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Joan de Déu), Institut Clı́nic de Ginecologı́a, Obstetricia y Neonatologı́a, IDIBAPS, Obstetrics and Gynecology, University of Barcelona,
Barcelona, Spain; 2 Department of Obstetrics and Gynecology, Hospital Universitario y Politécnico la Fe, Valencia, Spain; 3 Department of
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CONTRIBUTION
What are the novel findings of this work?
The quality of Doppler ultrasound images of the fetal
middle cerebral artery and umbilical artery can be
evaluated reliably using an objective scale.
What are the clinical implications of this work?
Auditing of Doppler ultrasound images of the middle
cerebral artery and umbilical artery has a key role in
quality assessment in both research and clinical practice.

ABSTRACT
Objectives To determine the quality of Doppler images
of the fetal middle cerebral artery (MCA) and umbilical
artery (UA) using an objective scale, and to determine the
reliability of this scale, within a multicenter randomized
controlled trial (Revealed versus concealed criteria for
placental insufficiency in unselected obstetric population
in late pregnancy (Ratio37)).
Methods The Ratio37 trial is an ongoing randomized,
open-label, multicenter controlled study of women with
a low-risk pregnancy recruited at 20 weeks. Doppler
measurements of the fetal MCA and UA were performed

at 37 weeks. Twenty patients from each of the six
participating centers were selected randomly, with two
images evaluated per patient (one each for the MCA and
UA). The quality of a total of 240 images was evaluated
by six experts, scored on an objective scale of six items.
Inter- and intrarater reliability was assessed using the
Fleiss-modified kappa statistic for ordinal scales.
Results On average, 89.2% of MCA images and 85.0%
of UA images were rated as being of perfect (score
of 6) or almost perfect (score of 5) quality. Kappa
values for intrarater reliability of quality assessment
were 0.90 (95% CI, 0.88–0.92) and 0.90 (95% CI,
0.88–0.93) for the MCA and UA, respectively. The
corresponding inter-rater reliability values were 0.85
(95% CI, 0.81–0.89) and 0.84 (95% CI, 0.80–0.89),
respectively.
Conclusion The quality of MCA and UA Doppler
ultrasound images can be evaluated reliably using an
objective scale. Over 85% of images, which were obtained
by operators from a broad range of clinical practices
within a multicenter study, were rated as being of perfect
or almost perfect quality. Intra- and inter-rater reliability
of quality assessment was very good. Copyright © 2019
ISUOG. Published by John Wiley & Sons Ltd.
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Quality assessment of MCA and UA Doppler images

INTRODUCTION
In the field of ultrasound, there are quality control systems
aimed at ensuring acceptable levels of reliability among
operators and consistency of measurements1–4 . This issue
is particularly important for the performance of multicenter studies because of their inherent heterogeneity5 .
Reliability and consistency are known to improve when
using quality control systems6 in research settings, but
this has not been proven extensively in routine clinical
practice.
Doppler evaluation of fetal vessels plays a key role in
managing high-risk pregnancies, mainly those with fetal
growth restriction and pre-eclampsia, with proven impact
in improving perinatal outcome7 . More recently, in
low-risk or unselected pregnancies it has been suggested
as potentially useful near term, when most cases of stillbirth remain undetected8 . With the potential advent of
Doppler evaluation as a screening test, concerns regarding
its reliability have become a key issue, since both false
positives and false negatives due to poor image acquisition
or measurement may have detrimental consequences.
A quality control system for fetal middle cerebral
artery (MCA) Doppler assessment was published by
Ruiz-Martinez et al.9 and subsequently adapted for the
umbilical (UA) and uterine arteries9 . The system consists
of an objective scale of six items, each of which counts
for 1 point. This objective assessment showed higher
agreement between raters than did subjective evaluation.
The aim of this study was to determine the quality of
Doppler images of the MCA and UA using this objective
scale, and to determine the reliability of the scale, within a
multicenter randomized controlled trial (‘Revealed versus
concealed criteria for placental insufficiency in unselected
obstetric population in late pregnancy’ (Ratio37))10 , in
which a broad range of settings, women and operators
were involved.

METHODS
The Ratio37 trial is an ongoing randomized, open-label,
multicenter (n = 6), controlled study recruiting women
with a low-risk pregnancy at 20 weeks of gestation,
with Doppler measurements of the UA and fetal MCA
performed at 37 weeks10 . The Doppler images are stored
systematically in Digital Imaging and Communications in
Medicine (DICOM). The standardized technique agreed
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by the researchers to obtain Doppler measurements
was in accordance with the recommendations of the
International Society of Ultrasound in Obstetrics and
Gynecology (ISUOG)11 . For this study, a random
procedure was performed stratified by center to select
images for quality assessment. Women were selected
randomly by creating a random seed. In all cases, Doppler
measurements of the MCA and UA had been obtained.
The quality of each image was scored according to the
six-point scoring system9 , in which 1 point was awarded
for each of following items: (1) anatomical site, (2)
magnification, (3) angle of insonation, (4) image clarity,
(5) sweep-speed adjustment and (6) velocity scale and
baseline adjustment. Table 1 details the quality criteria
for each vessel. Images with a score of 4–6 were defined
as good quality whereas those with a score of 0–3 were
defined as poor quality. A total of six expert raters were
selected for this study, based either on being a coauthor of
the ISUOG guidelines (D.C., E.H.A. and F.P.) or on their
research experience in the field (J.M.R., D.O. and A.S.).
For assessment of inter-rater reliability, three raters scored
independently each of the images, blinded to center. For
assessment of intrarater reliability, the remaining three
raters re-evaluated half of the images 3 months after the
first evaluation, so as to avoid memory bias.

Statistical analysis
For sample size estimation, a Monte Carlo simulation
procedure of 10 000 replicates was performed for
expected squared weighted kappa values of 0.7, 0.8 and
0.9 for three raters and expected frequencies of six ordinal
categories of 0.01, 0.02, 0.03, 0.05, 0.1 and 0.712 . A
sample size of 120 images would allow estimation of
the quadratic-weighted kappa value with 10% precision
for an alpha value of 0.05 (20 cases for each of the six
participating centers).
To assess the reliability (i.e. the degree of agreement between measurements within (intrarater) and
between (inter-rater) raters) of quality assessment, the
Fleiss-modified kappa statistic for ordinal scales with
quadratic weighting was calculated using the procedure
implemented in the R package ‘raters’12 , which avoids
kappa paradoxes13 . Confidence intervals were calculated
by bootstrapping 10 000 replicates. Three matrices are
involved: the matrix of observed scores; the matrix of
expected scores based on chance agreement; and the

Table 1 Description of criteria for quality assessment of umbilical artery (UA) and fetal middle cerebral artery (MCA) Doppler images
Criterion

Description

Anatomical site

Identification of circle of Willis, and pulsed-wave Doppler gate placed at proximal third of MCA
Insonation of free loop of cord for UA
Vessel tract occupies at least 50% of screen
Angle of insonation between vessel tract and Doppler beam < 15◦ for MCA and < 30◦ for UA
Clear waveform, without artifacts, and accurate trace
Sweep speed: 3–10 waveforms visualized
Waveforms occupy 75% of pulsed Doppler y-axis

Magnification
Angle of insonation
Image clarity
Sweep-speed adjustment
Velocity scale and baseline adjustment
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Figure 1 Distribution of quality scores for Doppler images of fetal middle cerebral artery (a) and umbilical artery (b).

weight matrix. Weight matrix cells located on the diagonal (upper-left to bottom-right) represent agreement and
thus contain zero. Off-diagonal cells contain weights
indicating the seriousness of the disagreement14 . Kappa
values were interpreted as follows: 0.4–0.6, moderate
reliability; > 0.6–0.8, good reliability; > 0.8, very good
reliability15 .
The degree of agreement was further examined using
limits of agreement and Bland–Altman analysis16 , which
allows calculation of the range in which 95% of the
disagreement between observations is likely to occur and is
defined as the mean difference (systematic error) ± 1.6 SD
(random error).
Statistical analyses were performed using SPSS 13.1
(SPSS Inc., Chicago, IL, USA); R version 2.15.1
(R Foundation for Statistical Computing, Vienna, Austria)
with the packages ggplot2 version 3.1.0 and raters 2.0.1;
and GraphPad Prism version 6.0.1 (GraphPad Software
Inc., La Jolla, CA, USA).

Table 2 Proportion of Doppler images of fetal middle cerebral
artery (MCA) and umbilical artery (UA) meeting quality criteria as
defined in Table 1, according to rater

RESULTS

respectively. The corresponding inter-rater values were
0.85 (95% CI, 0.81–0.89) and 0.84 (95% CI, 0.80–0.89),
respectively. Of note, for both vessels, inter- and intrarater
reliability was found to be above 0.8, corresponding to
very good agreement.
On average, the systematic and random errors of the
differences in image quality score between raters (in
absolutes values) were 0.36 and 0.99 for MCA images
and 0.32 and 0.96 for UA images, respectively. Figure S1
shows the paired Bland–Altman graphs.

Twenty women were selected randomly from each of the
six participating centers, giving a total of 240 images (120
each for the MCA and UA) for quality assessment.
The distribution of average image quality score among
the three raters who participated in the inter-rater
reliability analysis is shown in Figure 1. On average,
89.2% of MCA images and 85.0% of UA images
were rated as being of perfect (score of 6) or almost
perfect (score of 5) quality. The proportion of images
of each vessel meeting each quality criterion, overall
and according to rater, is shown in Table 2 and
Figure 2, respectively. Of note, velocity scale and baseline
adjustment was the only item that did not meet the
standard criterion of quality in more than 20% of the
images for both the MCA and the UA.
Figure 3 shows the intra- and inter-rater kappa values
with 95% CI. Kappa values for intrarater reliability
of quality assessment were 0.90 (95% CI, 0.88–0.92)
and 0.90 (95% CI, 0.88–0.93) for the MCA and UA,
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Rater 1
(n = 120)

Rater 2
(n = 120)

Rater 3
(n = 120)

115 (95.8)
112 (93.3)
106 (88.3)
103 (85.8)
111 (92.5)
115 (95.8)

118 (98.3)
86 (71.7)
110 (91.7)
107 (89.2)
111 (92.5)
62 (51.7)

118 (98.3)
116 (96.7)
115 (95.8)
83 (69.2)
118 (98.3)
92 (76.7)

109 (90.8)
99 (82.5)
96 (80.0)
106 (88.3)
108 (90.0)
112 (93.3)

113 (94.2)
88 (73.3)
102 (85.0)
104 (86.7)
110 (91.7)
71 (59.2)

117 (97.5)
116 (96.7)
116 (96.7)
81 (67.5)
119 (99.2)
100 (83.3)

Criterion
MCA
Anatomical site
Magnification
Angle
Waveform
Sweep speed
Scale
UA
Anatomical site
Magnification
Angle
Waveform
Sweep speed
Scale

Data are given as n (%).

DISCUSSION
The implementation of an objective scale to evaluate
the quality of ultrasound images is useful, especially
in large multicenter trials, in which heterogeneity is
a major issue. In this study, we have demonstrated
that the scoring system is feasible and has almost
perfect inter- and intrarater reliability. The Ratio37
study was designed as a pragmatic trial17 , because the
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Figure 2 Proportion of Doppler images of fetal middle cerebral artery (a) and umbilical artery (b) meeting each quality criterion as defined in
Table 1.
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Figure 3 Inter- and intrarater agreement in quality score for
Doppler images of fetal middle cerebral artery (MCA) and
umbilical artery (UA). Kappa cut-offs: 0.4–0.6, moderate
reliability; > 0.6–0.8, good reliability; > 0.8, very good reliability.

main objective is to test the real-world effectiveness
of the intervention (Doppler evaluation at 37 weeks)
in broad patient groups from different practices and
among different practitioners. Under this design, quality
assurance is crucial to determine to what extent the
findings are attributable to implementation issues. This
control system allowed us to detect centers in which
image quality was below the average standard and target
them for improvement.
The vast majority of published studies on the reliability
of ultrasound measurements have limitations in terms
of design, reporting or interpretation18 . Regarding
the reliability of Doppler measurements of pulsatility
index, we described previously the impact on inter-rater

Copyright © 2019 ISUOG. Published by John Wiley & Sons Ltd.

reliability of different sampling sites in both the UA and
the MCA. The reliability of MCA Doppler measurement
was also assessed by Salvi et al.19 . These studies
were well designed and highlighted the importance of
adherence to methodological recommendations to obtain
reliable measurements. ISUOG set quality criteria for
Doppler evaluation, aiming to improve its accuracy and
reproducibility11 . This quality can be assessed subjectively
by judging a Doppler acquisition as acceptable or
not. However, objective quality scoring would be more
informative, particularly in a research setting in which
interpretation of the results could be highly influenced by
the quality of the measurements. A scoring system for
MCA Doppler quality was developed by Ruiz-Martinez
et al.9 and later adapted for UA and uterine artery
Doppler4 . This objective assessment showed higher
inter-rater reliability and agreement than did subjective
evaluation. Intra-rater reliability was not reported. Of
note, this study was performed in an ideal research setting,
in which only one ultrasound machine model was used
and only by certified sonographers, which confers good
internal validity.
The strengths of our study are that it allowed objective
assessment of image quality. All images were obtained
by sonographers from a broad range of clinical practices,
thus ensuring external validity of our findings, and were
evaluated by experts in Doppler, some of whom were
contributors to the ISUOG guidelines, which ensures
internal validity of the study. A limitation of the study
is that we did not evaluate all images from all centers,
but only a small proportion of them. As women were
selected randomly, we believe that the images are a good
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representation of the overall population and that the
effect of this limitation is therefore minimal. It should
be stressed that this study did not aim to assess the
reliability or agreement of Doppler measurements, but
rather the agreement of a scoring system to evaluate the
quality of the Doppler images. For the former objective,
several measurements in the same waveform or repeated
measurements in different waveforms would have been
needed.
In conclusion, the quality of MCA and UA Doppler
ultrasound images can be evaluated reliably using an
objective scale. The quality scores of images obtained
within a multicenter study by a broad range of operators
were very high in over 85% of images. Intra- and
inter-rater reliability were very good.
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SUPPORTING INFORMATION ON THE INTERNET
The following supporting information may be found in the online version of this article:
Figure S1 Bland–Altman graphs of difference between raters in quality score for Doppler images of fetal
middle cerebral artery and umbilical artery. Solid lines represent mean difference and dotted lines represent
95% limits of agreement.
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