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Abstract

Objective: Superb Microvascular Imaging (SMI) Doppler is a novel technique. We aim to evaluate intra- and interobserver reliability of
SMI Doppler for the assessment of normal placental microvasculature. Materials and Methods: A prospective observational study was
conducted including 11 pregnant patients. Ultrasonography placental assessment was performed on 28-weeks pregnant patients, by two
expert examiners using SMI Doppler in one single visit. To evaluate interobserver reliability, the first examiner took measurements using
SMI Doppler, followed then by the second examiner. Afterwards, the first examiner performed a second evaluation, in order to assess
intraobserver reliability. Intraclass correlation coefficients (ICC) and Cohen’s Kappa coefficient, and their 95% confidence intervals,
were estimated for quantitative and qualitative parameters, respectively. Results: Intraobserver reliability was found to be excellent for
all quantitative parameters, with all ICC values above 0.97. For qualitative variables, excellent reliability was obtained for the number
of secondary villi, while the number of tertiary villi had an adequate reliability with a Cohen’s Kappa coefficient of 0.792 (95% CI
0.38-1.17; p = 0.007). Interobserver ICCs ranged from 0.92 to 1.00 for all quantitative parameters, thus finding excellent interobserver
reliability for all of them. An excellent reliability was also obtained for the number of secondary villi, while the reliability for the number
of tertiary villi was found to be adequate. Conclusions: Our findings show that placental microvasculature measurements obtained by
a single or two different examiners are reliable and reproducible. The good intra- and interobserver reliability results of SMI Doppler
showed in our study stress the value of this technique in the evaluation of placental microvasculature, and thus research in this field is
the step forward for the assessment of placental insufficiency.
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1. Introduction

The placenta is one of the most important human or-
gans, as its correct development is crucial for the sustenance
of the pregnancy and a faulty placentation might entail the
development of pregnancy complications like intrauterine
growth restriction (IUGR), and yet, it remains one of the
least understood organs [1]. Currently, evaluation of pla-
cental insufficiency is based on the traditional Doppler as-
sessment of the Umbilical Artery (UA), although we know
that resistances in the UA begin to increase when at least
70-80% of placental vessels are obliterated [2]. Given the
great value of a correct assessment of placental insuffi-
ciency, finding techniques to adequately evaluate in vivo
placental microvasculature has been a topic of research for
many years.

Previous research focused on the use of three-
dimensional color Doppler (3D-CD) and three-dimensional
power Doppler angiography (3D-PDA) for the assessment
of placental vasculature. The first results of this kind of re-
search were quite promising, as authors like Konje ef al. [3]
were capable to create an in vivo 3-dimensional reconstruc-

tion map of the placenta vasculature. This was followed
by various publications, with promising results in the de-
piction of the vascular branching of the villous tree and its
intervillous space, as well as its reproducibility and corre-
lation with biometrical fetal parameters [4,5]. Rizzo et al.
[6] tried to apply this technique to detect aneuploidies in
the first trimester, which turned out unsuccessful, although
they described normal vasculature patterns for normal pla-
centas at this stage. The study published by Jones ef al. [7]
showed that 3D-PDA had good intra- and interobserver re-
liability, with intraclass correlation coefficients (ICC) over
0.90 and 0.60, respectively, although they admit the pres-
ence of bias in in the evaluation of pregnancies at 20 weeks.
Nevertheless, its poor intra- and interobserver reproducibil-
ity in third-trimester pregnancies have called into question
its clinical role, given that manifestations of placental in-
sufficiencies take place at this stage of pregnancy [8].

Given the recent appearance of superb microvascu-
lar imaging (SMI) Doppler, a recently developed technique
which uses an advanced algorithm to suppress motion arti-
facts and signals from overlaying tissue, allowing the cap-
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ture of low-velocity blood flow vessels, research in this
field has emerged. This novel technique has been applied to
research on thyroid and other organs [9], and in recent years
several authors have begun to use this technique in the ob-
stetrics field. For instance, Hasegawa et al. [10,11] were
the first to use this technique to describe a case of placental
infarction and later use it to describe placental microvascu-
lature. Other authors like Hata et al. [12] have followed
through, describing the vascular branching of normal pla-
centas, and the application of SMI Doppler allowed them to
clearly visualize up until the tertiary villous vessels, along
with the jet flow of the spiral arteries. Other authors also ap-
plied in the evaluation of the placentas, documenting their
experience with this technique with normal placentas, but
also with placental anomalies such as adherent placenta ad-
herent and the presence of chorioangiomas [13]. Still all
these previous studies were carried out from a rather quali-
tative angle.

Sainz et al. [14] were the first to describe quantitative
objective values of the villous functional unit. They per-
formed a longitudinal study following 26 pregnant women
until birth, describing the normal vascular branching pro-
cess of the placenta throughout the pregnancy, stating that
the secondary and tertiary villi were identifiable since the
20th week of pregnancy. They also performed a quantita-
tive analysis of the vascular items of the villous unit, and
established references curves for normal pregnancies, thus
laying out a potential tool for the assessment of placental
microvasculature.

In this study, we aim to take a step further and evaluate
intra- and interobserver reliability of SMI Doppler for the
assessment of normal placental microvasculature.

2. Materials and Methods

A prospective observational cross-sectional study was
carried out including 11 pregnant patients who were re-
cruited from the Protocol for Assistance in Pregnancy and
Childbirth at Valme University Hospital.

All included patients were white women, with an un-
complicated singleton 28-weeks pregnancy and a low-risk
combined first-trimester screening. All patients underwent
spontaneous labor at term. Patients with co-morbidities
or development of pregnancy complications were excluded
from the study. Epidemiological variables collected were:
maternal age; parity; MoM of 3-human chorionic go-
nadotropin (f3-hcg) and pregnancy-associated plasma pro-
tein A (PAPP-A); body mass index (BMI); newborn weight,
length and head circumference; Apgar score at 5 minutes;
and cord blood pH.

2.1 Ultrasonography Assessment

Ultrasonography evaluation was performed by two ex-
pert examiners in fetal ultrasound (J.A.S. and R.G.J.) from
the Obstetrics Department at the Valme University Hos-
pital. Placental ultrasound captures using SMI Doppler

were obtained using a Canon Aplio 500 ultrasound machine
(Tokyo, Japan) with a PUT-675 MV-3 probe. First, a con-
ventional ultrasonography assessment was performed, us-
ing conventional Color and Spectral Doppler, collecting the
following parameters: estimated fetal weight (EFW), EFW
percentile, pulsatile index (PI) and peak systolic velocity
(PV) of the umbilical artery middle cerebral artery, uterine
arteries, and ductus venosus, as well as the cerebroplacental
ratio.

Afterwards, we performed the ultrasonography eval-
uation of the placenta. To this end, the central part of the
placenta was located, and then SMI Doppler was applied,
following the technique described in our previous study
[14]. Quantitative parameters collected were the PI and PV
of the basal plate, chorionic plate, and primary, secondary
and tertiary villi (Fig. 1). Qualitative parameters collected
were the number of secondary and tertiary villi, classified
as abundant or sparse depending on whether they occupied
more than 50% of the Doppler gate.

Fig. 1. Caption of SMI Doppler ultrasound assessment of the

primary villi in a normal placenta.

All patients were evaluated by the two examiners in
one single visit at 28 weeks of gestation. To evaluate inter-
observer reliability, the first examiner took measurements
using SMI Doppler, followed then by the second examiner.
Afterwards, the first examiner performed a second evalu-
ation, in order to assess intraobserver reliability. During
each evaluation, only one examiner was present in the ex-
amination room.

2.2 Histopathologic Examination

After delivery, all placentas were submitted for
histopathologic assessment. For this evaluation, at least
five full-thickness disk samples were taken for each one,
along with samples from the umbilical cord and the mem-
brane roll. To verify the absence of signs of maternal or
fetal vascular malperfusion, the analysis was made based
on the Amsterdam Placental Workshop Group Consensus
Statement [15].
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2.3 Statistical Analysis

An IBM SPSS Statistics software version 26 (IBM,
Armonk, NY, USA) was used to conduct the statistical anal-
ysis. Quantitative variables were described with means and
standard deviations, while percentages were used for qual-
itative. The intra- and interobserver concordance was an-
alyzed using intraclass correlation coefficients (ICC) and
their 95% confidence intervals (CI), for quantitative vari-
ables. For qualitative variables, Cohen’s Kappa concor-
dance coefficients and their 95% CI were used [16]. Re-
liability values under 0.2 were considered as poor reliabil-
ity; 0.21-0.40 as fair; 0.41-0.60 as moderate; 0.61-0.80
as adequate; and 0.81-1.00 as excellent reliability. The
mean difference between examiners, or biases, was esti-
mated with the Bland-Altman and 95% limits of agreement
(LOA) methods [17].

3. Results

A total of 11 patients were included in the study. The
mean age of patients were 30.82 years with a standard de-
viation of 4.8 years, with a 72.7% of nulliparous patients.
Mean newborn weight at birth was 3120.9 grams, and mean
Apgar score at 5 minutes was 9.55, with a 77.8% rate of
cord blood pH above 7.2. The rest of the epidemiological
variables assessed are displayed in Table 1.

Table 1. Epidemiological variables.

Variables Median + IQR or %
Maternal age 31.5+7
Nulliparous 8 (72.7%)
3-hcg (MoM) 1.2+ 1.1
PAPP-A (MoM) 1.1£1
BMI 256+ 84
Newborn weight 3110 £ 485
Newborn length 493 +2
Newborn head circumference 335+2
Apgar score at 5 minutes 10+1
Cord blood pH > 7.2 7 (77.8%)

BMI, Body mass index; f3-hcg, f3 human chorionic go-
nadotropin; PAPP-A, pregnancy-associated plasma protein A;

MoM, multiple of the median.

In Table 2 the results of the conventional ultrasonogra-
phy assessment are displayed. Mean EFW of patients was
1198.45 grams, with the mean percentile being 33.55. Mean
values of the PI of the umbilical artery and middle cere-
bral artery were 1.02 and 1.93, respectively. The rest of the
Doppler parameters values were normal for the gestational
age, as displayed in Table 2.

To evaluate the intraobserver reliability, an expert ex-
aminer took measurements of the same patients in two sep-
arate occasions. Intraobserver reliability was found to be
excellent for all quantitative parameters, with ICCs values
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Table 2. Conventional ultrasonography parameters.

Variables Median + IQR
EFW 1206 + 212
EFW percentile 35+ 29
Mean PI Uterine arteries 0.8+ 04
Mean PV Uterine arteries 63.3 +27.8
PI Umbilical artery 0.95+£0.34
PV Umbilical artery 399 +£9.6
PI Middle cerebral artery 1.9+0.9
PV Middle cerebral artery 343 +249
Cerebroplacental ratio 1.9 £ 0.66
PI Ductus venous 0.4+ 0.1
PV Ductus venous 26 + 15.7

PI, Pulsatile index; PV, Peak systolic velocity.

above 0.97 in all cases (Table 3). For qualitative variables,
excellent reliability was obtained for the number of sec-
ondary villi, while the number of tertiary villi had an ade-
quate reliability with a Cohen’s Kappa coefficient of 0.792
(95% C10.38-1.17; p = 0.007), as shown in Table 4.

To assess interobserver reliability, measurements of
the same patients were taken by two examiners. Interob-
server ICCs ranged from 0.92 to 1.00 for all quantitative
parameters, thus finding excellent interobserver reliability
for all of them, as shown in Table 5. An excellent reliability
was also obtained for the number of secondary villi, while
the reliability for the number of tertiary villi was found to
be adequate (Table 6).

At last, the post-delivery histopathologic examination
of the placentas was normal in all cases, without pathologic
findings, according to the Amsterdam Placental Workshop
Group Consensus Statement [15].

4. Discussion

The placenta possesses the ability to reflect several as-
pects of fetal development and as such has been defined
as the “diary of intrauterine life” [18]. Its distinct vascu-
lature is based in a root-like branching with low velocity
flow, with the main functional unit being the villous tree
surrounded by the intervillous space. The normal develop-
ment of this particular vascular pattern is crucial for a proper
fetal growth and alterations of this process may alter the
consequent results, manifesting in the form of IUGR [19].
Given the importance of this entity, it is fundamental to find
an adequate technique to assess the placental microcircula-
tion in pursuit of a proper evaluation and management of
cases of placental insufficiency.

In recent years, some authors have begun to apply SMI
Doppler in obstetrics to evaluate placental microvasculature
proving the potential of this technique in the obstetrics field
[10-13]. Although investigation in this field is still scarce,
recent studies have been published applying this technique
to assess fetal organs [20,21] or placental anomalies such as
the placenta accreta spectrum [22,23]. With regard to pla-
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Table 3. Intraobserver correlation of quantitative variables.

Variables Examiner 1 Examiner 1 1cC 95% CI »
Ist measures 2nd measures

PI Basal plate 0.37 £ 0.36 0.30 + 0.34 0.97  0.90-0.99 <0.005
PV Basal plate 17.50 £ 16.40  18.00 £ 15.00 1.00 0.99-1.00 <0.005
PI Chorionic plate 0.55 £0.55 0.55 £ 0.50 0.99  0.96-0.99 <0.005
PV Chorionic plate  15.60 & 7.00 16.00 +7.00 099 0.99-1.00 <0.005
PI Primary villi 0.75 + 0.45 0.75 + 0.44 0.98 0.94-1.00 <0.005
PV Primary villi 12.10 + 4.80 12.10+4.80 099 0.99-1.00 <0.005
PI Secondary villi 0.62 + 0.57 0.90 + 0.57 099 0.97-1.00 <0.005
PV Secondary villi 9.30 &+ 2.60 9.30 +2.60 0.99 0.99-1.00 <0.005
PI Tertiary villi 0.87 £ 0.72 0.87 + 0.80 0.99  0.98-0.99 <0.005
PV Tertiary villi 5.80 &+ 3.70 5.80 + 3.80 0.99 0.99-1.00 <0.005

PI, Pulsatile index; PV, Peak systolic velocity; ICC, Intraclass correlation; x, Cohen’s Kappa

coefficient; CI, Confidence interval.

Table 4. Intraobserver correlation of qualitative variables.

. Examiner 1 Examiner 1
Variables K 95% CI p
Ist measures  2nd measures
Abundant secondary villi ~ 9/11 (81.8%)  9/11 (81.8%) 1.00 1.00-1.00  0.001
Abundant tertiary villi 3/11 (27.3%)  4/11 (36.4%) 0.792  0.38-1.17  0.007

Table 5. Interobserver correlation of quantitative variables.

Variables Examiner 1 Examiner 2 ICC 95% CI P

PI Basal plate 0.37 £ 0.36 0.30 + 0.24 092 0.74-0.98 <0.005
PV Basal plate 17.50 £ 16.40 18.00 £ 15.80 1.00  0.99-1.00 <0.005
PI Chorionic plate 0.55 £+ 0.55 0.55 +0.55 096 0.87-0.99 <0.005
PV Chorionic plate ~ 15.60 4 7.00 1590 +£7.00 097 0.92-0.99 <0.005
PI Primary villi 0.75 + 0.45 0.57 + 0.44 093 0.75-0.98 <0.005
PV Primary villi 12.10 + 4.80 12.10+4.50 099 0.97-0.99 <0.005
PI Secondary villi 0.62 + 0.57 0.90 + 0.65 0.98  0.90-0.99 <0.005
PV Secondary villi 9.30 & 2.60 9.30 +3.20 0.99 0.96-1.00 <0.005
PI Tertiary villi 0.87 £ 0.72 0.87 +0.74 0.99 0.98-1.00 <0.005
PV Tertiary villi 5.80 +3.70 6.00 £ 3.60 0.99 0.98-1.00 <0.005

PI, Pulsatile index; PV, Peak systolic velocity; ICC, Intraclass correlation; x, Cohen’s Kappa

coefficient; CI, Confidence interval.

Table 6. Interobserver correlation of qualitative variables.

Variables Examiner 1 Examiner 2 K 95% C1 p
Abundant secondary villi ~ 9/11 (81.8%)  9/11 (81.8%) 1.00  1.00-1.00  0.001
Abundant tertiary villi 3/11 (27.3%)  4/11 (36.4%) 0.79 0.38-1.17  0.007

cental vasculature, hitherto most studies have focused on
describing the observations made by explores, but it was
not until the study made by our group, that objective quan-
titative values were described for normal placentas. This
provided a basis for research in this field, and thus SMI
Doppler proved to be a valid technique to evaluate placental
microvasculature throughout pregnancy, with normal refer-
ences curves having been described for quantitative param-
eters [14].

Furthermore, SMI Doppler has been found to be more
effective than conventional Doppler in the depiction of the
villous tree, detecting with more precision the vessels of
the functional unit [24]. In the study made by Sun ef al.
[24] SMI Doppler detected significatively a greater number
of vessels per unit than color Doppler flow imaging (CDFI)
(0.26/cm? vs 0.05/cm?, p <0.001) with a rich branching de-
piction, while CDFI showed only thicker vessels with less
branching. Moreover, pulsatile and resistance index were
higher when using SMI Doppler. These results might indi-
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cate that, whereas the wall-filter threshold of CDFI might
cause a loss of information, SMI Doppler’s algorithm al-
lows for a more precise identification of the low velocity
blood flows of the placenta.

In this study, we intended to take a step further and
evaluate the reliability of SMI Doppler for the assessment of
placental microvasculature. Our findings have shown that
SMI Doppler has excellent intra- and interobserver relia-
bility values in the assessment of placental microvascula-
ture, except for the number of tertiary villi which had ad-
equate reliability in both intra- and interobserver analysis.
All quantitative variables, along with the number of sec-
ondary villi, showed excellent reliability values, with ICCs
and Cohen’s Kappa values above 0.92. The reliability val-
ues for the number of tertiary villi, albeit adequate, was
lower than for the rest of the parameters (0.792). This might
be due to their small size which might cause some difficulty
in their visualization and counting. Nevertheless, these re-
sults contrast with the reliability results of 3D-PDA and 3D-
CD, which showed limited results in the third trimester of
pregnancy [7,8]. All patients included in our study were
at their 28th week of gestation, which is especially relevant
given that it is at this stage of pregnancy that manifestations
of [IUGR begin to appear.

Given potential of this technique to evaluate placen-
tal function, some authors have begun to research its appli-
cation to evaluate placental insufficiency, like Hata ef al.
[25] which first described their experience in a case of a
thick placenta with IUGR. In our previous study, we de-
scribed a series of cases of normal pregnancies, as well as
cases of placental insufficiency such as small for gestational
age, late IUGR and early IUGR. The results showed lower
values for most quantitative parameters in relation to refer-
ence curves developed by our group, especially in cases of
early on-set [IUGR cases. There was also a marked decrease
of vascular branching of the villous tree, with scarce sec-
ondary and tertiary villi. Although the conclusions made
are to be taken cautiously, the results of this study were
promising [26]. A recent study made by Furuya et al. [27]
evaluated the accuracy of SMI Doppler to properly visual-
ize placental pathologic findings. They found that the high-
est accuracy was for the detection of placental infarction in
cases of [UGR, with a positive predictive value of 100% and
sensitivity of 89% (area under the curve of 0.945). This re-
inforces the potential of this tool for the assessment of pla-
cental insufficiency.

To date there are not studies regarding the repro-
ducibility of SMI Doppler in this field, and we consider
this to be one of the strengths of our study. Nonetheless,
there are limitations of our study, with the small sample
size being one of them, along with the fact that the examina-
tion was made in a single visit, which might have affected
the intraobserver reliability. Future research should investi-
gate if this reproducibility and accuracy values remains the
same in pathologic pregnancies like fetal growth restriction
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or placental infarction, as well as with more than two ex-
aminers. Despite all, ours remains the only study to assess
the reproducibility of SMI-Doppler to assess placental mi-
crovasculature.

Although the usefulness of SMI Doppler for the as-
sessment of normal placental microvasculature has been
broadly endorsed, specific studies are needed for the ap-
plication of this technique to placental insufficiency which
might allow to improve management of these complex
cases.

5. Conclusions

Our findings show that placental microvasculature
measurements obtained by a single or two different exam-
iners are reliable and reproducible in the third trimester of
pregnancy. The good intra- and interobserver reliability re-
sults of SMI Doppler showed in our study stress the value
of this technique in the evaluation of placental microvascu-
lature, and thus research in this field is the step forward for
the assessment of placental insufficiency.
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