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Abstract

Introduction: Imaging fibroid vascularity may predict fibroid growth and aid to
determine most appropriate therapy. Microvascular (MV) flow imaging is relatively
new and is able to detect slow flow in small vessels. Data on feasibility, reproducibility,
and reliability of MV-flow imaging in fibroids is lacking. The purpose of our study was
to determine the reproducibility of MV-flow imaging and to explore this technique for
clinical practice for assessing blood flow in fibroids.

Material and Methods: Thirty patients with one or multiple fibroids (diameter
1.5-12.0cm) were prospectively included. Transvaginal ultrasound scanning was
performed in B-mode, 2D MV-Flow™, 2D and 3D power Doppler mode (HERA W10,
Samsung) by two experienced gynecologists at a tertiary care clinic from February
to December 2021. The primary outcome was intra- and interobserver agreement of
the vascular index (VI) and color score (CS). The following parameters: ‘2D MV-flow
VI, ‘3DPD VI, ‘2D MV-flow CS’ and ‘2DPD CS’ were measured offline in the center,
pseudocapsule, and entire fibroid. Secondary offline outcomes for exploring 2D MV-
flow for clinical practice, included (1) ability to discern vascular structures, (2) assessing
the degree of vascularity via CS and calculating a VI, and (3) determining penetration
depth of the ultrasound signal in both power Doppler and MV-flow imaging.

Results: All scans of the 30 included patients were of sufficient quality to analyze. Inter-
and intra-observer correlations of all studied parameters were good to excellent, both
for 2D MV-flow and 2D power Doppler (intercorrelation coefficient 0.992-0.996).
Using 2D MV-flow different vascular structures were visible in detail, in contrary to
using 2D and 3D power Doppler. In significantly more fibroids central flow could be
visualized using 2D MV-flow (63%) than with 2D power Doppler (13%, p=0.001).
Finally, penetration of the ultrasound signal was deeper using 2D MV-flow (3.92 cm)
than with 2D power Doppler (2.95cm, p=0.001).

Abbreviations: 2D, two-dimensional; 3D, three-dimensional; CS, color score; ICC, intercorrelation coefficient; MV, microvascular; PD, power Doppler; VI, vascular index.
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1 | INTRODUCTION

Uterine fibroids are the most common benign tumors in gynecol-
ogy.} The majority of fibroids is asymptomatic.> However, when
symptomatic, they may substantially impact women's health and
quality of life.® Whether fibroids are symptomatic depends on their
size, location, and vascularity.*> Fibroid growth is influenced by ster-
oid hormones and growth factors,®” which reach the fibroid via the
uterine artery, through the arcuate arteries, and towards the fibroid
capillaries.® Fibroids typically have a highly vascularized ‘pseudo-
capsule’ with larger perifibroid vessels, while the center mainly con-
tains slow-flow t:apillariesf”’11 The extent of fibroid's vascularization
is likely to predict its growth and whether the fibroid will become
symptomatic.>*? Measuring the vascularity of uterine lesions, par-
ticularly the microvascularity, may also become useful for differenti-
ating atypical uterine fibroids from adenomyosis or uterine sarcomas
based on different vascular patterns.>*3'* Accurate diagnosis of my-
ometrial tumors is essential to plan appropriate treatment. Moreover,
measuring microvascularity may be useful for evaluating the efficacy
of minimally invasive treatments pursuing microvascular ischemia,
such as uterine artery embolization.?>®

Ultrasound is a first-line modality to evaluate fibroids in the out-
patient clinic.’” The macrovascularity of fibroids can be visualized
using color or power Doppler. A subjective qualitative color score
can describe the degree of circumferential and intralesional vascu-
larization. Vascularity can also be quantified using three-dimensional
(3D) power Doppler resulting in a vascular index.®® Limitations of
both two-dimensional (2D) and 3D power Doppler measurements
are the penetration depth of the ultrasound signal and the inability
to visualize microvascularity.

Microvascular (MV) flow imaging is a relatively new Doppler
technique that allows visualization of small vessels with slow blood
flow velocity. Compared with conventional Doppler imaging tech-
niques, MV-flow uses a lower pulse repetition frequency, higher
frame rate and advanced filtering mode.*® The high frame rate pro-
vides high-resolution details showing both macro- and microvascu-
lar blood flow. The advanced filtering modes can, for example, filter
noise and tissue movement, while still showing low-velocity blood
flow.1829 MV-flow images can be evaluated subjectively, resulting in
a 2D MV-flow color score (CS), or a 2D MV-flow vascular index (VI)
can be calculated. This technique of measuring slow blood flow is
available for multiple ultrasound manufacturers.'®

Qualitatively assessing vascularity using 3D power Doppler
vascular index is a widely used technique with a well-reported

Conclusions: Using 2D MV-flow imaging for determining vascularity is highly
reproducible. It has potential added value for clinical practice as it depicts detailed

vascular structures and the degree of vascularity, especially in the center of the fibroid.
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Key message

2D microvascular-flow imaging is highly reproducible and
has potential added value for clinical practice as it depicts
detailed vascular structures and the degree of vascularity,
especially in the center of the fibroid.

reproducibility and good discriminating ability related to histol-
0gy.?*2® However, data concerning the reproducibility of these
read-out parameters (CS and VI) determined using 2D MV-flow is
lacking. Therefore, our primary objective was to determine repro-
ducibility and reliability for measuring the vascular index (VI) and
CS using 2D MV-flow imaging and 2D and 3D power Doppler. In
addition, we hypothesized that 2D MV-flow imaging may be capa-
ble of imaging more vascular structures than conventional 2D and
3D power Doppler. Therefore, our secondary objectives involved
exploring 2D MV-flow for clinical practice in terms of (1) display of
vascular structures, (2) assessing the degree of vascularity in the fi-
broid, and (3) determining the penetration of the ultrasound signal in
both power Doppler and MV-flow imaging.

2 | MATERIAL AND METHODS

2.1 | Study design and patient selection
We performed a prospective cohort study in Amsterdam UMC, a
tertiary university hospital, from February to December 2021.
Sample size was based on Samanci et al.?* and calculated using a
sample size calculator for reliability studies: expected intercorrela-
tion coefficient (ICC) 0.95; accepted lower limit of the 95% confi-
dence interval 0.85; two raters; expected drop-out 15%: n=30.%
We prospectively enrolled patients with uterine fibroids who
visited our outpatient clinic. Eligible patients were women with one
or multiple fibroids, with a diameter between 1.5 and 12cm. The
presence of multiple uterine fibroids was allowed, but only if one
specific target fibroid was easily recognizable as either the largest
fibroid or the fibroid closest to the ultrasound probe. Fibroids were
classified according to the International Federation of Gynecology
and Obstetrics.?® Exclusion criteria were: younger than 18years,
pregnancy, uterine or cervical malignancy, and the suspicion of ad-
enomyosis.'® Current or past use of hormonal therapy was not an
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exclusion criterion. Patients with only good quality ultrasound im-
ages suitable for analysis, and with recordings from all ultrasound
techniques successfully performed and stored, were included in the

study.

2.2 | Ultrasound

2D power Doppler, 3D power Doppler and 2D MV-flow record-
ings were made during outpatient consultation by an experienced
gynecologist (JH or RL) with more than 10years of experience in
advanced ultrasound evaluation of fibroids. During a single consulta-
tion 2D B-mode, 2D power Doppler and 2D MV-flow cine loops and
3D power Doppler volumes were recorded and stored.

The ultrasound scans were made using a standardized proto-
col,'*?7 including 2D B-mode and power Doppler evaluation of
the uterus and fibroids according to the Morphological Uterus
Sonographic Assessment (MUSA) criteria.*® 3D power Doppler scans
were made of the region of interest, framing the entire fibroid. In
the case of noise artifacts, the fine-tuning technique was applied
conform Nieuwenhuis et al., by increasing the gain until an obvious
artifact was visible and then lowering the gain until the artifacts had
just vanished.!>?’ Patients received instructions to minimize move-
ment artifacts.

Ultrasound scanning was performed using a HERA W10 sys-
tem (Samsung Medison Co., Ltd., Seoul, South Korea) with a 3D
EV2-10A or EV3-10B endovaginal probe (2-10 MHz). The settings
of the HERA W10 ultrasound included a 2D frequency of 2.0-
8.2 MHz, frame average 8-9, gain 50-86dB, dynamic range 50,
power 90 (maximal). Power Doppler pulse repetition frequency of
0.54-58kHz, sensitivity of 10, filter 3, gain 50. Microvascular flow
mode pulse repetition frequency 0.13 kHz, gain 38-50; 3D quality
‘high2’.

2.3 | Offline evaluation

The ultrasound examiners, who made the images in the real-time
phase, did not participate in the offline evaluation because of logistic
reasons in a research setting. The stored 2D, 3D power Doppler and
2D MV-flow images were evaluated offline on the same ultrasound
machine, by two different and independent observers (MF and BS),
both with more than 5years' experience in advanced ultrasound
evaluation of fibroids. The observers were blinded to all patients'
demographics and clinical information. From the original cine loop
recording, the 2D plane containing the maximal diameter of the
fibroid, with clearly present vascularization and no artifacts, was
selected for further offline analysis in consensus by both observ-
ers (MF, BS). The observers independently drew regions of interest
offline. The fibroids pseudocapsule was measured 5mm from the

outline of the entire fibroid.?”

The fibroids' center was a subjective
estimation of the inner one-third of the fibroid's largest diameter.

This is schematically depicted in Figure 1.

FIGURE 1 Schematic drawing of the three contours for analysis:
Total fibroid (surface within bright-yellow contour); pseudocapsule
(solid orange line), measured 5mm from the outline of the total
fibroid; and the center (surface white circle), as subjective estimation
of the inner one-third of the surface of the the total fibroid.

2.4 | Qualitative analysis—Color score

A subjective CS was determined offline on a single 2D power
Doppler image and on a 2D MV-flow image, using the criteria of
the Morphological Uterus Sonographic Assessment (MUSA) criteria.
No color corresponded with a CS of 1, minimal color=2, moderate
color=3, and abundant color=4."® All measurements were indepen-
dently performed by both authors (MF and BS).

2.5 | Quantitative analysis—Vascular index

A vascular index (VI) was calculated offline on 3D power Doppler
volumes and 2D MV-flow images. The VI in 3D power Doppler
represents the percentage of colored voxels divided by all voxels
(colored and gray voxels), the same formula in pixels accounts for 2D
MV-flow images.!® Offline vascular index using 3D power Doppler
was performed using Virtual Organ Computer-aided Analysis
(VOCAL) software Sonoview Pro-1.6.2 (Samsung Medison Co., Ltd.,
Seoul, South Korea), previously described by Nieuwenhuis et al.
The contour of the fibroid was drawn manually for both 3D power
Doppler and 2D MV-flow vascular index.!?” In short, six rotation
steps of 30 degrees were applied to define the total fibroid result-
ing in a 3D volume. The shell off mode or the inner shell mode (5mm)
was selected corresponding to respectively the entire fibroid or the
vascular capsule. The vascular index was drawn automatically for the

fibroid center.

2.6 | Outcome measurements
To investigate reproducibility and reliability, the primary outcomes
were intra- and inter-observer agreements, which were calculated

for (1) 2D MV-flow vascular index, (2) 3D power Doppler vascular
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index, (3) 2D MV-flow color score, and (4) 2D power Doppler color
score in the center of the fibroid, its capsule and the entire fibroid.
For the intra-observer analysis, all variables were calculated twice
by observer 1 (MF), with at least 1 week between the two measure-
ments that were assessed in a random order. For the inter-observer
analysis, all variables were measured independently by observer 2
(BS). An ICC of 0.75-0.90 indicates a good agreement, ICC >0.90 an
excellent agreement.?®

Secondary outcomes for exploring 2D MV-flow imaging in the
clinic concerned (1) display of vascular structures, (2) the degree
of vascularity, and (3) the penetration of the Doppler signal. All
secondary outcomes were measured offline. Different vascular
structures, including (a) uterine vascular arcade, consisting of
arcuate arteries, (b) radial arteries, (c) fibroid's pseudocapsule,
consisting of branches from arcuate and radial vascular cap-
sule, (d) vascular branches penetrating the center of the fibroid,
were visually identified according to the Morphological Uterus
Sonographic Assessment (MUSA) criteria on 2D MV-flow im-
ages.’® The degree of vascularity is expressed as (I) subjective
color score on 2D power Doppler and 2D MV-flow images and
(1) as objective vascular index on 3D power Doppler and 2D
MV-flow images. Measurements were performed in the fibroid
center and the fibroid capsule and entire fibroid. The penetration
of the Doppler signal was measured in centimeters on 2D power
Doppler images, 3D power Doppler images and 2D MV-flow im-
ages. The penetration depth was defined along the direction of
the ultrasound wave, from the probe to the deepest ultrasound

signal visible.

2.7 | Statistical analyses

All statistical analyses were performed using SPSS Statistics 22.0
software package (IBM, New York, NY, USA). Normality of data
was and tested by Shapiro Wilk test. Intra-observer agreement
as well as inter-observer agreement were evaluated with: (1) the
intraclass ICC with 95% confidence interval (Cl) using a two-way
mixed model, an ICC value of 0.75-0.90 indicates a good agree-
ment, ICC >0.90 indicates an excellent agreement28 and (2) Bland-
Altman plots.

Wilcoxon rank test was used to assess the difference in ap-
pearance of central flow between 2D MV-flow and 2D power
Doppler, as well as the penetration depth between 2D MV-flow
and 2D power Doppler. The penetration depth between 2D MV-
flow and 3D power Doppler was compared using an one sample
t-test (two-sided). A p-value of <0.05 was considered to be statis-
tically significant.

3 | RESULTS

Thirty patients (equal to 30 target fibroids) were included, and
images of all target fibroids could be used for evaluation. Table 1

TABLE 1 Baseline population characteristics.

All patients (n=30)

40.3(7.3)
24.0(17.0-43.0)

Age (years), mean (SD)
BMI (kg/m?), median (range)?
Parity, n (%)

Nullipara 18 (60.0)
Multipara 12 (40.0)
Ethnicity, n (%)
Caucasian 17 (56.7)
Black 5(16.7)
Different 3(10.0)
Unknown 5(16.7)
Main symptom, n (%)
Heavy menstrual blood loss 12 (40.0)
Bulk symptoms 7 (23.3)
Pain 4(13.3)
None 7 (23.3)
Number of fibroids
1 16 (53.3)
2-4 8(26.7)
>5 6(20.0)
Largest dm target fibroid, mean cm (SD) 5.9 (2.5)
Volume target fibroid, median cm® (IQR)® 124.9 (160.1)
FIGO type target fibroid, n (%)
0 0(0)
1 0(0)
2 2(6.7)
3 15 (50)
4 1(3.3)
5 2(6.7)
2-5 2(6.7)
6 4(13.3)
7 2(6.7)
Other® 2(6.7)

Abbreviations: cm, centimeter; cm3, cubic cm; dm, diameter; FIGO,
classification of International Federation of Gynecology and Obstetrics;
IQR, interquartile range; kg, kilogram; m, meter; n, number; SD,
standard deviation.

aSevere obesity (BMI>40) n=2.

bVolume target fibroid based on 3D volume.

‘Intraligamental and retrovaginal fibroid.

presents the baseline characteristics. 14 Patients showed multiple
fibroids on ultrasound, of which one was determined as the target
fibroid. The target fibroids' size ranged from 1.5 to 12cm, with a
mean of 5.9 cm. Body-mass index (BMI) of the patients ranged from
17 to 43kg/m?, no adverse effect of high BMI was seen on trans-
vaginal ultrasound image quality. At the moment of the ultrasound,
nine patients were using leuprolide acetate, five used other hormo-
nal treatments, mostly oral contraceptives, and 16 had no hormonal
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TABLE 2 Color score and vascular index for MV-flow and power
Doppler.

Center Capsule Fibroid
MVF VI (med, IQR) 4.53(14.4) 20.11(22.7) 16.20 (14.2)
3DPD VI (med, IQR) 0.33(3.7) 7.56(8.1) 5.81(7.5)
MVF CS (med, IQR) 2(2) 3(1) 2(1)
No color (n, %) 11 (36.7) 0(0) 1(3.3)
Minimal color (n, %) 11 (36.7) 11 (36.7) 15 (50.0)
Moderate color (n, %) 3(10.0) 14 (46.7) 10(33.3)
Abundant color (n, %) 5(16.7) 5(16.7) 4(13.3)
2DPD CS (med, IQR) 1(0) 2(1) 2(1)
No color (n, %) 26 (86.7) 1(3.3) 1(3.3)
Minimal color (n, %) 3(10.0) 19 (63.3) 21 (70.0)
Moderate color (n, %) 0(0.0) 9(30.0) 7 (23.3)
Abundant color (n, %) 1(3.3) 1(3.3) 1(3.3)

Abbreviations: 2DPD, two dimensional power Doppler; 3DPD, three
dimensional power Doppler; CS, color score; IQR, interquartile range;
med, median; MVF, microvascular flow; n, number; VI, vascular index.

treatment. The descriptive values for color score and vascular index
are shown in Table 2.

3.1 | Intra-observer and inter-observer agreement
The intra-observer and inter-observer agreements were good to
excellent for both 2D MV-flow color score and 2D power Doppler
color score (Table 3), as well as for 2D MV-flow vascular index and
3D power Doppler vascular index (Table 4). Bland-Altman plots re-
garding the vascular index measured by 2D MV-flow and 3D power
Doppler are presented in the Supplemental information (Figures S1
and S2). Overall, the differences between the measurements were
small, with little random noise. The difference in vascular index be-
tween the observers was constant, even while the mean in vascular
index increased.

When measuring vascularity in the center of the fibroid, the in-
terval between the lower and upper 95% limits of agreement was
smaller when 2D MV-flow VI was used, indicating less variance be-
tween the two observers. Measuring vascularity in the capsule, this
interval was smaller using 3DPD.

3.2 | Vascular structures

In general, on 2D MV-flow images distinctive vascular structures
were visible, such as the radial arteries branching from the
uterine vascular arcade and the vascular branches of the leading
vessels towards the fibroid. On power Doppler images, both 2D
and 3D, these vascular structures were not visualized by the

power Doppler signal and only larger vessels, such as the uterine

TABLE 3 Intra-observer and inter-observer coefficients for color
score.

Observer MVF CS 2DPD CS
Center 1A (med, IQR) 2(2) 1(1)
1B (med, IQR) 2(2) 1(0)
2 (med, IQR) 2(1) 1(0)
Intra-observer 0.906 0.772
Cohen's x (SE) (0.182) (0.171)
Inter-observer 0.903 0.812
Cohen's x (SE) (0.182) (0.175)
Capsule 1A (med, IQR) 3(1) 2(1)
1B (med, IQR) 3(1) 2(1)
2 (med, IQR) 3(1) 2 (1)
Intra-observer 0.894 0.954
Cohen's x (SE) (0.182) (0.182)
Inter-observer 0.834 0.873
Cohen's x (SE) (0.811) (0.182)
Total fibroid 1A (med, IQR) 3(1) 2(1)
1B (med, IQR) 2(1) 2(1)
2 (med, IQR) 2(1) 2(0)
Intra-observer 0.971 0.955
Cohen's x (SE) (0.182) (0.181)
Inter-observer 0.919 0.766
Cohen's x (SE) (0.181) (0.178)

Note: Observer 1A (MF, first measurement), observer 1B (MF, second
measurement) and observer 2 (BS). Intra-observer: observer 1A vs

1B. Inter-observer: observer 1A vs observer 2. A Cohen's k value of
0.61-0.81 indicates a substantial agreement, Cohen's x> 0.81 an almost
perfect agreement.

Abbreviations: 3DPD, three dimensional power Doppler; Cl,
confidence interval; CS, color score; ICC, intercorrelation coefficient;
IQR, interquartile range; med, median; MVF, Microvascular flow; SE,
standard error; VI, vascular index; «, kappa.

vascular arcade and the fibroid's pseudocapsule were visible.
Representative images of a fibroid's vascular structures depicted
by 2D MV-flow, 2D power Doppler, and 3D power Doppler are
displayed in Figure 2. The vascular capsule was clearly visible
using 2D MV-flow, only slightly visible using 3D power Doppler
and partly visible using 2D power Doppler. In addition, 2D MV-
flow imaging was able to depict the smaller, slow-flow vessels
within the fibroids' center, which were not visible using 2D and
3D power Doppler.

3.3 | Degree of vascularity

Qualitative assessment of the images showed the ability of 2D
MV-flow imaging to visualize central flow in significantly more
fibroids (63.3%; 19 of 30), compared with 2D power Doppler
(13.3%; 4 of 30; p<0.001). Of the 26 fibroids scoring no color in
their center using 2D power Doppler, 15 fibroids did show color
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TABLE 4 Intra-observer and inter-observer coefficients for
vascular index.

Observer MVEF VI 3DPD VI
Center 1A (med, IQR) 4.15(15.28) 0.30 (4.69)
1B (med, IQR) 4.85(15.25) 0.15(3.26)
2 (med, IQR) 4.30(14.18) 0.41(4.37)
A Observers 1A-1B (+SD)  0.68 (+2.44) 0.11 (+£5.13)
Intra-observer ICC 0.992 0.901
(95% ClI) (0.983-0.99¢) (0.804-0.951)
A Observers 1A-2 0.29 (+3.54) 0.37 (+5.37)
Inter-observer ICC 0.984 0.875
(95% Cl) (0.969-0.993) (0.757-0.938)
Capsule 1A (med, IQR) 17.96 (21.29) 7.50 (8.80)
1B (med, IQR) 21.15(18.80) 6.81(6.81)
2 (med, IQR) 23.86(19.30) 7.32(8.18)
A Observers 1A-1B 0.75 (+3.90) 0.79 (+1.97)

Intra-observer ICC 0.959 0.915

(95% Cl) (0.917-0.980) (0.831-0.959)
A Observers 1A-2 0.66 (+5.02) 0.55 (+1.63)
Inter-observer ICC 0.940 0.946
(95% ClI)) (0.879-0.971) (0.891-0.974)
Total 1A (med, IQR) 15.95(15.88) 5.88(7.83)
fibroid 15 (med, IQR) 15.85(13.65) 4.9 (7.31)
2 (med, IQR) 16.45 (13.75) 4.89 (6.95)
A Observers 1A-1B 0.64 (+1.47) 0.37 (+1.60)

Intra-observer ICC 0.995 0.971

(95% ClI) (0.989-0.997) 0.940-0.986)
A Observers 1A-2 0.64 (+1.75) 0.52 (+1.08)
Inter-observer ICC 0.993 0.983

(95% Cl) (0.985-0.996) (0.964-0.992)

Note: Observer 1A (MF, first measurement), observer 1B (MF, second
measurement) and observer 2 (BS). Intra-observer: observer 1A vs
1B. Inter-observer: observer 1A vs observer 2. A Observers: mean
difference. An ICC value of 0.75-0.90 indicates a good agreement,
ICC>0.90 an excellent agreement.

Abbreviations: 3DPD, three dimensional power Doppler; Cl, confidence
interval; CS, color score; ICC, intercorrelation coefficient; IQR,
interquartile range; med, median; MVF, Microvascular flow; SD,
standard deviation; VI, vascular index; «, kappa.

signal using 2D MV-flow imaging (minimal color n=10; moder-
ate color n=3; abundant color n=2), Table 2 and Figure 3. The
relation between the qualitative and quantitative assessments is
shown in Figure 4. The higher the subjective 2D MV-Flow color
score, the higher the 2D MV-Flow vascular index for the target fi-
broid, in both the center as the capsule. The same accounts for 2D
power Doppler color score and 3D power Doppler vascular index,
in both center as capsule. In addition, based on the depicted vas-
cularity in the center, 2D MV-flow imaging could distinguish all
four categories, that is, no flow, minimal flow, moderate flow and
abundant flow. 2D power Doppler could only distinguish between

no flow and minimal flow.

3.4 | Penetration depth

The penetration of the Doppler signal was significantly deeper in
2D MV-flow imaging (3.92cm (IQR 1.61)) compared with 3D power
Doppler (3.16cm (IQR 2.33); p<0.001) and 2D power Doppler
(2.95cm (IQR 1.66); p=0.001). Representative images of the Doppler

penetration are shown in Figure 2.

4 | DISCUSSION

This is the first study in gynecology to show high reproducibility for
measuring vascularity in uterine fibroids using 2D MV-flow imag-
ing, as demonstrated by good-to-excellent intra- and interobserver
agreements.

Interestingly, 2D MV-flow was able to visualize more central
flow in more fibroids compared with 2D and 3D power Doppler.
Due to the visualization of more central flow and a deeper pen-
etration of the MV-flow signal, we showed that color scores will
generally be higher when based on 2D MV-flow images than based
on 2D power Doppler images. Additionally, more specific vascu-
lar structures can be visualized using 2D MF-flow compared with
2D and 3D power Doppler imaging. Previously, in an exploratory
feasibility study we demonstrated the ability of MV-flow to image
the microvasculature of several uterine disorders, that is, fibroids,
adenomyosis, endometriosis and a uterine niche.'® Together with
this current study, we showed the promising application of imaging
microvascularity.

The ability of 2D MV-flow to show low velocities at a great
distance from the probe depends on ultrasound settings and ad-
vanced motion filters.'® Both 2D or 3D power Doppler and 2D
MV-flow are pulsed-wave ultrasound techniques; i.e. sending a
frequency with a certain pulse repetition frequency (PRF). The
PRF of 2D MV-flow (0.13kHz) is lower than 2D or 3D power
Doppler (0.55kHz) and can therefore measure lower velocities by
the formula: velocity =distance * PRF. A lower PRF results in more
time in between pulses to travel forward and back to the probe,
thus a higher penetration. A disadvantage of a low PRF is arti-
facts, since all slow movements are considered to be blood flow.
Therefore, 2D MV-flow has a higher frame rate compared with 2D
or 3D power Doppler to optimize the spatial resolution, as well
as advanced noise filters. Information received on slow flow is
displayed sharp, and allows better distinguish between noise and
true blood flow as input for the advanced filters. 2D or 3D power
Doppler can also be performed using a PRF of 0.1-0.2kHz, how-
ever, lacking the advanced motion filters, this will result in a poor
signal-to-noise ratio. Settings influencing VI outcomes, which are
extensively discussed by Frijlingh et al. also apply for MV-flow set-
tings.!! As part of the current study we did not optimized machine
settings, such as PRF, for MV-flow. When performing research
using MV-flow imaging, it is necessary to mention the machine

settings to compare all published results in literature.
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FIGURE 2 Representative sagittal ultrasound images of one single fibroid obtained with (A) microvascular flow (MV-flow) imaging;

(B) two-dimensional power Doppler (2D-PD); and (C) three-dimensional power Doppler (3D-PD). Reported outcomes are: Color socore (CS)
obtained by MV-flow or 2D-PD; and vascular index (V1) obtained by MV-flow or 3D-PD. Visible vascular structures are: (1) uterine vascular
arcade, consisting of arcuate arteries, (2) radial arteries, (3) fibroid's pseudocapsule, (4) vascular branches penetrating the fibroid, (5) central

vascularization.
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FIGURE 3 Color score per fibroid. Data shown as number (n) of
fibroids displaying a specific color score in the center and capsule
as determined by MV-flow (MVF) and 2D power Doppler (2DPD).

To date, there is a lack of studies comparing 2D MV-flow im-
aging with 2D or 3D power Doppler in the field of uterine pathol-
ogy. In other fields, such as carpal tunnel syndrome or imaging of
the ovaries, 2D MV-flow imaging showed promising results with
higher sensitivity compared with 2D power Doppler.??3° 2D MV-
flow imaging already showed good intra-observer agreements in
other fields, such as ablation treatment of thyroid nodules,®! breast
masse,®? and in detecting synovial vascularity in rheumatoid arthri-
tis,3° but there are no studies on the intra-observer agreement for
2D MV-flow imaging in gynecology. This imaging technique may

also be used in gynecology for monitoring the effectiveness of
minimally invasive therapies such as ablation or vascular occlusion,
nowadays the non-perfused volume on magnetic resonance imaging
(MRI) is used as outcome.?* MRI is more expensive than ultrasound
techniques,13 may have a long waiting list, or may not be available
in every medical center. The growing trend towards non-surgical
uterine fibroid treatments urges the need for a cost-effective, eas-
ily applicable technique that quantifies vascularization such as 2D
MV-flow imaging.

2D MV-flow imaging is a novel technique that is designed to be
more sensitive in depicting microvascular slow-flow in the center fi-
broids than 2D or 3D power Doppler, where fibroids typically show
an avascular or hypo-perfused center.®® A detailed display of the
blood flow in a fibroid's center is necessary to be able to assess the
growth potential of fibroids, to select the correct treatment and pre-
dict their responsiveness to therapy. To predict fibroid response to
embolization therapy, Samanci et al. used 2D MV-flow imaging prior
to therapy to assess the vasculature.?* The authors confirm the ex-
cellent inter-observer agreement for 28 women when comparing 2D
MV-flow imaging with 2D power Doppler ultrasound. They conclude
that 2D MV-flow imaging is more sensitive than 2D power Doppler
ultrasound in showing microvessels and is a better diagnostic tool
for predicting response to embolization. Histology often shows that
the center contains mainly slow-flow capillaries which are dispersed,
uniform and smaller compared with the perifibroid arteries, which is
in line with 2D MV-flow imaging, but not accurately displayed by 2D
or 3D power Doppler imaging.lo'“

One of the strengths of this study was the quality and homo-
geneity of the ultrasound images. Ultrasound was performed using
a standardized method by two experienced gynecologists using
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The higher the subjective color score, the
higher the vascular index for the target
fibroid. This graph also shows, based on
the depicted vascularity in the center,
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flow, moderate flow and abundant flow.
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between no flow and minimal flow in
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advanced equipment. To evaluate ultrasound images, predefined and
strict criteria were applied. In case of multiple fibroids, we applied a
subjective criterion, to analyze the best recognizable fibroid based
on size and/or position. We defined the criteria for offline analysis
of vascularity based on literature as much as possible, however for
the center of the fibroid no method of assessment exists. Therefore
we arbitrarily took the one-third of the entire fibroid, since normally
you see the rich vascularized pseudo-capsule on both sides, being
the other two-third. Selection bias could have occurred since we
applied strict criteria and included only patients with easily recog-
nizable fibroids, and with whom all ultrasound modalities had led to
good image quality. This resulted in quite a long inclusion period, as
in our tertiary referral center mostly complicated cases with multiple
fibroids, with or without additional adenomyosis visit the outpatient
clinic. The included patients ranged in BMI (17-43kg/cm?), which
may have influenced the image quality due to the presence of for
example visceral fat around the uterus. In our population six patients
were obese; four patients had a BMI 30-35 and two patients had
a BMI >35, however, they still met the inclusion criteria regarding
image quality. Finally, because of the small sample size the data must
be interpreted carefully, 30 patients evaluated by 2 operators can
cause selection bias. Therefore, this study should be considered a
first attempt to evaluate the reproducibility of 2D MV-flow imaging.

The measurements in this study were performed by two experi-
enced observers, resulting in good-excellent ICCs. Less skills might
result in different outcomes. Therefore, the high ICCs may be an
overestimation. However, application of color scores is easy and

Moderate color Abundant color

a quick calculation of the 2D MV-flow vascular index has a steep
learning curve.®® The most complex measurement was obtaining 3D
power Doppler vascular index, which needs more experience and is
quite time-consuming. Yet, a 3D volume should be more accurate in
measuring a vascular index compared with a 2D MV-flow image. In
larger fibroids, measuring a vascular index using 3D power Doppler
can result in a VI=0, due to physical limitation of tissue penetra-
tion by the ultrasound wave.”>*! The physical limitation also applies
for 2D MV-flow imaging, however, 2D MV-flow is more sensitive
in picking up slow-flow signals, with somewhat higher tissue pene-
tration depth. However, the ROI that was selected using the ‘shell-
off mode’ encompasses the entire fibroid. Due to the penetration
limitation, the vascular index shown (both for MV-flow and power
Doppler) is likely to be an underestimation of the actual vascularity.
Additionally, there are most likely differences in Vls calculated for
small fibroids close to the transducer, and large fibroids situated far
away. Assuming similar vascularity, the difference in size and/or lo-
cation may result in a higher VI for the fibroids smaller in size and/or
located closer to the transducer. Due to lower sensitivity and shorter
penetration, the margin-of-error is larger for VIs determined by 3D
power Doppler than by 2D MV-flow. Despite the downsides of cal-
culating a VI using offline analysis on 3D power Doppler images, it is
a technique with well-reported reproducibility and good discriminat-
ing ability related to histology.?1"%®

We suggest confirming the accuracy of 2D MV-flow imaging
in a prospective study with histology as a reference to prove true
vascularity. The sample size calculation based on this study, as well
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as additional studies for further exploring the full potential of 2D
MV-flow imaging like in arteriovenous malformations, and its clinical
relevance for imaging uterine fibroids related to clinical outcomes of

different fibroid treatments.

5 | CONCLUSION

2D MV-flow imaging is highly reproducible and has potential added
value for clinical practice as it depicts detailed vascular structures
and the degree of vascularity, especially in the center of the fibroid.
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