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ABSTRACT

Fatty acid ethyl esters (FAEES) in meconium are validated biomarkers of heavy fetal acohol exposure
that may potentialy be used clinically for identifying children at risk for alcohol-related disabilities.
However, until now, FAEEs have been largely used anonymously in epidemiological studies, and by
child protection authorities in need for verification of heavy acohol use in pregnancy. Here we describe
the first case of a neonate identified as part of a research study on a pilot neonatal screening program for
prenatal alcohol exposure. The neonate’s meconium tested high for FAEEs (52 nmol/g; positive cut-off >2
nmol/g), which prompted active follow-up of the infant’s development, identifying early neurocognitive

problems and alowing initiation of aremedial program.
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in a wide range of physical anomalies and

cognitive and behavioura deficits known
collectively as Fetal Alcohol Spectrum Disorders
(FASD). In North America, FASD affects an
estimated 1 percent of live births', making it the
leading preventable cause of mental retardation
and a significant social and economic burden.?®
Although the ethanol-induced damage is
irreversible, early diagnosis and management of
FASD may decrease the risk of developing
secondary disabilities and improve prognosis in
affected children.* However, identification of
children affected by PAE is difficult, with
diagnosis often hinging on maternal reports of
acohol use in pregnancy®; which are unreliable
and difficult to obtain.

Fatty acid ethyl esters (FAEE) are products
of non-oxidative ethanol metabolism that are
formed when ethanol is conjugated to endogenous
free fatty acids or fatty acyl-CoA.° During
gestation, ethanol ingested by the mother crosses
the placenta and undergoes metabolism in the
fetal compartment to FAEES, which then deposit

Prenatal acohol exposure (PAE) can result

and accumulate in meconium.” As a result,
elevated levels of FAEESs in neonatal meconium
may serve as objective markers of maternal
alcohol use in pregnancy, as has been established
in numerous studies.>™

Meconium analysis for FAEEs is currently
utilized in the context of child protection, and has
been used to anonymously obtain epidemiol ogical
data on the prevalence of PAE in select
populations.”*** As of yet, there has been little use
of thistest in the context of diagnosing FASD but
it has been suggested that it can be used as a
screening tool to identify children a risk for
disabilities™ Using meconium testing clinically
as a screening tool would not only provide a
history of PAE required to make a diagnosis but;
if coupled to long-term developmental follow-up,
interventions, and social supports;, may aid early
detection and management of alcohol-related
disabilities.

We have conducted a study involving a pilot
screening program of this nature in a high-risk
obstetric unit in London, Ontario, the objective of
which was to determine if women would willingly
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participate in screening that aimed to identify and
follow-up ethanol-exposed newborns such that
intervention efforts could be initiated in a timely
manner if developmental delays emerged.’
During this study, a highly FAEE-positive case
was identified and the follow-up of this infant
highlights the potential benefits of meconium
screening for early identification of at-risk babies.

The Study
An open meconium screening program for
prenatal alcohol exposure was piloted in a high-
risk obstetric site previously shown to have a high
prevalence of FAEE-positive meconium by
anonymous testing. This study has been described
in detail elsewhere.'® Briefly, meconium screening
with subsequent developmental follow-up of
FAEE-positive cases was offered from November
1%, 2008 to May 31%, 2010 to all women from a
regional population in Ontario who delivered at
St. Joseph’ s Health Care in London, Ontario. With
consent, meconium specimens were collected and
shipped to the Motherisk Laboratory at Hospital
for Sick Children in Toronto for analysis.

Meconium FAEEs were measured using
headspace solid-phase microextraction followed
by gas-chromatography with mass spectrometry
(HS-SPME GCIMS) according to previousy
published methodology.'” A positive cut-off of >2
nmol/g sum of four FAEEs (ethyl palmitate,
linoleate, stearate, and oleate) was considered
indicative of heavy PAE.™

Study participants whose neonates tested
positive for FAEEs were followed-up though the
‘‘Hedthy Babies Healthy Children”” (HBHC)
program; an existing public health program for
families with newborns in Ontario. This voluntary
program offers free home-visits by a public health
nurse who provides assistance, educates, assesses
the family’s needs, and devises an appropriate
family service plan if ongoing follow-up and
support may be of benefit to the family.”® The
family service plan for those identified by the
meconium screen included regular devel opmental

assessments of the baby by the public health nurse
using Ages and Sages Questionnaires® and
additional neurodevelopmental testing by a
certified clinical psychologist at 3 months and 1-
1.5 years of age using the Bayley Scales of Infant
and Toddler Development®, Third Edition
(Bayley-I1l). The latter comprehensively assessed
cognitive, linguistic, and motor functioning of the
infant. Upon detection of developmental delays,
the public health nurse made referrals to
intervention programs and support services for the
baby and, if needed, for the family; al of which
were provided at no cost to the family.

The study was approved by the research
ethics boards of the Hospital for Sick Children
and the University of Western Ontario.

Identification and Follow-up of the First
Positive Case

Meconium screening identified a neonate with
high FAEE levels in meconium (52 nmol FAEE/g
meconium), suggesting heavy in-utero acohol
exposure (see Figure 1). Ethyl oleate and ethyl
linoleate congtituted the largest proportion of the
total sum, with levels of 32.87 nmol/g and 17.58
nmol/g, respectively.

This neonate was born full term (40 weeks
gestation) to a young, primiparous, single mother
after an uncomplicated pregnancy and delivery.
No complications or concerns were noted in the
chart with respect to poor neonatal outcomes such
as growth restriction or low birth weight. The
APGAR scores at 1 and 5 minutes were 9, and the
infant passed the infant hearing test. On antenatal
forms, it was reported that the mother had a
history of depression a few years prior to
pregnancy. She did not take preconceptual folate,
denied use of street drugs, but reported smoking
during pregnancy (5 cigarettes/day). She also
admitted to daily alcohol consumption (3-4
drinks/day) prior to her knowledge of pregnancy
(early first trimester). No other risk factors or
concerns were noted.
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FIG. 1 Gas chromatography-mass spectrometry chromatogram of the positive meconium sample from a
neonate identified in a meconium screening program for prenatal alcohol exposure. Four fatty acid ethyl
esters (FAEES) were quantified using their corresponding ds-FAEEs as internal standards. The nvz values

and abundance factors are displayed on the right.

As a result of the positive meconium test,
follow-up was arranged as per protocol through
the HBHC program and a public health nurse was
appointed to manage the case. A family service
plan was devised to provide support and guidance
in consideration with the mother’s young age and
in-experience, low educational attainment and
household income, potential chalenges of single
parenting, and the available resources/programsin
the area of residence. The baby was of generally
good hedlth, and no concerns with regard to
hearing or growth were reported by the public
health nurse assigned to the case throughout the
duration of the study.

Neurodevelopmental assessment conducted
by a clinical psychologist at 3 months of age
(using the BSID-IlIl) did not suggest
developmental delays. Specifically, the infant
performed in the high average range for a 3-month
old infant on the Mental and Motor scales of the
Bayley (75" and 79" percentiles, respectively),
and in the average range in expressive and
receptive language abilities (50" percentile).
Slight delays in motor development (initidly in
fine motor, and later in gross motor) became
apparent in the 6-month and 8-month assessments

conducted by the public health nurse using the
Ages & Stages Questionnaire®. At 8 months, the
infant would only sometimes perform activities
such as rolling from back to the stomach, could
not get into the crawling position, and when stood
up against furniture, could not hold on without
leaning againgt the furniture or crib wall.

At 14 months of age, the infant was again
assessed by a clinical psychologist using the
BSID-Ill, which confirmed the presence of
developmental delays. While on the cognitive
scale, the infant performed in the average range
(63 percentile), on the Motor Scale of the
Bayley, the child performed in the low average
range, scoring in the 50" percentile in fine-motor
abilities, but in the 9" percentile in gross-motor
abilities. Additionally, on the language scales, the
infant performed in the low average range, scoring
in the 50" percentile in receptive language
abilities, but in the 5" percentile in expressive
language abilities. The infant has been referred to
an infant and child development program and will
be enrolled in alanguage and speech devel opment
program in the area.
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DISCUSSION

This case, to the best of our knowledge, is the first
reported instance of using meconium FAEE in a
clinical setting to identify and follow-up infants at
risk for acohol-related disabilities in order to
facilitate early intervention. The child identified in
our pilot screening program tested high for
FAEEs, with ethyl oleate and ethyl linoleate levels
comprising the largest proportion of the total sum.
Both of these esters have been shown by other
groups to be the strongest correlates of maternal
acohol consumption.®*** Developmental follow-
up of this child reveded delays in motor and
language abilities, particularly in gross motor and
expressive language functioning, which were well
below age expectations at 14 months (in the 9"
and 5™ percentile on the BSID-I11, respectively).
These delays prompted referral to available
intervention programs in the area and special
focus on developing the impaired skills.

It should be stressed that the child has not yet
been referred for diagnostic assessment and that
we cannot make conclusions with regard to the
cause of the developmental delays as there may be
numerous co-existing risk factor (which will be
discussed below). It is of interest, however, that
the observed delays in motor and language
abilities have been described in children with
FASD. Many studies on alcohal’s effects on the
developing motor system have reported delayed
motor development in infants and children with
PAE, with both fine and gross-motor dysfunction,
as well as, tremors, weak grasp, and poor hand-
eye coordination.?>® Animal studies have aso
provided evidence for motor dysfunction, and
have consistently found impairments in balance,
reflex development, and disturbances in gait
following PAE.**® Studies have also described
the detrimental effects of PAE on both receptive
and expressve language abilities, noting
articulation disorders and delays in language
acquisition, comprehension, language and speech
development, and overall language
competence. 2%

In agreement with the developmenta
findings in this case report, two studies have
found associations between meconium FAEEs
and psychomotor development after controlling
for other risk-factors. Peterson and colleagues
(2008) have found that increasing levels of

FAEEs were associated with poorer mental and
psychomotor development during the first 2 years
of age®, while Hicks and colleagues (2007)
reported that children with elevated levels of
FAEE in meconium were found to be delayed on
the BSID-I1 Psychomotor Development Index at 2
years of age.®

In the present case, however, we cannot
exclude the role that other risk factors, such as
maternal psychopathy, 1Q (which was not
assessed), prenatal care, social history, and
smoking in pregnancy; may have played in
bringing about or, at least, contributing to the poor
developmental outcomes. Furthermore, we cannot
rule out prenatal exposure to other drugs and the
effect that these may have had. Although the
mother denied using illicit drugs, the reliability of
such self-reported information on antenatal forms
is questionable, especialy considering that the
claim of drinking cessation early in pregnancy is
inconsistent with the positive meconium result as
this matrix does not begin to form until the second
trimester. Nonetheless, since many of these other
risk factors may be associated with maternal
drinking in pregnancy, it is reasonable to presume
that the positive meconium test for PAE may
identify newborns with several risk factors for
poor developmental outcomes in addition to PAE.

In summary, the close follow-up of a baby
identified as “at-risk” for acohol-related
disabilities by meconium testing, facilitated early
detection of developmental delays and initiation
of interventions. This reported case was identified
as part of alarger study investigating the potential
utility and logistics of offering meconium
screening in a clinical setting, and was meant to
exemplify how the piloted screening program
functioned and the potential benefits that such
programs may offer if implemented in clinica
practice. In our pilot program, follow-up and
interventions were integrated into existing
community health programs, which is likely the
most logistically and economically feasible
option. Some of these existing programs,
particularly those focusing on infant and child
development, may even be tailored by including
intervention protocols and specific teaching
methods that have been reported to be effective at
improving skills like language and literacy,
learning, math, communication, and behavior in
children with FASD.*"* |n the future, additional

e29 J Popul Ther Clin Pharmacol Vol 19(1):e26-e31; January 10, 2012
© 2012 Canadian Society of Pharmacology and Therapeutics. All rights reserved.



Clinical use of meconium fatty acid ethyl esters for identifying children at risk for alcohol-related disabilities: the first

reported case

studies focusing on the effectiveness of such ~ 10. Chan D, Bar-Oz B, Pellerin B, et al. Population

interventions will be needed to investigate the full baseline of meconium fatty acid ethyl esters

benefits of such programs. among infants of nondrinking women in
Jerusalem and Toronto. Ther Drug Monit 2003

. Jun;25:271-8.
'.?ﬁkngwéedgeme”ts anot'e';“gd'”gd HR operat 11.  OstreaEM Jr., Hernandez JD, Bielawski DM, et
€ Study was Suppor y a operaling al. Fatty acid ethyl esters in meconium: are they
grant (GK). GK_ is supported by the Ivey Ch_al_r al biomarkers of fetal alcohol exposure and effect?

Molecular Toxicology, Department of Medicine, Alcohol Clin Exp Res 2006;30:1152-115.

University of Western Ontario. 1Z is supported by 12.  Gareri J, Lynn H, Handley M, Rao C, Koren G.

OGS and through the University of Toronto Open Prevdence of fetal ethanol exposure in a

Fellowship. The authors have no conflicts of regional population-based sample by meconium

interest to disclose. analysis of fatty acid ethyl esters. Ther Drug
Monit 2008;30:239-245.

Corresponding Author: gkoren@sickkids.ca 13. Hutson J, Magri R, Suarez H, Miguez H, Gareri
J, Koren G. High prevalence of prenata
exposure to alcohol and other drugs of abuse in

REFERENCES Uruguay as determined by meconium analysis.
Alcohol Clin Exp Res 2007;31:718A.

1. Sampson PD, Streissguth AP, Bookstein FL, et al. 14. Goh YI, Hutson JR, Lum L, et a. Rates of fetal
Incidence of fetal acohol syndrome and alcohol exposure among newborns in a high-risk
prevalence of alcohol-related neurodevelopmental obstetric unit. Alcohol 2010;44:629-634.
disorder. Teratology 1997;56:317-326. 15.  Goh YI, Chudiey AE, Claren SK, et al.

2. Stade B, Ali A, Bennett D, et a. The burden of Development of Canadian screening tools for
prenatal  exposure to alcohol:  revised fetal alcohol spectrum disorder. Can J Clin
measurement of cost. Can J Clin Pharmacol Pharmacol 2008;15:e344-€366.
2009;16:€91-e102. 16. Zelner 1, Shor S, Gareri J, et a. Universa

3. Lupton C, Burd L, Harwood R. Cost of fetal screening for prenatal acohol exposure: a
alcohol spectrum disorders. Am J Med Genet C progress report of a pilot study in the region of
Semin Med Genet 2004;127C:42-50. Grey Bruce, Ontario. Ther Drug Monit

4.  Streissguth AP, Bookstein FL, Barr HM, 2010;32:305-310.

Sampson PD, O'Malley K, Young JK. Risk 17. Hutson JR, Aleksa K, Pragst F, Koren G.
factors for adverse life outcomes in fetal alcohol Detection and quantification of fatty acid ethyl
syndrome and fetal alcohol effects. J Dev Behav esters in meconium by headspace-solid-phase
Pediatr 2004;25:228-238. microextraction and gas chromatography-mass

5. Chudley AE, Conry J, Cook JL, Loock C, spectrometry. J Chromatogr B Analyt Technol
Rosales T, LeBlanc N. Fetal alcohol spectrum Biomed Life Sci 2009;877:8-12.
disorder: Canadian guidelines for diagnosis. 18. Ontario Ministry of Heath and Long-Term
CMAJ 2005;172:S1-S21. Care. Hedlthy Babies Healthy Children Report

6. Best CA, Laposata M. Fatty acid ethyl esters: Card. (June, _ - 2003)
toxic non-oxidative metabolites of ethanol and http://www.health.gov.on.ca/english/public/pub/
markers of ethanol intake. Front Biosci ministry _reports/'healthy babies report/hbabies
2003;8:€202-e217. report.html (July 25, 2011).

7.  Koren G, Hutson J, Gareri J. Novel methods for 19. Bearer CF, Lee S, Sdvator AE, et a. Ethyl
the detection of drug and alcohol exposure linoleate in meconium: a biomarker for prenatal
during pregnancy: implications for maternal and ethanol exposure. Alcohol Clin Exp Res
child health. Clin Pharmacol Ther 2008;83:631- 1999;23:487-493.

634. 20. Mattson SN, Riley EP. A review of the

8. Bearer CF, Jacobson JL, Jacobson SW, et al. neurobehavioral deficits in children with fetal
Validation of a new biomarker of fetal exposure acohol syndrome or prenatal exposure to
to alcohol. J Pediatr 2003;143:463-4609. alcohol. Alcohol Clin Exp Res 1998;22:279-

9.  Bearer CF, Santiago LM, O'Riordan MA, Buck 294.

K, Lee SC, Singer LT. Fatty Acid ethyl esters: 21. O'Leary CM. Fetal alcohol syndrome: diagnosis,
quantitative biomarkers for maternal alcohol epidemiology, and developmental outcomes. J
consumption. J Pediatr 2005;146:824-830. Paediatr Child Health 2004;40:2-7.

J Popul Ther Clin Pharmacol Vol 19(1):e26-e31; January 10, 2012 e30

© 2012 Canadian Society of Pharmacology and Therapeutics. All rights reserved.


mailto:gkoren@sickkids.ca
http://www.health.gov.on.ca/english/public/pub/ministry_reports/healthy_babies_report/hbabies_report.html
http://www.health.gov.on.ca/english/public/pub/ministry_reports/healthy_babies_report/hbabies_report.html
http://www.health.gov.on.ca/english/public/pub/ministry_reports/healthy_babies_report/hbabies_report.html

Clinical use of meconium fatty acid ethyl esters for identifying children at risk for alcohol-related disabilities: the first
reported case

22. Kaberg WO, Provost B, Tollison SJ, et al.
Comparison of motor delays in young children
with fetal alcohol syndrome to those with
prenatal alcohol exposure and with no prenatal
alcohol exposure. Alcohol Clin Exp Res
2006;30:2037-2045.

23.  Wacha VH, Obrzut JE. Effects of Fetal Alcohol
Syndrome On Neuropsychological Function . J
Dev Phys Disabil 2007;19:217-226.

24, Meyer LS, Kotch LE, Riley EP. Alterations in
gait following ethanol exposure during the brain
growth spurt in rats. Alcohol Clin Exp Res
1990;14:23-27.

25.  Thomas JD, Wasserman EA, West JR, Goodlett
CR. Behaviora deficits induced by bingelike
exposure to alcohol in neonatal rats: importance
of developmental timing and number of
episodes. Dev Psychobiol 1996;29:433-452.

26. Coggins TE, Timler GR, Olswang LB. A state
of double jeopardy: impact of prenatal acohol
exposure and adverse environments on the social
communicative abilities of school-age children
with feta acohol spectrum disorder. Lang
Speech Hear Serv Sch 2007;38:117-127.

27. Wyper KR, Rasmussen CR. Language
impairments in children with fetal alcohol
spectrum disorders. J Popul Ther Clin
Pharmacol 2011;18:€364-€376.

28. McGee CL, Bjorkquist OA, Riley EP, Mattson
SN. Impaired language performance in young
children with heavy prenatal alcohol exposure.
Neurotoxicol Teratol 2009;31:71-75.

29. Peterson J, Kirchner HL, Xue W, Minnes S
Singer LT, Bearer CF. Fatty acid ethyl esters in
meconium are associated  with  poorer
neurodevelopmental outcomes to two years of
age. J Pediatr 2008;152:788-792.

30. Hicks MS. Meconium Alcohol and Drug
Screening. PhD  Thesis. Calgary, Alberta,
University of Calgary, 2007.

31. Bertrand J. Interventions for children with fetal
alcohol spectrum disorders (FASDS): overview
of findings for five innovative research projects.
Res Dev Disabil 2009;30:986-1006.

32. Peadon E, Rhys-Jones B, Bower C, Elliott EJ.
Systematic review of interventions for children
with Fetal Alcohol Spectrum Disorders. BMC
Pediatr 2009;9:35.

e3l J Popul Ther Clin Pharmacol Vol 19(1):e26-e31; January 10, 2012
© 2012 Canadian Society of Pharmacology and Therapeutics. All rights reserved.



