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Linda A. Bradley, PhD, Chair1, Glenn E. Palomaki, BS2, and Geraldine A. McDowell, PhD3, ONTDWorking Group,
ACMG Laboratory Quality Assurance Committee

Key Words: open neural tube defects, maternal serum screening, prenatal diagnosis, genetic screening

Disclaimer: These standards and guidelines are designed primarily as an educational resource for clinical laboratory geneticists to help
them provide quality clinical laboratory genetic services. Adherence to these standards and guidelines does not necessarily ensure a
successful medical outcome. These standards and guidelines should not be considered inclusive of all proper procedures and tests or
exclusiveof otherproceduresand tests thatare reasonablydirected toobtaining the sameresults. Indetermining theproprietyofany specific
procedure or test, the clinical molecular geneticist should apply his or her own professional judgment to the specific clinical circumstances
presented by the individual patient or specimen. It may be prudent, however, to document in the laboratory record the rationale for any
significant deviation from these standards and guidelines.

This specific technical standards and guidelines statement is
intended to augment the current general American College of
Medical Genetics (ACMG) Standards andGuidelines for Clin-
ical Genetics Laboratories and to address validation guidelines
specific to second trimester maternal serum screening. Indi-
vidual laboratories are responsible for meeting the CLIA/CAP
quality assurance standards with respect to appropriate sample
documentation, assay validation, general proficiency, and
quality control measures.

ONTD2 BACKGROUND ON NEURAL TUBE DEFECTS

ONTD2.1 OMIM NUMBERS. 182940, Spina bifida; 206500
Anencephaly

ONTD2.2 BRIEF CLINICAL DESCRIPTION. Neural tube defects
(NTDs) result when the embryonic neural tube fails to close
properly by approximately 4 (four) weeks’ gestation. The clin-
ical consequences of NTDs are dependent on the site and se-
verity of the defect. Failed closure of the anterior neural tube
(anencephaly) is lethal and usually results in miscarriage, still-
birth, or early death. Defects lower along the neural tube may
be open or have a thin covering membrane (about 80% of
cases) or may be closed. Clinical effects of open spina bifida

(OSB) cover awide spectrum that can include paralysis, hydro-
cephalus, and incontinence. A second trimester maternal se-
rum screening program can aid in the identification of open
neural tube defects (ONTD): OSB and anencephaly.1

ONTD2.3 MODE OF INHERITANCE. Most cases of NTDs are spo-
radic and inheritance most likely is multifactorial. Kindreds
have been described that suggest autosomal or X-linked reces-
sive inheritance. NTDs also can be associated with specific sin-
gle gene disorders and chromosome disorders. Environmental
factors that increase the risk that a fetus will be affected with an
NTD include exposure to anticonvulsant medications (e.g.,
valproate) and inadequate maternal folate intake. Preconcep-
tional folic acid supplementation/fortification can reduce the
incidence of NTDs up to 80%, dependent on dose.2

ONTD2.4 LABORATORY DIRECTOR. Although the prenatal screen-
ing laboratory utilizes clinical chemistry methods such as en-
zyme immunoassays, the role of the laboratory extends beyond
the performance of the tests because the results require a
unique kind of interpretation. This interpretation puts the re-
sults of the test into the appropriate context of a priori risks as
determined by race, gestational age, and family history. The
laboratory director is often called upon to provide consulta-
tion regarding these risks and options for further action. To
address these unique requirements, the laboratory director
should meet the standards set out in Section B3 of the ACMG
Guidelines.When prenatal screening for ONTDs is performed
in a clinical chemistry laboratory inwhich the director does not
meet these standards, the laboratory should have a demon-
strated relationshipwith an individual who doesmeet the stan-
dards set out in Section B3 and who is available in a timely
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fashion to aid in interpretation and provide consultation when
requested.

ONTD2.5 SCREENING VERSUS DIAGNOSTIC TESTING. Prenatal test-
ing for ONTDs by measurement of alpha-fetoprotein (AFP) is
considered a screening test when performed inmaternal serum
and a diagnostic test when performed in amniotic fluid. The
distinction between a screening and a diagnostic test is impor-
tant because the goals and expectations for sensitivity, specific-
ity, costs, and acceptable level of invasiveness differ. Maternal
serum AFP screening results are not diagnostic of any condi-
tion. Rather, the screening process identifies pregnancies that
are at sufficient risk for ONTDs to warrant genetic counseling
and the offer of additional testing such as ultrasound and am-
niocentesis. The detection and false-positive rates of this
screening test will be a function of several factors, including
assay precision, the gestational age when the sample is ob-
tained, the method of gestational age assignment, and the AFP
cut-off level used to determine “screen positive” results. The
measurements of AFP and acetylcholinesterase (AChE) in am-
niotic fluid, in combinationwith ultrasound, are diagnostic for
fetal ONTDs.3

ONTD3 SECOND TRIMESTER MATERNAL SERUM
SCREENING FOR OPEN NEURAL TUBE DEFECTS

Prenatal screening for ONTDs is best implemented in the
context of a comprehensive program that coordinates preana-
lytic, analytic, and postanalytic components of the process.

ONTD3.1 PATIENT AND PROVIDER INFORMATION.

ONTD3.1.1 Patient information. Laboratories should ei-
ther provide educational materials (e.g., brochures, videotape)
for use by patients in consultation with their providers or, at a
minimum, provide information about where such materials
can be obtained.Many laboratories and professional organiza-
tions (e.g., ACOG, National Society of Genetic Counselors,
regional genetics groups) have produced, and in some cases
formally evaluated, materials that are in effective formats, at
appropriate reading levels, and available inmultiple languages.
These materials provide general information about the disor-
der, test performance, patient rights, eligibility, test interpreta-
tion, treatment options, costs, risks and benefits of testing, and
what to expect if the screening test is positive.

ONTD3.1.2 Informational materials for health care pro-
viders. Laboratories should supply providers with informa-
tional materials that include the following:

ONTD3.1.2 (a) Detailed information about the sampling
process and how samples should be labeled and transported to
the laboratory;

ONTD3.1.2 (b) Samples of test requisitions that must ac-
company samples to provide information needed for identifi-
cation and accurate test interpretation;

ONTD3.1.2 (c)General information on testing, such as lab-
oratory turn-around time and whether results will be phoned/
faxed or mailed;

ONTD3.1.2 (d) Information about expectations for test per-
formance (sensitivity, specificity, and failure rate) and report-
ing formats.

ONTD3.1.3 Informed consent. Patients should be in-
formed about the benefits and limitations of prenatal screen-
ing before testing. It is the duty of the health care professional,
not the laboratory, to inform and obtain consent for testing,
but the laboratory may be required to document such consent
(e.g., in New York state). It is the laboratory’s responsibility to
provide sufficient information about prenatal screening to the
health care provider to ensure that an appropriate specimen is
obtained and to facilitate educating the patient and obtaining
informed consent.

ONTD3.1.4 Requisition forms and intake information.
For themost reliable interpretation, laboratories should have a
mechanism to collect pretest clinical information that in-
cludes:

ONTD3.1.4 (a) Basic required demographic information
(see Sections C2.4 and C3);

ONTD3.1.4 (b) Gestational age (see also Section
ONTD3.5.3.3);

ONTD3.1.4 (c)Maternal weight;

ONTD3.1.4 (d)Maternal race (at least Caucasian and Afri-
can American);

ONTD 3.1.4 (e) Presence of maternal insulin dependent di-
abetes mellitus prior to pregnancy;

ONTD3.1.4 (f)Number of fetuses;

ONTD3.1.4 (g)Previous screening in the current pregnancy
(e.g., initial or repeat serum sample);

ONTD3.1.4 (h) Family history of NTDs.

The laboratory may choose to contact health care providers
if critical patient information does not accompany the speci-
men. If the laboratory does not obtain this information, the
written report should indicate that the information is missing
andwhat information, if any, was used in the interpretation. In
some cases, including information on the report about the po-
tential impact of the missing information may be warranted
(e.g., maternal weight, race). In other cases, full interpretation
may not be possible (e.g., no gestational age).

ONTD3.2 SPECIMEN COLLECTION AND TRANSPORTATION.

ONTD3.2.1 Specimen collection. Blood samples should be
collected using standard phlebotomy techniques. The labora-
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tory should specify what samples are acceptable (e.g., whole
blood, serum separator tube, spun serum separator tube).
Specimen containers should be labeled with the patient’s name
and draw date.

ONTD3.2.2 Specimen transportation. Acceptable speci-
men handling from collection site to the laboratory should be
specified, including packaging, mode of transportation (e.g.,
courier, United States mail, overnight transport), and temper-
ature range (AFP is very stable and samples can be shipped at
ambient temperature).

ONTD3.3 SPECIMEN PROCESSING AND STORAGE.

ONTD3.3.1 Criteria for sample rejection. Variables that
can affect the acceptability of a sample for ONTD screening or
a specific AFP assay protocol should be established by the lab-
oratory andmay include both clinical (e.g., gestational age out
of range) and sample-related characteristics (e.g., inappropri-
ate sample type, insufficient quantity, gross hemolysis). See
also Sections C2.4 through C2.6.

ONTD3.3.2 Specimen processing. Protocols should be de-
signed to avoid contamination, tampering, or substitution.
Handling samples must be in accordance with OSHA guide-
lines, with the express understanding that any human fluids
may harbor infectious agents.

ONTD3.3.3 Sample stability. AFP can be reliably deter-
mined in sera stored at 4° to 8°C for several days and at �20°C
for years. See also Sections C2.5 through C2.6.

ONTD3.3.4 Establishment of laboratory policies regard-
ing specimen retention. See Sections C2.7 through C2.8 for
more information.

ONTD3.4 ASSAY METHODOLOGIES.

ONTD3.4.1Detailed analytic procedures. Guidance onde-
veloping assay protocols is available. See C5, C6, and C8.3
(Validation).

ONTD3.4.2 Methodology and reagents. In the United
States, the FDA licenses AFP kits as an aid in the diagnosis of
ONTDs. As Class III devices, these kits are approved to reliably
measure AFP in second trimester maternal serum samples and
amniotic fluid. Available kits include immunometric and ra-
dioimmunoassay methods, all capable of measuring AFP reli-
ably in the range of values important for ONTD screening (25
to 150 IU/mL).

ONTD3.4.3 Standards and calibration procedures. AFP
standards can be calibrated in either mass units (ng/mL) or
International Units (IU/mL). Each AFP kit manufacturer pro-
vides a factor for converting mass units into International
Units. Conversion factors should be consideredmanufacturer-
specific. Commercially available AFP kits provide calibrators
and specific calibration protocols. Laboratories utilizing assays

developed in their own laboratory (“home brew”) or modify-
ing AFP kit assay protocols, are responsible for determining
calibration protocols and validating performance.

ONTD3.4.4Preparation, characterization, anduseof controls.

ONTD3.4.4.1 Assay controls. In-house pooled controls,
commercially available controls, or controls received in kits
serve as checks on reagents and technical performance. Advan-
tages of in-house pooled controls include a sample matrix that
more closely resembles patient samples, AFP levels set for
ONTD clinical action points, and control lots prepared with
long expiration dating to aid in assessment of kit master re-
agent lot changes and long-term assay drift. An alternative for
long-term monitoring is commercial controls bought in suffi-
cient quantity to last a year or more.

ONTD3.4.4.2 Repeat assay controls. Repeat assay controls
(RACs) are also helpful for monitoring performance variabil-
ity. To assess short-term performance, unfrozen patient sam-
ples are chosen at random from recent assays and reassayed to
monitor intra- and interassay precision. Because serum AFP
levels are stable when frozen and thawed, reassaying stored
patient samples from the time periodwhen the currentmedian
values were established can help to identify long-termdrift and
determine if reference data need to be updated.

ONTD3.4.4.3 Concentration of AFP. Each batch assay
should contain at least two quality control samples that fall at
clinical action points (three controls may be required to com-
ply with some licensure requirements). For example, low con-
trols could be targeted at serum AFP values falling at 0.5 mul-
tiples of the median (MoM) for 16 weeks of gestation. Normal
or midrange controls could be targeted near the 16-week me-
dian (1.0 MoM), and high controls at a value near commonly
used ONTD cut-off levels (2.0 to 2.5 MoM).

ONTD3.4.4.4 Characterization of control materials. After
preparation and aliquoting, performance ranges for in-house
pooled controls can be set using standard clinical laboratory
quality control approaches. Controls received with AFP kits
have an acceptable target range specified by the manufacturers
but laboratories may wish to establish an in-house range. This
information is used to accept or reject individual control re-
sults or a whole assay so care should be taken to set appropriate
ranges and avoid unnecessary result rejection.

ONTD3.4.5 Quality control.

ONTD3.4.5.1 Type and frequency of quality control as-
sessments. Standard approaches used in the clinical laboratory
are appropriate for internal quality control (QC) ofAFP assays,
including the type and frequency of assessments.

ONTD3.4.5.2 Measures of repeatability both within and
between batch assays. As part of the initial method validation,
the laboratory should demonstrate that intra- and interassay
variation reported by the manufacturer can be reproduced.
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ONTD3.4.5.3Routineequipmentcalibrationandpreventive
maintenance. Standard approaches to routine equipment cal-
ibration and preventive maintenance used in the clinical labo-
ratory are appropriate. In many cases, calibration and mainte-
nance protocols are set by the product/equipment
manufacturer (see Section ONTD3.4.3).

ONTD3.5 ASSAY RESULTS.

ONTD3.5.1 Converting assay results to multiples of the
median. In order for AFP measurements to be interpreted,
each result in mass or International Units must first be con-
verted to a MoM for a given gestational age. The resulting
MoM levels can then be adjusted for other factors, such as
maternal weight.

ONTD3.5.2 Normative data. It has been established that
values obtained from different lots from the same manufac-
turer or from different manufacturers may demonstrate sys-
tematic bias. Therefore, it is essential that each laboratory es-
tablish its own normative data or, at a minimum, demonstrate
that data obtained from another source are appropriate for its
screened population.

ONTD3.5.2.1 Source ofmedians. Maternal serumAFP lev-
els increase by a constant percentage per week (approximately
10% to 15%) in the second trimester.

ONTD3.5.2.2 Sample size. Package insert (commercial)
medians should not be used, even for a short time. Several
methods exist that can be utilized to establish reliablemedians.

ONTD3.5.2.3 Computing medians. Ideally, 100 samples
for each gestational week from 15 through 20 would be used to
calculate median values. Because AFP is stable, it is possible to
use stored frozen specimens collected over several years. It is
not necessary that all samples used be from unaffected single-
ton pregnancies. Using regression analysis (see ONTD3.5.2.4)
allows use of fewer samples (e.g., 300 over the 15- to 20-week
period) to establish reasonable medians.4

ONTD3.5.2.4 Expected change in medians by gestation.
“Smoothing” the observed median values by weighted log-lin-
ear regression analysis (logarithms of medians regressed vs.
gestational age in days or completed weeks, weighted by the
square root of the number of observations in each category)
provides reliable and accurate medians. This method also al-
lows median values to be extrapolated for weeks in which little
data are available. Usingmedian values that are specific to each
day of gestation will further improve screening performance.

ONTD3.5.3 Variables that have significant impact on cal-
culation of the MoM level.

ONTD3.5.3.1 Time of testing. The optimal time for ONTD
screening is 16 to 18 weeks but screening is acceptable between
15.0 and 20.9 weeks.1 Screening performance is significantly
decreased in the 14th week of gestation. Under special circum-

stances, laboratories may accept samples later than 20 weeks
gestation with the understanding that clinical options may be
limited.

ONTD3.5.3.2 Gestational age. Gestational age may be ex-
pressed in completed weeks (15 weeks and 5 days is 15 com-
pleted weeks). Expressing results in rounded weeks (15 weeks
and 5 days is 16 weeks) is not recommended. Screening perfor-
mance is improved by expressing gestational age as weeks and
days or decimal weeks (15 weeks and 5 days is 15.7 weeks).

ONTD3.5.3.3 Dating method. The most common method
for determining gestational age is dating by the first day of the
last menstrual period (LMP). Although LMP dating is suffi-
ciently accurate for ONTD screening, gestational age estima-
tion based on ultrasound measurements is more accurate and
its use improves both the sensitivity and specificity of screen-
ing. Ultrasoundmeasurement of crown-rump length (CRL) in
early pregnancy provides an accurate estimate of gestational
age. In the second trimester, ultrasound dating based on mul-
tiple measurements (composite) is accurate to within 10 days.
Composite ultrasound dating is preferable to LMP dating. For
ONTD screening, ultrasound dating based on biparietal diam-
eter (BPD) measurement alone is recommended for pregnan-
cies at 14 weeks gestation or later, or when the LMP is uncer-
tain or discrepant with physical examination. BPDdating rules
out anencephaly and because OSB cases have, on average, BPD
measurements equal to a 2-week younger fetus, dates based on
BPD can significantly improve detection of open spina
bifida.5,6

ONTD3.5.3.4 Incorporating dating method. The method
of determining gestational age can be taken into account when
providing interpretations in two ways. First, separate medians
can be calculated for those pregnancies dated by LMP and
those dated by ultrasound measurements. Secondly, separate
Gaussian population parameters can be utilized in determin-
ing risk (see Sections ONTD3.5.5.2 through ONTD3.5.5.3).

ONTD3.5.4 Factors that may be used to adjust the MoM
levels. The following are interpretive refinements based on pa-
tient demographics and other pregnancy-related information
that are less critical than taking gestational age into account,
but will improve screening performance by optimizing the in-
terpretation. Currently, most laboratories take the following
factors into account.

ONTD3.5.4.1 Maternal weight. AFP levels are, on average,
higher in lighter weight women and lower in heavier weight
women. Adjusting AFP values for maternal weight improves
ONTD screening performance and is recommended.7–9 Labo-
ratories should only utilize published weight adjustment for-
mulas for a short time until in-house data are collected and
new laboratory-specific formulas derived.

ONTD3.5.4.2 Maternal race. Correction for maternal race
is recommended, because AFP levels in Black/African Ameri-
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can women are about 10% to 15% higher than in Caucasian
women.7,10 If sufficient data are available, the preferred adjust-
ment method is to calculate a separate set of medians for each
of the groups. If too few observations are available in one of the
groups, a correction factor can be applied to the MoM when
screening those pregnancies.

ONTD3.5.4.3Maternal insulin-dependent diabetesmelli-
tus. Correction for maternal insulin-dependent diabetes mel-
litus (IDDM) is recommended. AFP levels have been reported
to be 10% to 20% lower in women with IDDM before and
during pregnancy.10 Most programs take this into account by
using an adjustment factor for AFP MoM levels in IDDM
women. There is no consensus on whether this correction
should be applied to gestational diabetic women.

ONTD3.5.4.4 Use of multiple correction factors to calcu-
late the MoM. Calculating MoM results for a 200-pound,
Black/African American woman with IDDM would require at
least three adjustments to the AFPMoM.7,10 Although data are
sparse, programs can make the assumption that the effects are
independent. Although most data are derived from studies of
mainly Caucasianwomen, the assumption is usuallymade that
a similar effect will be seen in Black/African American women.

ONTD3.5.5 Prenatal screening software for computing
and reporting patient-specific ONTD risk. Laboratories
should be able to compute risks for ONTD and OSB even
though they may not be routinely reported.11 Some licensing
agencies require routine reporting of the risk, and it is impor-
tant to be able to provide this information to health care pro-
fessionals for clinical counseling and pregnancy management.
The use of specialized software applications is generally con-
sidered a necessity for ONTD screening, due to the complex
nature of calculating and interpreting the results, the need for
patient-specific interpretive reports, and because of the large
number of samples processed.

ONTD3.5.5.1 ONTD risks. Patient-specific risks are gener-
ated by complex mathematical algorithms that are integral to
prenatal screening. Software to perform these calculations can
be obtained commercially or developed in-house. Software
must be verified before routine clinical use.

ONTD3.5.5.2 Risk algorithm. The commonly used algo-
rithm to assign a patient-specific risk utilizes the MoM results
(adjusted for variables such as weight and race as discussed
above) to calculate a likelihood ratio based on the overlapping
Gaussian distributions defined by the affected and unaffected
distribution parameters. The population or prior risk for OSB
or anencephaly is then multiplied by the corresponding likeli-
hood ratio to generate the patient-specific risks.11

ONTD3.5.5.3 Population parameters. Risk algorithms uti-
lize published or in-house population parameters for AFP, ex-
pressed as log means and log standard deviations of AFP dis-
tributions in unaffected pregnancies and in pregnancies

affected with OSB or anencephaly. Population parameters for
each of these disorders can vary based on the gestational age at
the time of testing and gestational dating method (see
ONTD3.5.7.1 and ONTD3.5.7.7).

ONTD3.5.5.4 Combinations of factors. There is no formal
consensus on which adjustments to the result or prior risk to
include, specifically how to include them or how inclusion
influences screening performance. These decisions are left to
the laboratory director.

ONTD3.5.6 Selection of screening cut-off levels. Defini-
tion of screen Positive and negative results: for ONTD screen-
ing, determination of “screen positive” resultsmost commonly
relies on AFPMoM cut-off levels. Few laboratories choose the
ONTD risk estimate as the screening variable.

ONTD3.5.6.1 AFP cut-off levels. Reasonable AFP cut-off
levels for ONTD screening range between 2.0 and 2.5 MoM.
Screen positive results are defined as those with an AFP MoM
greater than or equal to the cut-off level.

ONTD3.5.6.2 Prior risk. The prevalence, or background
risks may be higher or lower in certain populations. In such
cases, the screening cut-off level may be modified in order to
keep the risk of an ONTD at the cut-off roughly equal (isorisk
screening). Either approach is acceptable, but the laboratory
should understand the trade-offs associated with the different
approaches. For example, Black/African American pregnan-
cies are at about half the risk of ONTDs. Screening programs
that use a 2.0MoM cut-off level in Caucasian pregnancies may
use 2.5MoM for Black/African American pregnancies because
the risk is similar for the two groups at these specified levels.
Another approach is to keep the cut-off level the same in order
to maintain the detection rate for ONTDs at the cut-off equiv-
alent (isodetection screening). In the previous example, mod-
ifying the cut-off level in Black/African American pregnancies
would reduce both detection and false-positive rates. Keeping
the cut-off level at 2.0 MoM would maintain both rates.

ONTD3.5.7 Modifying factors are important to under-
stand. Thesemay be genetic or environmental. Several of these
have been discussed already.

ONTD3.5.7.1 Time of testing. The optimal time for ONTD
screening is 16 to 18 weeks.1 Before that time, the unaffected
and OSB populations have more overlap. This has the effect of
decreasing screening performance, particularly in the 14th
week of gestation. After 18 weeks of gestation, performance is
relatively unchanged but fewer clinical options may be
available.

ONTD3.5.7.2 Maternal weight. Recent large studies have
shown that obese women have a 2- to 3-fold increase risk of
ONTDs.12,13
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ONTD3.5.7.3 Maternal race. The birth prevalence of
ONTDs in the Black/African American population is approx-
imately half of the prevalence in Caucasians.14

ONTD3.5.7.4 Maternal IDDM. The birth prevalence of
ONTDs is increased several-fold in women with IDDM.15,16

ONTD3.5.7.5 Multiple gestation. Twin pregnancies are
known to haveAFP levels approximately two times the levels in
singleton pregnancies. Distribution parameters for serumAFP
measurements have been defined for unaffected twin pregnan-
cies and for twin pregnancies in which one or both of the fe-
tuses are affected with OSB or anencephaly.17 The birth prev-
alence of ONTDs is also higher in twin pregnancies, with one
report estimating that an ONTD is 2.28 times more likely than
in a singleton pregnancy. Maternal serum AFP cut-off levels
for recommendation of amniocentesis should be determined
separately for twin pregnancies (generally, cut-off levels fall
between 4.0–5.0 MoM). Other factors, such as the acceptabil-
ity of performing amniocentesis on twin gestations and the
difficult options should one affected fetus be identified, should
also be considered.

ONTD3.5.7.6 Repeat testing. Obtaining a second specimen
for repeat testing may be beneficial when the initial specimen
has a slightly elevated AFP (relative to the screening cut-off
level) and the gestational age is early enough to allow time for
appropriate follow-up. Most laboratories do not combine re-
sults for the two tests but rather use a simple set of rules for
interpreting results of repeat testing. Methods for combining
the results of the two tests have been published,11 and the lab-
oratory should develop a policy that indicates themethod to be
used. If the pregnancy was originally misdated and the new
gestational age is too early for interpretation (e.g., 14 weeks or
earlier), the subsequent sample can be considered to be the first
usable sample.

ONTD3.5.7.7 Family history. Family history of ONTDs
may increase the prior risk, depending on the number of af-
fected relatives and the degree of relatedness. Family history
can be incorporated into the ONTD risk estimate using pub-
lished algorithms. The laboratorymay include a recommenda-
tion for genetic counseling if a positive family history is
identified.

ONTD3.5.7.8Methodof assigning gestational age. Assign-
ing gestational age based on ultrasoundmeasurements has the
effect of “tightening up” the distribution of AFP measure-
ments in both unaffected and affected pregnancies. For this
reason, separate sets of distribution parameters can be used for
LMP and ultrasound dated pregnancies. Ultrasound dating
based on biparietal diameter (BPD) measurement reduces the
false-positive rate and significantly increases the detection rate
for open spina bifida. BPD dating rules out anencephaly and
(because spina bifida cases have, on average, BPD measure-
ments equal to a 2-week younger fetus) gestational age esti-

mates based on BPD improve detection on OSB at any screen-
ing cut-off level. Other ultrasound measurements (e.g., crown
rump length or multiple second trimester measurements) can
reliably date the pregnancy but do not have this unique advan-
tage of BPD dating.

ONTD3.5.7.9 Geographic location. In the United States,
the overall incidence of ONTD is between 0.5 and 1.5 per 1000
births. The frequency is lowest in the Western United States
and increases to the South and East, with the highest rates
occurring in the Southern Appalachian states.14

ONTD3.5.8 Technical limitations of the methodology for
the intended use. Because of the impact of as little as 10%
systematic change in assay results on detection and screen pos-
itive rates, laboratories need to select AFP kits for maternal
serum screening to meet performance requirements that are
more stringent than for other intended uses. Kits need to be
both precise and relatively accurate (different kits neednot give
identical values on the same sample provided in-house refer-
ence data are established using the same kit). Because AFP
MoMvalues are calculated using reference data collected in the
past, it is also important that kits/reagents are stable over a long
period of time, and that lot-to-lot variability is minimized.

ONTD3.5.9 Long-term assessment of variability and per-
formance.

ONTD3.5.9.1 Assay controls. In-house pooled controls (or
commercial products obtained in sufficient quantity to last a
year ormore) and repeat assay controls (RACs) are valuable for
monitoring long-term assay drift and lot-to-lot variability (see
ONTD3.4.4.1 through ONTD3.4.4.4).

ONTD3.5.9.2 Normative data review. Median values
should be reviewed at regular intervals by the laboratory and
recalculated at least annually. Medians should be recalculated
if there is a shift in AFP values � 10%, or a shift between 5%
and 10% that is consistent over time (whether due to observed
assay drift or reagent lot change). Shifts in AFP values can be
monitored by computing the overall median MoM level (see
ONTD3.5.9.4). Observations from the past should be used to
calculate medians only if epidemiological monitoring shows
the median MoM has been stable for the time period over
which themedian values are calculated. Alternativemethods of
revisingmediansmay be necessary if a significant shift has been
observed (see ONTD3.5.9.4).

ONTD3.5.9.3 Evaluating medians with new AFP reagent
lots. Between 25 and 50 patient samples and current controls
can be assayed on the old and new kit/reagent lot and the rela-
tionship between the two examined using techniques of regres-
sion analysis and method comparison. This relationship can
then be applied to the existing medians to derive newmedians
that can be used until sufficient data are available for the
proper optimum analysis (see ONTD3.5.2.2).
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ONTD3.5.9.4 Epidemiological monitoring. In order to
monitor assay and program performance and to identify pos-
sible areas of concern, screening programs must perform epi-
demiological monitoring.4 Such monitoring, at a minimum,
should include the following:

ONTD3.5.9.4 (a) Periodic computation (monthly or weekly,
depending on numbers of samples processed) of themedianAFP
MoM, determination of the statistical significance of any devia-
tion from 1.00, and documentation of any necessary corrective
action;

ONTD3.5.9.4 (b) Periodic computation of the rate of initial
positive results and comparison of that rate to expected pub-
lished rates, after taking into account variables such as the
screening cut-off level used and the proportion of pregnancies
dated by ultrasound.

ONTD3.5.10Long-termmonitoring. In recent years, stricter
privacy and confidentiality policies and in some cases laws
have made it much more difficult to collect pregnancy out-
come information and even information regarding follow-up
ofmedical procedures (such as ultrasound and amniocentesis)
performed subsequent to positive screens. If possible, labora-
tories should collect pregnancy outcome information on the
women with initial screen positive results. This information
might include the proportion of pregnancies reclassified as
screen negative, the diagnostic testing uptake rate, and the
number of affected pregnancies identified either in the second
trimester or at term. For those laboratories that have sufficient
resources, complete pregnancy follow-up is recommended
and will allow the determination of the ONTD detection rates.
An alternative approach acknowledged by some regulatory

agencies is to utilize epidemiological monitoring data as per-
formancemeasures.18 This can be accomplished by comparing
published rates with in-house statistics for suchmeasurements
as the median MoM for each analyte, population parameters
(log means and log standard deviations) and the initial and
revised positive rates (see DS3.5.7.4).

ONTD3.5.11 Failure rates for different sample types. Few
published data exist from screening programs but AFP kit
manufacturers do provide information about acceptable sam-
ple types (e.g., serum vs. plasma), minimum sample volumes
required, and conditions that can affect assay performance
(e.g., hemolysis). Because laboratories should have specific
sample processing protocols, many identifiable problem sam-
ples will be rejected before testing. Other testing “failures,”
such as results falling below the lower limit of sensitivity of the
assay due to a sampling error, are likely to be uncommon and
can be resolved by repeat testing. In rare cases, a second sample
may be requested.

ONTD3.5.12 External proficiency testing. Each laboratory
must participate in one or more of the external proficiency
testing programs that evaluate assay performance for serum

AFP in the second trimester. If this is not possible, the labora-
tory must utilize other recommended external proficiency
testing methods, such as scheduled interlaboratory compari-
sons or split sample analysis with another laboratory (see Sec-
tion C4).

ONTD3.6 ANALYTIC VALIDITY. The analytic validity of a genetic
test defines its ability to accurately and reliably measure a spe-
cific analyte that is to be used clinically. Each laboratory is
responsible for in-house validation of a test methodology but
information in the package insert of an FDA-approved kit or
from the literature can be used as supporting evidence.

ONTD3.6.1 Analytic sensitivity. Analytic sensitivity is
commonly defined in the laboratory as an assay’s lower limit of
detection. However, in the context of maternal serum screen-
ing, we are defining analytic sensitivity as the proportion of
samples with elevated AFP levels that are correctly classified as
being high. Analytic sensitivity can be determined using sam-
ples with high consensus AFP levels (e.g., selected proficiency
testing samples).

ONTD3.6.2 Analytic specificity. Analytic specificity is
commonly defined in the laboratory as the extent to which a
method measures an analyte exclusively and does not cross-
react with other related compounds. However, in the context
of maternal serum screening, we are defining analytic specific-
ity as the proportion of samples with low or normal AFP levels
that are correctly classified as being low or normal.

ONTD3.6.3Confirmatory testing. Sampleswith results less
than the lower limit of sensitivity of the assay must be repeated
to rule out a technical error (e.g., sampling probe error) and to
confirm the value. Results above the highest standard on the
calibration curve must be repeated at dilution. Samples with a
high coefficient of variation between replicate values (generally
� 10%) are routinely repeated by some laboratories to confirm
the value. Many laboratories also repeat samples with AFP
MoM levels greater than the specified ONTD cut-off level.
Confirmatory testing is a consideration for themajority of lab-
oratories utilizing methodologies that test in singlicate, in or-
der to minimize analytic errors.

ONTD3.6.4 Assay robustness. Assay robustness measures
how resistant testing is to small changes in preanalytic and
analytic variables. In an attempt to define performance re-
quirements and minimize possible impact on assay perfor-
mance (e.g., analytic validity, reproducibility, failure rates),
laboratories should consider the effects of common variables,
such as sample type, sample handling (e.g., transit time or con-
ditions), sample quality, reagent lots, or minor changes in as-
say conditions (e.g., timing or temperature).

ONTD3.7 CLINICAL VALIDITY. The clinical validity of a test defines
its ability to accurately and reliably identify the clinical pheno-
type of interest. In this instance, it is the ability of maternal
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serumAFPmeasurements to identify pregnancies in which the
fetus is affected with an ONTD.

ONTD3.7.1 Clinical sensitivity. Clinical sensitivity is the
proportion of pregnancies with an ONTD that have a positive
test result.

ONTD3.7.2 Clinical specificity. Clinical specificity is the
proportion of unaffected pregnancies identified by the test as
being negative.

ONTD3.7.3 Screening performance. Clinical sensitivity
(detection rate) and clinical specificity (1� false-positive rate)
will depend on many factors, including the MoM cut-off level
chosen, the method of estimating gestational age, and the ges-
tational age at screening.

ONTD3.7.3.1. Using either common ONTD screening cut-
off level (2.0 or 2.5MoM), the detection rate for anencephaly is
expected to be 95% or greater. The detection rate for OSB is
expected to be between 75% and 90%using a 2.0MoM screen-
ing cut-off level, and between 65% and 80% using a 2.5 MoM
cut-off level. False-positive rates are expected to be between
2% and 5% and between 1% and 3%, respectively.4 These rates
are influenced by many factors (e.g., gestational age at screen-
ing, dating method) that have been discussed earlier.

ONTD3.7.3.2. As the proportion of ultrasound dating in-
creases (especially the use of biparietal diameter), the detection
rate moves toward the upper end of the above ranges and the
false positive rate moves toward the lower end of these ranges.

ONTD3.7.4 Positive predictive value and negative predic-
tive values. The positive predictive value and negative predic-
tive value of AFP testing in the target population measure the
ability of the test to give accurate clinical information.

ONTD3.7.4.1 Positive predictive value. Thepositivepredic-
tive value (PPV) is the proportion of positive test results that cor-
rectly identify a pregnancy with an ONTD [true positives / (true
positives� false positives)]. The PPV can also be expressed as an
odds ratio and is referred to as the odds of being affected given a
positive result (OAPR). The PPV andOAPR are computed using
theprevalence ofOSBandanencephaly and the respective clinical
sensitivity and specificity. In general, PPVs are between 0.5% and
1%(OAPRof1:200 to1:100).Asanexample, considera screening
cut-off level that is found to have a clinical sensitivity for OSB of
80% with a corresponding clinical specificity of 96%. The preva-
lence of OSB is 1:2000 pregnancies. The PPV is approximately
equal to [clinical sensitivity / (1 � clinical specificity) � preva-
lence]. For this example, that would be 80/4:2000 or 20:2000 or
1:100 or about 1%. Standard epidemiology texts provide a more
complete discussion.

ONTD3.7.4.2 Negative predictive value. The negative pre-
dictive value (NPV) is the proportion of negative tests that
correctly identify an unaffected pregnancy [true negatives /

(true negatives � false negatives)]. Because the prevalence of
the conditions being screening for (OSB and anencephaly) is
low, the NPV is generally not computed.

ONTD3.7.5 Factors that impact testing. It is important to
understand any genetic, environmental or other modifying
factors that impact testing.

ONTD3.7.5.1 Race and family history. Race and family his-
tory can impact testing by changing the prior risk forONTDs. See
Sections ONTD3.5.4.2, ONTD3.5.6.2, ONTD3.5.7.2, and
ONTD3.5.7.6.

ONTD3.7.5.2 Twin pregnancies. Twinpregnancies are at in-
creased prior risk for ONTD. See ONTD3.5.6.2 and
ONTD3.5.7.5.

ONTD3.7.5.3FolatedeficiencycontributestotheONTDrisk
. Preconceptional supplementation/fortification with folic
acid reduces the incidence ofONTDs by up to 80%, dependent
on dose and NTD prevalence.2 Based on preliminary findings,
most geographic locations in North America can expect a re-
duction of approximately 20% to 30% from fortification.19

Incorporating data regarding folate fortification or supple-
mentation into patient specific risk calculations is left to the
discretion of the laboratory director.

ONTD3.8 RESULT REPORTING.

ONTD3.8.1 Recommended report formats. See Section
C8.5.7 (Validation). Final reports of test results must be clear
to a nongeneticist professional andmust include the following:

ONTD3.8.1 (a) Patient’s name, date of birth, and other
unique identifiers;

ONTD3.8.1 (b)Name of referring physician/health center to
receive the report;

ONTD3.8.1 (c) The test that is ordered;

ONTD3.8.1 (d) Type of specimen;

ONTD3.8.1 (e) Date when sample was obtained;

ONTD3.8.1 (f) Laboratory accession number(s);

ONTD3.8.1 (g)Demographic and pregnancy-related infor-
mation used in the interpretation (e.g., gestational age,method
of dating, maternal race, maternal weight);

ONTD3.8.1 (h) Analytic results in both mass units (e.g.,
ng/mL) and interpretive units (i.e., MoM) upon which all ad-
justments/corrections have been performed;

ONTD3.8.1 (i) Clinical interpretation, including whether
the result is screen positive or screen negative, the AFP MoM
level, and the MoM cut-off level. Reporting a patient-specific
risk is optional, but laboratories should be able to perform this
computation when requested
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ONTD3.8.2 Reporting screen negative results. Written re-
ports of screen negative results can be transmitted to the refer-
ring physician by US mail, courier, electronic transmission, or
overnight carrier.

ONTD3.8.3 Reporting screen positive results. Screen pos-
itive results should be promptly transmitted to the referring
health care provider, usually by phone and/or fax, within one
working day after completion of the test. Appropriate recom-
mendations for follow-up of screen positive results may in-
clude the following:

ONTD3.8.3 (a) If not already done, a dating ultrasound to
confirm gestational age and fetal viability and to rule out twins,
anencephaly, and other fetal defects;

ONTD3.8.3 (b) Repeat sampling when appropriate;

ONTD3.8.3 (c)Genetic counseling;

ONTD3.8.3 (d) Referral for targeted ultrasound examina-
tion;

ONTD3.8.3 (e)Amniocentesis with amniotic fluid AFP and
acetylcholinesterase testing.

ONTD3.8.4 Reclassification of positive results. Laborato-
ries should be aware of the potential problems associated with
reclassifying screen positivewomen as screen negative. There is
a chance of reclassifying a true positive as negative. Reclassifi-
cation usually occurs when an LMP-dated pregnancy is subse-
quently dated by ultrasound, and the difference between the
LMP and ultrasound dating exceeds a set standard. As guid-
ance to laboratories, reclassification should not be considered
unless the revised estimate of gestational age is different by at
least a week. Many laboratories use 10 days (e.g., 1.5 weeks) as
the standard. One way to help avoid reclassification and im-
prove overall screening performance is to encourage physi-
cians to base their initial gestational age estimates on ultra-
sound measurements.

ONTD3.8.5 Conditions other than ONTDs associated
with positive screening results.

ONTD3.8.5 (a) Pregnancy unaffected with ONTD; how-
ever, women with unexplained elevated AFP levels have an
increased incidence of poor pregnancy outcome (e.g., low
birth weight, preterm labor).

ONTD3.8.5 (b)Underestimated gestational dating.

ONTD3.8.5 (c)Multiple gestation.

ONTD3.8.5 (d) Recent fetal demise.

ONTD3.8.5 (e) Other abnormalities (e.g., omphalocele,
gastroschisis).20

ONTD3.9 CLINICAL UTILITY. Clinical utility addresses the risks
and benefits associated with testing in routine clinical practice.
This information may be requested by those ordering or pay-
ing for testing and the laboratory should be able to provide a
reasonably accurate summary of the published literature.
When clear gaps in knowledge exist, the laboratory may want
to collect data in such a way as to answer these questions in the
future. The following is a list of selected clinical utility topics
that often are applicable:

ONTD3.9 (a) Knowing whether pilot trials have been under-
taken and, if so, what the results were;

ONTD3.9 (b) Establishing or adopting quality assurance pro-
cesses that monitor the effectiveness of the laboratory’s ongoing
testing activities;

ONTD3.9 (c) Understanding possible adverse health or psy-
chosocial consequences of testing;

ONTD3.9 (d) What follow-up testing or interventions in
persons with positive and negative test results might be rea-
sonable;

ONTD3.9 (e)Understanding what is known about the financial
costs and economic benefits of testing.

ONTD3.10 ETHICAL, LEGAL, AND SOCIAL IMPLICATIONS. The lab-
oratory should be familiar with the ethical, legal, and social
issues regarding genetic testing in general and those specifically
applicable to maternal serum screening for ONTD. These may
include informed consent, insurability, discrimination, label-
ing, confidentiality, obligations to disclose, and complex coun-
seling issues. Legal issues such as patents, licensing, sample
ownership and storage, proprietary testing, and reporting re-
quirements should be carefully examined.

ONTD4 PRENATAL DIAGNOSTIC TESTING FOR OPEN
NEURAL TUBE DEFECTS IN AMNIOTIC FLUID

ONTD4.1 PATIENT AND PROVIDER INFORMATION.

ONTD4.1.1 Patient information. Patient information con-
cerning prenatal diagnostic testing is commonly provided as
part of counseling before amniocentesis. Many prenatal diag-
nostic centers and professional organizations (e.g., ACOG, re-
gional genetics groups) have produced and, in some cases, for-
mally evaluated educational materials (e.g., brochures,
videotapes) on amniocentesis and follow-up of positive
screening test results that are in effective formats, at appropri-
ate reading levels, and available in multiple languages.

ONTD4.1.2 Informational materials for health care pro-
viders. Laboratories should supply informationalmaterials for
providers that include the following:
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ONTD4.1.2 (a) Detailed information about how samples
should be collected, packaged, and transported to the labora-
tory;

ONTD4.1.2 (b) Samples of test requisitions that must ac-
company samples to provide information needed for accurate
test interpretation;

ONTD4.1.2 (c) General information on testing, such as
when reflex acetylcholinesterase (AChE) and fetal hemoglobin
testingwill be performed, turn-around times, andwhen results
will be phoned/faxed;

ONTD4.1.2 (d) Information about reporting formats and
expectations for amniotic fluid AFP and AChE test
performance.

ONTD4.1.3 Informed consent. Information about diag-
nostic testing for ONTDs is included as part of general in-
formed consent for amniocentesis. Collecting informed con-
sent is not the responsibility of the laboratory but laboratories
may want or need to document that the process has occurred.

ONTD4.1.4 Requisition forms and intake information.
For the most accurate result interpretation, laboratories
should have a mechanism to collect information that includes
the following:

ONTD4.1.4 (a) Name and other unique identifying infor-
mation;

ONTD4.1.4 (b) Sample collection date;

ONTD4.1.4 (c) Information to date the pregnancy, prefera-
bly by ultrasound measurement(s) (e.g., the date of the ultra-
sound and assigned gestational age on that day);

ONTD4.1.4 (d) Indication for testing (e.g., elevated serum
AFP, abnormal ultrasound findings, family history of NTD,
maternal anticonvulsant therapy);

ONTD4.1.4 (e) Name, address, and telephone/fax number
of referring health care provider or prenatal diagnostic center;

ONTD4.1.4 (f) Sample type and condition (e.g., spun or
unspun amniotic fluid, visibly bloodstained).

ONTD4.2 SPECIMEN COLLECTION AND TRANSPORTATION.

ONTD4.2.1 Specimen collection. Unspun amniotic fluid
aliquots are usually received from the cytogenetics laboratory.
Tubes should be labeledwith the patient’s name anddrawdate.
Amniotic fluid color and presence of any visible blood should
be noted; reddish or brown color may indicate the presence of
maternal or fetal blood contamination.

ONTD4.2.2 Specimen transportation. Acceptable speci-
men handling from the cytogenetics laboratory should be

specified, including acceptable aliquot tubes, mode of trans-
portation (e.g., courier, US mail, overnight transport), and
temperature. AFP in amniotic fluid is not as stable as inmater-
nal serum. Consequently, amniotic fluid samples should not
be held at room temperature any longer than necessary. Sam-
ples should be shipped on cool packs or kept frozen. Avoid
exposure to high temperatures if possible. Next day delivery is
advisable. AChE and pseudocholinesterase (PChE) is reason-
ably stable.

ONTD4.3 SPECIMEN PROCESSING AND STORAGE.

ONTD4.3.1 Criteria for sample rejection. Variables that
can affect the acceptability of a sample for a specific amniotic
fluid AFP testing protocol, or for AChE testing, should be es-
tablished by the laboratory (e.g., too long in transit).

ONTD4.3.2 Specimen processing. Protocols should be de-
signed to avoid contamination, tampering, or substitution.
Handling samples must be in accordance with OSHA guide-
lines, with the express understanding that any human fluids
may harbor infectious agents.

ONTD4.3.3 Sample stability. AFP andAChE can be reliably
assayed in AF stored at 4° to 8°C for days and at �20°C for
years.

ONTD4.3.4 Establishment of laboratory policies regard-
ing specimen retention. See Sections C2.7 and C2.8 for more
information.

ONTD4.4 ASSAY METHODOLOGIES.

ONTD4.4.1Detailed analytic procedures. Guidance onde-
veloping assay protocols is available. See Sections C5, C6, and
C8.3 (Validation).

ONTD4.4.2 Methodology and reagents.

ONTD4.4.2.1 Amniotic fluid AFP. See Section ONTD3.4.1
and ONTD3.4.2. Because amniotic fluid AFP levels are ap-
proximately 250 times higher than in maternal serum at 16
weeks, samples must be routinely diluted 1:50 to 1:200, de-
pending on the methodology used.

ONTD4.4.2.2 Acetylcholinesterase. The polyacrylamide
slab or disc gel electrophoresis method for identifying acetyl-
cholinesterase (AChE) is a second diagnostic test used along
with amniotic fluid AFP to detect ONTDs. AChE testing is
indicated when the amniotic fluid AFP levels exceed a specific
cut-off level, usually 2.0 MoM. Occasionally, AChE analysis
also is indicated when there is an increased prior risk of an
ONTD (e.g., elevatedMSAFP, abnormal ultrasound, or family
history), despite a normal amniotic fluid AFP level.
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ONTD4.4.2.2 (a) AChE and pseudocholinesterase (PChE)
are part of a group of isoenzymes, called cholinesterases, which
can be separated on polyacrylamide gel electrophoresis and
then incubatedwith a specific substrate, acetylthiocholine. The
resulting white bands can be directly visualized and photo-
graphed. Alternatively, the gels can be stained and photo-
graphed or preserved.

ONTD4.4.2.2 (b) PChE is normally found in the fetal and
maternal circulation, and is routinely visualized in all amniotic
fluid samples as a single band near the application site on poly-
acrylamide gel electrophoresis. In the absence of an open de-
fect, amniotic fluid contains only the nonspecific pseudocho-
linesterases.

ONTD4.4.2.2 (c) In pregnancies affected with an ONTD,
AChE leaks into the amniotic fluid from the open neural tube
or other open fetal defect (e.g., open ventral wall defect). The
AChE appears on polyacrylamide gel electrophoresis as a dis-
tinctive band below the PChE band.

ONTD4.4.2.2 (d)Occasionally, a nonspecific cholinesterase
band can appear in the AChE location on the gel (e.g., from
maternal blood), and if not correctly identified, can lead to a
false-positive test result. For this reason, identified AChE
bands are routinely confirmed using a specific AChE inhibitor
(i.e., BW282C51).

ONTD4.4.2.3 Fetal Hemoglobin/Kleihauer-Betke. A ma-
jor cause of borderline amniotic fluid AFP elevations and/or
false-positive AChE results is contamination of the sample
with fetal blood. Fetal blood AFP levels are more than 100
times higher than amniotic fluid levels. False-positive AChE
results occur in about 2%of visibly bloodstained samples com-
pared to only about 0.2% of samples that are not visibly blood-
stained. Testing for the presence of fetal hemoglobin is indi-
cated for samples with elevated amniotic fluid AFP levels,
visible red cell contamination, and some other indications
(e.g., unexplained elevated maternal serum AFP, reddish col-
ored amniotic fluid). Two approaches can be used to identify
fetal blood staining:

ONTD4.4.2.3 (a) If sufficient red cells are recovered froman
amniotic fluid specimen, the Kleihauer-Betke cytochemical
stainingmethod can be used to determinewhether the red cells
are maternal or fetal.

ONTD4.4.2.3 (b) In many cases, however, the amniotic
fluid sample will have been centrifuged before referral to the
AFP laboratory, and blood staining will not be evident. In such
cases, methods such as radial immunodiffusion using an anti-
body to fetal hemoglobin can be utilized to detect soluble he-
moglobin in the supernatant.21

ONTD4.4.2.3 (c) Kits are commercially available for both
Kleihauer-Betke (e.g., Sigma Diagnostics Fetal Hemoglobin
Kit) and soluble fetal hemoglobin (e.g., Helena Laboratories
HbF Quiplate Kit) testing.

ONTD4.4.3 Standards and calibration procedures.

ONTD4.4.3.1Amniotic fluidAFP. See SectionONTD3.4.3.

ONTD4.4.3.2 AChE. Not applicable; AChE is a nonquanti-
tative method.

ONTD4.4.3.3 Fetal hemoglobin. Fetal hemoglobin stan-
dards (0.5%, 5% and 10%) for calculating the reference curve
are commercially available.

ONTD4.4.4Preparation, characterization, anduse of con-
trols

ONTD4.4.4.1Amniotic fluidAFP. An in-house pooled am-
niotic fluid control should be prepared, aliquoted, and stored
frozen at �20°C. This material should be run with each batch
of AF samples as a control of the dilution process, whether the
assay is performed manually or on-board an automated sys-
tem. See also repeat assay controls, ONTD3.4.4.2.

ONTD4.4.4.2 AChE. Positive controls are AChE-positive or
weak-positive samples that have been coded to protect patient
confidentiality, aliquoted, and stored frozen at �20°C. Nega-
tive samples from recent assays can be used as negative
controls.

ONTD4.4.4.3 Fetal Hemoglobin/Kleihauer-Betke. Posi-
tive and negative soluble fetal hemoglobin controls can be ob-
tained from positive patient samples that have been coded to
protect patient confidentiality, aliquoted, and stored frozen at
�20°C, or by spiking amniotic fluid with fetal blood or fetal
hemoglobin calibratormaterial. Adult and fetal control red cell
smears for Kleihauer-Betke are prepared from adult whole
blood and fetal cord blood. The slides are dried, fixed, and
stored frozen.

ONTD4.4.5 Quality control.

ONTD4.4.5.1. Standard approaches used in the clinical lab-
oratory are appropriate for internal QC/QA of amniotic fluid
AFP, AChE, and fetal blood staining assays.

ONTD4.4.5.2. As part of the initial method validation, the
laboratory should demonstrate that intra- and interassay vari-
ation reported by theAFPkitmanufacturer can be reproduced.

ONTD4.4.5.3. Standard approaches to routine equipment
calibration and preventive maintenance used in the clinical
laboratory are appropriate. In many cases, calibration and
maintenance protocols are set by the product/equipmentman-
ufacturer (see ONTD3.4.3).
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ONTD4.5 ASSAY RESULTS.

ONTD4.5.1 Normative amniotic fluid AFP data. In order
for amniotic fluid AFP measurements to be interpreted, they
are first converted to MoM for a given gestational week. It has
been established that amniotic fluid AFP values obtained by
different kit manufacturers or different lots from the same
manufacturer may demonstrate systematic bias. Therefore, it
is essential that each laboratory establishes its own normative
data or at least demonstrates that data obtained from another
source are appropriate for its screened population.

ONTD4.5.1.1. Amniotic fluid AFP concentrations decrease
13% to 15%perweek from15 to 22weeks of gestation. Package
insert (commercial) medians should not be used, even for a
short time.

ONTD4.5.1.2. Ideally, 100 samples for each gestational
week from 15 through 20 would be used to calculate median
values. Because AFP is stable, it is possible to use stored frozen
specimens collected over several years. However, collecting the
above number of amniotic fluid samples is difficult, particu-
larly at the later gestational weeks, and fewer samples are likely
to be available. Regression analysis allows use of fewer samples
(e.g., 300 over the 15- to 20-week period) to establish reason-
able medians.

ONTD4.5.1.3. “Smoothing” the observed median values by
weighted log-linear regression analysis (logs of medians re-
gressed vs. gestational age in completed weeks, weighted by the
square root of the number of observations in each category)
provides reliable and accuratemedians, and allowsmedian val-
ues to be extrapolated for later gestational weeks in which little
data are available and for which the log-linear relationship
continues to be valid.

ONTD4.5.1.4. The median amniotic fluid AFP values from
12 to 14 weeks do not follow this model. Formulae have been
published for extrapolating medians for these earlier weeks
based on the smoothedmedians obtained for 15 to 20 weeks.22

ONTD4.5.2 Variables that impact results.

ONTD4.5.2.1 Time of testing. Amniotic fluid AFP results
can be reported in MoM levels from 11 to 25 weeks of gesta-
tion. The optimal time for detection of ONTDs is 13 to 22
weeks of gestation. The accuracy of testing before 13 weeks is
not well established and results should be reported with a
warning that diagnostic performance is poorly defined.23–25

ONTD4.5.2.2 Gestational age. For calculation of amniotic
fluid AFP MoM levels, gestational age is most commonly ex-
pressed in completed weeks (15 weeks and 5 days is 15 com-
pleted weeks).

ONTD4.5.2.3 Blood contamination. Because some eleva-
tions of amniotic fluid AFP and false-positive AChE results can
be explained by fetal blood contamination, health care provid-

ers and cytogenetic laboratories should be encouraged to sub-
mit unspun amniotic fluid samples for AFP analysis in order to
allow for the detection of fetal blood to be directly detected.
Alternatively, reflex testing to rule out fetal blood contamina-
tion using an assay for fetal hemoglobin should be performed
on samples with AFP elevations and/or positive AChE results,
particularly if there is a weak-positive AChE or inconsistency
of the pattern of results (e.g., elevated amniotic fluid AFP with
negative AChE).

ONTD4.5.2.4 Fetal calf serum contamination. In rare
cases, falsely positive AChE result may result from contamina-
tion of amniotic fluid with fetal calf serum (FCS).26,27 FCS is a
component of the culturemedium used by cytogenetic labora-
tories for culturing fetal cells and has a high concentration of
AChE. The usual source of FCS contamination of the amniotic
fluid aliquot is a tube or pipette in the cytogenetics laboratory
that has a residue of culture medium. Confirming FCS con-
tamination is performed by counter-immunoelectrophoresis
or electroimmunodiffusion utilizing an antibody to bovine se-
rum albumin (a protein found in FCS).

ONTD4.5.3Definition of positive and negative test results.

ONTD4.5.3.1 Amniotic fluid AFP. Abnormal amniotic
fluid AFP results usually are defined as elevations of 2.0 MoM
or greater. Amniotic fluid AFP results can be reliably inter-
preted between 13 to 25 weeks of gestation, provided the lab-
oratory has sufficient data to establish medians for the later
gestational ages. At a minimum, laboratories should be able to
interpret results up to 22 weeks of gestation.

ONTD4.5.3.2 AChE. A negative test result is defined by the
presence of a PChE band and no AChE band. A positive test is
defined by the presence of a PChE band and a weak or strong
positive AChE band. The test is considered uninterpretable if
the PChE band is absent or very weak. This pattern may be
observed in amniotic fluid samples that are diluted with fetal
urine, obtained very early in pregnancy, or mishandled (e.g.,
exposed to heat in transit).

ONTD4.5.3.2 (a) AChE results can be reliably interpreted
between 13 and 22 weeks of gestation. If the laboratory is able
to interpret amniotic fluid AFP up to 25 weeks of gestation,
ACHE results may be interpreted to 25 weeks as well.23–25

ONTD4.5.3.2 (b)While testing at 11 to 12 weeks has some
predictive power, sensitivity for predicting open defects is not
well defined, and the false-positive rate for AChE may be sig-
nificantly higher at this time.23–25 A limited interpretation,
with appropriate cautions, can be provided for amniotic fluid
samples at 23 weeks and later.

ONTD4.5.3.3 AChE densitometry. The relative densities of
the AChE andPChE bands, expressed as the AChE/PChE ratio,
are useful in distinguishing between ONTDs and open ventral
wall defects (OVWDs).28–30 Nearly all ONTDs have PChE and
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AChE bands and AChE/PChE ratios � 0.13. Nearly all
OVWDs have unusually heavy PChE bands and weak-positive
AChE bands, and ratios of 0.13 or lower. Ratios do not help to
identify false-positive AChE bands, found more commonly in
early amniocentesis (11 to14 weeks) and in samples contami-
nated with fetal blood.

ONTD4.5.4 Technical limitations of the methodology for
the intended use. Because amniotic fluid AFPMoMvalues are
calculated using reference data collected in the past, it is im-
portant that the kits/reagents selected are stable over a long
period of time and that lot-to-lot variability is minimized. It is
also important to determine that automated systems can per-
form the necessary dilutions of amniotic fluid samples and
achieve the precision and relative accuracy needed. This is es-
pecially important if samples are being run in singlicate.

ONTD4.5.5 Long-term assessment of variability and per-
formance.

ONTD4.5.5.1Amniotic fluidAFP assay controls. In-house
amniotic fluid pooled dilution control and RACs are valuable
for monitoring long-term assay drift and lot-to-lot variability
(see ONTD3.4.4.1 through ONTD3.4.4.4).

ONTD4.5.5.2 Normative amniotic fluid AFP data review.
Median values should be reviewed at regular intervals by the
laboratory director, and recalculated at least annually. Medi-
ans should be recalculated if there is a significant shift in am-
niotic fluid AFP values (whether due to observed assay drift or
reagent lot change). Observations from the past should be used
only if epidemiological monitoring shows the median MoM
has been stable (see ONTD3.5.9.4). Alternative methods of re-
vising medians may be necessary if a significant shift has been
observed (see ONTD3.5.9.3).

ONTD4.5.5.3 Evaluating medians with new AFP reagent
lots. Comparison data for amniotic fluid AFP can be used ap-
plying the same procedure as for serum AFP (see
ONTD3.5.9.3).

ONTD4.5.6 Epidemiologicalmonitoring. As part of epide-
miological monitoring, each laboratory should periodically
(weekly or monthly, depending on the number of samples
tested) compute the median amniotic fluid AFP MoM, deter-
mine the statistical significance of any deviation from1.00, and
document any necessary corrective action.

ONTD4.5.7 Failure rates. Failure rates for amniotic fluid
AFP and AChE testing are low, probably 1 in 1000 samples or
less. Testing failures are usually related to inadequate speci-
mens, due to sample mishandling (e.g., heating), gross con-
tamination with fetal blood, or a specimen that is not amniotic
fluid (e.g., urine).

ONTD4.5.8 External proficiency testing. Each laboratory
must participate in an external proficiency testing program(s)

that evaluates assay performance for amniotic fluid AFP,
AChE, and fetal hemoglobin, or must utilize other recom-
mended external proficiency testingmethods, (e.g., evaluation
of adult and fetal control red cell smears prepared from adult
whole blood and fetal cord blood on slides that are dried, fixed,
and stored frozen; scheduled interlaboratory comparisons; or
split sample analysis with another laboratory). See Section C4.

ONTD4.6 ANALYTIC VALIDITY. See ONTD3.6.

ONTD4.6.1 Analytic sensitivity. See ONTD3.6.1.

ONTD4.6.2 Analytic specificity. See ONTD3.6.2.

ONTD4.6.3 Confirmatory testing. See ONTD3.6.3.

ONTD4.6.4 Assay robustness. See ONTD3.6.4.

ONTD4.7 CLINICAL VALIDITY. See ONTD3.7.

ONTD4.7.1 Clinical sensitivity and specificity. See
ONTD3.7.1.

ONTD4.7.1.1 Screening performance for amniotic fluid AFP
alone. Using a cut-off level of 2.0MoM, detection rates forOSB
are expected to be 90%at 13 to 15weeks, 96%at 16 to 18weeks,
and 99% at 19 to 21 weeks. Associated false-positive rates are
expected to be about 1%, 2%, and 5%, respectively. The detec-
tion rate for anencephaly at this cut-off level is even higher.

ONTD4.7.1.2 Screening performance for amniotic fluid
AFP and AChE. When AChE testing is performed on all amni-
otic fluid specimens that have anAFP level of 2.0MoMor greater
and are free of fetal blood contamination, the detection rate for
OSB is 97%with a false-positive rate of�0.1%. In thepresenceof
visible bloodcontamination, thedetectionand false-positive rates
forOSBareabout91%and1.2%, respectively.3Thedetection rate
for anencephaly using this algorithm is even higher.

ONTD4.8 RESULT REPORTING.

ONTD4.8.1 Recommended report formats. See Section
C8.5.7 (Validation). Final reports of test results must be clear
to a nongeneticist professional andmust include the following:

ONTD4.8.1 (a) Patient’s name, date of birth, and other
identifying information;

ONTD4.8.1 (b) Name of referring health care provider/
health center to receive the report;

ONTD4.8.1 (c) Type of specimen;

ONTD4.8.1 (d) Date when sample was obtained;

ONTD4.8.1 (e) Laboratory accession number(s) to
uniquely identify the sample;

ONTD4.8.1 (f) Pregnancy-related information used in the
interpretation (e.g., gestational age);

ONTD4.8.1 (g) Indication for testing/procedure;
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ONTD4.8.1 (h) Analytic results in both mass units (e.g.,
KIU/mL or uG/mL) and interpretive units (i.e., MoM);

ONTD4.8.1 (i) Clinical interpretation including recom-
mendations for further studies.

ONTD4.8.2 Negative test results. Negative results are
usually not associated with reflexive testing, although there are
situations (e.g., family history of NTD) in which AChE and/or
fetal hemoglobin are routinely run even if amniotic fluid AFP
results are not elevated. Written reports of negative results can
be transmitted to the referring health care provider byUSmail,
courier, electronic transmission, or overnight carrier.

ONTD4.8.3 Positive test results. All positive test results (i.e.,
elevated amniotic fluid AFP and/or positive AChE) should be
promptly transmitted to the referring health care provider, usu-
ally byphone and/or faxwithinoneworkingday after completion
of the test. Optimally, elevated amniotic fluid AFP results are not
reporteduntil all reflexive testing is completed. If preliminary am-
niotic fluid AFP results are reported, there should be a clear indi-
cationonthereport that full interpretation isnotpossibleuntil the
results of reflexive testing are complete.

ONTD4.8.4 Other conditions associated with elevated
amniotic fluid AFP and/or positive AChE.

ONTD4.8.4 (a)Normal variation.

ONTD4.8.4 (b) Open ventral wall defects. Gastroschisis is
associated with very elevated amniotic fluid AFP; AChE is pos-
itive in over 95% of cases with A/P ratio � 0.13. Omphalocele
can have normal to elevated amniotic fluid AFP; AChE is neg-
ative in over 95% of cases but A/P ratio is � 0.13 when
present.31,3

ONTD4.8.4 (c) Congenital nephrosis. This is a rare condi-
tion associated with very elevated amniotic fluid AFP and neg-
ative AChE.31

ONTD4.8.4 (d) Fetal demise. AChE may be present and in-
hibits but there is usually also a smeared and streaked pattern
with some prominent anodal bands.

ONTD4.8.4 (e) Cystic hygroma fluid. Inadvertent aspira-
tion of hygroma fluid will result in very elevated amniotic fluid
AFP level and positive AChE (may appear like anencephaly).

ONTD4.8.4 (f)Fetal blood contamination (seeONTD4.5.2.3).

ONTD4.8.4 (g) Maternal blood contamination; can occa-
sionally result in a cholinesterase band in the AChE region, but
this band will not be inhibited by BW284C51.

ONTD4.8.4 (h) Fetal calf serum contamination (see
ONTD4.5.2.4).

ONTD4.8.5 Conditions associated with decreased or ab-
sent amniotic fluid AFP.

ONTD4.8.5 (a) Maternal urine. Performance of fern test
will help to identify the presence of urine.

ONTD4.8.5 (b) Congenital absence of AFP.

ONTD4.9 CLINICAL UTILITY. See ONTD3.9.

ONTD4.10 ETHICAL, LEGAL, AND SOCIAL IMPLICATIONS. See
ONTD3.10.

ONTD5 EXISTING GUIDELINES

American Academy of Pediatrics, Committee on Genetics:
Alpha-Fetoprotein Screening. Pediatrics 1987;80:444–445.

American College of Obstetricians and Gynecologists: Al-
pha-Fetoprotein. ACOG Technical Bulletin 154. Washington,
DC: ACOG, April 1991.
American Public Health Association: Maternal serum alpha-

fetoprotein screening, 1990 Available at: http://www.apha.org/
legislative/policy/policysearch/index.cfm?fuseaction�view&id�
1213.
American Society of Human Genetics: Policy statement for

maternal serum alpha-fetoprotein screening programs and
quality control for laboratories performing maternal serum
and amniotic fluid alpha-fetoprotein assays. Am J Hum Genet.
1987;40:75–82.
New York State Department of Health, Wadsworth Center,

Laboratory Standards, Rev 2000 Available at: http://www.
wadsworth.org/labcert/clep/Survey/standardseff12605.pdf
Accessed April 30, 2005.
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