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External quality assessment of maternal serum screening schemes. A view from
UK NEQAS

Catharine M Sturgeon, Ruth Al-Sadie, Nick Unsworth
UK NEQAS (Edinburgh), Department of Laboratory Medicine, Royal Infirmary of Edinburgh (UK)

ABSTRACT

Maternal serum screening schemes for prenatal detection of conditions including Trisomy 21 (Down syndrome) and
neural tube defects (spina bifida) are now well-established worldwide. These programs rely on biochemical testing
with the aim of identifying pregnancies that may be at risk of these conditions prior to undertaking more complex and
definitive investigations. This places major responsibility on laboratories to ensure that analytical results are accurate.
Well-designed external quality assessment (EQA) schemes provide a means of assessing how well analytical results
compare with those of other laboratories using the same methods as well as assessing how well methods agree
when used in routine laboratories. EQA schemes can also provide an indication of interpretation of the outcome of
biochemical screening tests, which are generally reported to clinicians in terms of risk rather than analytical results.
These risks are calculated using method-specific algorithms which require input of the analytical results and other
parameters including maternal age and weight, length of gestation and ultrasound measurements of the foetus.
Providing these clinical details with specimens issued and requesting that EQA participants submit their calculated
risks and recommendations for action for each specimen, enables assessment of interpretative as well as analytical
aspects of service provision for individual participants. Here we report on how the UK National External Quality
Assessment Service (UK NEQAS) monitors such performance.
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INTRODUCTION Non-invasive prenatal testing (NIPT), in which cell-
free fetal DNA derived from the placenta is determined

Maternal serum screening programs for the prenatal  in maternal serum, can detect about 99% of Trisomy

detection of several foetal conditions became available in
the 1980s, with the first involving a single measurement
of serum a-fetoprotein (AFP) at about 14 weeks’ gestation
for the detection of neural tube defects (spina bifida)
(1). Second trimester screening for Trisomy 21 (Down
syndrome) followed, initially with measurement of three
biochemical markers [AFP, human chorionic gonadotropin
(hCG) or its beta-subunit (hCGB) and unconjugated
oestriol (UE,)] (the “triple test”) with later optional addition
of inhibin A (the “quad” test). First trimester screening at
11 to 14 weeks subsequently became available, involving
determination of nuchal translucency by ultrasonography
together with measurement of hCG or hCGB and
pregnancy-associated plasma protein A (PAPP-A). Some
centres subsequently added measurement of placental
growth factor (PIGF) to their assessment of risk. More
recently PIGF, with or without assessment of soluble fms-
like tyrosine kinase-1 (sFlt-1), is being used in some centres
to estimate the risk of developing pre-eclampsia (2).

21 pregnancies. Although it has not yet been widely
adopted for screening all pregnant women due to cost, it
is currently used in many centres to screen women who
have already been identified as being at high risk by first or
second trimester serum screening (3). The relative merits
of these strategies have recently been briefly reviewed,
emphasising the importance of informing patients of
the benefits and limitations of available screening and
diagnostic tests (4).

Algorithms developed for interpretation of biochemical
screening test results are based on statistical modelling
and require input of information about gestational
age, maternal age, maternal weight and/or nuchal
translucency.

As the results of the individual tests are highly
variable, each is expressed in terms of a multiple of the
median (MoM). These provide a measure of how far
the individual test result deviates from the median of
results as determined in a large number of unaffected
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pregnancies in a similar population of women. The
greater the deviation, the higher the risk of an affected
pregnancy.

Screening tests are not diagnostic tests and their
purpose is to identify the proportion of a large screened
population requiring further investigations, which may
be more invasive and more expensive. In the context of
maternal serum screening, being identified as at higher
risk and being referred for further tests is likely to cause
some psychological distress pending the outcome of
such testing. It is therefore critical that analytical results
are accurate and interpretation appropriate. Ensuring
that robust internal quality control procedures are in place
and that information is acted upon in a timely manner is
an essential priority in any laboratory, as Internal Quality
Control (IQC) data provide real time indication that an
assay may be going out of control. External quality
assessment (EQA), which is also known as proficiency
testing, enables retrospective comparison of results
obtained in one’s own laboratory with those obtained
by other laboratories for the same samples which is
especially valuable for screening programmes.

This requirement for stringent analytical quality
prompted establishment of the UK National External
Quality Assessment Service (UK NEQAS) proficiency
testing scheme for maternal serum screening with AFP
in 1981. This was followed by establishment of schemes
for second trimester screening for Trisomy 21 in 1991, for
first trimester screening in 2000 and for markers of pre-
eclampsia in 2015. Here we consider trends in laboratory
practice over several decades, briefly review current
performance and discuss future challenges identified
from scheme data.

METHODS
Scheme operation

The UK NEQAS centre in Edinburgh provides EQA
for a number of analytes including those for maternal
serum screening, which are listed in Table 1. The
schemes have an educational as well as regulatory remit,
and welcome collaborative interaction with participants,
the diagnostics industry and other interested parties.
Methods have previously been described (5, 6) and are
briefly summarised here.

Participation

Participants are primarily clinical laboratories, with
diagnostic companies also welcome to participate.
Laboratories in 39 countries worldwide currently
participate in one or more of the maternal serum
screening schemes.

Specimen preparation

Specimens are prepared in-house from normal
serum from pregnant and/or non-pregnant subjects.
Normal human sera is purchased (TCS Biosciences
Ltd) while pregnancy samples are specimens left-over
from routine clinical testing, as is permitted in the United

Kingdom (7). These are combined and tested for HIV,
hepatitis B surface antigen and hepatitis C before use
and any samples found to be positive are discarded (6).
Specimens for the 1st trimester scheme may contain
added hCGB@ [International Reference Preparation (IRP)
75/551] kindly gifted by the National Institute for Biological
Standards and Control (NIBSC).

Pools of serum for issue through the scheme are
prepared from these samples and contain added
preservative [ProClin 200 (0.5% v/v), Sigma-Aldrich].
Each pool is assigned a pool number. Where possible,
the volume of pool prepared is sufficient to enable its
issue more than once, with a different specimen number
assigned on each occasion it is distributed.

Specimen distribution

Three liquid specimens (0.5 mL each) are sent at
ambient temperature to participants once a month. Each
month’s set of specimens is assigned a Distribution
Number to identify it. Specimens are accompanied by
a results sheet including details of specimen numbers,
methods used and units for reporting. Brief clinical details
are provided for participants submitting estimates of risk
and any action to be taken.

Results submission

Participants are requested to analyse the specimens
as they would patient samples and to submit their results
on-line on the UK NEQAS results website within three
weeks of specimen dispatch. Results sheets include
brief clinical details which enable participants also to
submit for each specimen an estimate of risk and a
recommendation as to whether or not further action (e.g.,
NIPT) is required.

Analysis of results, target values and report
preparation

Results are downloaded and analysed using
dedicated Wolfson EQA software (Birmingham, UK).
Results are converted automatically where necessary
into the defined “scheme units” for each analyte to
enable meaningful comparison of results and are also log
transformed before analysis as results for these relatively
complex analytes may not be normally distributed.
Since reference methods are not available for these
analytes, the target values for most analytes in these
UK NEQAS schemes are the all laboratory consensus
means, trimmed by the method of Healy (8). While MoM
results are compared to the all laboratory consensus
means, due to significant differences in method results,
it is necessary to use grouped method trimmed means
for analytical results for hCGB and PAPP-A (15t trimester
scheme), for hCG and uE3 (2™ trimester scheme) and
for PIGF (pre-eclampsia scheme). In the absence of
more objective criteria, methods are grouped empirically
according to the similarity of results typically obtained.
Personalised computerised reports compare the results
submitted with those of the consensus mean target values
and include additional data summaries and a survey of
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recent relevant publications. Reports are uploaded to a
password-protected results website where participants
can conveniently access them.

Assessment of performance

Performance is assessed for both analytical and MoM
results in terms of two parameters:

- the average deviation of results from the target values
over a four to six-month window (BIAS);

- the average variation of BIAS over the same time
window (VAR).

Limits of acceptable BIAS and VAR applied in these
UK NEQAS schemes reflect the current state of the art,
are reviewed annually and approved by the Specialist
Advisory Group for these schemes and are then ratified
by the UK National Quality Assurance Advisory Panel for
Chemical Pathology (9). Current performance limits are
shown in Table 1.

RESULTS

Screening practice and performance as
reflected in EQA scheme data

EQA data provide unique insight into test use and
performance in routine clinical practice, i.e., “in the field”.
This includes trends in service provision and method use,
overall between-laboratory between-method agreement,
causes of method-related differences and individual
laboratory performance.

Table 1

Analytes and current limits of acceptable performance in
the UK NEQAS schemes for maternal serum screening.
Performance criteria in the 1st and 2nd trimester schemes
are the same for concentration results and multiple of the
median (MoM) results.

Scheme Analytes BIAS VAR
(+-%) (%)
Maternal serum hCG B subunit 20 15
screening in the PAPP-A 10 15
first trimester
Maternal serum AFP 10 10
screening in the Total hCG 10 10
second trimester hCG B subunit 10 10
uE3 20 15
Inhibin-A n.a. n.a.
Pre-eclampsia PIGF 25 15
sFlt-1 25 15

hCG, human chorionic gonadotropin; PAPP-A, pregnancy
associated plasma protein A; AFP, alpha-fetoprotein;
UE3, unconjugated oestriol; PIGF, placental growth factor;
sFit-1, soluble fms-like tyrosine kinase-1; BIAS, average
deviation of results from the target values;, VAR, average
variation of BIAS.
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Trends in service provision

Participation data can provide interesting insight into
changes in service provision, as is readily apparent from
Figure 1, where the changes in participation observed in
these schemes are likely to reflect changes in practice
more widely, i.e., also among maternal screening
laboratories that do not participate in the UK NEQAS
schemes. First trimester screening is gradually replacing
2" trimester screening for Trisomy 21. In 2001 there
were 155 participants in the 2™ trimester scheme and
only 60 in the 1%t trimester scheme, while in 2021, 156
participants provided 2™ trimester screening and 462
provided 1¢t trimester screening.

2 trimester screening in many centres now provides
a safety net for those not screened earlier in their
pregnancy. Increasing availability of high-resolution
ultrasonography techniques is a major factor likely to
have contributed to this trend and also to the decrease
in biochemical screening for neural tube defects.
EQA providers need to respond to developments in
clinical practice with introduction of schemes for new
tests only when their validity and relevance to clinical
practice has been demonstrated, as evidenced from
results of randomised clinical trials (2) or guideline
recommendations (10). This was the case in 2000, when
the 1%t trimester scheme was initiated, and again in 2015
when the pre-eclampsia scheme was first established as
a pilot scheme.

Appropriateness of specimens issued

It is important that target values in EQA schemes
are reliable and reproducible. For this it is critical that
specimens are commutable, i.e., that they resemble as
closely as possible the clinical samples being tested,
because results for non-commutable EQA specimens may
give misleading information about method performance
(11). Ideally specimens for maternal serum screening
would be prepared from a single serum donation from
one pregnant woman but this is clearly both ethically and
practically impossible. Use of pooled pregnancy sera is
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Figure 1

Trends in participation in the UK NEQAS schemes for
maternal serum screening from 1990 to 2021. The number of
participants in the UK NEQAS for Neural Tube Defects (®),
Maternal Serum Screening in the 15 Trimester (®) and 2™
Trimester (®) and Pre-eclampsia (®) schemes are shown.
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therefore the only realistic option. While the commutability
of the UK NEQAS maternal serum samples has not
yet been formally assessed, the pooled sera used to
prepare them is subjected to minimal manipulation and
the specimens resemble clinical samples as closely as is
practically and ethically feasible.

For EQA data to be meaningful, it is also essential
that specimens issued are similar to those likely to be
encountered in clinical practice. In the maternal serum
screening schemes, this is best assessed by considering
the proportion of specimens issued with MoMs within
different risk categories. Figure 2 shows the hCGB MoM
target values for all specimens issued in each year from
2017 through 2021. Indicative cut-off MoM values for
assessment of Trisomy 21 are shown, together with those
of Trisomies 13 (Patau symdrome) and 18 (Edwards
syndrome) which are also assessed in this scheme. The
range of MoMs issued covers the clinical range reasonably
well. Ranges of MoM results are reviewed similarly for other
analytes within the maternal serum screening schemes.

Validity of the target values

Some assurance of the validity of the consensus mean
target values can be obtained by regularly assessing their
linearity. This can be achieved by issuing linearly related
mixtures of two different pools, as shown in Figure 3 for
analytes in the 2" trimester scheme. Good stability of both
concentration and MoM target values provides further
assurance of target value validity and can be assessed
by distributing specimens prepared from the same pool
on different occasions, as illustrated in Figure 4 with data
from the 1t trimester scheme.

Mean within-pool, between-distribution CVs for the
target values of pools are calculated annually for all pools
distributed more than once and have consistently been
<0.5% for many years (12).
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Figure 2

All laboratory consensus mean hCGB MoM results for
specimens issued each year from 2017 to 2021. Indicative
MoM cut-offs are shown for Trisomies 21 (T21), 13 (T13) and
18 (T18).

hCGB, human chorionic gonadotrohin beta-subunit; MoM
multiple of the median

Recovery experiments, in which specimens issued
contain known amounts of relevant International
Standards (IS) or International Reference Preparations
(IRP), also provide some assurance of target value
validity, with quantitative (100%) recoveries expected. The
consensus mean recovery of AFP IS 72/225 as assessed
in the UK NEQAS for Neural Tube Defects has been
close to quantitative (100.6 + 0.9%) for many years. It is
not feasible to assess recovery of the current hCG IS in
the 2" trimester scheme due to the number of ampoules
that would be required to achieve hCG concentrations
similar to those seen in maternal serum. However, these
recoveries are regularly assessed in the UK NEQAS for
hCG at lower hCG concentrations. Regrettably as there
currently are no International Reference Standards
available for PAPP-A or PIGF, assessments of recovery
and the accuracy of calibration are not currently possible
for these analytes.

Overall within-method, between-laboratory
agreement

Within-method between-laboratory agreement
comparable to that which would be regarded as
acceptable within a single laboratory is achievable for
some methods, as is readily apparent for hCGB and
PAPP-A concentration results (Figures 5a and 5b). hCGf
geometric coefficients of variation (GCVs) are <5% for
Methods A, B and C across most of the concentration
range tested, although agreement is less good for
Method D. However much higher GCVs are observed
for between-method agreement, reflecting the significant
method-related differences observed for these analytes.
Encouragingly, however, conversion of concentration
to MoM results improves between-method agreement
(Figures 5a and 5b). This of course depends on individual
laboratories deriving MoMs appropriately, both for the
method they use and for the population they serve. The
picture is similar for PAPP-A, with somewhat greater
improvement in agreement on converting to MoMs.
Encouragingly, agreement for MoM results has remained
reasonably stable, with mean GCVs observed in 2010
and 2020 approximately 12% and 15% respectively for
hCGB and 15% and 15% for PAPP-A.

Between-method differences

In the maternal serum screening schemes, the
significant method-related differences in results observed
for hCGR, PAPP-A, uE3 and PIGF require use of grouped
method mean target values as described above.

Factors likely to contribute to the differences observed
include absence of an appropriate International Standard
(PAPP-A and PIGF), inaccurate calibration against
an existing IS (hCGB), method design (e.g. antibody
choice) and method robustness (e.g. against clinically
relevant interferences such as biotin). Antibody choice
is likely to be a major factor when measuring complex
heterogeneous analytes such as those used for maternal
serum screening.
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Figure 3

Linearity of the all-laboratory consensus mean target values in the 2™ trimester scheme.

All laboratory trimmed consensus means shown for AFP, hCG, hCGB and uE3; grouped method trimmed means for high and
low reading methods also shown for uE3). 95% confidence limits shown.

Panel a, alpha-fetoprotein; Panel b. Human chorionic gonadotropin beta-subunit; Panel c. “Total” human chorionic

gonadotropin; Panel d, unconjugated oestriol.

“Penalty box” plots of BIAS versus VAR provide a
helpful means of assessing the extent of method-related
differences, with results for positively biased methods
clustered above the target (“zero”) line and those for
negatively biased methods below it. Figure 6a illustrates
how there are significant method-related differences in
BIAS for PIGF methods, a relatively complex analyte
for which there is currently no IS. Results suggest that
Methods A and B are calibrated differently from Methods
C and E and/or are recognising different forms of PIGF. A
decision was therefore taken to separate methods into two
groups based on the magnitude of results obtained and to
implement grouped method mean targets. The effect of
doing so is readily seen in Figure 6b which shows the
same plot after the change from all laboratory consensus
mean to method mean targets for PIGF.

Use of grouped method target values is undesirable,
particularly as the grouping of these methods is usually
pragmatic, and their use should ideally be regarded as
an interim solution pending improvement in method
comparability, which generally requires collaborative
international standardisation initiatives. For example, a
Working Group of the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) is currently
developing an International Standard for PAPP-A (13).
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“Penalty box” graph of BIAS versus VAR in the PIGF scheme showing the effect of choice of target value. Symbol colours
represent different methods and each symbol represents an individual laboratory’s result. Method A (»); Method B (#);
Method C (w); Method E (4). Dotted lines show the limits of acceptable performance as defined for these analytes by the UK

National Quality Assurance Advisory Panel.

Panel a, PIGF — BIAS vs VAR for all laboratory consensus mean target values; Panel b, PIGF — BIAS versus VAR for grouped

method consensus mean target values.

PIGF, placental growth factor; BIAS, the average deviation of results from the target values; VAR, the average variation of BIAS.

Characteristics of PAPP-A, which exists in free and bound
forms, present major challenges. However, provided these
can be overcome and the standard that is developed is
adopted and used by diagnostics companies to calibrate
their assays accurately, this initiative should help improve
comparability of methods for PAPP-A.

Fortunately, in the context of maternal serum
screening, normalisation of concentration results to
MoM results mitigates the effect of these method-
related differences provided MoMs have been derived in
appropriate populations using the same method that is
being used in clinical practice.

Assessment of analytical performance of individual
laboratories

“Penalty box” plots of BIAS against VAR also provide
helpful information about how well results submitted
by users of the same method agree as each symbol
represents one laboratory. In Figure 6b the tight clustering
of Method B (green diamonds) reflects very good
between-laboratory agreement for the method, while
poorer agreement is evident from the spread of results
observed for Method C.

Monthly EQA reports received by participants
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provide similar information in different formats and
also enable participants to compare their results more
directly with those of others, with histograms showing
the distribution of results for each specimen issued (14).
Charts summarising results over a six-month window are
particularly helpful in identifying changes in individual
assay performance and are provided for all analytes and
for both concentration and MoM results. Figure 7 shows
an example from a monthly participant report in the UK
NEQAS scheme for neural tube defects.

Using the charts, participants can readily compare the
result they submitted for each specimen with the target
values each month. Identification of dose-related bias can
be readily assessed as results are shown in ascending
numerical value down the page. There is a suggestion
of dose-related Bias for this laboratory at Distribution
267, with decreasing % deviation from the target as
specimen concentration increases. Stability of results
is especially important for maternal serum screening.
Pool S379 has been distributed in four out of the six
months shown on the chart, with the example laboratory
reporting very satisfactory results between 34 and 36 U/L
on each occasion. The % bias figures at Distribution 264
immediately indicate that there has been a major problem
with the laboratory’s EQA results, which in this case was
because results had either been submitted or booked-in
in reverse order.

These charts document the lot numbers used, as
recorded by participants when submitting their results on-

line. Lot numbers can be helpful for individual laboratories
when trouble-shooting unexpected changes in results
(assay “drift”) or when investigating issues observed
for more than one participant that may be related to
characteristics of a specific lot number (15). Participants
are always encouraged to contact the UK NEQAS centre
if they have any concerns about their own results.

Assessment of interpretative performance of
individual laboratories

As results are reported in terms of risk, usually
accompanied by advice as to whether further action is
recommended, it is desirable for EQA schemes to assess
the agreement of advice provided. Clinical details such
as the following, from the second trimester scheme, are
therefore provided with each specimen:

Clinical details: Non-diabetic, non-smoking Caucasian
mother weighing 67 kg. Singleton pregnancy. No
history of Down syndrome. Date of birth: 25" October
1987. Specimen and scan date: 10" May 2022. Head
circumference: 122 mm. Biparietal diameter: 33 mm.
Last menstrual period: 18" January 2022. Estimated date
of delivery: 25" October 2022. Dates by ultrasound: 16
weeks + 0 days.

Table 2 shows recommendations made by
participants in the UK NEQAS for Neural Tube defects
scheme over a period of months, ranked according to
the AFP MoM. At the low and high ends of the ranges,
almost all participants are in agreement, respectively

’ UK NEQAS for MSS - 1st Trimester H Laboratory : l
5 || Distribution : 269 Date : 14-Dec-2021  ||Page 4 of 29 |
UK NEQAS [Edinburgh] | Analyte : hCGH (concn) (UL IRP 75/551) | ]
Pool Distribution 264 Distribution 265 Distribution 266 Distribution 267 Distribution 268 Distribution 269
(exclusion) 27-Jul-2021 24-Aug-2021 21-Sep-2021 19-Oct-2021 16-Nov-2021 14-Dec-2021
[Type] result target %bias | result target %bias | result target %bias | result target %bias | result target %bias | result target %bias
S376 [B] 44 6.5 +581.8 6 64 -6.2 6 65 71
385 [B] 12 119 406
S377 [B] 18 -42.7 +2.7 13 126 +34 14 125 +12.1
$384 [B] 155 141  +10.1
383 [B] 239 234  +23
379 [B] 36 333 +81| 34 333 420 36 330  +90| 34 332 425
$378 [B] 6 444 -86.5 47 443 +6.1 46 443 +3.8
382 [B] 64 641 02
$386 [B] 122 1168 +47
Method
Mean bias +166.0 +1.8 +0.3 +4.1 +7.2 +3.7
Lot number 686790.0 686790.0 686790.0 689375.0 689375.0
BIAS (%) | +4.38 w35 31 29 31 32
VAR (%) 48 55 54 59 6.8 6.5
B Base pool, no additions.
Figure 7

Extract of participant report summarising results over a six-month period. The consensus mean target values are shown in
bold in the middle column for each month. The laboratory’s results are in the columns on the left and the % deviations of
those results from the targets are on the right. The green line highlights the stability of target and participant results for a pool
distributed on four occasions. An error was made by this participant at Distribution 264 and can be readily identified, with
results submitted in reverse order. Lot numbers are recorded, as shown with the blue line.
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Table 2

Recommendations for action or no further action made by
participants in the UK NEQAS for Neural Tube defects over
a period of months, ranked according to the AFP MoM.
Data from January 2021 to April 2022.

AFP AFP MoM Recommendation
(kU/L) (% of laboratories)
No further action Further action

15.0 0.5 98.6 14

29.9 1.0 100.0 0.0

44.8 1.5 100.0 0.0

65.1 2.2 72.6 27.4

72.2 25 38.9 61.1

83.7 2.9 1.5 98.5

115.9 3.9 1.4 98.6

AFP, a-fetoprotein; MoM, multiple of the median

recommending no further action or further action, while
there is considerable variation near typically used cut-off
AFP MoMs for which the recommended range is from
2.0 to 2.5 in singleton pregnancies. (16). The variation
observed may reflect analytical differences or may relate
to use of different software versions in which algorithms
may vary slightly. In the UK NEQAS for Second Trimester
Down Syndrome screening, eleven different software
packages are available, with different versions of most
of these, e.g., 43 versions of the 11 different software
packages are currently in use.

Risks and recommendations for further action made
by individual participants are listed in Appendices to each
monthly report, with consensus defined as agreement
of 280% of respondents. The laboratory numbers of
participants who have submitted out-of-consensus
interpretations are listed in the monthly reports.

CONCLUSIONS AND FUTURE CHALLENGES

Data from the UK NEQAS schemes for Maternal Serum
Screening are encouraging, and suggest that laboratories
that provide this important range of tests generally perform
well. A major priority for the future includes improving
between-method agreement for analytes hCG3, PAPP-A
and PIGF through international standardisation initiatives.
Assessment of the effect of variation in lot numbers on
analytical results and use of different software packages
on risk estimates and recommendations for further action
would also be highly desirable.

ACKNOWLEDGEMENTS

We would like to thank all participants in these
schemes for their support and interest, members of our
Specialist Advisory Group for their much-valued input and
advice and colleagues in several laboratories who kindly
provide left-over clinical specimens for preparation of
specimens. We would especially like to thank John Seth

and Andy Ellis for the major part they both played in the
early development of these schemes.

CONFLICT OF INTEREST

None

REFERENCES

1. Cuckle H, Maymon R. Development of prenatal screening--A
historical overview. Semin Perinatol 2016;40:12-22.

2. Rolnik DL, Wright D, Poon LCY. ASPRE trial: performance
of screening for preterm pre-eclampsia. Ultrasound Obstet
Gynecol 2017;50:492-5.

3. Hill M, Wright D, Daley R, et al. Evaluation of non-invasive
prenatal testing (NIPT) for aneuploidy in an NHS setting: a
reliable accurate prenatal non-invasive diagnosis (RAPID)
protocol. BMC Pregnancy Childbirth 2014;14:229.

4. Screening for Fetal Chromosomal Abnormalities: ACOG
Practice Bulletin Summary, Number 226. Obstet Gynecol
2020;136:859-67.

5. Seth J, Sturgeon CM, al-Sadie R, et al. External quality
assessment of immunoassays of peptide hormones and
tumour markers: principles and practice. Ann Ist Super
Sanita 1991;27:443-52.

6. Sturgeon CM. External quality assessment of hormone
determinations. Best Pract Res Clin Endocrinol Metab
2013;27:803-22.

7. Human Tissue Act 2004 [updated 2004]. https://www.hta.
gov.uk/guidance-professionals/hta-legislation/human-tissue-
act-2004.(Last accessed: july 2022).

8. Healy MJ. Outliers in clinical chemistry quality-control
schemes. Clin Chem 1979;25:675-7.

9. Chemical Pathology NQAAP 2021. https://www.rcpath.org/
profession/committees/qapc/chemical-pathology-ngaap.
html. (Last accessed: july 2022).

10. PIGF-based testing to help diagnose suspected pre-
eclampsia. NICE Diagnostics guidance. 2016;DG23. https://
www.nice.org.uk/guidance/dg23 (Last accessed: july 2022).

11. Badrick T, Miller WG, Panteghini M, et al. Interpreting EQA-
Understanding Why Commutability of Materials Matters. Clin
Chem 2022;68:494-500.

12. UK NEQAS [Edinburgh]. Annual Review of Scheme Data.
1990-2021 http://edgas.org/.

13. IFCC. Standardisation of Pregnancy-Associated Plasma
Protein A (WG-PAPP A) https://www.ifcc.org/ifcc-scientific-
division/sd-working-groups/wg-papp-a/. (Last accessed: july
2022).

14. UK NEQAS [Edinburgh] Participants’ Handbook. 2021.
http://edqas.org/download/Participants%20Handbook %20
2021.pdf (Last accessed: july 2022).

15. Stavelin A, Riksheim BO, Christensen NG, et al. The
Importance of Reagent Lot Registration in External Quality
Assurance/Proficiency Testing Schemes. Clin  Chem
2016;62:708-15.

16. Driscoll DA, Gross SJ. Screening for fetal aneuploidy and
neural tube defects. Genet Med 2009;11:818-21.

biochimica clinica, 2022, vol. 46 SS1

$103





