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Does prior knowledge of maternal age affect
judgment of operators measuring nuchal
translucency?
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Abstract

Objectives: To test the hypothesis that, in real life standard clinical practice, knowledge of maternal age (MA) by
operators measuring nuchal translucency (NT) for screening of aneuploidy may influence their judgment, resulting
in a tendency to over-measurement in older women.

Material and methods: We retrospectively analyzed the correlation between MA and NT MoMs in data from a
group of operators from several clinical practices, with different levels of experience.

Results: We assessed 66,918 measurements by 41 operators. There was no association between NT and MA in
all the measurements analyzed together. In 3 experienced operators (N>1900), there was a significant association
between the variables, although all were negative and its effect size was very small (0.004, 0.006 and 0.01). However
one of the less experienced operators (N=47) had a statistically significant (p=0.0002) and strong (R2=0.2634)
association. We tested the hypothesis that this bias could occur in less experienced operators but time/experience
would correct it. We did the same analyses for each set of 50 tests, sorted by date, for each operator, up to the 7th
set. No significant progression was identified in association with increase in experience.

Conclusions: Our data does not support the hypothesis that operators might be biased towards over-measuring
NT in older women.
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Streszczenie

Cel pracy: Celem pracy byta ocena hipotezy, ze w rutynowej praktyce klinicznej wczesniejsza znajomos¢ wieku
ciezarnej przez lekarza wykonujgcego pomiar przeziernosci karku w ramach skriningu w Kierunku aberracji
chromosomowych, moze prowadzi¢ do zawyzania pomiaru u starszych kobiet.

Materiat i metody: Przeanalizowano retrospektywnie dane z 66918 badan wykonywanych przez 41 lekarzy o
réznym stopniu doswiadczenia, pracujgcych w kilku réznych osrodkach i zbadano korelacje pomiedzy pomiarem
przeziernosci karku i wiekiem ciezarnej.

Wyniki: Nie stwierdzono zwigzku miedzy zmierzong wielkoscig przeziernosci karku i wiekiem ciezarnej. Natomiast
u 3 doswiadczonych lekarzy (>1900 wykonanych badan) stwierdzono istotng statystycznie korelacje pomiedzy
zmiennymi, aczkolwiek byfa ona negatywna i o niewielkim znaczeniu praktycznym (p=0,004, p=0,006 i p=0,01).
Jednakze u jednego z mnigj doswiadczonych lekarzy (47 zarejestrowanych badari w bazie) stwierdzono
istotng (p=0,0002) i silng korelacje (R2=0,2634). Zbadano hipoteze, czy taki blgd moze wystepowac u mniej
doswiadczonych lekarzy i zmniejszac sie z czasem. W analogiczny przeanalizowano sposob wyniki z 7 kolejnych
zbiorow danych liczgcych po 50 badari dla kazdego lekarza. Nie wykazano istotnej zmiany wraz ze wzrostem
doswiadczenia.

Wyniki: Uzyskane wyniki nie potwierdzajg hipotezy, ze istnieje tendencja do zawyzania pomiarow przeziernosci

karku u starszych kobiet.

Stowa kluczowe: przezierno$é karku / wiek ci¢zarnej / blad pomiaru / ultrasonografia
prenatalna / skrining w kierunku aberracji chromosomowych

Introduction

Measurement of the thickness of fetal Nuchal Translucency
(NT), a collection of fluid at the back of fetal neck, is an ultrasound
based phenotypic marker currently used in the assessment of
the risk for fetal developmental anomalies, the most common
of which is Down syndrome, caused mostly by Trisomy 21 [1-
3]. Increased NT can also be a manifestation of rare genetic
syndromes [4].

It has been shown that, without proper operator training
and quality control, the effectiveness of NT measurement in
that risk assessment varies wildly to the point of uselessness
[5-8]. Specific training and quality control programs have been
developed to address some of the potential operator related biases
and to decrease the inter observer variability (e.g. programs of
Fetal Medicine Foundation (FMF) - http://www.fetalmedicine.
com/fmf/ - and of Perinatal Quality Foundation - http://www.
perinatalquality.org.

However other potential operator related biases have been
hypothesized, especially in the setting of conference proceedings
discussions. One of those hypothesized biases is described
as a possible tendency of operators to over measure NT in
mothers whose age is perceived to be advanced. According to
the proponents of this hypothesis, this would possibly be an
unconscious tendency to avoid false negatives, at the expenses of
an increase in the false positive rate for older women. Although
there is evidence that no correlation exists between maternal age
and the NT thickness, when corrected for Gestational Age (GA)
[9], that evidence is, not only inconsistent [10] but also argued
to be obtained in the setting of prospective research studies. In
real-life medical practice situations, the referred bias would be
likely to occur.

Since, as per our knowledge, there hasn’t been any study
trying to assess this hypothesis, we decided to test it ourselves.
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Aim of the study

To test the hypothesis that, in real life standard clinical
practice, knowledge of maternal age (MA) by operators
measuring nuchal translucency (NT) for screening of aneuploidy
may influence their judgment, resulting in a tendency to over-
measurement in older women.

Material and methods

This was a retrospective descriptive and correlation study
of anonymized data obtained from several FMF certified clinical
practices.

Given the methodology of this study (retrospective,
anonymized, non-interventional), as per the local rules, there was
no need for review by a research ethics board.

If there is an operator bias causing an over measurement
of the nuchal translucency, a positive correlation would be
expected between NT and maternal age (MA). Therefore, to test
the hypothesis we assessed the correlation between those two
variables.

All patients, in Poland are offered common aneuploidy
screening, although the costs must be supported by all patients
less than 35 y.o. NT measurement data, spanning a period of 11
years, from patients having their screening in the first trimester,
was extracted from record databases from 7 prenatal outpatient
clinics in Poland all managed with Astraia software (several
versions were included, Astraia Gmbh, Munich, Germany).
Several ultrasound equipments were used (GE Voluson 730
PRO, GE Voluson 730 Expert, GE Voluson E8, Aloka F75, Aloka
Alpha 10). Measurements included in the study were obtained
from operators with different levels of experience, although all
received their Fetal Medicine Foundation (FMF) NT certificate
at the appropriate experience level and were enrolled in the
foundation’s NT measurement’s quality control program. The
measurements were selected if the operator had an arbitrarily
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selected minimum of 40 measurements experience. All operators
entered the demographics of the patient into the database prior to
the start of the exam. Therefore all operators had prior knowledge
of the maternal age while performing the NT measurement.

Data used for the analyses included date of exam, patient’s
date of birth (used to calculate MA at the time of the exam),
Crown-Rump Length (CRL) (used to calculate predicted median),
NT, Operator ID, and database ID number.

NT measurements were excluded if some of the required
data was not available or if they were extremely high (more than
3.5 mm, corresponding to 99" percentile) because we wanted
to exclude the clearly abnormal cases (more frequent in older
woman) and we also think that in those extreme values the type
of bias we were testing is unlikely to occur. The NT units used in
the analyses were the multiples of the median (MoM), calculated
from the ratio between the NT measurement and the predicted
median for the CRL. The predicted median NT was calculated
for the CRL measurement using the formula derived by Wright
and al., 2008 [10]. MA was measured in years rounded up to 2
decimals.

We analyzed the linear correlations between NT and MA for
all selected measurements, for each individual operator and for
sets of arbitrarily chosen 50 measurements sampled at different
levels of experience for each operator.

We used linear regression analysis. The statistical significance
of the correlations was assessed by p value, which was considered
significant if lower than the multiple test Bonferroni corrected
base level of 0.05. The strength of the correlations analyzed
was measured by the square of the R correlation index (R?), the
measure of association of linear correlations. We also analyzed
the direction of the correlation, positive or negative, by the sign
of the slope of the linear correlation line.

Correlation analyses were done using Statistica 64 Software
(Version 10, Stat Soft. Inc., Tulsa, OK, USA). Plots were done
with Systat 64 Software (Version 13.1, Systat Soft. Inc. San Jose,
California, USA).

Results

All the NT measurements smaller than the 99" percentile,
taken by 41 operators corresponding to our selection criteria,
from 7 prenatal clinics in Poland were selected for our analyses.
The NT measurements had been taken from Jan 2004 to Feb
2014. A total of 66,918 measurements were complete and thus
were selected for the analysis.

There was no correlation between NT MoM and MA for all
the exams (p value was 0.42 with a R? of zero).

We then analyzed each operator individually.

The number of NT measurements per operator ranged from
44 to 5316, with a median of 1006. Only 6 operators had less
than 300 exams, of which 3 had 40 to 50 measurements (here
labelled as inexperienced). The lower and upper quartiles were,
respectively, 384 and 2464 NT measurements.

With a multiple test Bonferroni corrected p value of 0.0012,
4 operators had a statistically significant association between
NT MoMs and MA (figure 1A). However, with the exception of
only one of these 4 operators, the effect size of the remaining 3
was very small (R? of 0.004, 0.006 and 0.01). The effect size of
all the other 40 operators had also very low R? (the maximum
was 0.02, for a p value of 0.32) (Figure 1A). The low p values
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of the 3 operators is likely explained by their high number of
exams (respectively N=3,501, 1,981 and 3,940) (Figure 1B),
which can make very small effect sizes statistically significant.
Furthermore, the slope of the correlation line for those 3 operators
is negative (FigurelC). This means that the correlation goes the
opposite direction of the hypothesis under testing, that the prior
knowledge of maternal age leads the operator to over measure the
NT. Interestingly enough, there were 24 operators with positive
correlations and 17 with negative correlations, which is not
statistically significantly different from random variation (Figure
10).

However there was an inexperienced operator (N = 47) who
showed a statistically significant (p value = 0.002) and strong
(R? = 0.26) positive association between NT MoM and MA. To
verify if inexperience was the reason for the bias we sampled sets
of 50 measurements of each operator, collected over time, from
the earliest measurements (measurement 1 to 50) to the arbitrarily
chosen 7™ set, corresponding to exams 300 to 350, and we
analyzed the correlation under study for each set of each operator.
We analyzed 257 samples of 50 sets. The mean and the median
of the R? measures of association for all the sets was, respectively
0.028 and 0.015, with a 95" percentile of 0.028. There was no
tendency towards a decrease, with experience (here measured
by number of exams accumulated with time), of the strength of
the association (R?) (Figure 2). Furthermore there was only one
more measure of association that was strong and statistically
significant, coincidently with the same rounded R? and p value as
the one referred above. This second strong correlation occurred
in the sixth set of a different operator in whom all the other sets
did not show the association under study.

Discussion

Fetal ultrasound is a potentially excellent method for
screening and diagnosis of fetal anomalies. However it relies
heavily on the training of the operator. Fetal NT measurement,
one of the parameters frequently used in the risk assessment of
fetal defects in the first trimester, has also been shown to have
its effectiveness affected by operator related factors [5]. Specific
operator training and QC programs have been shown to resolve
this problem [6-7]. It is still possible that some operator or even
non-operator related bias might interfere with the performance
of NT measurements based aneuploidy screening. For instance,
recently a serious bias attributed to the equipment has been
described [12].

Mainly in the setting of discussion at conference proceedings,
the possibility that NT measuring operators are biased by prior
knowledge of maternal age, in a way that may lead them to over
measure the NT in pregnant patients perceived to be older, and
thus with higher risk for Trisomy 21, has been tossed around.
The end result of this would be a bias attributable component
of the increased false positive rate in older patients, seen when
a predicted risk value is used as a cut-off for considering a
test as positive [13]. Against this hypothesis there are reports
of studies demonstrating that there is no correlation between
the NT measurement and MA [9]. However, that evidence is
obtained from prospective studies, that is, the data is obtained
in non-natural, research settings. As per the proponents of that
hypothesis, such bias would occur in less controlled, real-life
common clinical practice.
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Figure 1. Plot A shows, for each operator, in the X axis, the respective measure of association

Scatter plots showing, for each operator, represented by each dot, the p values for
the associations between Maternal Age (MA) and Nuchal Translucency (NT) Multiples
of the Median (MoMs), in the Y axes.

The X axes are different in each of the plots as explained below for each plot. The p
values Y axis is in logged scale to make it easier to see the differences between very
similar values.

The horizontal traced line marks the multiple testing Bonferroni corrected significant
p value (0.0012). Histogram plots in both axes show the density distribution of the 2
measures represented.

The p values were mostly non-significant, with the majority bigger than 0.1. Only 4
operators had significant p values.

The arrowed dot in all the plots corresponds to the single operator described in detail
in the text.

(R2) between MA and NT MoMs. This is also in logged scale. This plot shows that the
effect sizes, including 3 of the 4 operators with significant associations, were very small
and with 2 density peaks, one between 0.001 and 0.01 and the other close to 0.0001.
Only one of the operators (arrow) showing a statistically significant association had a
relatively high effect size.

Plot B shows, for each operator, in the X axis, the respective number of exams (N).
The vertical traced line corresponds to N=300. Approximately half of the operators

had less than 1,000 exams performed. This plot shows that, of the 4 operators with
significant associations between MA and NT MoMs, 3 of them had very high number of
datapoints, which makes it possible to demonstrate statistical significance for very small
effect sizes (see Figure 2A for the effect sizes), unlikely to have any clinical impact.

Plot C shows, for each operator, in the X axis, the respective slope of the linear
correlation between MA and NT MoMs. This plot shows that there were almost as many
operators with a negative as with a positive correlation and, of the 4 operators with
significant associations between MA and NT MoMs, 3 of them, the ones with very high
number of exams and very low effect sizes, had a negative slope, which is the opposite
direction of the tested hypothesis.
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Figure 2.

Repeated measures plot of the measure of association (R2) between Maternal Age
and Nuchal Translucency Multiples of the Median (Y axis), in each of the samples of
50 NT measurements for each of the operators along time, here measured in sets of
exams ordered by date. The plot on the left has all the values for all the operators.
Each datapoint represents a set of 50 measurements for a given operator. Each
operator is represented by a different symbol. The lines link the sampled sets of each
operator along time. In the X axis, each mark represents a set of 50 exams, being the
first set represented by exams 1 to 50, the second set by exams 51 to 100, etc.

The plot on the right shows the summary of the first plot as the mean and standard
error of the sets of datapoints in each of the timed sets of 50 exams. This is to
show that there is no tendency to an improvement (decrease) in the measure

of the association, as experience (number of exams) increases. It also shows

that the operator for which a significant strong association between MA and NT
MoMs was found (arrow), is likely to represent random variation of the measure

of the association among samples of 50 exams, as another set for another
operator reached a similarly high level of association in one of his samples of 50
measurements, even at a higher experience level (set 251-300).
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In this work we tested this possibility by assessing the
correlation between NT measurements, in the form of NT MoM,
and maternal age, in data obtained from such real-life clinical
settings. If this hypothesis was true and it indeed affected, in a
clinically relevant manner, the effectiveness of this measurement,
we would find a statistically significant and strong correlation
between these two variables. We did several types of analyses
— an aggregate analysis of 66,918 measurements, an operator
specific analysis of 41 operators of different levels of experience,
and an operator and level of experience specific analysis.

The first, aggregate, analysis, not showing the correlation
expected under the hypothesis, did not support it.

We decided to analyze each operator individually to see if
some operators could indeed be biased as per the tested hypothesis.
Our operator sample included a broad range of experience level
and most operators had a reasonable to large experience.

Only in one operator a statistically significant positive strong
correlation was demonstrated. For all the others there was no
statistically significant correlation or the effect sizes were too
small, unlikely to have any clinical effect.

These data shows that the vast majority of operators (40 out
of 41) are not biased as per the tested hypothesis.

The only operator that was consistent with the bias
(statistically significant strong positive correlation between NT
MoM and MA, likely to have a clinical effect) was inexperienced
(N = 47). That led us to hypothesize that inexperience with NT
measurement may indeed predispose to this bias. As experience
is acquired the bias will tend to disappear. If this was the case, the
measure of this association could be an indirect QC assessment
of the experience of the operator and its absence a requirement
for certification.

Against this second hypothesis, there was no progressive
decrease in the value of the correlations with increase in
experience. And, in total, only two instances of relevant
associations were found; one indeed was observed in the first
set (inexperienced set) of measurements of one of the operators
but the second was observed in a set in which inexperience was
unlikely. These two identified relevant associations are thus
likely to represent just random variation that may occur when
enough sets of 50 exams are randomly sampled. The identified
association found in the inexperienced operator is thus unlikely
to be explained by inexperience related bias.

The results of our study, showing no consistent strong
significant positive correlations between NT MoM and MA, for
any of 41 operators, regardless of experience, did not prove the
hypothesis.

Conclusion

Our data does not support the hypothesis that there is
clinically relevant operator related bias towards an overestimation
of NT in older women.
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