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Purpose: To assess nuchal translucency measurements that were performed as part of routine prenatal screening

for Down syndrome. Methods: Collect ultrasound measurements of nuchal translucency and crown rump length

provided by individual sonographers over a 6-month period to six North American prenatal screening laboratories,

along with the laboratory’s nuchal translucency interpretation in multiples of the median. For sonographers with 50

or more observations, compute three nuchal translucency quality measures (medians, standard deviations, and

slopes), based on epidemiological monitoring. Results: Altogether, 23,462 nuchal translucency measurements

were submitted by 850 sonographers. Among the 140 sonographers (16%) who submitted more than 50

observations, 76 (54%) were found to have all three quality measures in the target range. These 140 sonographers

collectively accounted for 14,210 nuchal translucency measurements (61%). The most common single measure to

be out of range was nuchal translucency multiples of the median, found for 29 of the 140 sonographers (21%).

Conclusion: Laboratories should routinely monitor the quality of nuchal translucency measurements that are

received for incorporation into Down syndrome screening risk calculations and interpretations. When possible,

instituting sonographer-specific medians and providing individualized feedback about performance and numbers of

women tested offer the potential to yield more consistent and improved performance. Genet Med 2008:10(2):

131–138.
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Nuchal translucency (NT) is defined as the collection of
fluid behind the fetal neck occurring in the first trimester of
pregnancy.1–3 When measured and interpreted correctly, it is
the most discriminatory marker for Down syndrome that has
been reported in a routine setting. Univariately, NT measure-
ments can identify about 60% of Down syndrome pregnancies
in the first trimester at a 5% false-positive rate.4 Detection in-
creases to between 80% and 85%, when NT is combined with
first trimester biochemical measurements of pregnancy-
associated plasma protein-A (PAPP-A) and human chori-
onic gonadotropin (the intact, total, or free-� subunit

forms).4 When NT measurements are incorporated into the
integrated test (NT and PAPP-A measurements in the first
trimester) and the quadruple test (�-fetoprotein, unconju-
gated estriol, human chorionic gonadotropin and dimeric in-
hibin-A in the second trimester), 85–90% detection is achiev-
able at a false-positive rate of 2% or less.5,6

Acquiring the skill to properly measure NT requires special-
ized training and oversight.7 Recognizing this, several national
and international programs have been established to train and
qualify sonographers, and also to assess their ability to consis-
tently and accurately quantify the NT thickness.8–11 The
hands-on performance training is usually evaluated through
still images submitted to one, or a panel of, expert sonogra-
phers. Several research trials using NT measurements have
shown that such training, although necessary, is not sufficient
to assure reproducibility of absolute measurements among
sonographers. For example, both the Serum, Urine and Ultra-
sound Screening Study (SURUSS)5 and First and Second Tri-
mester Evaluation of Risk (FASTER) study12 found that use of
sonographer-specific reference data (medians) resulted in im-
proved screening performance.
In the current study, informationwas sought from screening

laboratories regarding how they deal with NT measurements
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being routinely performed as part of Down syndrome screen-
ing. Then, NT and associated ultrasound data were collected
and analyzed, with a view to evaluating individual sonographer
performance. This was done using the same three epidemio-
logical parameters that have been proven useful in monitoring
biochemical markers13 as part of routine screening practice.
These parameters have already proven successful for monitor-
ing NT measurements as part of research trials.5,6 With such
data in hand, it should be possible to shape guidelines for as-
sessing NT and, thereby, help prenatal screening laboratories
assure that Down syndrome risk estimates that include NT
measurements are reliable.
The American College of Medical Genetics Subcommittee

on Quality Assurance was charged in 2005 with drafting Tech-
nical Standards and Guidelines for Down syndrome Screening
that included the interpretation of NT measurements. The
working group formed to draft that document identified a gap
in knowledge relating to the current state of NTmeasurements
being routinely received at screening laboratories in North
America. Members of that working group proposed that data
be collected from laboratories that represented both the clini-
cal and academic settings, had catchment areas ranging from
local to nationwide, and had varying amounts of experience
dealing with NT measurements. This report describes the re-
sults of examining that dataset.

MATERIALS AND METHODS

In follow-up to this proposal, members of the working
group identified six laboratories satisfying the specific criteria.
These laboratories were contacted and asked to provide infor-
mation about their procedures and practices, as well as sonog-
rapher-specific information, for a 6-month time period. Each
laboratory requisition slip asked for sonographer identifica-
tion (e.g., name, certification number). The intent was to iden-
tify the ultrasound operator who made the NT observation.
Several slips also contained space for a “reading MD ” or “su-
pervising radiologist, ” but that information was not used in
the analysis. It is possible that, in some instances, the supervi-
sor ID was reported, rather than the sonographer ID. It is un-
likely that the ordering physicianwas named, as all laboratories
required evidence of the sonographer’s successful training and
credentialing. A 6-month timeframe was chosen to represent
the longest interval overwhich it would be reasonable to collect
sonographer’s NT data before analyses were performed and
assessed for quality. Monitoring over a longer time period
(e.g., 1 year) would be slower to identify problems and to doc-
ument whether corrective actions were effective. Differing
time periods were chosen by each laboratory, at least in part
because of available institutional review board approvals, ease
of data retrieval (archived versus current records), and avail-
ability of an existing dataset. De-identified data were sent in
Excel (Microsoft Corporation, Redmond, WA) files to be an-
alyzed at Women & Infants Hospital. The institutional review
board atWomen& Infants Hospital considered the study to be
exempt, as the data were de-identified. All laboratories pro-

vided sonographer codes (numeric or alphabetic), NT mea-
surement in millimeters, crown rump length (CRL) in milli-
meters, the date of the measurement, and the NT multiples of
the median (MoM) as reported by the laboratory for clinical
purposes. One laboratory provided two datasets; one whenNT
measurements were just beginning to be routinely interpreted
and the other, more recent. One laboratory also provided the
center at which the sonographer obtained the measurement.
Two laboratories included the maternal age.
Epidemiological monitoring involved computing three

quality measures for each sonographer who provided at least
50 NTmeasurements. This number limits random error in the
estimates and allows for computation of provisional sonogra-
pher-specific medians. The first quality measure, percent in-
crease in NT thickness per week, was computed by linear re-
gression using CRL as the independent variable and the
logarithm of NT as the dependent variable. We restricted the
analysis to observations with CRL measurements between 32
and 84 mm. Similar limits for NT measurements (on a linear
scale) were 0.1–4.0 mm. A published equation relating CRL to
gestational age14 was used to convert the slope to percent in-
crease per week. Median MoM, the second quality measure,
was directly derived from each sonographer’s series of NT
MoM levels reported by the laboratory. The third quality mea-
sure, logarithmic standard deviation of the NT MoM levels,
was derived using the intervals between the 5th and 95th cen-
tiles, 10th and 90th centiles, and the 25th and 75th centiles. The
5th and 95th interval is more reliable, because it is based on a
higher proportion of the data. The 25th and 75th interval,
however, is more reliable when the tails of the data do not fit a
logarithmic Gaussian distribution.
One of the authors (A.D.) is board-certified in obstetrics and

gynecology, clinical genetics, and clinical cytogenetics. He is
certified to perform NT examinations by the Fetal Medicine
Foundation (FMF) and the Society for Maternal Fetal Medi-
cine and performs 30 to 40 each week as part of practice.

RESULTS

Table 1 summarizes the data submitted to each participating
laboratory, totaling 23,462NTmeasurements from850 sonog-
raphers. Overall, 98% of the measurements were associated
with CRL measurements indicating gestational ages of 11, 12,
or 13 completed weeks (21%, 54% and 23%, respectively). An
additional 2% of samples were assigned gestational ages of 10
or 14 completed weeks. The use of sonographer-specific medi-
ans varied between laboratories, as reflected in the use of 10 or
more sets of medians by two laboratories, as opposed to only a
single fixed set of medians by two others. The remaining two
laboratories (1–10 sets of medians) created sonographer- or
center-specific medians for high-volume clients. The average
number of NT observations per sonographer ranged from a
low of 19 (Laboratory C) to a high of 67 (Laboratory B). The
last column shows that the proportion of sonographers report-
ing 50 or more NT measurements to each laboratory in 6
months ranged from34% to 80%,with an average of 61%.This
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indicates that, on average, 39% of all NT measurements re-
ceived by these laboratories are from sonographers who may
not have sufficient numbers to perform quality assessment or
to validate or compute sonographer-specific reference data
within a 6-month time window.
Table 2 shows a further breakdown of the numbers of ob-

servations reported by sonographers and stratified by labora-
tory. All laboratories reported either �10 or 10–29 NT mea-
surements over 6months as being themost common category.
Overall, 710 sonographers (84%) reported fewer than 50 ob-
servations and 140 sonographers (16%) reported 50 or more
observations. Fifty observations in 6 months would translate
into about eight NT measurements per month or about two
perweek.Only 3 of the 850 sonographers had an average rate of
four NT measurements per working day (400 or more in 6
months).
Figure 1 displays the three quality measures for the 140

sonographers who could be reliably assessed. The left-most
group shows that the median increase per week for NT mea-
surements is 22%. The target range was taken to be 15–35%,
approximately the 10th and 90th centiles. Based on modeling,
values that aremore than 3 percentage points higher (or lower)
than these limits (indicated by dashed lines) would be consid-
ered significantly higher (or lower) even with as few as 50 ob-

servations. Themiddle group in Figure 1 shows themedianNT
MoM for these same sonographers. The target range of 0.90–
1.10 is based on extensive knowledge of the impact of inaccu-
racy onDown syndrome risk estimates using serummarkers.13

MedianMoM levels more than 0.05 higher (or lower) than the
respective limits would be significantly outside the range, even
with as few as 50 observations. The right-most group in Figure
1 shows the logarithmic standard deviation of the NT MoM.
The consensus estimate is 0.105, with a target range of 0.08–
0.13, again roughly corresponding to the 10th and 90th cen-
tiles. Values deviating by more than 0.10 are significantly out-
side the target range. The small labels (a, b, and c) to the right of
the figure show the logarithmic standard deviation at 12weeks’

Fig. 1. Summary of quality assessment parameters for sonographers providing 50 or
more nuchal translucency (NT) observations in 6 months. The figure shows the percent
increase per week (left column), the median NTMoM (center column), and logarithmic
standard deviation (right column) for 140 sonographers. The size of the circle relates to
the number of NT observations submitted within 6months (largest circles indicate 400 or
more, moderately large ones indicate 200–399, medium ones indicate 100–199, and
smallest ones indicate 50–99). The accompanying target ranges (boxes) indicate the ap-
proximate 10th to 90th centiles of the observations (percent increase per week and log
SD). The target range for the medianMoM is based on laboratory experience with serum
markers. The dotted extensions indicate the level at which the point estimate for sonog-
raphers reporting as few as 50 observations would be statistically “outside ” the target
range. The small ticks labeled “a,” “b,” and “c” to the right of the log SD plot indicate
estimates for this parameter, reported from three large published datasets.

Table 1
Nuchal translucency (NT) information provided by six participating laboratories

Screening
laboratory Sets of mediansa 6 months ending NT observations Number of sonographers

Proportion of NT observations from sonographers
with �50 observations (%)

A �10 Oct 2004 4,646 148 75

B 1–10 Feb 2007 3,697 55 80

C 1 Dec 2005 7,745 402 49

D 1–10 Dec 2006 2,206 70 58

E 1 Dec 2006 2,925 103 34

F �10 Dec 2006 2,243 72 74

All 23,462 850 61

aIndicates the number of separate reference ranges in clinical use (either sonographer-specific or center-specific).

Table 2
Numbers of nuchal translucency (NT) measurements provided by

contributing sonographers, stratified by laboratory

Screening
laboratory

NT measurements by sonographer per 6 months

Fewer than 50 50 or more

�10 10–29 30–49 50–99 100–199 200–399 �400

A 74 31 10 24 7 1 1

B 0 23 8 17 5 1 1

C 222 98 41 31 8 1 1

D 37 11 5 15 2 0 0

E 14 57 21 8 2 1 0

F 35 18 5 4 10 0 0

All 382 238 90 99 34 4 3

Nuchal translucency quality assessment
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gestation reported from three large studies of NT measure-
ments. These values of 0.133,5 0.120,12 and 0.11515 are all based
on NT MoM levels using either sonographer-specific medi-
ans5,12,15 or a single set of medians with strict adherence to a
specifiedmethodology.15 These three estimates are higher than
86%, 76%, and 69% of the computed standard deviations for
the 140 assessed sonographers, respectively.
Table 3 summarizes the number of sonographers who are

outside of the target range for one or more of the quality as-
sessment parameters, stratified by laboratory. Overall, 79 of
the 140 assessed sonographers (56%)were within target ranges
for all three parameters. Only three sonographers (2%) were
outside of the target range for all three parameters. The most
common single quality assessment parameter outside the tar-
get was the median NT MoM, found for 29 sonographers/
laboratories (21%). As a way to further explore any relation-
ship between these quality parameters, we examined all three
pairwise correlation coefficients. Only the correlation between
percent increase per week and logarithmic standard deviation
was significant (r � 0.46, 95% confidence interval 0.32–0.58).
The remaining two correlations were nonsignificant (0.19 for
logarithmic standard deviation versus median MoM, and 0.04
for percent increase per week versus median MoM). The rela-
tionships between the number of NT measurements and the
three quality assessment parameters were also evaluated, by
dividing the sonographers into two approximately equal
groups (69 with between 50 and 75 observations and 71 with
more than 75 observations). There was a strong association
(�2 � 4.3, P� 0.04) between numbers of observations and the
proportion of percent increases per week within the target
range (68% inside the range for smaller numbers and 83%
inside the range for larger numbers). There were no associa-
tions between numbers of observations and the other two
quality assessment parameters (�2 � 0.2, P � 0.7; �2 � 0.01,
P � 0.9; for numbers of observations, versus median and log-
arithmic standard deviation, respectively).
Figure 2 shows the sonographer-specific median NT MoM

for one laboratory at two intervals over an 18-month time
period. The data for the left hand side of the graphic were
collected over 6 months in early 2005 (these data are not in-

cluded in any of the other analyses). At that time, the labora-
tory required that sonographers be certified, but the laboratory
was not routinely computing and using sonographer-specific
reference data. Overall, 8 of the 20 assessed sonographers
(40%) were within the target range. By late 2006 (right hand
side) routine quality assessment was being performed, sonog-
raphers with outlying values were being contacted, and sonog-
rapher-specific medians were in place. At this point, 21 of the
24 assessed sonographers (88%) were within range. This rate is
higher than the overall rate of 23% achieved by the other five
laboratories (Table 3), indicating that this may represent a real
improvement. Active exchanges between laboratory and
sonographer and implementation of sonographer-specificme-
dians for those sonographers with sufficient data materially
improved the interpretation of NT measurements.

Fig. 2. Documentation of improvement in nuchal translucency (NT) median MoM
levels over an 18-month period by sonographers submittingmeasurements to one screen-
ing laboratory. In early 2005, sonographers were required to be trained and credentialed,
but there was no feedback concerning their median NT MoM levels and the laboratory
used a single set ofmedians. By late 2006 routine quality assessment was being performed,
sonographers with outlying values were being contacted, and sonographic-specific medi-
ans were in place.

Table 3
Summary of sonographer performance, based on three quality assessment parameters, for sonographers with 50 or more observations in 6 months,

stratified by laboratory

Laboratory Number assessed

Number of sonographers outside the target range for:

None Only slope Only SD Slope and SD Only MoM Any other All three

A 33 15 3 4 1 8 2 0

B 24 17 2 1 1 2 1 0

C 41 21 5 1 2 11 1 2

D 17 9 3 2 0 3 0 0

E 11 7 1 0 0 2 0 1

F 14 10 1 0 0 3 0 0

All 140 79 15 8 4 29 4 3
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Table 4 examines the relationship between logarithmic stan-
dard deviation and proportion of NT measurements at or
above 1.5 and 2.0 MoM. Sonographers were divided into five
approximately equal groups, based on the logarithmic stan-
dard deviation (second column). Between 2371 and 3442 NT
observations are contained in each quintile. Before this analy-
sis was performed, each of the 140 sonographer-specific data-
sets was adjusted (by dividing by the sonographer’s overall
median MoM) so that the resulting median MoM would be
exactly 1.00. This ensures that the proportion of NT measure-
ments above a selected MoM level is dependent only on the
spread of the data and not on the median value. As expected,
the proportions of NTmeasurements at or above 1.5MoM are
clearly dependent on the quintile of logarithmic standard de-
viation, ranging froma lowof 2.5% to a high of 9.4%.Using the
median log SD for each interval (0.075, 0.081, 0.105, 0.116, and
0.135, respectively), the expected percentage at or above 1.5
MoM can also be calculated. Especially at the lower quintiles,
the predicted percentages are much lower (e.g., 2.5% observed
and 0.9% predicted for the first quintile). The same analysis
was then performed using the cutoff of 2.0MoM. The percent-
age ofNTMoM levels above this cutoff are lower, but still show
a strong association with quintile of logarithmic standard de-
viation. Again, the predicted percentages, based on the fitted
logarithmic standard deviations, are lower than the observed
percentages.
As a way to further investigate the discrepancy between the

observed and expected proportion of NT observations above
selected cutoff levels, Figure 3 shows probability plots for two
sonographers, one from the fifth quintile (logarithmic stan-
dard deviation of 0.133) and one from the first quintile (loga-
rithmic standard deviation of 0.083). The plots show that the
data fit well between the 5th and 95th centiles, indicating that
the method of computing standard deviations is reasonable.
There is significant discrepancy in observations below 0.8
MoM, but with the truncation limit usually set at 0.7MoM, the
likelihood ratios assigned to these two groups will be similar.
Above 1.3 MoM (about the 75th centile and associated with a
likelihood ratio of about 1.0), the two plots again diverge, with
much lower values being recorded at a given centile for the
sonographer with the smaller standard deviation. This will

have the effect of increasing the assigned Down syndrome risk
by smaller amounts than the increases associatedwith themea-
surements obtained by the sonographer having the larger stan-
dard deviation. At the 97th or 98th centiles, the observed NT
measurements for both sonographers are higher than ex-
pected, based on the computed standard deviation (straight
line through themajority of data). It is this effect that results in
the discrepancy between the observed and expected propor-
tion above 2.0 MoM.
Two laboratories also provided the maternal age of the

women being tested. To examinewhether sonographers objec-
tively measured NT in light of the woman’s age, sonographer-
specific NT MoM levels were stratified by maternal age (�35
years, �35 years). A total of 113 sonographers reported 50 or
moreNTmeasurements, with at least 10measurements occur-
ring in each of the two age groupings. If the two medianMoM
levels were within 10% of each other (e.g., 0.96 MoM in
younger women and 1.03 MoM in older women), the results

Fig. 3. Probability plots for NT measurements from two sonographers. One sonogra-
pher (small filled circles) reported 181 NT measurements, with a logarithmic standard
deviation of 0.133. Another sonographer (large open circles) reported 203measurements
with a logarithmic standard deviation of 0.083. The proportions of observations above 2.0
MoM are 2.8% and 1.0%, respectively.

Table 4
Observed and predicted number of NT MoM values at or above 1.5 and 2.0 MoM, by quintile of sonographer-specific NT MoM variance

Quintile SDa (range) Number of sonographers Number of NT observations

Percent �1.5 MoM Percent �2.0 MoM

Observed Predicted Observed Predicted

1 �0.084 29 2,734 2.5 0.9 0.5 �0.1

2 0.084–0.097 28 3,115 3.8 2.6 0.7 �0.1

3 0.098–0.108 29 2,548 5.5 4.6 1.3 0.2

4 0.109–0.122 26 3,442 6.2 6.3 1.1 0.5

5 �0.122 28 2,371 9.4 9.7 2.2 1.3

All 0.105 140 14,210 5.3 4.6 1.1 0.2

aLogarithmic standard deviation computed using the interval between the 5th and 95th centiles, divided by 3.2.

Nuchal translucency quality assessment
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were considered to be consistent. Thirteen sonographers re-
ported higher levels in older women, whereas eight sonogra-
phers reported lower levels. This difference is not statistically
significant (binomial test of the 21 sonographers whose differ-
ences fell outside of �10%, P � 0.2).

One laboratory provided both a sonographer code and a
code for each sonographer’s center. To explore within-center
differences, we computed a new set of medians for one large
center composed of 24 sonographers, providing results for 764
women. Thus, this group will, by definition, have an overall
median NT MoM of 1.00. The sonographer-specific median
NT MoM levels were then compared for the eight who re-
ported NT results for 50 or more women. Based on an analysis
of variance (F � 5.32, P � 0.001), one had a significantly low
median (0.88MoM), one had a significantly highmedian (1.19
MoM), and the remaining six were consistent (0.96–1.05
MoM, F� 1.4, P� 0.2). ThemedianMoM for the 105 women
receiving NT measurements from the 16 additional sonogra-
phers who reported fewer than 50 observations was 0.90, but
this difference was not significantly lower (F � 0.8, P � 0.4).

DISCUSSION

The three main findings from this study are as follows: (1)
many sonographers submit NT measurements for only a few
women over a 6-month time period, and, therefore, their per-
formance cannot be reliably assessed by the laboratory; (2)
among those sonographers whose performance can be as-
sessed, there are important differences in each of the three
quality assessment parameters; and (3) laboratories need to
improve their interpretation of NT measurements by imple-
menting sonographer-specific medians, when possible. Each
of these is discussed in more detail, below.
The current cross-sectional study used observations from

six experienced prenatal screening laboratories in North
America that currently receive NT measurements for clinical
interpretation of Down syndrome risk. This setting differs
frommost other reports on this topic, in that the NTmeasure-
ments are being performed as part of routine practice and not
as part of a research protocol.5,6,16,17 Given the widely varying
characteristics of our participating laboratories, the findings
are likely to be representative of current practice in North
America. Overall, 39% of the screened women had NT mea-
sured by a sonographer who submitted too few samples to that
laboratory for adequate and timely quality assurancemonitor-
ing. It is possible that these sonographers provided testing to
more women, but sent the results to another laboratory for
reasons such as health insurance requirements. A program
such as that proposed by Nuchal Translucency Quality Review
(NTQR) program could help resolve this situation,8,18 but only
if all laboratories and sonographers involved participated. It is
also possible that the sonographer would practice at several
centers, and it has not yet been shown that these data can be
combined. One possibility is that there is a concerted effort to
credential as many sonographers as possible at some centers
offering NT measurement, rather than concentrate such test-

ing among a few highly experienced sonographers. At one par-
ticipating laboratory for example, the number of sonographers
submitting samples more than doubled over two years while
the proportion of sonographers with sufficient observations
for monitoring (i.e., at least 50 every 6 months) remained be-
low 40% (A Summers, Unpublished data). For now, laborato-
ries can monitor the proportion of NT observations from
sonographers who can be assessed (Table 1) and, through ed-
ucation, attempt to increase this proportion over time. Our
data do not provide clear guidance on whether the perfor-
mance of sonographers reporting relatively few NT measure-
ments is similar to, worse, or better, than for sonographers
reporting at least 50 observations in 6months. Todealwith this
problem, laboratories might consider alternative ways to col-
lect at least 50 observations, such as asking the sonographer (or
NTQR) for additional measurements submitted elsewhere, or
performing the evaluation over a longer time period (e.g., 1
year). It might also be possible to compare the NT measure-
ments from these sonographers with other more experienced
sonographers at the same center, by using appropriate center-
specific medians. As a last resort, laboratories could decide to
not accept samples for interpretation. A future study covering
a longer time period may be able to determine whether sonog-
raphers performing relatively few NTmeasurements have bet-
ter, worse, or equivalent performance to sonographers who
can be routinely monitored.
Epidemiological monitoring of NT measurement shows

that there are important differences in each of the three quality
measures chosen (Fig. 1). The percent increase per week in NT
measurements has been reported to be about 20%. We found
the 10th to 90th centile for this parameter to be from about
15% to 35%, with several sonographers having very small
(�10%) or very large (�40%) increases in NT measurements
with increasing gestational age. There is no obvious explana-
tion for this variability. However, larger increases may be due
to sonographers inadvertently adjusting their NT measure-
ment in light of their knowledge of the CRL measurement.
Smaller-than-expected increasesmay be due to lowmagnifica-
tion (or low resolution equipment), where little variability in
NT measurements can be detected. This might also explain
why there is an important positive correlation between percent
increase per week and logarithmic standard deviation (r �
0.46). Variability in theNTMoM is easier to explain. There are
many sources of variability in measuring the NT (in millime-
ters), including technique, magnification, machine quality,
and measurement protocol (e.g., largest or mean measure-
ment). Several studies have shown important differences be-
tween sonographers, even after training and feedback.5–7,16–20

At least two studies have shown that the use of sonographer-
specific medians improves screening performance.5,12 Most of
the laboratories involved in the current study do not routinely
use and update sonographer-specific medians. These two fac-
tors likely explain the high variability seen for the median NT
MoM. We were surprised at the wide range of logarithmic
standard deviation of the NT MoM. Three major studies re-
ported this quality measure (at 12 completed weeks’ gestation)
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to be between 0.115 and 0.133. Our study found that between
69% (using a cutoff of 0.115) and 85% (using a cutoff of 0.133)
of the sonographers evaluated had logarithmic standard devi-
ations below these reported values. Such a “tightening ” of the
distribution cannot be accomplished by more careful measur-
ing. Although its cause is not known, it may be due to the
“routine ” nature of NT measurements in the general popula-
tion. Sonographers are best at identifying qualitative rather
than quantitative changes. Thus, a sonographer who assigns
values that vary little (resulting in a reduced variance) might
still recognize a largeNT as abnormal and assign thatNT ahigh
value (Fig. 3).
Laboratories are experienced in adjusting reference data as

serum assays change over time, or when a change in manufac-
turer occurs. The two main differences between this historical
experience and implementing sonographer-specific medians
are that there are far more sonographers (hundreds) than se-
rum assays (four or five), and the amount of data available for
analysis is much smaller for sonographers (16% of sonogra-
phers with 50 or more NT measurements reported in 6
months) than for serum assays (often 50 or more samples per
day). Implementing and monitoring sonographer-specific
medians will be challenging, but probably necessary. Prelimi-
nary evidence shows that it can be done as part of routine
practice (Fig. 2). Two large studies involving routine measure-
ment of NT converted those results to MoM using a single set
ofmedians, center-specificmedians, and sonographer-specific
medians. In both studies, the matched analyses indicated that
sonographer-specific medians resulted in the best screening
performance (highest detection for a given false-positive
rate).5,6 Given the variability of NT measurements docu-
mented in the current dataset, it is reasonable to conclude that
implementation of sonographer-specific medians would im-
prove overall performance in practice, as well. Our data also
suggest that center-specific mediansmay have some advantage
but can hide important differences among sonographers, if
individual monitoring is not also performed. The value of us-
ing center-specific medians for sonographers who submit rel-
atively few observations has not yet been established, but their
use seems a reasonable alternative.
Laboratories need to be aware of the inherent variability of

NT measurements, as well as reasons why NT measurements
might vary from sonographer to sonographer, not because the
laboratory is a source of training, credentialing or image re-
view, but as away to interact knowledgablywith the ultrasound
community. The within-sonographer short-term standard de-
viation around a repeatedmeasurement is between 0.3 and 0.5
mm,21–24 and seems to be essentially constant across the range
of NT measurements. This results in widely varying coeffi-
cients of variation, ranging fromup to 50% (a 0.5mmstandard
deviation at 1.0 mmNTmeasurement) to as low as 10% (a 0.3
mm standard deviation at 3.0 mm NT measurement). Sonog-
raphers will usually obtain multiple technically acceptable
measurements of the NT during a single examination. The
FMF recommends using the largest NT measurement,9–11

whereas SURUSS and the FASTER trial5,6 used a central mea-

sure (mean). SURUSS found thatmultiplemeasurements pro-
vided better performance than a single measurement, and that
using the mean value was slightly better than using the largest
value.5 However, the median levels would be expected to be
lower for sonographers reporting the central measure, com-
pared with those reporting the largest value.
The magnification, or image size, is known to impact NT

measurements.25,26 The original description of NT measure-
ments made no mention of magnification, but pictures show
the fetus occupying 40–60%of the image.22 Later publications
suggest that the fetus occupy 75% of the image. The latest rec-
ommendations suggest that the fetus occupy the entire image
(100%). Some sonographers use even higher magnifications,
so that the image includes only the head and neck (200%).
Studies indicate that increasing magnification (from 100% to
200%) will reduce the NT measurement by 0.1–0.2 mm.25,26

Although based on small numbers, one study found the
screen-positive rate (for the combination of NT and maternal
age) to decrease from 5.1% to 2.3% (P � 0.048) when magni-
fication was increased from 100% to 200%.26 The ultrasound
machine itself may influence not only the NT measurement,
but how often the NTmeasurement is obtained.5 Placement of
the calipers is critical to a reliable NT measurement, and spe-
cific guidelines have been promulgated.However, these are not
easy guidelines to either implement or assess. Two studies
found poor intraobserver reliability (� values�0.4, for scoring
systems ranging from 1 to 4 and 0 to 2) when experts were
asked to grade caliper placement on still images.27,28 Another
found that, after training, 25% of experienced sonographers
still placed the calipers incorrectly.28

Image scoring methods for quality assessment have been
suggested.27–29 The most common criteria include the view,
caliper placement, head position, visualization of the amnion,
and magnification. One difficulty with scoring systems is the
weighting factors. For example, should the quality score be
high if all criteria but caliper placement were to be met, even
though the result might be poor?7 These systems have been
found too cumbersome to be used for routine quality assess-
ment. They might be of more value during the initial training
period, or when quantitative assessment indicates the need for
further scrutiny.
Although the scope of this study is to document the current

state of NT measurements and to suggest methods for moni-
toring, an important ancillary consideration is the impact of
between-sonographer differences on Down syndrome screen-
ing performance. A recent article30 modeled the effect of a
0.5-mm absolute difference between a sonographer’s NTmea-
surements and expected reference values (at a given CRLmea-
surement). Using only maternal age and NT as the screening
test, this difference would result in detection being reduced
from 82% to 72%with a corresponding reduction in the false-
positive rate from 6.9% to 2.5%. This finding underscores the
need for consistency in NT interpretation to have reliable and
effective Down syndrome risk estimates.
NT measurements have been shown to be a useful marker

for Down syndrome in the late first trimester in both high-risk
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and low-risk populations, but only when accompanied by tar-
geted training and ongoing quality assessment. Quality assur-
ance was accomplished within research trials by the threat of
removing sonographers, if performance was not acceptable.
Outside of trials, quality assurance has been implemented in
several ways. The FMF uses certification and has the option of
deactivating the associated software, if long-term performance
is not adequate. This would impact only those who rely on that
software to compute risks. NTQR provides credentialing ser-
vices and offers retraining for sonographers who perform out-
side of the expected norm. Laboratories have the additional
option of not accepting samples from a specific sonographer, if
his/her quality measures are consistently outside of a reason-
able target range and retraining is either not accepted or not
successful. It must also be appreciated that monitoring labora-
tory tests is not the same as monitoring individual sonogra-
phers. Changes in individual performance can occur because
of implementation of new measurement guidelines at their
center, or by changing technique after attending a conference
or lecture. Ongoing quality assessment by the laboratory
should be seen as only one of several ongoing efforts by the
screening community in general to help assure that quality
Down syndrome screening services are widely available.
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