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ALPHA-FETOPROTEIN TEST

Primary Disciplinary Field(s): Obstetrics, Clinical Chemistry, Genetics, Perinatology

1. Core Definition

The Alpha-Fetoprotein Test (AFP Test), commonly known as the Maternal Serum Alpha-

Fetoprotein (MSAFP) screen, is a fundamental biochemical analysis performed during the second

trimester of pregnancy, typically between 15 and 20 weeks gestation. This non-invasive blood test

quantifies the concentration of alpha-fetoprotein, a major fetal plasma protein, present in the

maternal serum. The primary clinical objective of the MSAFP screen is to assess the statistical

probability that the developing fetus may be affected by specific congenital anomalies, notably

open neural tube defects (ONTDs) and certain chromosomal aneuploidies such as Trisomy 21

(Down syndrome).

The test operates on the principle that the concentration of AFP crossing the placental barrier into

the maternal circulation remains relatively stable and predictable throughout gestation in healthy

pregnancies. Deviations from the expected reference range--specifically, levels that are abnormally

high or significantly depressed--serve as critical biomarkers signaling potential fetal or placental

pathology. It is imperative to understand that the AFP test is solely a screening instrument; it

provides a risk assessment rather than a definitive diagnosis. Consequently, any aberrant result

necessitates immediate confirmatory testing, typically involving high-resolution ultrasound or

invasive procedures like amniocentesis, to ascertain the true fetal status.

Accurate interpretation of the AFP result relies heavily on the normalization of the measured

concentration against established population medians for the precise gestational week. Results are

standardized and reported as a Multiple of the Median (MoM). Factors such as maternal weight,

race, the presence of insulin-dependent diabetes, and, most critically, accurate dating of the

pregnancy profoundly influence the MoM calculation. Failure to account meticulously for these

demographic and obstetric variables represents the leading cause of false-positive results,

underscoring the requirement for rigorous clinical correlation following the initial laboratory

analysis.

2. Biological Role of Alpha-Fetoprotein (AFP)

Alpha-fetoprotein is a glycoprotein synthesized initially by the yolk sac during early embryonic

development, with its production subsequently transferred predominantly to the fetal liver.

Functionally, AFP serves as the primary plasma protein in the fetus, analogous to albumin in

adults, facilitating the transport of vital molecules, including fatty acids, heavy metals, and various

steroids, throughout the fetal circulation. Additionally, AFP is hypothesized to possess

immunoregulatory properties, potentially playing a role in modulating the maternal immune
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response to prevent fetal rejection, although this mechanism remains a subject of ongoing

scientific investigation.

High AFP concentrations are intrinsic to fetal physiology, reaching their peak in fetal serum around

the 12th to 14th week of gestation before gradually declining. Trace amounts continually diffuse

across the placenta into the maternal bloodstream. However, in cases of structural fetal defects,

the integrity of the protective barrier surrounding the fetus is compromised, leading to an

uncontrolled leakage of AFP into the amniotic fluid. For instance, in an open neural tube defect, the

exposed neural tissue allows vast quantities of AFP to escape, which then rapidly elevates the

MSAFP level beyond the established normal MoM range.

The measurement window for the MSAFP screen is clinically restricted because the concentration

curve of AFP in the maternal serum is highly time-sensitive. Screening outside the optimal range

(15-20 weeks) significantly compromises the test's predictive accuracy. Understanding the kinetics

of AFP production and transfer--its source, its role as a carrier, and its passage across the

placenta--is essential for appreciating why quantitative changes in maternal serum concentration

are reliable indicators of underlying fetal health issues, particularly those affecting the structural

closure and integrity of major organs.

3. Historical Development and Screening Evolution

The clinical relevance of alpha-fetoprotein was first established in the context of oncology in the

early 1960s, where elevated levels were linked to hepatocellular carcinoma. However, the

revolutionary application of AFP screening in obstetrics emerged in the early 1970s following

definitive research that demonstrated a strong correlation between elevated maternal serum AFP

levels and the presence of severe open neural tube defects (ONTDs), such as anencephaly and

spina bifida. This discovery provided medical practitioners with the first practical, population-level

screening method capable of identifying these serious congenital anomalies non-invasively.

The utility of AFP expanded rapidly when researchers observed that, contrary to the high values

seen in NTDs, aberrantly low MSAFP concentrations were statistically correlated with an increased

risk for fetal chromosomal anomalies, most notably Down syndrome (Trisomy 21). This finding

expanded the scope of the test from solely identifying structural defects to encompassing genetic

risk assessment, fundamentally altering prenatal care protocols and leading to the development of

multi-marker screening strategies.

By the 1980s, the single AFP screen evolved into the "Triple Screen," which integrated the

measurement of AFP with two additional maternal markers: human chorionic gonadotropin (hCG)

and unconjugated estriol (uE3). This composite test significantly enhanced the screening sensitivity

and specificity for Down syndrome. Further refinement led to the "Quad Screen," which added

Inhibin A. While contemporary practices increasingly utilize non-invasive prenatal testing (NIPT)
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based on cell-free fetal DNA, the AFP-based multiple marker screens remain a vital, globally

accessible, and highly cost-effective method for initial population screening.

4. Clinical Interpretation of Elevated Levels

An MSAFP result that is classified as elevated--typically defined as a MoM exceeding 2.0 or 2.5,

depending on local laboratory standards--strongly suggests a pathological mechanism causing

excessive leakage of AFP from the fetus into the amniotic fluid and maternal serum. The

interpretation of such results prioritizes the identification of structural defects.

Open Neural Tube Defects (ONTDs): The most critical association is with ONTDs. In

anencephaly or open spina bifida, the failure of the neural tube to close leaves fetal tissues

exposed, resulting in the most pronounced elevations of AFP.

Abdominal Wall Defects: Conditions like gastroschisis and omphalocele, which involve defects

in the fetal abdominal wall allowing internal organs to protrude, also cause elevated AFP levels due

to the direct seepage of the protein through the exposed serosa.

Placental and Fetal Complications: Other potential causes include severe oligohydramnios,

multiple gestations (which mechanically increase the total AFP load), fetal demise, and placental

abnormalities, which compromise the barrier function between the mother and fetus.

Gestational Miscalculation: The most common non-pathological cause of an elevated result is an

underestimated gestational age. If the fetus is older than believed, the measured AFP will be

higher relative to the reference median for the incorrectly assigned earlier week.

Following a screen-positive result for elevated AFP, the essential follow-up step is an immediate,

targeted Level II ultrasound. This detailed scan aims to visually confirm or exclude the presence of

neural tube or abdominal wall defects. If the ultrasound is inconclusive or suggests a high

likelihood of an ONTD, amniocentesis may be recommended to measure AFP directly in the

amniotic fluid, along with the specific marker acetylcholinesterase (AChE), which is highly

diagnostic for open defects.

5. Clinical Interpretation of Reduced Levels

Significantly reduced MSAFP levels, generally defined as MoM values falling below 0.75 or 0.5, are

primarily associated with an increased statistical risk for specific chromosomal aneuploidies. While

the precise pathophysiology linking decreased AFP production or increased clearance to

chromosomal disorders is multifaceted, the correlation serves as a powerful predictive marker in

prenatal screening.

Trisomy 21 (Down Syndrome): Low AFP is a key component of the biochemical profile indicating

an elevated risk for Down syndrome. In this condition, the MoM for AFP is typically depressed,

complementing an elevated MoM for hCG and often a reduced MoM for unconjugated estriol
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(uE3).

Trisomy 18 (Edwards Syndrome): Pregnancies affected by Trisomy 18 frequently exhibit critically

low levels across all three markers (AFP, hCG, and uE3), reflecting the severe developmental

impact of this condition, which is often associated with significant intrauterine growth restriction and

high mortality.

Non-Pathological Causes: The most frequent explanation for a low MoM in an otherwise healthy

pregnancy is an overestimation of gestational age. If the fetus is younger than estimated, the AFP

level will be lower than the reference median for the incorrectly assigned later week, leading to a

low MoM calculation.

When low AFP levels are detected, particularly when integrated into an abnormal Triple or Quad

Screen profile, comprehensive genetic counseling is mandated. Counseling focuses on translating

the statistical risk ratio (e.g., 1 in 150) into understandable terms for the parents. If the risk

threshold warrants it, definitive diagnostic procedures--such as chorionic villus sampling (CVS)

or amniocentesis--are offered. These invasive tests provide fetal cells for definitive karyotyping or

chromosomal analysis, thereby confirming or excluding the presence of the suspected aneuploidy.

6. Significance and Impact on Prenatal Care

The introduction and refinement of the AFP test have had a profound and lasting impact on the

field of prenatal diagnosis and obstetrical management. Prior to its availability, many severe

congenital anomalies, particularly ONTDs, were diagnosed late in pregnancy or only at birth. The

AFP screen allowed for early, population-wide risk assessment, facilitating timely intervention and

planning.

The significance of the AFP test extends beyond mere detection; it enables proactive

management. For pregnancies identified as high-risk for NTDs, early diagnosis allows for maternal

referral to specialized perinatology centers, where detailed fetal imaging and planning for delivery

in a facility equipped for immediate neonatal neurosurgery can occur. Similarly, the identification of

high-risk pregnancies for aneuploidy allows parents adequate time to consider diagnostic

confirmation, explore genetic counseling options, and prepare for the unique challenges associated

with raising a child with a chromosomal condition.

Furthermore, the AFP test serves as an essential filter in resource-constrained environments. By

efficiently stratifying the pregnant population into low-risk and high-risk groups, the test ensures

that expensive and invasive definitive diagnostic procedures, which carry associated risks (though

small), are reserved only for those patients who truly require them. This optimized utilization of

resources underscores the AFP test's continued relevance even in the era of more technologically

advanced, but often more costly, non-invasive alternatives.
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Further Reading

Alpha-fetoprotein - Wikipedia

Neural Tube Defects - Centers for Disease Control and Prevention (CDC)

Down Syndrome - Mayo Clinic

Screening for Fetal Chromosomal Abnormalities - American College of Obstetricians and

Gynecologists (ACOG)
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