the artefact from the blood flow
signals (Fig. 3), thus significantly improving the ultrasound visu-
alization of microvasculature (Fig. 4 and Fig. 5)®. Advantages of
McVI is that it allows visualization of blood vessels less than 1 mm

in diameter at a velocity of less than 0.2 cm/s®. This is done at high
frame rates of up to 50 frames per second (50 fps), with little or no
noise artefacts from motion within the tissue or organ due to respi-
ration, vascular pulsation, or subtle movements by patients®”.

McVTI is generally available in color and monochromatic modes®®.
The former provides microvascular information as an overlay on the
background B-mode (grayscale) ultrasound images. Color McVT is
similar in appearance to the traditional CDI and PDI flow display
and helps ultrasound practitioners visualize the anatomical orien-
tation of the organ or lesion being examined®”. Monochromatic
McVI provides detailed and focused information on the microvas-
culature alone, while subtracting the background B-mode, which
has been reported to be more sensitive than color McVI in detecting
microvascularity®. Currently, the monochromatic mode of McVI
is unavailable on all ultrasound equipment brands.

Introducing the Vascularity Index (VI) feature gives ultrasound
practitioners the unique opportunity to objectively calculate the
amount of blood flow within a designated area of the screen im-
age®?. This is achieved by the ultrasound machine using a special
algorithm that calculates the ratio of the color pixels to the entire
pixel on the ultrasound screen®. The function serves as a unique
diagnostic tool for ultrasound practitioners and clinical researchers,
as presented in the literature review section of this article.

It is worth mentioning that a high computational complexity is re-
quired to support McVI, creating the need for an advanced ultra-
sound probe design with a newer matrix®®. This improved third-

3

Velocity

CDI PDI

McVi

Clutter / Microvascularity

Velocit);

Fig. 3. A simple chart showing the various Doppler modalities with their corre-
sponding velocity ranges. CDI and PDI have filtered out clutter artefacts
within similar velocities as microvascular velocity flow signals. McVI
can separate the clutter from microvascular flows

Tab. 1. Summary of various non-contrast ultrasound flow modes. Microvascular imaging (McVI) nomenclatures used by different ultrasound manufacturers

(listed alphabetically)

Comban Canon Medical General Electric Hitachi Medical Philips Samsung Siemens
pany Systems Healthcare Systems Healthcare Medison Healthineers
Superb Microvascular MicroVascular MicroFlow MicroVascular
Brand name ) ) eFlow ! Slow Flow
Imaging Imaging Imaging Flow
Acronym SMI MVI - MFI MV Flow -
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Fig. 4. A 7 mm polyp in the gallbladder of a 42-year-old male. Color Doppler with a low PRF setting revealed no vascularity evidence. Microvascular imaging

revealed a feeder vessel from the gallbladder wall into the polyp. Dual-display B-mode-B-flow ultrasound also revealed subtle evidence of the feeder vessel

(adjacent to the caliper) - images by E.B.

ENDOMETRIUM

Fig. 5. Abnormally thickened endometrium (18.6 mm anteroposteriorly) in a 12-year-old female with symptoms of abnormal uterine bleeding. PDI and CDI
showed some myometrial vessels with no significant flow evidence in the endometrium. B-flow showed the myometrial vessels with tiny vessels within the
endometrium. McVI revealed evidence of endometrial hypervascularity that was not evident on CDI/PDI - images by E.B.

generation Doppler flow function is only available in the more
contemporary, top-end (and more recently, some mid-range), full-
unit ultrasound machine models. Thus, it excludes most table-tops
and hand-held ultrasound devices for emergency and communi-
ty-based practice, limiting availability to affordability. McVI has
other technical limitations as well. Unlike its traditional Doppler
counterparts, the sensitivity of McVI is negatively affected by the
depth of the organ being examined®. In addition, similar to PDI
but unlike CDI, McVI does not provide directional information on

blood flow, as the technology focuses on flow intensity®. McVI
has a smaller Doppler box limited to a specific size, unlike PDI and
CDI, which can be adjusted to fit the entire scan window®. Fur-
thermore, although McVT provides improved information on min-
ute blood vessels, it does not supply information on the ‘wash-in’
and ‘washout’ principles used in CEUS®?. This principle is a critical
phenomenon CEUS uses to categorize some lesions into benign/
malignant groups without the requirement for CT/MRI character-
ization®. Based on clinical experience, McVTI is unavailable on all
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the probes of some third-generation Doppler-equipped ultrasound
machines (Tab. 2).

Doppler clinical adjustments

To improve the sensitivity of Doppler assessment in clinical practice,
there are several settings that can be optimized. Techniques for im-
proving ultrasound machine settings and thus Doppler assessments
include: 1) reduction of the size of the Doppler box; 2) optimization
of the color gain; 3) optimization of the pulse repetition frequency
(PRF); 4) reduce the wall filter. All of these as such will improve the
overall frame rate®**%). However, applying these techniques tends to
increase the background noise due to increased detection of Dop-
pler signals from motion (or flash/clutter) artefacts®. These artefacts
slip through the mono-dimensional color Doppler wall filter and are
within similar velocity bandwidths as microvasculature (Fig. 2)©29.
Therefore, ultrasound practitioners are forced to compromise be-
tween detecting clutter artefacts and the absence of microvascularity
in practice or consider other imaging modalities that are not without
limitations.

Related literature

Since its introduction in clinical practice, scholars have published
many research works using McVT in various organs, comparing its
performance to the other Doppler flow techniques (CDI, PDI, ADF)
and CEUS. We present our review of some related literature on this
topic.

In vascular applications, Curti et al.®® studied 122 patients who had

an endovascular abdominal aortic aneurysm repair (EVAR) proce-
dure. The researchers studied the usefulness of McVI against CEUS

Tab. 2. Summary of various non-contrast ultrasound flow modes

in detecting and classifying type II endoleak in the follow-up of
post-EVAR patients. This was compared with the findings on CTA
as a reference. Their study found McVI and CEUS to have the same
sensitivity of 91.5% and specificity of 100% respectively, with a high
percentage of agreement between McVI/CEUS and CTA at 94.9%.

In abdominal applications, Mao et al.®” conducted a study on 144
solid renal masses examined using CDI, McVI, and CEUS to com-
pare and grade the internal microvasculature. In their study, CDI’s
blood flow detection rate was 78.5%, McV1 88.9%, and CEUS 93.8%.
This led the authors to conclude that McVTI is comparable to CEUS
and valuable in classifying renal masses, and can provide helpful in-
formation on vascular structure and diameter. This was in agreement
with another study by Mu et al.?® that also found McVT to be sen-
sitive in differentiating renal lesions into their appropriate Bosniak
categories. However, unlike CEUS, McVI performed worse in exam-
ining deep-sitting lesions. In contrast, McVI demonstrated useful-
ness in scanning renal allografts due to its more superficial location.
McVI can play a role in predicting chronic allograft damage, accord-
ing to a recent study by Giirbuiz et al.®® on 68 renal allografts where
McVI detected the most laterally-located vessel within the graft.

Beyond renal applications, a study by Ozlem et al.*® on 43 patients
with chronic hepatitis determined the sensitivity of McVI, ADE,
CDI and PDI in predicting liver fibrosis compared to the results
from liver biopsy. The researchers used vascular architecture with
appearances such as vascular blunting and tortuosity to predict the
severity of fibrosis. In their study, McVI helped distinguish the vas-
cular hepatic changes, accurately predicting cirrhosis and fibrosis in
their patients.

Still within hepatic applications, Lee et al.“? utilized McV1 in char-
acterizing 29 hepatic lesions by their unique vascular architecture.
The researchers found McVTI to be a useful non-contrast ultrasound

. Prone to aliasing

flow intensity over
velocity

one manufacturer

high-end ultrasound
machines

. Not available on all

ultrasound probes

. Less sensitive than

CDl'and PDI'in deep-
erorgans

. Focuses more on

flow intensity over
velocity

Flow mode CDI PDI ADF McVi B-flow
Working principle Doppler Doppler Doppler Doppler Non-Doppler
Generation 1st Gen. 2nd Gen. 3rd Gen. 3rd Gen. 3rd Gen.
Major pros . Adjustable Doppler . More sensitive than | 1. Suitable for ex- 1. The most sensitive 1. Not angle-dependent
box (@b} amining the fetal (non-contrast) flow 2. Sensitive to slow flows

. Provides flow direc- . Adjustable Doppler placental vessels mode to microvascu- | 3. Can visualize tiny vessels
tionality information box and fetal heart larity 4. Provides flow infor-
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sound machines and trasound machines . Shows flow direc- for other invasive or ultrasound screen; no
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. Better penetration . Better penetration tions
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larity cularity microvascularity ited in size. directionality

. Angle dependent . Focuses more on . Provided by only 2. Only available on 2. Provided by only one
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. Itis not currently avail-

able on all ultrasound
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. Less sensitive than CDI

and PDI in deeper or-
gans

. Focuses more on flow

intensity over velocity
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technique in visualizing the vascular patterns of hepatic tumors
which improved the diagnosis of hepatic tumors ultrasonically.

Ayaz et al.? researched the detection of microvascularity in 146
pediatric ovaries using McVI, CDI, PDI, and ADF, while another
study®® focused on neonatal testicles. Both studies found SMI to be
the most sensitive flow tool, followed by PDI, CDI, and ADF being
the least sensitive (p <0.001).

Cai et al.“) retrospectively assessed the ultrasound images of 238
breast lesions to evaluate the Vascularity Index (VI) and Vascular Ar-
chitecture (VA) of each lesion using 3D-McVL. They found that com-
bining B-mode ultrasound with McVI improved diagnostic accuracy
in classifying breast lesions to their accurate BI-RADS category.

In a study conducted by Sim, Lee, and Hong“? on 147 abnormal cer-
vical lymph nodes, Mc VI (86.9%) had a significantly higher sensitiv-
ity than PDI (54.1%) (p <0.001) in categorizing the lymph nodes.
However, their study had an under-represented sample of individu-
als older than forty.

Rumolo et al.®) reported a case of how the application of McVI,
along with CDI and PDI, helped improve the diagnosis of hidrad-
enitis suppurativa, a chronic skin disease condition, presenting as
a painful left inguinal node.

Alis et al.* conducted a study that compared the performance of
McVI with PDI in detecting blood flow within the inflamed synovi-
um of patients with clinically diagnosed juvenile arthritis using the
vascularity index (VI). They found that McVI caught more blood
flow evidence of inflammation in some regions than PDI could.

Lastly, Aghabaglou et al.®¥ compared the sensitivity of McVI to
MF]I, CDI, and PDI in the fingertip. They found McVI to be compa-
rable to MFI, with higher sensitivities than CDI and PDI. This was
the only study encountered that compared microvascular imaging
modalities between different manufacturers.

This review article differs from the published literature in that it fo-
cuses on the principle and design of the individual flow modalities,
their strengths, limitations, and applications in clinical practice.

B-flow imaging

B-flow imaging, introduced in 2000 by GE Healthcare (Chicago, IL,
USA), was initially used for vascular assessment, as it was only avail-
able on high-frequency linear transducers used for those kinds of
studies“. Its application has widened over the years, extending to
the curvilinear transducers used for more general ultrasound im-
aging. ‘Blood flow B-mode imaging’ or ‘B-flow’ is a non-Doppler
ultrasound function designed to evaluate blood flow within the ex-
amined body area®?”). Using digital encoding software and blood
tissue equalization, B-flow overcomes some significant pitfalls of
Doppler ultrasound, like angle dependency and the limited detec-
tion of slow flow®”. B-flow acquires images using the same tech-
nology as the conventional B-mode ultrasound“”. However, it sup-
presses the signal from the still surrounding tissue while enhancing
the signals from the flowing red cells within the blood vessels, which
would have been initially masked by insufficient Dynamic Range

on B-mode (Fig. 4 and Fig. 5)“®. Furthermore, color Doppler tech-
nology overlays the flow information on the pre-existing B-mode
display; this uses high computational power, reducing the frame
rate and potentially impairing image quality®. Since B-flow uses
B-mode technology, it provides a better frame rate than CDI and
PDI during flow ultrasound, and does not require a Doppler box
(Tab. 2)©0.

Since the introduction of B-flow, it has been well-utilized for vascular
imaging and hemodynamic studies across diverse specialties. Some
studies compared B-flow to Doppler in evaluating arterial plaques
in the femoral and carotid arteries, where it was reported to provide
a correct diameter of the vessels due to its lack of ‘color flash arte-
fact’ from tissue movement and ‘color blooming’ over the vessel wall
seen on Doppler®-?). While one study®? reported the application of
B-flow in evaluating microembolism in the cerebral artery, other
studies have looked at the application of B-flow in evaluating vas-
cularity within the native (Fig. 5) and transplant liver and kidney®®.
A recent scoping review by Hofmann et al. compiled evidence on the
applications of B-flow in the hepatic parenchymal and lesion vascu-
lature, the assessment of native and transplant kidneys, obstetrics,
vascular, and hysterosalpingo-contrast sonography (HyCoSy) as-
sessment of the uterine tubes®®. While B-flow appeared well-praised
in these areas, the authors could combine some of their evidence
from the limited case reports and older research literature available.

Significant limitations of B-flow include its limited sensitivity in
evaluating flow in deep anatomical structures and the lack of flow
directionality, unlike in Doppler, where the flow is color-coded as
blue or red primarily, which traditionally represents flow away from
or towards the transducer, respectively“®. B-flow is only available
on one ultrasound manufacturer’s platform. It is also unavailable
on some ultrasound probes and not on the tabletops and handheld
portable ultrasound equipment provided by the same manufacturer.

Conclusion

Doppler ultrasound is an essential imaging tool for diagnosing and
assessing many disease processes. The newer and improved Doppler
(and non-Doppler) techniques have recently resulted in further ad-
vancements in the uses of Doppler to evolve the role of ultrasound
assessment in areas that were previously considered impossible to
visualize. Ultrasound users are encouraged to explore the underlying
principles to appreciate the advantages and pitfalls of each technique.
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