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Introduction
Aim of this White Paper is  to discuss the value of the 
Ultrasound Micro-Angiography (UMA) feature available in 
Mindray Ultrasound (US) systems and provide clinicians with a 
guide on its use on the Prostate, Thyroid, and Breast. This 
document does not replace the Color Doppler Guidelines 
found in the literature [1] but serves as a guide for Mindray US 
system UMA users.

Angiography for Diagnostic Purposes

Angiography is a medical imaging technique used for blood 
vessel lumen visualization. It mainly involves hemodynamic 
information visualization concerning arteries, veins, and heart 
chambers. Angiography is useful in clinical conditions related 
to blood flow, its direction, and tissue perfusion, such as 
Coronal Disease, Portal Hypertension, Macula Lutea, advanced 
diabetes and malignant tumors.

Ultrasound Angiography

Ultrasound Angiography is a non-invasive, radiation-free 
examination that uses Ultrasound Doppler techniques to 
visualize vessel hemodynamics. Color Doppler provides 
accurate information concerning blood flow direction and 
mean velocity. Conventional color Doppler applications may 
be limited from the aliasing effect, angle dependency, and 
reduced low flow sensitivity. Power Doppler applications 
provide density and red blood cells power information, mainly 
used for small vessel low flow visualization [2]. Spectral Doppler 
is a Fast Fourier Transformation application, which provides a 
graphical visualization of flow velocity over time. Ultrasound 
angiography is useful in clinical fields like Carotid Arteries, 
Mesenteric Vessels, Peripheral Arteries, Veins, and Tumors.

Ultrasound Micro-Angiography

Ultra-micro-angiography (UMA) is a Doppler technique aiming 
to improve vessel identification. It is characterized by enhanced 
sens i t iv i ty  for  low-veloc i ty  b lood flow v isual izat ion .  
Conventional Color Doppler applications utilize focused waves 
and cannot typically distinguish signals from slow-moving 
tissue and blood flow, which reduces their performance in 
detecting micro-vessels. UMA technology, on the other hand, 
uses plane and divergent waves allowing faster sampling rate 
and, therefore, improved sensitivity. Moreover, a wall-filtering 
algorithm allows precise distinction of low-speed blood flow 
from low-speed tissue movement, therefore, accurately 
displaying micro-vessels. UMA may, hence, improve Color 
Doppler diagnostic performance for diseases characterized by 
micro-vascularization or angiogenesis ( i .e . ,  malignant 
neoplasms) [3].

The UMA feature includes three sub-modes, cUMA, pUMA, and 
sUMA. cUMA simultaneously visualizes the B-Mode and color 
information for low-velocity micro-vessels. pUMA displays 
Power Doppler information and has a directional option. sUMA 
provides high spatial resolution visualization of micro-vessels 
and allows the examiner to adjust background transparency 
(grades 0-4). Grade 0 only displays vasculature information, 
while grade 4 displays both vascular and B-Mode information 
with the brightest B-Mode setting. Even though the sUMA 
sub-mode is the most sensitive and may visualize the smallest 
vessels with slow velocity blood flow, it does not provide blood 
flow direction information as the cUMA and pUMA sub-modes. 
The UMA feature may be combined with the Glazing Flow 
feature to provide a 3D view of vessels leading to a more 
deta i led v isual izat ion .  Moreover ,  UMA a l lows vesse l  
detectability quantification through Color Pixel Percentage 
(CPP).

The UMA feature provides additional hemodynamic diagnostic 
information in the Prostate, Thyroid, and Breast. Vascularization 
and neo-angiogenesis are crucial diagnostic findings that are 
more reliably visualized through UMA, which provides holistic 
imaging for both arteries and veins, leading to differential 
benign/malignant diagnosis.

Figure1: Thyroid benign hyper-vascular adenomatous nodule visualized by the cUMA, pUMA 
and sUMA sub-modes.
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Prostate Hemodynamics

The Prostate and bladder share blood supply due to their 
anatomical proximity. Specifically, blood supply is mainly 
provided to the Prostate through the inferior vesical artery but 
also from the middle rectal and internal pudendal arteries [21]. 
Veins located around the Prostate compose the prostatic 
plexus which drains into the internal iliac veins. The Prostate 
gland also drains to the internal iliac lymph nodes and the 
sacral lymph nodes.

Color Doppler in the Prostate

UMA added value in the Prostate

Differentiating PrCa from normal prostatic parenchyma 
through Ultrasound B-Mode is often challenging because 
normal and neoplast ic parenchyma may have s imilar  
echostrucure [ 2 2 ] .  Moreover,  tumors in the TZ are very 
challenging to visualize through B-Mode. 

Color Doppler applications can play a role in PrCa diagnosis by 
identifying and characterizing the vascularity of suspicious 
lesions [8]. Specifically, Power and Color Doppler can visualize 
the flow patterns commonly encountered in PrCas: diffuse flow 
within the lesion, the most common pattern, focal flow within 
the lesion, or flow surrounding the lesion [23]. Even though 
Color Doppler may improve the TRUS sensitivity and diagnostic 
performance for detecting PrCas,  it  does not improve 
specificity [24]. This occurs due to cases of Prostate Inflammation 
(i .e. ,  prostatit is)  that can be commonly confused with 
malignant lesions if no complementary clinical information is 
available [25, 26]. Color Doppler in the Prostate is limited by 
operator dependency and lack of standardization [27].

UMA can partly solve the limitations of Color Doppler in the 
Prostate due to its increased sensitivity. Specifically, normal PZ 
vessels’ entire trajectory is visible through UMA. This is not the 
case in the TZ, where TRUS is generally l imited due to 
hyperplasia and infections. Moreover, in PZ tumors, which are 
located close to the transducer, UMA allows a very precise 
visualization of the lesion’ s vasculature, including the 
characteristic of PrCa, neo-plastic vessels.

Figure 2: Typical hypo-echoic, hyper-vascular adenocarcinoma in the left PZ, visualized by the 
cUMA, sUMA, pUMA sub-modes, using both an Endfire and a Bi-plane transducer. The 
adenocarcinoma is stiffer than the surrounding PZ parenchyma in Elastography. Green arrow 
Adenocarcinoma

Prostate
In 2020, Prostate Cancer (PrCa) was the second most common 
Cancer and the fifth most prominent cause of death for males 
all around the world [4]. Moreover, it was the most frequent 
cancer type in the United States in 2023 [5].

Transrectal or Transperineal Prostate biopsy, guided by 
Transrectal Ultrasound (TRUS) is considered the reference 
standard for PrCa diagnosis [6]. Despite TRUS strengths, which 
include availability, cost-effectiveness, familiarity to urologists, 
and real-time guidance, TRUS alone cannot reliably detect 
PrCa [7]. Methods such as Ultrasound Doppler, Elastography, 
CEUS and Multiparametric Ultrasound may contribute to PrCa 
detection by providing additional diagnostic information [8-20].
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The most common Ultrasound Thyroid cancer risk classification 
tool is the Thyroid Imaging-Reporting and Data System 
(TIRADS). EU-TIRADS is the latest reporting system provided by 
the European Thyroid Association, used for Ultrasound thyroid 
nodule assessment. It involves assessing echogenicity, shape, 
margin, and micro-calcifications. Even though hemodynamic 
features are not evaluated for the TIRADS classification system, 
Color/Power Doppler and UMA can provide additional 
hemodynamic diagnost ic  information,  especia l ly  for  
benign/malignant differentiation.

Thyroid Anatomy and Hemodynamics:

Thyroid

The Thyroid gland is an organ consisted of two lobes, which 
are connected through a narrow tissue band, the isthmus. 
Thyroid blood supply is provided by the superior Thyroid artery, 
the inferior Thyroid artery, and sometimes by the Thyroid ima 
artery [28, 29]. The superior Thyroid artery splits into the anterior 
and posterior branches while the inferior Thyroid artery splits 
into the superior and inferior branches [28]. The superior and 
inferior Thyroid arteries then merge behind the inferior pole of 
the Thyroid [29]. Blood is drained from the Thyroid through the 
superior and middle Thyroid veins, which drain to the internal 
jugular vein [28, 29]. Thyroid vessels described above develop a 
network between the two layers of the Thyroid capsule [29].

Figure 3: Typical Thyroid benign hypo-echoic adenomatous nodule, hyper-vascular mainly in 
the periphery, visualized by the sUMA, pUMA and cUMA sub-modes.

Color Doppler in the Thyroid:

Ultrasound Doppler applications, including spectral Doppler, 
Color Doppler, power Doppler, have a role to play in Thyroid 
Ultrasound examinations [31-42]. Specifically, Color Doppler 
contributes to the differential diagnosis of thyroid nodules, 
metastatic cervical lymph nodes, and diffuse parenchymal 
disease [30]. Moreover, Color Doppler contributes to US guided 
procedure guidance (i.e., Fine Needle Aspiration). 

Color Doppler applications contribute to Thyroid nodule 
characterization through vascularity pattern visualization. 
Specifically, Thyroid nodule vascularity patterns are categorized 
into the following types. Type 1 is characterized by no 
vascularity,  while type 2 nodules present peri-nodular 
vascularity. Type 3 nodules have mild (<50%) intra-nodular 
vascularity and, finally, type 4 nodules have increased (>50%) 
intra-nodular vascularity [ 3 7 ] .  Color Doppler Ultrasound 
applications are commonly used for benign-malignant nodule 
differentiation and are characterized by high sensitivity and 
specificity, as well as by acceptable diagnostic performance 
[43-48]. Increased intra-nodular anarchic vascularity is considered 
pathognomonic for Thyroid nodule malignancy [43-48]. 

Power  Doppler  improves  benign-mal ignant  nodule  
differentiation through increased sensitivity in detecting small 
vessel slow blood flow [49-52]. UMA further increases sensitivity of 
small vessel slow blood flow detection.

Figure 4: Typical auto-immune hyper-vascular thyroiditis in the acute phase, visualized by the 
cUMA, pUMA, and sUMA sub-modes. All vessels are normal and diverted.
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Figure 6: Normal Breast echo-structure and normal vessels visualized by the sUMA sub-mode.

UMA may visualize peri-nodular and intra-nodular thyroid 
microvascular flow more reliably and in greater detail than 
conventional Color Doppler applications. Since increased 
vasculature and intra-nodular flow are linked with Thyroid 
nodule malignancy, UMA can increase the accuracy of 
Ultrasound examinations in malignant Thyroid nodule 
assessment. Formation of new vessels characterizes the 
development of all Thyroid malignant neoplasms. Neo-vessels 
present stenoses, dilatations and arterio-venous anastomoses. 
It is, therefore, vital to visualize very slow flow vessels, which 
may be accomplished through UMA. Moreover, through UMA 
the visualization of the irregular neo-vessels’ wall is possible, 
due to the absence of artefacts (flow exceeding the borders of 
the vessels).

Color Doppler for Breast Screening and 
Diagnosis

Color Doppler may distinguish complicated/hemorrhagic cysts 
from anechoic malignant lesions, such as medullary carcinomas 
and metastases. Moreover, it may differentiate intra-cystic, 
intraductal debris and apocrine metaplasia from solid tissue, 
such as papillary lesions and intraductal carcinomas [53] . 
Furthermore, Color Doppler can assess if lymphadenopathy 
occurs due to inflammation, metastatic Breast carcinoma, or 
lymphoma and can demonstrate inflammatory hyperemia (i.e., 
in mastitis). The differentiation between inflammatory and 
metastatic enlarged lymph nodes is challenging to accomplish 
through Hemodynamic information alone.

Figure 5: Typical heterogeneous, mainly hypo-echoic, Thyroid papillary carcinoma. The 
carcinoma is hyper-vascular with neo-plastic vessels both in its periphery and within its borders.

The Breast Imaging-Reporting and Data System (BIRADS) is a 
risk classification tool developed by American College of 
Radiology, used for Breast tumor assessment. BIRADS is a 
seven-stage scale used for  Ultrasound,  as  wel l  as  for  
mammography and MRI. It evaluates morphological features, 
such as t issue composit ion,  masses information,  and 
calcifications. Even though hemodynamic features are not 
evaluated for BIRADS classification system, Color/Power 
Doppler and UMA can provide additional hemodynamic 
diagnostic information, especially for benign/malignant 
differentiation.

Breast
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Figure 7: Typical hypo-echoic Breast fibro-adenoma with regular borders and normal vessels, 
visualized by the pUMA, and sUMA sub-modes.

Figure 9: Typical hypo-echoic lobular Breast carcinoma. Some proximal and central micro 
calcifications are visible in B-Mode. The lesion invades the peri-tumoral fat. The lesion is 
hyper-vascular and neoplastic vessels are clearly visible in cUMA and pUMA sub-modes. 

UMA for Breast Screening and Diagnosis

To effectively assess tumor hemodynamics, advanced Doppler 
techniques, like UMA, have been introduced, improving 
sensitivity for micro neo-plastic vessels, enhancing resolution, 
and reducing motion artefacts [54].

UMA may improve US diagnostic performance for Breast 
malignancy by reliably evaluating vessel complexity [55-59]. 
Effective and efficient use of UMA, however, requires training 
and knowledge of appropriate clinical application [54].

1.The probe should be as stable as possible during UMA 
examinations. The patient should be instructed to hold his/her 
breath

2.Locate the target lesion through B-Mode. Zoom when 
necessary and enable the UMA feature using the touchscreen

3.Adjust the UMA ROI to include the entire lesion and adjacent 
tissue

4.Switch between cUMA, pUMA, and sUMA sub-modes 

5.Adjust frequency scale, gain and wall filter to acquire the 
optimum image quality and reduce motion artefacts

UMA step-by-step application

Use as high frequency as possible without compromising US 
b e a m  p e n e t r a t i o n .  A s  f r e q u e n c y  i n c r e a s e s  m o r e  
micro-vessels may be detected

In the pUMA and sUMA sub-modes reduced scale leads to 
increased sensitivity for low velocity vessels

Increased wall filter frequency may reduce motion artefacts

Figure 8: Cystic benign lesion with diaphragms and internal echogenic spots visualized by the 
pUMA, sUMA and cUMA sub-modes. Regular vessels in the perimeter of the cysts and 
throughout the septa/diaphragms. This benign vascularization is only visible through UMA and 
not through conventional Color Doppler. 
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Prostate

Interesting UMA Cases

Prostate Cancer, 76-year-old male Patient

Clinical information: negative DRE

Imaging information: recent MRI examination reported PIRADS 
4 lesions in the right PZ

Biochemical information: PSA 9 ngr, ratio 0.21

Ultrasound information: Hypoechoic, hyper-vascular and stiff in 
Elastography lesions in the right PZ in the middle and base of 
the gland

UMA information: The UMA feature can reliably visualize 
neo-vessels in both the periphery and inside the lesion. These 
neo-vessels present derivation, stenosis, dilatation, and 
occlusion

Histologic information: both lesions turned out to be Gleason 7 
invasive adenocarcinoma

Case 1
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Prostate Cancer, 77-year-old Male Patient

Clinical information: negative DRE

Imaging information: an MRI examination performed 5 years 
prior reported a PIRADS 4 lesion in the anterior PZ on the left. A 
Biopsy performed then came out negative

Biochemical information: PSA 13.6 ngr

U l t r a s o u n d  i n f o r m a t i o n :  H y p o -  a n d  h y p e r - e c h o i c ,  
hyper-vascular and s in the left PZ invading the TZ. Since the 
lesion invades the TZ is barely visible in TRUS

Elastography information: Lesion is stiff in Elastography. 
Elastography helps in visualizing lesions in the TZ and, 
therefore, helps in guiding the Prostate biopsies

UMA information: The UMA feature can reliably visualize 
tortuous neo-vessels mainly in the periphery of the lesion with 
stenoses and dilatations

Histologic information: the lesion turned out to be Gleason 6 
invasive adenocarcinoma

Case 2
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Prostate Cancer, 60-year-old Male Patient

Clinical information: negative DRE

Imaging information: -

Biochemical information: PSA 7.35 ngr

Ultrasound information: Hypo-echoic, hyper-vascular, stiff in 
Elastography lesion in the right PZ 

UMA information: Only the proximal part of the tumor is 
hypervascular, there is an abrupt interruption of blood flow,  
due to the tumor invasion

Histologic information: the lesion turned out to be Gleason 7 
invasive adenocarcinoma

Case 3
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Prostate Cancer, 82-year-old male Patient

Clinical information: no symptoms, negative DRE

Imaging information: a previous MRI examination mentioned a 
PIRADS 3 lesion in the apex

Biochemical information: PSA 10.3 ngr (recent PSA elevation)

Ultrasound information: hypo-echoic tumor in the PZ in the 
apex of the gland

UMA information: tortuous, stenotic, and abruptly interrupted 
neo-vessels, mainly in the periphery of the tumor

Elastography information: the lesion appears stiffer using both 
STE (“no-signal”/ dark blue) and Strain Elastography and both 
convex and linear transducers

Histologic information:  the lesion turned out to be Gleason 8 
invasive adenocarcinoma

Case 4
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Thyroid Cancer, 35-year-old male Patient

Clinical information: no symptoms

Biochemical information: no findings

Ultrasound information: hypo-echoic heterogeneous lesion 
with an iso-echoic component and i r regular  borders 
containing echogenic foci

Elastography information: part of the nodule is stiffer than the 
surrounding parenchyma

UMA information: no regular vessels in the lesion periphery, 
irregular internal neo-vascularization with dilatations, stenoses 
and occlusions

Cytology information: follicular carcinoma

Thyroid Nodule, 50-year-old female Patient

Clinical information: no symptoms

Biochemical information: no findings

Ultrasound information: normal volume Thyroid lobes, ovoid 
and round nodules containing liquid collections

Elastography informat ion:  no difference in  e last ic i ty  
measurements between nodule and parenchyma

UMA in format ion :  typ ica l  c i rcu la r  vascu la r  network  
corresponding to the hypo-echoic halo comprised of normal 
vessels, normal linear or curved vessels within the nodule (no 
neo-vessels found)

Cytology information: benign hyperplastic nodule

Case 2Thyroid

Case 1
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Auto-immune Thyroiditis, 31-year-old male Patient

Clinical information: mild throat pain

Biochemical information: hypothyroidism, elevated anti-thyroid 
antibodies

Ultrasound information: augmented volume in both lobes, 
lobulations, coarse heterogeneity with small liquid collections

Cytology information: Hashimoto thyroiditis in acute phase

UMA information: diffuse hyper-vascularity, normal vessels in 
the parenchyma and I the pseudo-nodules, no vascular circular 
pattern

Case 3

Breast Fibroadenoma, 53-year-old female Patient

Clinical information: no symptoms

Imaging information: small regular subcutaneous lesion with a 
0.9cm diameter in the right breast in a recent mammography

Ultrasound information: hypo- / an-echoic longitudinal lesion 
with regular (linear) borders

UMA information: both lesions are hypo-vascular, no internal 
vascularization, small regular vessels in the periphery. The 
feeding artery is visible

Histologic information: fibroadenoma

Breast

Case 1
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Breast adenocarcinoma, 38-year-old female Patient

Clinical Information: no symptoms

Imaging information: previous mammography with no findings

Ultrasound information: solid hypo- and iso-echoic bilobular 
lesion in the right breast (2,1cm). 

Elastography information: discreet increase of stiffness values in 
the hypoechoic part of the lesion

UMA information: its hypo-echoic part contains irregular 
neo-vessels with stenoses and dilatations

Histologic information: Breast adenocarcinoma

Case 2

Breast adenocarcinoma, 56-year-old female Patient

Clinical information: palpable lesion in the left Breast anterior 
and external quadrant. 

I m a g i n g  i n f o r m a t i o n :  i r r e g u l a r  d e n s e  l e s i o n  w i t h  
micro-calcifications in recent mammography

Ultrasound information: solid, lobular, spiculated lesion with 
irregular borders

Elastography information: lesion is stiffer than the surrounding 
parenchyma

UMA information:  the entire lesion contains tortuous 
neoplastic vessels with both stenotic and dilated parts

Histologic information: Breast adenocarcinoma

Case 3



Breast adenocarcinoma, 48-year-old female Patient

Clinical information: No symptoms, no palpable lesion 

Imaging information: ovoid dense lesion in the right Breast 
upper and external quadrant 

Ultrasound information: hypo-echoic ovoid lesion. Spiculations 
are radiating from the margins in some sections

Elastography information: Even though the lesion appears soft 
(deep blue) in STE, this is an artifact. In very stiff lesions this 
artifact can be diagnostic (no signal zone)

UMA information: the neoplastic vessels within the lesion are 
only visualized through UMA and mainly through the sUMA 
sub-mode. The vessels are tortuous with both stenosis and 
dilatations.

Histologic information: Breast adenocarcinoma

Case 4
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