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Abstract

Objective: To validate an objective scoring system for middle cerebral artery (MCA) pulsed
wave Doppler images.

Method: From an image database of routine 36 week scans, a random sample of MCA
Doppler images was selected. Two reviewers rated the images subjectively as aceeptable or
unacceptable. Subsequently they used an objective 6-point image scoring systemyand awarded
one point for each of: 1) anatomical site; 2) magnification; 3) angle of insahation; 4) image
clarity; 5) sweep speed adjustment; and 6) velocity scale and baselin@adjustment. Image
scores 4-6 were defined as good quality whereas 0-3 as poor. Theysubjective and objective
agreement between the two reviewers was compared using the,adjusted Kappa statistic.
Results: A total of 124 images were assessed. Using @bjective scaring the agreement rate
between reviewers increased to 91.9% (k = 0.839)/compared 16 subjective agreement 75.8% (k
= 0.516). The agreement for each criterion was: anatomical site 91.1% (k=0.823); magnification
95.2% (k=0.903); clarity 83.9% (k=0.677)angle 96.0% (k=0.919); sweep speed 98.4%
(k=0.968); velocity scale and baseling,94.4%:(k=0.887).

Conclusion: Objective assessment ofi MCA Doppler images using a 6-point scoring system
has greater interobserver agreement than subjective assessment and could be used for MCA

Doppler quality assurance.



Introduction

Doppler assessment of the middle cerebral artery (MCA) is receiving increasing attention
in research and clinical practice. The cerebroplacental ratio (CPR) has become part of the
assessment of small for gestational age and potentially compromised fetus'2. It may,also form
part of the more difficult but potentially more useful task of identifying the ‘grewth restricted’
but appropriate for gestational age fetus3. A number of studies have corfelated thegMCA and
particularly the CPR with adverse perinatal outcomes, although its rolefin clinical décision making
remains less clear. It is also an essential part of the assessment of the patentially anaemic fetus,
most commonly in the evaluation of pregnancies exposed tofred cell antibodies* or parvovirus®.
In this role its usage can dictate the need and timing ofgntrauteringe transfusion and can prevent

unnecessary invasive fetal assessment.

Doppler ultrasonography is a safe and nonsinvasive technique commonly used in fetal monitoring®.
Like other medical techniques, it requirésylearning and training. The measurement of the MCA
must follow standards so that the values obtained are adequate and reproducible in order to
maximise the potential of'Doppler assessment in clinical practice. Objective scoring has been
shown to be usefulgfor fetal biometry?” and crown-rump length8. For nuchal translucency for
instance, it is knéwn that appropriate feedback and intervention for individual sonographers may
improve theifyperformance®. Guidelines describe the correct Doppler assessment of the MCA!10
but there arelno published studies objectively assessing its key criteria and no scoring method for

assessing whether an MCA Doppler image has been recorded accurately.

The aim of this study is to evaluate an objective scoring system for MCA Doppler images and to

compare this with subjective assessment.



Methods

This is an ultrasound image scoring reliability study. All pregnant women in the John Radcliffe
Hospital, Oxford, UK are offered MCA Doppler assessment as part of routine growth scan at
36 weeks gestation. 1270 examinations were performed between December 2016 _and January
2017 and a random 10% sample was selected. All images were taken by fouridifferent trained
sonographers, following the same institutional protocol and using two different machines (Phillips
Epiq 7 and GE Voluson E8). According to a previously published power calculatioft, a sample of
125 examinations is adequate to detect a 10% difference between two reviewers with 90% power,
assuming a rate of inter-observer agreement of 80%7. The4urrent study is covered by ethics
reference REC 17/SC/0374 granted on 27/07/2017; patiént informed consent is not required as

this is a retrospective review of routinely collected data.

An objective scoring system was developéd basedwon the ISUOG Practice Guidelines'0. The
following six criteria (Table 1) were definedy 1) anatomical site; 2) magnification; 3) image clarity;
4) angle of insonation; 5) sweep speed adjustment; and 6) velocity scale and baseline adjustment.
Once these features are fulfilled, the pulsatility index (PI), resistance index (RI) and peak systolic

velocity (PSV) is obtained autematically from at least three uniform waves.

Two assessors were blindedto each other’s rating results and they rated all images subjectively as
“acceptable™er “unacceptable”. To assess the images objectively, the same two assessors used
the 6-point image scoring system. One point was awarded for each criterion satisfied; and zero if
the criterionawas not satisfied (Figure 1). All criteria were accorded equal weight and the sum of
points was the final score. We considered images scoring 4 or more points as good quality; and

those scoring less than 4 points as poor quality.

Score distributions were compared between the two observers using the Wilcoxon test. Subjective
and objective agreement between observers was assessed using the unadjusted (Cohen) and
the prevalence-adjusted and bias-adjusted (PABAK) Kappa statistics'!. Inter-item consistency of
the six criteria of the scoring system was assessed for each observer using the Cronbach’s alpha

statistic'2. Analyses were performed using IBM SPSS statistics version 23.



Results

A total of 124 middle cerebral artery Doppler images from 4 sonographers were used. Using
subjective scoring, reviewers A and B judged 71 (57.3%) and 79 (63.7%) images respectively to
be acceptable. 60 (48.4%) images were acceptable by both assessors whereas 34 (27.4%) were

unacceptable by both, an agreement rate of 75.8%.

The distribution of objective scores amongst subjectively rated images is shownfin Table 2. Images
deemed subjectively acceptable would unsurprisingly have an objegtiveiscore most often 4-6 and
never 1-2. Conversely images deemed unacceptable would usdallyphave an objective score 1-3,

but it is interesting to note that 10-20% of those images codlld have an objective score of 4-6.

Using the objective scoring method the agreement rate betwéen reviewers increased to 91.9%,
adjusted k = 0.839 compared to subjective ratingyagreement 75.8%, adjusted k = 0.516 (Table
3). Both reviewers had a median score of 4 (rangé) 1-6) and the score distributions are shown in
Figure 2. Reviewer A had a mean score 4.27"Whereas reviewer B a mean score 4.17 and this

small difference was statistically signifieant (Wilcoxon signed rank P = 0.022).

Table 3 demonstrateshat objective assessment of the image quality using the overall image score
has the highest reliability between the two reviewers when compared to any other combination
of assessment metheds. Table 4 highlights that amongst the individual scoring criteria, highest
reliabilitywas notedgsfor the sweep speed adjustment (adjusted k = 0.968); and lowest reliability

for the criterion of image clarity (adjusted k = 0.677).

Criteria interdependency was almost non-existent as demonstrated by the low or negative

Cronbach a values for each individual criterion (Table 5).



Discussion

This study demonstrates that there is better inter observer agreement using a 6-point objective

scoring system of MCA Doppler images than there is for subjective evaluation.

It is widely accepted that quality assurance mechanisms should be in place whengobstetric
ultrasound is used in research or as part of an established screeningfprogramme?*3. Objective
scoring systems have been validated for use in fetal biometry?; crown rump length (CRL)
assessment® and nuchal translucency (NT) measurement®. MCA Doppler'has a proven role in
the assessment of small for gestational age fetuses!'-2.4 apd alsolin monitoring fetal anaemia#.5.15.
The potential of MCA in reducing still birth in thosefcontexts» makes accurate assessment
particularly important. Quality assurance using @bjective,image scoring and targeted feedback
has been shown to improve the consistencyof ultrasound measurements even amongst trained

sonographers's,

We employed an established methodology and we devised a 6-point objective scoring method
which incorporates teghhical recommendations from an international guideline for MCA Doppler
assessment’0. In addifion to high inter observer agreement for the overall objective score
we demonstrated excellent agreement for most of the individual criteria. Clearly defined and
unequivecally quantifiable criteria - such as scale velocity adjustment — tend to have very high
agreement. On the other hand image clarity — an essential but less quantifiable criterion —

demonstrates comparatively lower agreement.

There are some interesting observations when comparing this Doppler based image quality score
to a previously validated score for CRL measurement8. Very low Cronbach a-scores for our scoring
method suggest that there is very little or no interdependence between the individual criteria.
Higher Cronbach scores were observed for CRL scoring® and this suggests higher consistency
and interdependence between the individual criteria for CRL i.e. higher likelihood that more

than one criteria would score positive for the same underlying reason. As a result, CRL score



distributions tend to be positively skewed with median score 6. In our study very low Cronbach
a-scores suggest that there is no interdependence between the individual criteria. This can be
explained because each individual criterion assesses fundamentally different quality properties of
a Doppler image such the anatomic plane of acquisition or the angle of Doppler application or the
features of waveform Doppler optimisation. As a result, our score distributions are less skewed

and the median score is 4.

Amongst other strengths of this study are that the sample was randomly drawn froms@n tinselected
pregnant population undergoing routine examinations at 36 weeks i.e. the gestation where MCA
- as part of the CPR - is most useful in assessing placental insufficiengy. Tlhe sonographers
who performed the measurements were appropriately trained sonographers orfellows performing
ultrasound examinations within the standards of a tertiary UK NHS,service,and they were using
regularly upgraded scan machines. The study was adequately‘powered and the use of PABAK is

the recommended methodology for assessing image sgoringfagreements.

We also acknowledge some limitations. There was a statistically significant difference of mean
score between the two reviewers but the magnitude of this difference was clinically insignificant
and did not affect the overall reliability. The%scoring cut-off used to define good and poor quality
— though consistent with prévious image scoring literature - is rather arbitrary. Given the low
interdependence between criteria it could be argued that each criterion is absolutely essential for
the image to be deemedgsatisfactory and that the quality threshold should be set higher than 4.
However this doesynot jnvalidate the conclusions of this exercise which demonstrates that the
scoring methaod is reliable. It is up to institutions to define the level of threshold in their clinical
practice. Another limitation is that these MCA images were taken as part of a universal screening
programme‘fér fetal growth and cerebroplacental ratio but they were not performed specifically for
peak systolic velocity measurement. Nevertheless the same quality principles underlie the latter
measurement and it is reasonable to assume that the proposed scoring method is valid when
MCA is used as a screening tool for fetal anaemia. This scoring method cannot assess the effect
of pressure applied on the ultrasound probe which is known to alter MCA values'’. Image analysis
is time consuming and should not be the sole measure of quality control. However it is a useful tool
as part of a quality control strategy which may also include quantitative analysis of measurement
distributions of individual sonographers, similar to those strategies employed for quality assurance

of nuchal translucency programmes®.



We propose that this objective scoring system is used to assess MCA Doppler measurement
quality. Providers should use this regularly to audit the performance of individual sonographers in
their institutions; and should decide locally the satisfactory score threshold in order to determine

the need for feedback and retraining.
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Figure 2 Distribution of total image scores for both reviewers
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Table 1

Criterion Description

Anatomical site Axial brain section visualizing the thalami and sphenoid wings
and identifying the circle of Willis by colour Doppler with the gate
placed in the proximal third of the MCA

Magnification MCA image occupies at least 50% of the screen

Image clarity Waveform should be clear without artéfacts‘andgracing should be
accurate

Angle of insonation Less than 15¢ followed by angle correction as close as possible to
(1]

Sweep speed adjustment 3-10 uniform waveforms are visyalised

Velocity scale and Waveforms occupy,75% of the screen
baseline adjustment

Table 1 Image scoring criteria for MCA Doppler image






Objective image score

Subjective assessment

Unacceptable A

Acceptable A

Unacceptable B

Acceptable B

Unacceptable by both A and B

(Objective score A)

Unacceptable by both A and B

(Objective score B)

Acceptable by both A and B (Objective

score A)

Acceptable by both A and B (Objective

score B)

1(1.9%)

2 (4.4%)

1(2.9%)

2 (5.9%)

11 15(28.3%)

(20.8%)

- 3 (4.2%)

7 (15.6%) 16 (35.6%)

- 5 (6.3%)

11 10 (29.4%)

(32.4%)

7 (20:6%) A3 (38.2%)

- 1(1.7%)

- 1(1.7%)

15 10(18.9%) 1 (1.9%)
(28.3%)

26 32(45.1%) 10
(36.6%) (14.1%)

13776 (13.3%) 1 (2.2%)
(28:9%)

21 5 37(46.8%) 16
(26:6%) (20.3%)

10 2 (5.9%) -
(29.4%)

8(23.5%) 3(8.8%) 1(2.9%)

20 29 (483%) 10
(33.3%) (16.7%)

17 28(46.7%) 14
(28.3%) (23.3%)

Table 2

Table 2 Comparison between subjective assessment and objective scoring for both

observers



Table 3

Criterion Agreement Kappa Cohen Adjusted”Kappa PABAK
(%) (95% CI) (95%\Cl)
Subjective A / Subjective B 75.8 0.496 (0.341 — 0.651) 06616 (0.365 — 0.667)
Subjective A / Objective B 78.2 0.493 (0.334 — 0.652) 0.565 (0.419 - 0.710)
Objective A / Subjective B 75.0 0.460 (0.311"%,0.609) 0.500 (0.348 — 0.652)
Subjective A / Objective A 79.8 0.530(0.375 — 0:685) 0.597 (0.456 — 0.738)
Subjective B / Objective B 76.6 0.494 (0.347 — 0.641) 0.532 (0.383 — 0.681)
Objective A / Objective B 91.9 0§780 (0.651 — 0.909) 0.839 (0.743 — 0.935)

Table 3 Agreement between subjective assessment and objective scoring for MCA Doppler
image



Table 4

Criterion

Agreement
(%)

Kappa Cohen
(95% CI)

Adjusted Kappa PABAK

(95% Cl)

Anatomic site
Magnification
Image clarity
Angle

Sweep speed

Velocity and baseline

91.1

95.2

83.9

96.0

98.4

94.4

0.783 (0.661 - 0.905)
0.845 (0.725 - 0.965)
0.644 (0.503 - 0.785)
0.917 (0.846 5,0.988)
0.849 (0.643,41.000)

0.868)(0.774/- 0.962)

0.823 (0.722 — 0.923)
0.903 (0.828 — 0.979)
0.672(0.548 — 0.807)
0.919 (0.850 — 0.989)
0.968 (0.923 — 1.000)

0.887 (0.806 — 0.968)

Table 4 Agreement between reviewers for each,scoring criterion



Table 5

Cronbach’s alpha for excluding each item individually

Reviewer A Reviewer B
Anatomic site 0.123 -0.124
Magnification 0.341 03323
Image clarity 0.118 0.031
Angle 0.269 0.162
Sweep speed 0.246 0.118
Velocity and baseline 0107 -0.048
All six items 0.243 0.116

Table 5 Inter-item consistency amongst image scoring criteria for MCA Doppler image
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Rt MCA-PS 67.84cm/

Rt MCA-ED 14.10cm/

Rt MCA-5/D

Rt MCA-PI

Rt MCA-RI

Rt MCA-MD  13.77cm/s
Bt MCA-TAmax 33.18cm/!
Rt MCA-HR 152bpm
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