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Abstract:

Title: Fetal Alcohol Syndrome:

Prenatal ultrasound asscssment of fetuses at high risk.

Objectives: The incidence of Fetal Aleohol Syndrome has reached endemic
proportions i arcas ol the Western Cape. South Africa. This study aimed to assess the
cffects of heavy drinking on the incidence of preterm delivery, intrauterine growth
restriction (THGR), fetal alcohol syndrome (FAS), congenital abnormalities, Apgar
scores, Doppler wavetorm studies and fetal distress in labour. We hypothesised that it

is possible to identily ultrasound markers of FAS in utero.

Methods: This prospective. blinded, matched cohort study compared two groups of
pregnant mothers. The study group, who drank heavily in pregnancy, and the control
aroup. who abstained or drank lightly while pregnant. Women were recruited carly,
and detatied ultrasound examinations were conducted at regular intervals. Data
concerning their delivery and pertnatal outcomes was collected and their babies

examined at birth and at one year of age.

Results: After attrition there were 60 subjects and 60 controls. There were significant

=
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differences with respect to preterm delivery. FAS, and TUGR. There was no difference
m the incidence of fetal disiress, congenital abnormalities, Apgar scores or Doppler
velocimetry, Fxamination of the facial features showed that the orbits of the fetuses in
the subject group weve more widely spaced, and their fetal frontal lobe was
marginally larger. Measurement of the distance {rom fetal upper lip to nose proved to

he teehnically unreliable.

Conclusions: This study confirmed the high risks of heavy drinking while pregnant
with respect o timing ol dehivery, growth and development of the fetus. We identified
ultrasound markers for FAS, namely, widely spaced orbits and a larger fontal lobe.
We recommend that women planning pregnancy be counselled as to these risks. As
the sample size was small, we suggest further investigations into these ultrasound

markers for FAS 1 future studies.
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Introduction.

Alcohol has been recognized as a teratogen from antiquity, Biblical writings warn
women to abstain from alcohol while pregnant (Judges 13:7) In 1968 Lemoine et al
first deseribed the anomalies comprising unusual facics and prenatal growth deficit in
infants born to alcoholic mothers. Jones ¢t al (1973) later coined the term “fetal
alcohol syndrome™. In an article in the Lancet, eight children, the offspring of
alcoholic mothers. are described, and he noted the characteristic pattern of
seraniolacial, imb, and cardiovascular defects with prenatal-onset growth deficiency
and developmental delay™(Jones et al 1973). Since the publication of these articles,
many authors have established that fetal alcohol syndrome i1s a common cause ot

mental retardation and physical handicap worldwide (Abel and Sokol 1986).

Fetal alcohol syndrome (FAS) is an entirely preventable condition, but the recognition
{"the adverse effects of alcohol on the fetus appears (o have done little to diminish
the incidence of this condition. [t remains a considerable public health problem in

hoth developed and under resourced countries.

In the last decade. it has become apparent that the incidence ol letal alcohol syndrome
is high in South Africa. This problem is particularly severe in the wine-growing
districts of the Western Cape, where the traditional practice of giving labourers
alcohol as part of their wage packet resulted in a culture of alcohol abuse.
Uinfortunately this still persists in some areas despite efforts to change both employer

and employee expeclations.

1'he total monetary cost of FAS to society is enormous. The annual cost of FAS in the
LS AL is estmated to exceed $1 billion. It was recently estimated that the child with

FAS costs the USA government $2842 from birth to 21 years ol age, and that



prevention of one case of FAS could save the government close to $500 million after
20 years (Klug and Burd 2003). In the context of the Western Cape Provinee, even if
the cost of FAS were discounted to 10% ol that of the LIS, A .. the annual cost would

<t amount o $300 million.

Irarly researceiy by the Foundation for Alcohol Related Rescarch (FARR) in South
Africa. and the Nattonal Institute on Alchohol Addiction and Alchoholism (NIAAA)
i the United States of America (U.S.AL), investigated children hiving in the rural
Western Cape Provinee, South Africa. They were evaluated at school entry level (age
510 9 years), and a high percentage of them were found to have features of FAS. The
prevalence was found to be 40.5 to 40.4 per 1000 children, which is 18 to 141 times

arcater than in the U.S A (May 2000).

This vulncrable group of women are close o our academic teaching hospital in Cape
Town (Groote Schuur Hospital) and as a conscquence a study investigating the fetus
by ultrasound examination was both feasible and necessary. A more complete
knowledge of the ultrasound features of the fetus with FAS was considered to be of
value to the local health care providers who deal with this problem. In theory this
would assist both medical staft and those involved in social support services to
identify the fetus at high risk for FAS early in life. thereby possibly improving the
quality of lile for that infant, and providing support for the family of the affected

mlant.

Although there are many studies looking at the perinatal and neonatal outcome, and
the neurodevelopment ot the infant with FAS, few assess the letus. At the time of
commencing this study there were no other studies that attempted to diagnose FAS
belore birth. Subsequently, one such study perlformed in Tennessee, USA, was
published (Wass et al 2001). Research in this field was required both in terms of the

local community and the international community.

With carclul attention to cthical considerations, this study aimed to examine those

letuses exposed to alcohol in utero, following their progress {from carly preguancy to
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the end of thew first vear ot hife.



Aims and Objectives:

1) Aims:

Although T'AS s now a well recognised syndrome, and accepted worldwide, to date
there are few ultrasound studies that have been conducted on the unborn fetus. This
study aimed 1o assess the fetus in a population ol mothers at high risk for FAS (duce to
maternal alcohol consumption during the pregnancy), looking particularly at the
incidence of congenital abnormalities and fetal growth disturbances. To assess fetal
well being, this study aimed to examine changes in liquor volume, and to assess
placental function by using the resistance index ol the umbilical artery Doppler flow
wavelorm. Doppler waveform studies were also used (o assess changes in fetal
circulation dynamics to vital organs (such as the {etal brain). The maternal uterine

artery [Tow patterns were also studied.

Pre-natal diagnosis of IF'AS has not been possible to date, and an attempt was made to

identily any ultrasound markers (features visible on ultrasound examination), which
may lead the clinician to suspeet the diagnosis of FAS prenatally. One would
anticipate that these markers are most likely to be tound on the fetal {face or in the
hrain. as these are the structures where abnormalities are most commonly seen afier
birth. This study aimed to broaden our knowledge in these areas, by comparing the

fetuses ol the mother who drank alcohol in pregnancy to those of non- or light

drinkers.

While we cannot assess the exact timing and effect of alcohol consumption with this

study protocol, this study aimed to compare the fetuses of mothers who consume large
|
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amounts ol alcohol in their pregnancy. to those whose mothers did not drink while
pregnant. In this wayv it may be possible to assess il there were any differences in

development or growth between these two groups ol fetuses.

i) Objectives:

[leavy drinking during pregnancy carries an increased risk of adverse pregnancy
outcome such as preterm delivery, growth restriction and congenital abnormalities.
Mothers who drink heavily while pregnant may deliver an infant with fetal alcohol
syndrome (IFAS). "T'he hypothesis for this study was that specific ultrasound markers

are present that lead the clinician to suspect that the fetus has FAS.

Specific objectives of this study were:

~Todentily congenital abnormalities in the alcohol-exposed fetus by prenatal

ultrasound assessment, and to confirm these findings post-natally by clinical
xamination,

-To determine il the characteristic facial features found in the FAS infant can be
diagnosed by ultrasound examination and measurement of the fetal face.

-To compare the growth of the fetus of heavy-drinking mothers and those who did not
drink heavily, and to assess whether intrauterine growth restriction was present.

-To compare the hiquor volume of the fetuses of heavy-drinking mothers, and the
control mothers.

Torecord Doppler wavelorm studies ol maternal uterine arteries,and the umbilical

arteries and the middle cerebral arteries in the fetuses,

~Torecord details ol gestational age at birth, birth-weight, head circumference, length
ol the mtant and weight of the placenta, and to compare the two groups of infants.
“To establish what percentage of women who drank heavily gave birth to a child with

FAS. and to confirm this diagnosts when the child is one year of age.



Literature review.

i) Prevalencee in the loeal population.

Studies of prevalence ol FAS vary from author to author (Abel et al 1986.0lson et al).
May and Gossage reviewed the literature in 2001 and found an overall prevalence of
FAS of 0.5 to 2 cases per 1000 births in the U.S. during the 1980°s and 1990’y (May
and Gossage 2001). In South Africa, the prevalence is much higher, and has reached
endemic proportions in the olfspring of labourers on wine-farms in the Western Cape,
where alcohol is still sometimes included as part of the labourers wage packet, the so-
called “Dop” system (a “dop” i1s an Afrikaans colloquial word meaning an alcoholic
drink) (Viljoen 1991). A study in a tertiary hospital in Cape Town in 1985 showed
the prevalence of F'AS to he 1:281 live births. (Palmer 1985). The South African
population has the misfortune to have the world record rate of FAS at 39.2-46.4 per

1000 births (Viljoen et al 2002).

A study to assess alcohol usage by pregnant women in underprivileged areas of the
Western Cape. South Africa, in 1999 confirmed the high rate of alcohol and tobacco
abuse. (Croxtord and Viljoen 1999). Women were selected in a randomised manner
trom the antenatal clinics in the arca. Of these women, 42.8% admitted to varying
deorees ol alcohol ingestion during pregnancy. Twenty-three percent (23,7%) of the
sample was heavy drinkers, most of them following a pattern of binge drinking over
weekends, Heavy drinking was delined in this study as more than 10 units of absolute
alcohol per week. or binges of more than 10 drinks per occasion. These women
showed a preference for beer drinking. Combined aleohol and tobacco use occurred in

20 6% of the women interviewed.



Another focal study conducted in the Western Cape compared the mothers of 31
children with IF'AS with a control population (Viljoen et al 2002). These mothers were
more likely to have started drinking early in life, were more likely to have members of
ther fumily who abused alcohol, were more likely 1o smoke, and to consume alcohol

betore and during thewr pregnancies.

To demonstrate the true impact ol alcohol abuse in pregnancy, a study was conducted
in the wine growing arcas of the Western Cape, South Africa, to evaluate children at
school entry age ofage 5 to 9 years (May ct al 2000). Examination of 992 children by
tramed dysmorphologists demonstrated high rates of {etal alcohol syndrome. The
prevalence was Jound to be 40.5 to 46.4 per 1000 children- 18 to 141 times greater

than in the USA. Children living in the rural areas were more likely to be affected

than therr urban counterparts.

i) Efiology and pathogenesis.

[-thanol and its major metabolites readily cross the placenta. The teratogenic effects of
alcohol have been extensively studied i animals. Studics performed before 1988

were reviewed ina paper published by Gershoni-Baruch and Nelson (Gershoni-
Baruch and Nelson 1988). Anomalies of the musculoskeletal, urogenital and

neurological systems were demonstrated, and ofspring had low birth weight, poor

coordination. and were often spastic or blind.

[t1s obviously difficult to extrapolate these studics to the human embryo. The

minimal amount of alcohol needed to produce FAS or alcohol-related birth defects. 1s
14



not yet known. 1t has been postulated that as fittle as one drink per day (0.5 ounce of
absolute alcohol i.e. one glass of wine or beer) is harmiul. A case of IF'AS has been

aining cough syrup (Chasnott et al

described i awoman who ngested ¢

1981). A dosc-response relationship has been shown by some authors (Hanson et al

1978, Mills et al 1984, Little et al 1977). An average consumption ol less than onc

drink per day was associated with a Tow risk ot intrauterine growth restriction (IUGR)
and congenital abnormalities, while ingestion of morce than two drinks per day

mereases the risk substantially.,

It is still debatable whether abnormal growth and morphogenesis are due to the
unmetabolised ethanol itself, or its more toxic metabolite, acetaldehyde. Other factors
that have been imphicated in the development of the abnormalities found in FAS arc
hypoglyeaemia and deficiency of zine. These factors may also explain why FAS is

and malnutrition may

maore conmon in successive children as chroni
cause ¢pisodes of hypoglyeacmia and chronic zine depletion, (Gershoni-Baruch and

Nelson 1988)

Abel and Hannigan (1995) reviewed the literature in 1994 and proposed that there are
both permissive and provocative factors that increase the likelihood of FAS in

mothers that consume aleohol. “Permissive” factors implied predisposing behavioural,

social and environmental characteristics that produce certain biological conditions that
increase vulnerability to alcohol. “Provocative™ factors are the biological conditions in
the Tetus that ereate the internal milieu responsible for increased fetal vulnerahility to

aleohol.

The key permissive lactors were behavioural patterns of alcohol consumption (binge
drinking. critical periods of consumption), low socio-cconomic status, cthnicity
(black). cultural factors { e.g. frequency of diagnosis of IF'AS by practitioners duce to
stigmatisation) and cigarette smoking. “Provocative” factors include placental

dyshunction. endocrine changes (such as high peak blood alcohol levels), circulating

el
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tobacco constitaents and undernutrition. The authors hypothesized that these
permiissive and provocative fuctors interact with alcohol’s hypoxic and oxygen free-
radical induced effects. and that this exacerbation results in FAS. More recent studies
an the human placenta in mothers who consumed alcohol suggest that ethanol induces
ovidative stress and impairs nitric oxide availability in the placental villi (Kay ct al
2000y, Genetie factors also play a role, as women with the alcohol dehydrogenase
venotype, ADH2-1/3 may be at greater risk for having an mfant with IFAS (Stoler et
al 2002y Ina study ol 404 women in the USA, ADH2-1/3 genotype was [ound to be
more prevalent among black women (46% vs. 2% ol whites). More black women who
reported high aleohol usage during pregnancy had the ADH2-1/3 genotype than those

who reported no aleohol use.

May and his co-workers reviewed the demographic risk (actors recently (May 2004).

They studied data from three different communities, two {rom the USA and the third

from Sonth Africa, Apart {from binge-drinking, other risk factors identified among
women who have given birth to FAS children included advanced maternal age, high
sravidity and parity, unmarried status, use of tobacco and other drugs, low socio-
cconomic status indicators (¢.g. low education, unskilled job classification), low
fevels ol religious beliels and co-habitation with a drinking male (May 2004). The
South African women were more likely to follow a pattern of binge drinking, and the

niothers were smaller in body mass than their American counterparts.

iii) Critical periods for prenatal aleohol exposure.

Attempts to study many of the effects of alcohol exposure on humans during

pregnancy are affected by confounding variables. Investigators cannot regulate the



nming or extent of drinking, nor can they control individual differences in response to
alcohol. The investigators are also reliant on the mothers giving a truthful and
accurate deseription of their drinking habits, The very nature of the problem must
influence the accuracy of records and they may well not reflect the full extent of the

alcohol exposure to the fetus.

Despite extensive rescarch, imformation about timing of exposure and its effects on
the fetus remain limited, espectally regarding effects on behaviour. Heavy drinking at
any time daring pregnancy can cause neurodevelopmental, intellectual and
behavioural problems (Pierce and West 1986:Abcel and Hannigan 1995). Some studies
showed that the hippocampus and the cerebellum were the arcas of the brain aftected

by third trimester alcohol exposure in rats (West and Goodlett 1990).

Anmmal and epidemiological studies strongly suggest that the facial maltformation
characteristic of FFAS result from exposure during the tirst trimester of pregnancy, and

more specifically, during the [irst two months of gestation. Exposure to alcohol in the

third trimester of pregnancy in animals leads to reduction in brain weight and head

circumlerence (Coles 1994,

lirnhart and colleagues (1987) reported the relationship between eraniofacial
anomalics and first trimester exposure. Greater dysmorphism was subsequently
assoctated with lower intetligent quoticnts. Other studies found minor physical
anomalies in children exposed to periconceptual maternal alcohol. The relationship is
less clear when the effect on growth is considered. When alcohol is discontinued by
the heginning ol the second trimester, children ol mothers who consumed alcohol may
approach the g;x‘(x\.\‘th ol those who did not. It appears that both carly exposure and
expostre during the third trimester may etfect growth. (Coles 1994). Specifically,
naller head circumference. and by extension brain growth appear to be the most

consistent outcomes ol exposure during these two periods.



iv) Doppler studices

The Doppler principle of the (requency difference between the incident and reflected
sound wave being directly proportional to velocity has been used in obstetric
ultrasound examination since 1977, when Fitzgerald and Drumm first reported the
chunges i umbilical artery wavetorm during normal pregnancy ( Fitzgerald and
Drumm 1977). The change in frequency results when the total path length changes
between the transmitted and receiving sources. [n obstetric practice, the transmitting
and recciving sources of the ultrasound wave are stationary. and the change in path

length results from movement towards or away {rom the ultrasound probe. In studies

ol blood vessels, the column of red blood cells Howing in the vessel causes this

movement, The greatest [requency shilt occurs when the transmitted ultrasound beam

=

is parallel to the Now axis, thus it is the component or the vector of the blood cell

veloeity that contributes to the Doppler ellect. The vector 1s determined from the

cosine ol the beam-vessel angle, and is incorporated into the Doppler equation. The

blood Tow velocity wavetorm demonstrates the velocity of blood cells within the
vessel, and indices have been developed to measure peak velocity and down stream
resistance. These indices are expressed as ratios. The Resistance Index (R.1.) is the

ratio most commonly used in obstetrics, and is used in this study. It is the ratio:

(A-B)/A

In this ratio. A 1s the maximum velocity of the waveform, and B s the minimum

velocity of the wavelorm. (ed. Fleischer et al 1991).

MeCallin et al (1978) then noted in some high risk pregnancies that umbilical
Doppler velocity wavelorms characterised by a low diastolic velocity and a high
pulsatility index (P were associated with poor obstetric outcomes. Many authors
showed abnormal umbilical artery Doppler velocimetry patterns Lo be a good

predictor ol the small for gestational age infant (ed. Maulik 1997). A high resistance
18



mdex (above the 95" pereentile) or a systolic/diastolic ratio ol >3 were defined as
abnormal. Doppler ultrasound provides a non-invasive means ol measuring

impedance to low in vessels. including the umbilical artery.

In 1985 Eorskine and Richie assessed the effect of maternal consumption of alcohol on
umbilical artery blood How (Iirskine and Richic 1985). A small group of patients at

sestational age 34 10 36 weeks were given a single moderate dose ol alcohol (3g per

&

ko maternal weight), and a control group were given plain soda water. Blood levels of
alcohol were then taken and recorded, and Doppler studies were done on the umbilical
artery at zevo time. and at mtervals up to 105 minutes. They recorded the peak alcohol
fevel in maternal serum at 30 minutes after ingestion, but found no difference in
Doppler velocimetry waveform patterns in the subject or control group. They
theretore postulated that the toxicity ol alcohol is not mediated by acute changes in

{ctoplacental blood {low characteristics.

v) Uterine artery notching.

In the non-pregnant uterus, the uterine artery wavelorm has high pulsatility, an early
diastolic notch. and Tow diastolic [requency shifts. Uterine artery compliance
imcreases dramatically between 8 and 16 weeks gestation, and continues to increase as
pregnancy progresses until 26 weeks gestation. The diastolic notch disappears by 20
o 26 weeks gestation  Fleischer et al 1986, Campbell ¢t al 1987). Retention of the
diastolic notch 1s thought to represent persistence of high impedance flow of the
uterine artery circulation. Thaler et al (1992) wdentified a group of hypertensive
wonten who had both sysiolic and diastolic notches in the uterine artery waveform in
pregnancy. and demonstrated that perinatal outcome was worse than when there was a
diastolic notch only. Fleischer et al (1986) confirmed the importance of this notch in a
study of 71 patients with hypertensive disorders in pregnancy. Ninety percent (90%)

19



ol women (27 of 30) in thetr study who developed pre-eclampsia or chronic
hypertension with superimposed pre-eclampsia had a uterine artery notch. The finding
ol'a uterme artery noteh in these patients had a better sensitivity, and positive and

negative predictive value for a normal pregnancy outcome, than blood pressure levels,

creatinine clearance, uric acid levels or systolic/diastolic ratios.

Other authors showed that when umbilical artery resistance was normal and both
uterine arteries had elevated resistance indices; the group with the uterine artery noteh

had worse permatal outcomes (Thaler et al 1992 Trudinger and Cook 1990).

At present there is no literature on the effect ol aleohol consuniption on uterine artery

notching,

vi) Alcohol effects on neonatal outcome

a. Preterm labour.

There 1s debate in the current literature on an association between alcohol

consumption and preterm fabour. A large prospective study done in the U.S. on 2714

women who consumed mild or moderate amounts of alcohol (Lundsberg et al 1997)
showed that there was an increasced incidence of preterm labour (before 37 weeks).
They found that even hight drinking (less than 0.25 oz of absolute alcohol per day) in
month 7 of pregnancy was associated with an odds ratio (OR) o[ 2.88 of preterm
delivery (95%C1, 1.64-5.05), and for mild-to-moderate drinking the OR was 2.96

(05%C'1. 1.32-6.67). There are several studies supporting these findings, with another

study also finding a three-lold increase in preterm labour in women who drank at least

[+ drinks perweek during pregnancy (Berkowitz et al 1992).

o

Other studies. however. failed Lo show an association between drinking in pregnancy
and preterm fabour. Peacock et al (1985) examined the relationship between preterm

20



hirth. socio-cconomic tactors, and alcohol consumption in 1513 white women in the
LLKL They found no apparent cffects of smoking or alcohol in the overall length ol

vestation, One study even reported a protective effect. (McDonald et al 1992).

b. lntrauterine growth restriction.

Both prenatal and postnatal growth restriction are frequently diagnosed in infants with
IF'AS (Jones 1988, Abel and Hannigan {May} 1995). Some authors found lincar
growth to be more allected than weight, while others found there to be symmetrical

HJGR. {Gershoni-Baruch and Nelson 1988)

Most authors studied the effects of alcohol consumption on the outcome at birth,
concentrating their reports on birth weight. length and head circumference.
O'Callaghan et al (2003) reviewed studies published belore the end of 2002 that
examined the effects ol aleohol consumption on offspring growth. They found very
conflicting outcomes, with as many authors finding reductions in birth weight, head
circumf{erence and length as those who found alcohol ingestion to have no deleterious
eflects on these parameters. In the last ten years, there were some similar studies
conlirming deereased birth weight or ITUGR with moderate and heavy drinking
(Cornelius et al 1999 Faden et al 1997 Windham et al 1995 Jacobson et al 1994, Shu ct
al 1995). O Callaghan also commented that differences in outcomes between studices
may be due to factors such as the duration and timing of alcohol use, and also the
amount ol alcohol consumed that was considered “moderate™ drinking by those
conducting the study. I'indings for modcrate drinking women seemed 1o be the most
inconsistent, and this may be due to the fact that some studies considered onc to two
drinks per day to be "moderate”, whereas current studies consider half to one drink

per day to be moderate consumption.

However. some authors (Yang et al 2001) could only demonstrate an association
between heavy drinking (fourteen or more drinks per week) and intrauterine growth
restriction (TUGR). and found no effect with moderate drinking. They suggested that

21



IHGR was a heterogencous outcome with a multifactorial origin, and that there were
penetic and environmental factors at play. Others confirmed that alcohol had a Tess
stenilicant effect on birth weight than other risk factors tor growth restriction, such as

smoking, mother’s height and body mass index and cthnie factors. (IFaden et al 1997)

Abel and Hannigan (1993) did a comprehensive survey of worldwide epidemiological
studies concerning self-reported maternal alcohol consumption and birth weight, and

low birth weight and/or prematurity (<37 weeks). They found the effect of smoking is

indeed three times greater than the effect of alcohol. They reviewed the literature up
until 1994, and concluded that the differences in the literature were due to the
inclusion criteria Tor the amount of alcohol consumed. A threshold of two or more
drinks a day was present, above which a decrease in birth weight was noted to be
lincar. This threshold seemed to be only present among smokers. At lower

consumption levels, the incidence in deereased birth weight was lessened for both

smokers and non-smokers.

vit) Congenital abnormalities and aleohol consumption in pregnancy.

Alcohol has been implicated in many congenital abnormalities found in the fetus.

Ouellette and co-workers evaluated 633 women at their first prenatal visit, and
administered a questionnaire. They found that mothers who drank heavily had twice
the risk tor a baby with a congenital abnormality than mothers who abstained
(Ouellette ¢t al 1997). Many of these abnormalities are only visible in the late second
trimester. while some cannot be diagnosed prenatally. Those malformations that may
be diagnosed sonographically include cardiac malformations, central nervous system
abnormalities (e.g.microcephaly, agenesis ol the corpus callosum, neural tube
defeetsy. facial abnormalities (micrognathia, cieft lip and palate) and truncal and

skeletal anomalies (Saunders et al 2002).

One of the most common abnormalities diagnosed in the child with FAS is cleft lip

and/or palate. Several studies have found an increased risk of producing offspring

Q]
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with this abnormality with both alcohol and cigarette smoking (Leite at al 2002, Shaw
and Lammer 1999, Munger ¢t al 1996) while others could identify an increased risk
for isolated cleft palate. but not for cleft tip (Lorente et al 2000). One study done in
Tapan could not find a link between alcohol consumption and cleft lip and palate, and
thought that those mothers who gave birth to babices with defects drank less alcobol
carly pregnancy than the control mothers. (Natsume ct al 2000). However
significantly more babics in the group who had a clelt lip and palate had a tamily

history of ¢lefts. which may have inlluenced these findings.

Other specilic abnormalities reported in infants exposed to maternal alcohol usage are
craniosynostosis (Zegler et al 2002), retinal abnormalities and abnormal retinal
function (Hug et al 2000), other ocular manilestations (such as lens opacifications and

optic nerve hypoplasiay (Chan ctal 1991), renal agenesis or hypoplasia (Moore et al

1997y, anal atresia (Yuan et al 1995) and Down syndrome (Bingol at al 1987).

Although maternal consumption ol alcohol has been shown to cause structural brain
abnormalities in animal studies, (Kotkoskie and Norton, 1989, Ashwell and Zhang
1996, Mattson et al 1994) very little rescarch has been conducted on the human fetus.
Wass ¢t al (2001) recently conducted a study examining the impact of prenatal alcohol
cxposure on the frontal cortex in utero. They found the frontal cortex was smaller in
letuses whose mother consumed moderate to large amounts of alcohol while pregnant.
To date there have been no other prospective studics to establish if any of the features

ol'the FAS lacies were visible in utero.

More recent studies done using magnetic resonance imaging (MRI) have
demonstrated that exposure to alcohol causes displacements of the corpus callosum,
imcreased grey matter densities in both hemispheres in the perisvlvian regions, and
orcy matter assynunetry in the temporal lobes. Reduced brain growth in portions of

the frontal Tobe was also observed. The cerebellum may have decreased volume and

minor structural abnormahities. (Riley et al 2004).



viii) Adviee given to pregnant mothers regarding alcohol consumption.

There 1s still no consensus in medical cireles as to “sale” levels ol alcohol

consumption in pregnancy. In 1996 the Royal College of Obstetricians and

Civnaccologists relcased guidelines for patients regarding alcohol consumption during
pregnancy (RCOG guidelines 1996). They recommended that mothers be “caretul”
about alcohol consumption, and that they limit consumption to one standard drink a
day (namcly, half pint of ordinary strength becer, lager or cider, one-quarter pint strong
beer or lager, one small glass ol wine, one single measure of spirits, one small glass of

sherryy. They could find no adverse effects in growth or 1Q levels at consumption

below 120g or 15 units per week.

However, this was not universally accepted, and in 1998 Guerrt et al (1999)
commented on these guidelines, quoting studies by Day et al (1994) and Goldschmidt
et al (1996). These authors had found growth and 1Q effects at consumption levels of
one drink per day, lower alcohol amounts than were recommended to be “safe” by the
RCOG guidelines. They also felt that the increased risk of binge drinking had not
been adequately addressed. They suggested that pregnant women be advised to

abstain from alcohol.

Chaudhuori undertook a more veeent review of the literature ol the teratogenic effects
ol alcohol (Chaudhuri 2000), and also recommended abstention during pregnancy.
This was Tater supported by a recent study that showed that even low sporadic doses
iralcohol consumption may increase the risk of a congenital abnormality, and that
this risk mereases with increasing levels of alcohol exposure. (Martinez-Frias et al
J04). In this epidemiological study conducted in Spain the records of mothers
reporting any aleohol in pregnancy were examined to ascertain possible risks for
moenital abnormalities. Those women who consumed low but increasing sporadic
levels of alcohol while pregnant had an increased risk of congenital abnormalities in

therr olfspring. as well as those who consumed increasing daily amounts of alcohol,



compared 1o those who did not drink shile pregnant.

While there s stll doubt as to whether consunming small amounts ol alcohol 1s safe. 1t

is probably best that mothers should be advised to avoid drinking alcohol while

pregnant,



Merhods:

This matched cohort study was conducted between July 1999 and April 2002, Ethical
approval was obtained rom the Research Ethics Committee of the Faculty of Health

Sciences of the University of Cape Town before commencement of the study. {Sec

Appendix 5)

There were S phases in the study.

I .Recruitment

2 Uitrasound evaluation of the fetus during the pregnancy
3.Collection of data regarding the delivery and perinatal period

4 xamination ol the infant alter delivery, and at one year ol age.

5. Statitical analysis.

F.Recruitment:

Two groups of women were recruited, the subjects (mothers who drank heavily while
pregnant), and the control group, who abstained or drank little while pregnant. All
women were recruited from the same midwife obstetric unit (“MOU”) situated in the
Cape Town municipal area. All women were recruited from Hanover Park MOU. An
MOU s a primary care prenatal and delivery factlity. which forms an integral part of
the Peninsula Maternal and Neonatal Scrvice (the P.MUNLS). Professional midwives
staflthe MOU L with no permanent medical staff on the premiscs. Women who are
constdered to have a high-risk pregnancy (fetal or maternal indications) are referred to

a sceondary or tertiary teaching hospital for further antenatal care and delivery.
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Dyuring the planning phase ol this study, it was decided that the ultrasonologist (the
author. 1.M.) would be blinded to the results of the recruitment interview. and would
not know the amount of aleohol consumed by the women. In this way the
nltrasonologist would not be aware of which patients were the control group, and
which were the subject group. The research assistant (R.A) was therefore carcfully
selected for her experience n the field ot alcohol rescarch, and her knowledge of
midwilery. A professional nursing sister with a background in midwifery, Sister
Anna-Susan Marais was selected for this role. She interviewed women in the MOU as
they attended the antenatal clinie Tor the first time in the current pregnancy (the so-

called “booking visit™)

I'he subject group, who drank heavily, were recruited in one of two ways. In the first

I the nursing stalt at the antenatal clinte, who knew the women from previous

pregnancies, would refer the woman to the rescarch assistant as a possible subject.
Subjects were also reeruited [rom the women altending the booking clinic that day.
They were asked il they were willing to be interviewed in private, and if they
consented they were interviewed to ascertain if they consumed heavy amounts of
alcohol. T during the interview, it was established that the woman consumed heavy
amounts of aleohol, they were offered recruitment into the study. 1f the subject was
recruited, the control woman was selected by examining the records ol the next
women in the queue, and recruiting her 1f she fitted the matching criteria. The
“eontrol” was matched as closely as possible to the subject with regard to smoking,
maternal weight (within 10 kg), ethnic group, and gestational age at booking (within 4
weeks). [0 the next patient in the queue did not meet these criteria, the records of the
next patient in the queue were examined, and so on. Many possible “controls™ were
rejected until a good match was found. All interviews were conducted by the rescarch

assistant,

'he selected woman was approached by the research assistant and asked if she would
be willing to participate in an interview. I she consented, the research assistant would
mterview the woman for a period of approximately 40 minutes. A questionnaire was
administered. This was caretully designed to include a detailed history of the

woman’s medical and obstetric pust. as well as details ol her dict and possible

substance abuse (including smokmg). The lifestyle questionnaire included questions
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5. exercise, sleep habits

about personal relationships. education level, 1<

b

and cating habits. (see Appendix 6)

Once the mterviewer considered the woman to be relaxed and to have a rapport with
her, she asked about drinking habits, being carelul to appear non-judgemental and

mpartial. The woman was asked what type of alcohol she consumed (e.g. beer, home-
made beer. wine, mixed drinks, or spirits), how much she consumed in a typical week,
and whether she ceased drinking once she discovered she was pregnant, or at any

stage during the pregnancy

The woman’s drinking habits were assessed and the rescarch assistant decided if the
woman fulfilled the requirements for a heavy drinker. “Heavy drinking patterns”
fultilled the following criteria, in keeping with other rescarch in this area (Rosett
1O81). where one standard drink was cquated to 15 ml of absolute alcohol. This
translated to 2 drinks per day or 14 driks per week or 5 drinks per occasion (a

“hinge™) with 2 such episodes occurring in a month or 6 binges in 3 months. As many
paticnts in this study consumed beer, a 750ml botile of beer was assessed to be
cquivalent to 2.5 drinks, with the result that two such bottles consumed would

¥, a 750ml bottle of wine would be equivalent to 5 standard

constitute a binge. Similar

drinks.

[ 1he woman fultilled the eriteria of “heavy drinking” in pregnancy, she was asked for
consent to participate in the study. After full disclosure as to the nature of the
research, what the study would entail, and what the woman’s expectations were, those

willing sicned consent to participate 1n the study (sce Appendix 7). All women were

counselled about the risks of drinking during pregnancy and encouraged 1o abstain.

Fxclusion eriteria were: women less than 18 years of age, women suffering from
diabetes mellitus, epilepsy, cardiac conditions needing treatment, strictly observant

Moslem women (who abstain [rom alcohol) and women who present to the clinic later
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than 26 weeks gestation (determined by menstrual dates or initial ultrasound
examination). Moslem women were excluded from the study because their traditional
clothing would immediately allow the sonologist to identily them as belonging to the

cotrol proup.

The woman's records rellected that she had been recruited for a research trial, but the
medical and nursing staff was not informed as to the nature of the study, and. to avoid
any prejudice. they were not informed about subject or control status. There were no
recommendations made to the ¢linician concerned regarding the woman’s antenatal
carc or delrvery. The woman was scen at regular intervals throughout the pregnancy
by the rescarch assistant. At cach visit to the ultrasound department she was
interviewed by the R.AL about alcohol consumption, counselled about the risks of

alcohol consumption during pregnancy, and was encouraged to abstain.

2.Ultrasound evaluation of the fetus during pregnancy

Women were given appointments to attend the Ultrasound Department in the
Department of Obstetries and Gynaccology, Groote Schuur Hospital at the relevant
cestational ages. They were transported (ree of charge from their homes to the
hospital for these visits. The research assistant did not reveal any information to the
ultrasonologist aboul the patient’s drinking habits, so that the ultrasonologist did not
know which woman was a subject (i.c. a heavy drinker) and which woman was

recruited as a control,

Al women were examined by the same ultrasonologist. the author of this study

(LM atevery visit. They were examined using a General Electric 500 Logic



ultrasound unit. All ultrasound examinations were performed trans-abdominally usimg
a curvilinear abdominal probe. 3.5 MHz frequency probe. Doppler wavetorm
sampling was performed using colour flow and pulsed wave Doppler flow. The
woman was requested to lie supine on an examining couch. coupling gel was applied
to her abdomen and an obstetrical ultrasound exanunation was performed.
Measurements were recorded on paper at every visit, and were later entered into a

computer data sheet to aid data analysis,

The Tetus was seen at the ollowing gestational ages:
1. 10-14 weeks. or as soon as possible afier recruitment, and
2. 20-24 wecks. lor those women who booked catly enough,

28 weeks

s

36 weceks

RN

[T there were any abnormal findings at the 28-week visit, an additional ultrasound

examination was perlformed at 32 weeks.

As the ultrasonologist was blinded to subject or control status of the patient,
counselhing regarding the risks and dangers ol alcohol use in pregnancy was done by
the research assistant. and not by the ultrasonologist. The women were fully

counselled at every ultrasound visit.

The ulrasonologist was only informed of the subject or control status of the women

after they had delivered, after which time the ultrasonofogist had no further physical

contact with them.

FoAssessment at 10-14 weeks

This ulirasound examination was only performed on those women who booked early
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cnough. and was performed [or four reasons:
a) To determine the accurate gestational age of the fetus

b To measure the nuchal translucency, a sereening test for Down syndrome and other

chiromosomal defects
¢} To exclude gross structural abnormalities

4y To excelude multiple pregnancy

The fetal gestational age was assessed by the measurement of the crown-rump length.

Internationally aceepled charts were used to correlate fetal size with gestational age in

weeks (Altman and Chitty 1997).

The nuchal translucency measurenmient was recorded, and a risk assessment for
chromosomal abnormalities was given to the woman, The ultrasonologist is registered
with the Fetal Medicine Foundation as a competent first trimester scanner, and has the
soltware package. available to registered users, Lo give the woman a statistical risk
bascd on current rescarch by that organisation. The women was then informed of the
risk for Down syndrome caleulated by the software, and was offered amniocentesis to
exclude a chromosomal deleet should the risk be high (the Fetal Medicine Foundation

software will report the risk as bemg high il the risk is greater than 1:300).

i a multiple pregnancy was diagnosed, the woman was excluded from the study.



2. Assessment at 22-24 weeks

At this visit the ultrasonologist performed 3 tasks:
I Detaded measurement of the fetus. using internationally acceptable landmarks and

relerence points (Altman and Chitty 1997)

2. Detatled fetal abnormality scan

3. Doppler Tow studies of the tetal umbilical vessels

The following measurements were taken

I Biparictal diameter (BPD)

(g

CHead cireumference (HCY
3. Abdominal circumierence (AC)
4. Femur length (FL)

. Cerebellar diameter

(i

0. Length ol humerus
7. Length ol foot

Cnterocular measurements (detailed later)

ooy

9, Intracranial measurements (detatled later)
10, Liquor volume i.e. amniotic Tluid index (A.l°.1)

I Umbilical artery Doppler Reststance Index (R.1L).

ed fetal anatomical scan was performed. At this visit the letus was

A deta

systematically examined for structural abnormalitics involving any of the major

itics of the face, hands and feet. The following

systems. as well as minor abnorma

check Bist was completed to ensure no omissions were made:

. Head: cavum septum pellucidum, lateral ventricles, posterior [ossa and



cerebellum
2. Face: profile and frontal views

Palate

[

4. [ars

5. Spine: sagiital and coronal views

6. leart: four-chamber view, outilows, and aorta

~J

Diaphragm

& Stomach

9. Kidnevs and pelvic-ureteric junction
10, Umbilical cord msertion

1 Bladder

12, Tlands

13, leet

T, Umbilical cord vessels.

As part of the routine 22 weck detarled anatomical ultrasound assessment, the felus
was also examined for chromosomal markers (such as clinodactyly,pelvi-urcterc
junction obstruction ete).

The maternal utevine arteries were sampled using Doppler flow waveforms and R.I. to
record the presence or absence of persistent notching. An umbilical artery Doppler

resistance index was also recorded.

3.Assessment at 28 weeks

At this visit the Tetal measurements. done at 22 weeks, were repeated.
In addition to this, a detailed examination was done to record fetal Doppler flow
velocity in the following vessels:

I 'The middle cerebral vessel

2. The umbilical artery.

[
[



Doppler How wavelorm studies were comp

maternal uterine arteries bilateratly,

cted by examining and sampling the

-



4 Assessment at 36 weeks

As at the 28-week visit. the fetal measuremients and all Doppler (low measurements

Were I"CPCLHCd.

Many authors have published charts depieting the normal tongitudinal growth of the
fetus. Since publication of their lindings, most centres, including our own, now use
those published by Altman and Chitty in 1997 (Altman and Chitty 1997).The
callipers were placed from the outer table of the skull bone to the inner table of the
skull bone for measurcment ol the BPD. Abdominal circumlerence was measurced
with callipers placed on the outer skin border, using the ellipse calliper function on the
ultrasound unit’s kevboard. Femur length was measured {from end to end, with the
markers of the calliper placed along the entire length of the femur, ensuring that the
image was not distorted which would result in the femur appearing bowed or

shortened.

Cerebellar diameter was measured at the widest point in the transverse plane, taken at

the level of the biparietal diameter.

Measurcment of the fetal fool was performed from the ventral surface of the foot,

taken in the Jongest length measurable from heel to hig toe.

A detatled ultrasound examination of the fetal face and brain was performed at
intervals during the pregnancy to establish il there were any features suggestive of

fetal alcohol svndrome.









obtained with any repeatability by the same ultrasonologist. Also, the correct views
were not always possible in later gestations due to the fetal position, and the

physiological decrease in liquor with increasing gestational age.

Liquor volume is difficult o gquantity, so the amniotic fhuid index (AFI) is now
universally accepted and used in most centres. This was used in the study, and was
measured from 20 weeks of gestation onwards. The ultrasound probe is kept at a right
angle to the patient’s spine, and sweeping movements are made in a horizontal or
vertical direction. The uterus 15 divided into four equal quadrants. The largest vertical
pool of liquor seen in each quadrant of the amniotic cavity 15 measured as centimetres.
The AFI is the accumulative total of all four quadrants. Normal AF] ranges from 10 to
28 centimetres, depending on the gestational age, as hquor volume decreases with

increasing gestation.
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3. Delivery and perinatal period:

The research assistant was notified of the delivery of the baby by the labour ward staff
at the respective clinic or hospital. To ensure that the woman did not experience any
prejudice, the staff performing the delivery were not informed about her drinking
habits, and were not given any information about the subject or control status of the

Woman,

Data were collected concerning all aspects of the delivery, and a copy of the woman’s

discharpe summary was made, The following information was collected:
[. Date of delivery

- Duration of 1, 2nd and 3" stage

=

3. Method of delivery

4. Analgesia given

(g ]

. Gender of baby

6. Weight of baby

7. Head circumference {occipito-frontal)

8. Resuscitation, if needed

9. Apgar | {at Iminute)

10. Apgar 2 (at 5 munutes)

1. Placental weight (gross)

12, Duration of ruptured membranes

13, Induction or spontaneous labour.

14, Delivery result (alive, stillbirth, neonatal death etc.)
15 Any medical illnesses during pregnancy (anaemia, hypertension, diabetes)
16. Small for Gestational Age (SGA)

L7. Fetal distress, as diagnosed by delivery team.
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3.1 Definition of terms:

1) Small for gestational age (SGA) was defined as birth weight less than 10"
percentile, as defined by gestational age curves published by Lubchenco (Lubchenco
et al 1966). (see Appendix 8). Although these charts are somewhat outdated, the
neonatologists in our neonatal units still use these charts, and they were therefore

selected for this study.

i) Anaemia was defined as haemoglobin of 10g/dl or lower at any stage during the
pregnancy.
ii1) Fetal distress was defined as any abnormal fetal heart rate tracing in labour as

recorded by the obstetrical team. As there was no intervention in the woman’s

management in labour, this diagnosis made by the delivery team was accepted at face

value.

iv) Chronic hypertension was defined as a diastolic pressure greater than 90mmHg
before 20 weeks gestation on more than one occasion.

v) Gestational hypertension was defined as diastolic blood pressure greater than
90mmHg on more than one occasion after 20 weeks gestation,with normal diastolic
pressures prior to 20 weeks.

vi) Pre-eclampsia was diagnosed when both gestational hypertension and proteinuria
was present.

vil) Patients were labelled diabetic if they developed diabetes during pregnancy.

Those with type I diabetes, or pre-existing type II diabetes, were not included, as they

would not have been followed by the MOU’s.
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4.Follow up of the baby after delivery.

Once a mother had been discharged from the hospital or clinic after delivery, contact
between the mother and the research assistant was maintained telephonically, or by
periodic visits to the patient’s home if there was no telephone at her home. The
mother was asked to bring her baby back to be examined when the baby was 6 weeks
old. An appointment for this visit was made at 6 weeks of age, or as soon as possible

after the baby had reached that age.

At this six-week visit, the baby was examined by an independent dysmorphologist
who was experienced in the examination of newborns and infants for features of FAS,
The dysmorphologist was blinded as to whether the mother was a subject or a control.
This information was not revealed to the dysmorphologists at any time during this

study.

A physical examination was performed, looking for any structural abnormality, as
well as any minor features that may be compatible with FAS. A detailed record of
these findings was recorded (see example attached as Appendix 9). The baby was
weighed, and measurements were taken of the baby’s head circumference and length.
The baby was examined for neurological development, and a thorough examination of

all the systems was performed.

During the study, one of two dysmorphologists examined every baby; both had been
selected for their experience in the field of neonatology and fetal alcohol syndrome.
Due to the fact that the ultrasonologist was blinded as to subject or control status of
the women, the ultrasonologist was not present during these examinations. This would
prevent any communication with the dysmorphologist that may allow examiner bias.
Subtle features of FAS were searched for, including abnormal palmar creases,
hypertrichosis. clinodactyly, and abnormal facial features {short palpebral fissures,

strabismus, epicanthic folds, nasal bridge, anteverted nostrils etc). Although findings
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5. Statistical analysis

Data collected were recorded on paper and later transferred to Excel computer files.

These files were then analysed with the help of a medical statistician.

All data collected were used in the statistical analysis. However, data collected on
those women whose pregnancies were terminated for fetal abnormalities were not
used in the analysis of birth weight, preterm labour, fetal distress, Apgar scores or the

presence of FAS at birth,

[nitially descriptive analyses were conducted on the demographic variables across
subject conditions (drinkers versus non-drinkers). Both parametric t-tests, non-
parametric Mann-Whitney U-tests, and exact proportional difference tests were
conducted on the scaling of the variable being studied. Both SAS Version 9.13 (2002)
and StatXact 5 (Mehta and Patel 2002) were used. Analysis of the neonatal outcomes
across subject conditions nsed the general linear model along with the covariate of
smoking status for difference in birth weight. Since Apgar measures were ordinal
level data, we used a rank transformation general linear model procedure (Conover

and Tman 1976), which also allowed the inclusion of the smoking status covariate,

Changes in the proportional neonatal cutcomes across subjects were assessed using
logistic regression, which allowed for the inclusion of the smoking status covariate.
Finally. the ultrasound measurements were analysed using fixed occasion longitudinal
models and multivariate, multilevel longitudinal models. A probability of <0.05 was

accepted as significant.
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Ethical considerations.

The need for this study to be ethically sound was paramount to the research leam. It
was obvious from the early planning stage that we would have to make it clear to the
subjects selected that the use of alcohol in pregnancy was not advisable, and that

every attempt would be made to encourage the women to stop drinking.

There were many ethical considerations during this study. They are reviewed under

the following headings.

1. Recrultment and interviews

!\J

Obtaining informed consent

3. Counselling women about the dangers of alcohol consumption throughout the study

and offering appropriate counselling and support
4. Ensuring confidentiality

5. Performing invasive and non-invasive investigalions.

I.Recruitment and interviewing

Women were selected from those attending the antenatal clinics at our midwife
obstetric umts for the first time in the current pregnancy {the so-called “booking
visit™), Women were either recruited at random, or after nursing staff at the clinic
indicated to the research assistant ()R A) that the woman might be consuming alcohol
while pregnant. All discussions between nursing staff and the R A, were conducted in
private and confidentiality was assured. Other women in the vicinity could not

averhear the conversation or be aware of the interview,
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Once the woman’s folder was selected, she was asked to accompany the R.A. into a

separate room. where the interview could be conducted in private.

[f the woman consented to participate in the study. a sticker was placed on her folder
reading: "™MATERNAL INFANT STUDY”. No reference was made to the fact that
the study involved research into alcohol consumption in pregnancy. There was also no
reference to the subject or control status of the woman, either in her clinic folder or on

her appointment card.

2.0btaining informed consent,

Careful counselling of the woman who agreed to participate in the study was
performed at several intervals during the study. This counselling was essential as we
needed to be certain that all participants fully understood the reason and the nature of
the study, and also that they consented to all the procedures that would be necessary

during the study.

Disclusure of information derived from the ultrasound examination occurred only if
the woman indicated that she wished to be fully informed of all findings. Some
women declined invasive testing to exclude chromosomal abnormalities such as the
maternal biochemical screen for Down syndrome, and amniocentesis. These women
felt that the increased anxiety levels they would experience would outweigh the
benefits of knowing the information prenatally. The autonomy of the individual was
therefore always respected. An example of this would be when the ultrasonologist
(L.M) observed minor variants from normal fetal anatomy which may be markers of
Down syndrome (e.g. a choroid plexus cyst). This information was only revealed to
the woman if she indicated she wanted full disclosure of the findings. It was
explained to the woman that the information might influence the management

decision in the pregnancy.

The women in both the control and subject group were informed how the study would

be performed, when they would be requested to attend the hospital for ultrasound
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examinations, what transport arrangements would be made, and how expenses would

be covered,

3. Informing women of the dangers of alcohol consumption during the study.

The ethical considerations of this aspect of the study were challenging. There was a
responsibility to inform the subjects of the potential dangers of alcohol consumption
on their unborn child at every visit. The R A. reinforced this message every time she
had contact with the woman. This was done in a non-judgemental manner, with &
neutral explanation of the current thinking that indicates that alcohol consumption has
adverse effects on the unborn child throughout pregnancy, from conception to
delivery. All women who were recruited as subjects (those who had excessive alcohol
consumption) were otfered support, counselling and assistance in stopping alcohol

abuse from the time of recruitment until after delivery, and at all follow up visits.

4.Ensuring confidentiality.

Confidentiality of the records regarding the woman’s alcoho! consumption habits was
easy to achieve, as the examiner was blinded to subject or control status of the
woman. There was no mmdication on the woman’s antenatal records that she
consumed, or had consumed alcohol while pregnant nor was this information

availlable to medical or nursing staff involved in the woman’s delivery, unless they
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independently obtained this information, or the woman showed evidence of alcohol

use’abuse.

All records relating to this study were kept off-site from the antenatal clinics and
delivery cenlres. An exception of this was if any abnormal ultrasound findings were
obtained, in which case the clinician involved in the woman’s care was informed of
these findings. Patient records were only released to the ultrasonologist once the
woman had been delivered and the neonate had been examined by the

dysmorphologist.

5.Performing invasive and non-invasive procedures.

Ulrasound examination is a non-invasive method of assessing the fetus. Current
vpinion, supported by extensive research, is that ultrasound examination carries no
risk to mother or fetus, provided acoustic exposure duration and intensity are kept
within accepted limits, and ultrasound examinations done transvaginally in the first
rrimester are kept to a minimum { Duck 1999). There were therefore no cthical
implications in performing ultrasound examinations, which are routinely carried out in
our service on all women who “book™ before 24 weeks gestation. There is also no
documented or postulated increased risk to women who are examined by uitrasound

on more than one occasion during pregnancy.

Patients who are 39 years of age or older at conception are routinely offered
amniocentesis to exclude chromosomal abnormalities in our practice. Data on the
prevalence of fetal anomalies indicates that for the age of 35 years and older the risk
of a chromosomal anomaly exceeds the risk of amniocentesis. However in the

Western Cape cost benefit factors dictate that we can offer this service only to women
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39 years of age or over. Younger women would be counselled and may elect to have
the amaiocentesis, but would then have 1o pay for this investigation (approximately
R2000). In our clinical practice, the procedure is performed at 16 o 21 weeks of
geslation. All patients were extensively counselled about the risks of this procedure by
trained generie counscllors. They were encouraged to bring their partners with them to
this counselling session. Those patients who wished (o have the procedure, and were

fully aware of the nisks and benefits, were referred for the procedure.
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Ethies Boavrd Approval.

Ethical approval was obtained from the Research Ethics Committee of Faculty
of Health Science of the University of Cape Town before commencement.

(Reference 038/99,approved 6 May 1999.)
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RESULTS.

Resultsl: Demographics and neonatal outcomes.

Between July 1999 and April 2002, a total of 125 women were recruited to the study.
Of these, 5 women were later excluded from the study. Two of these women defaulted
the study and were lost to follow up (one left the area and could not be traced, the
other decided not to participate after one visit). One woman was diagnosed as having

an anembryonic pregnancy at her initial visit, and was therefore excluded.

A further two women were ¢xcluded from the study after delivery, once it became
clear that they had not given an accurate history of their true alcohol consumption.
Both these women, who were recruited as controls, later admitted that they had
consumed more heavily in the first trimester than they had initially reported. As they
did not consume enough alcohol to be termed a “heavy “ drinker (by the definition
used in this study), they could not be used as a subject. They were withdrawn before
statistical analysis was done, and their babies were not examined by the

dysmorphologist.

With these exclusions a total of 120 women were analysed in the final analysis: 60
subjects and 60 controls. Each ultrasound examination was 40 to 50 minutes in
duration. At complction of the study, there had been 278 ultrasound examinations
recorded. These examinations were all performed on the same ultrasound machine by
the same examiner (J..M.). Women were seen as close to the pre-selected gestational
ages as possible (1.e. .at 24,28,and 36 weeks gestation). The number of women seen at
each gestational age is represented graphically in Figure 3. This figure demonstrates
the clustering of ultrasound examinations done around the pre-selected gestational

ages.
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T he mean age was 25.2 yvears (+/ _5.2) for controls and 25.4 years (+/-5.7) for

subjects, This was not statistically significant.

Mean height was 159 0cne (+/-7. Tem) for controls and 157 7em (+/-6.11cm) for

subjects. No differences were found.

The mitial booking weight for controls was slightly higher than subjects (62.8 kg vs,

Body mass index (weight in kg/ height in metres squared) means were 251 for the
control women and 25.9 for the subject women. No statistical difference was found

using t-testing.

(iravidity and parity were analysed (Table IT). Means were calculated and rounded off
to nearest whole number e.g. 2.23 rounded off to 2. Mean gravidity for both subjects
and controls was 2. Mean parity was | for both subjects and contrels. No difference

was found between the subject and control women.

All women recruited for the study were of mixed ancestry (referred 1o in South Africa
as “Cape Colioured”™). The ethnic groups that contributed to this ancestry was Khoi,
San, black Afncan, white and Malay. They lived in the same geographical area
(surrounding the clinic at which they were recruited), and belonged to the Jower and

middle-income groups.

Menstrual dates (last menstrual period) as reported by the patient were correct, and
cerrelated with early ultrasound assessment of gestational age, in 66.6% of controls

but unly 53.3% of subjects.

Sixty (60} percent of the controls smoked during pregnancy. compared 10 91.7% of

subrects. (pr 0.0000)



2.Alcohol consumption in pregnancy.

Lo fulfil the inclusion critena for this study, the subject women were all “heavy”
drinkers, as defined in “methods™ When this data was analysed at the conclusion of
the study, we found that these women consumed between 9 and [40 drinks per week
(oue drink equal to 15 ml absolute alcohol), with 43,1% (25/58) consuming more than

20 drwnks per week.,

Nearly ail our women consumed beer, but a few consumed wine or spirits, either

alone or in addition to beer.

After the women were recruited on the study, and had been advised about the risks of
alcohol consumption while pregnant, 29% (17/58) declared that they had stopped
drinking. None of these women stopped drinking before the end of the first trimester

of pregnancy, and most stepped between 20 and 26 weeks {see Appendix 1).

3.Maternal illnesses in pregnancy

Angemia, diagnosed by a haemoglobin concentration of 10 g/dl or less, was present in
1.7 % of controls, and 8.3% of subjects. Other maternal diseases recorded were
hyperiension (6.6% of controls and 11.7% of subjects) and diabertes {1.7% of controls

and 1.7% of sublects). None of these differences were significant.
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4. Delivery and permatal outeome:

When analysme perinatal and neonatal cutcomes, there were statistically significant

differences berween the two groups in the following variables:

a. Preterm labour, higher inciderce in subjects {p = 0.005}

b, Mean birth weight, less in subjects (p=0.008)

¢ Intrauterine growth restriction, higher incidence in subjects (p=0 021

d. Confirmed FAS diagnosed at birth, higher incidence in subjects (p=0.017)

e, Placental weight, less i subjects (p=0.038)

['here was no statistical difference between the two groups in the following variables:

£, Apgar scores (p=0.74)

g [ncidence of retal distress (p=0.166)

These findings are represented in Table IT1.
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a) Preterm labour:

Twenty-nine percent (29%) of the subjects delivered preterm infants, defined as a
delivery before 37 weeks gestation. There were 58 women in this group, as one
woman had a termination of pregnancy for a fetal abnormality, and one woman was
lost to follow up in the third trimester. Of the 58 women analysed for this outcome, 7
(12.1%) women delivered between 28 and 33 weeks, and 10 (7.2%) women delivered

between 34 weeks and 37 weeks.

Only eight percent (8%) of the control women had preterm deliveries. (p=0.005). In
this group there were 59 women, as one woman had a termination of pregnancy for a
fetal abnormality and was therefore not analysed for this outcome. Only one women

(1.7%) of the control group delivered before 34 weeks.

b) Birth weight:

Birth weight of the babies born to mothers who consumed alcohol was less than the
birth weight of the babies born to those mothers who did not drink heavily while
pregnant. The mmean birth weight of the controls was 2985g (SD 585) and the mean
birth weight of the subjects was 2653g (5D 649). P-value was 0.008. However, the p-

value when controlling for smoking was 0.215.

¢) Intrauterine growth restriction (IUGR):

[UGR was defined as a birth weight of less than the 10" percentile for gestational age.
(Lubchencho et al 1966.) Of the control group, 3.4% of neonates had IUGR, but

16.15% of the subjects delivered growth-retarded neonates. (p=0.021)

d) Fetal Alcohol Syndrome (FAS) at birth:
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g) Modc of delivery:

Eighty-six (86.7%) of controls delivered vaginally, while 79.6% of subjects delivered

vaginally.

h) Apgar scores:

There was no difference in Apgar scores at one minute (Apgar 1) or at 5 minutes after
buth (Apgar 5) between the two groups. The mean Apgar 1 in the subjects was 9 and

in the control group 9. The mean Apgar 5 in the subjects and in the controls was 9..

1) Congenital abnormalities:

Congenital abnormalities, either major or minor, were recorded after examination
prenatally by ultrasound, and post-natally by the dysmorphologist. Combining those
found prenatally and those diagnosed after birth, 6.6% of mothers had a fetus with a
congenital abnormality in both the subject and control groups. Congenital
abnormalities are represented in Table I'V. Only 4 of the 8 abnormalities were
diagnosed by ultrasound before birth, as many of the minor abnormalities found in

thesc babies cannot be diagnosed by ultrasound examination (e.g.laryngomalacia).

In the subject group, one woman (ID number ND106) underwent a termination of
pregnancy due to the ultrasound findings of a spina bifida and dysplastic kidney.
Termination was done at 20 weeks gestation. Post mortem examination confirmed

these findings. Post mortem findings and photographs are attached as Appendix 9.
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One baby in our study had Trisomy 21awvhich was only diagnased postnatally. This
babyv had one mavker for Trisomy 2 on ultrasound examination pre-natally, namely a
PUT obstruction. The women presented to the booking clinie late in the second
trimester and her first witrascund visitwas at 26 weeks gestation. As is routine
practice in ot clinic, amniocentesis was not offered due to the advanced gestation of

the pregnancy.









When using the trajectory model (continuous growth measurements creating growth
curves), there was no significant difference between growth of the BPD in subjects
versus controls. When the effect of smoking was excluded, there was only a marginal
difference (p<0.1). with the subject group having slightly smaller BPD measurement

than the controls.

When analysing the data using the fixed occasion model (modelling differences at
fixed time periods, for cxample at 24 weeks gestation), the subject BPD was
statistically significantly larger at 24 weeks gestation (p=0.032). [n the subject and
smoking status covariate, this difference was no longer signiticant when controlling

for smoking. but smokers had a smaller BPD at 36 weeks.
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Results 4: Facial and intracranial measurements.

All 120 women mvolved in the study had the interorbital and cercbellar measurements
of their fetuses recorded at each visit. The measurement of the intracranial
measwrements (i.e. the frontal lobe measurements) were only commenced later in the
study period, and as a consequence that only 56 women were analysed for this

variable. Of these 56 women, 26 women were subjects, and 30 were controls.

The distance between the inner margins of the orbits was significantly different
between the subject and control group. At 24 weeks of gestation, the fetuses of the
mothers who consumed alcohol in pregnancy had more widely spaced orbits i.e. the
distance between the orbits was greater. These findings remained significant (p<0.05)
once the effect of sinoking was excluded, as smoking did not appear to effect this

measurement. These findings are represented in Table VII

There was ne significant difference between the two groups when analysing the
distance between the outer maruins of the orbits. Smoking did alsa appear not to
influence this rcading. Analyscd as a ratio, the ratio of inner margins of the orbits to

outer marging was greater in the subject group at 24 weeks gestation (p=0.024).

The examination of the fetal intracranial structores revealed significant findings at 28
weeks gestation. The distance lrom frontal calvarium to the cavum septum pellucidum
{measurement 1} was marginally larger in the fetuses of the subjects than in the
fetuses of the control mothers (p=0.034). These findings were not statistically

different in earlier gestations.

There was no significant differcnce in the distance from frontal calvarium to the

thalami (measuremoent 2) in the two groups of patients.
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When these results weve expressed as a ratio, namely measurement [/measurement
2,the vatio was sioniticanty sialler in the subject group, with these findings being

most significant statistically tn later gestation {32 weeks) {(p=0.0002},

There was no statistical differcnce between the transverse cerebellar measurements of
the fetuses whose mothers consumead aleohol, and those who did not. However, if we
consideced smoking per se. ar 36 weeks smokers had sigmificantly smaller cerebells,

with a p value of 0.0002.
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Figure 11: Comparison of I = . weight of FAS babies and controls.

Due to the small number of b. 125 who were diagnosed with FAS, an analysis
was also done to include those @ . bies who were exposed to alcohol in utero, and
who were placed into the “de:ci.od” group because the dysmorphologist could not
make a confident decision. T: - babies had some features suggestive of FAS,
but the diagnosis of FAS could ot be confidently made. As the dysmorphologist
did not know the drinking his: 2 cs of the mothers, they would defer the decision
until the infant was older, anc + culd refer the infant for further assessment and
follow up. There werce 8§ infaity icferred at one year of age from the subject
mothers. These were then adcec o the group of 9 infants who were diagnosed as

FAS, making a total ot | 7 1n!: ..s. The neonatal outcomes of these infants were

then compared. Once acain ti.> © \S infants had a higher incidence of preterm
delivery, ITUGR. oligohvdran: . . und a lower birth weight. These findings are
represented in Table N. Diffc - ¢ in birth weight between the two groups is

represented in Figure 12,
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Complcte post mortem report is attacned as appendix 10. The major findings were
that of a preterm male. of gestational age approximately 33 weeks according to
foot length. with evidence of fetal alcohol syndrome. There was no microcephaly,
but evidence of delayed cerebrul maturation. There was no FUGR. There was
incomplete lobation of the right lune. a thymic node in the neck, and optic
coloboma. The fetus had short imbs Tor gestation. Post mortem photographs are

attached.

Although the pathologist who pert ined the post mortem considered the facies of
this fetus to be typical of FAS, there were some features that were not typical of
FAS (e.g. presense of orbital colehoma and absense of IUGR.). This case report
has been included mainly to illustte to the reader how the study was performed
with regard to recruitment, freque v of visits, ultrasound reports at each visit

etc.,and cannot be considered a “typical” FAS baby.
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Discussion.

Our study clearly showed a significant effect of heavy drinking on the onset of
labour. although there is contlicting opinion in the literature regarding the etfect
of alcohol on preterm labour. Almost 30% of the women in our subject group
delivered before 37 completed weeks gestation. Gestational age in this study was
taken from menstrual dates if they correlated with ultrasound measurements, or by
ultrasound messurements if menstrual dates were unknown or incorrect. All
wommen were seen before 26 weeks gestation, at which time an accurate
gestational age can be ascertained from ultrasound parameters ( Fleischer pub
1991). This high incidence of preterm delivery may be due to the fact that we
stucied heavy drinkers, whereas many other authors recruited patients with mild
or moderate consumption. Thus, the dangers of drinking in pregnancy do not
relate only to the incidence of congenital abnormalities and neuro-developmental
delay. but also to the risk of delivering a preterm infant, with all the concomitant
neonatal complications. Clinicians need to counsel pregnant women about these

risks.

Both prenatal and postnatal growth restriction are frequently diagnosed in infants
with FAS. (McDonald and Armstrong 1992), Some authors found linear growth
to be mmore affected than weight, while others found there to be symmetrical
IUGR. (Jones et al 1988). There are however many studies suggesting that alcohol
had no effect on birth weight, and that the effects of smaller birth weight were due
to the mfiuence of smoking or preterm labour. (Gershoni-Baruch and Nelson
1988, Viljoen et al 2003). Abel and Hannigan found the effect of smoking is
indeed three times greater than the effect of alcohol. (Godel etal 1992) They also
revicwed the literature up until 1994, and concluded that the differences in the
literature were due to the inclusion criteria for the amount of alcohol consumed. A
threshold ot an average of two or more drinks a day was present, above which a
decrease in birth weight was noted to be linear. This threshold seemed to be only
present among smokers. At lower consumption levels, the incidence in decreased

birth weight was lessened for both smokers and non-smokers,
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More recent studies (Abel and Hannigan 1995) could demonstrate no association
between moderate drinking and IUGR, and others confirmed that alcohol had a
less significant effect on birth weight than other risk factors, such as smoking,
mother’s height and body mass index and ethnic factors. (Yang et al 2001) We
found it difficult to find women who drank heavily but did not smoke, suggesting
that this group may have had other factors (viz. smoking) influencing the size of
the fetus. The birth weight of the fetuses of the drinking mothers was lower than
those of the control group. The effect of preterm delivery on this result should,
however, be considered. Twenty-nine percent (29%) of the babies in this group
were delivered before 37 completed weeks of gestation, compared to only 8% of
the controls, which would result in the mean birth weight being lower in the
subject group. Once we excluded the effect of smoking, however, the subject
group no longer had significantly smaller infants at birth, suggesting that
smoking, rather than alcohol, may have been the cause. Our study therefore
demonstrated that the effect of alcohol consumption on [UGR and low birth

weight was not significant when the effect of smoking was excluded, agreeing

with other authors as mentioned.

While poor nutritional status of the mother may influence the birth weight of her
baby, we found there was no significant difference in the Body Mass Index
(B.M.1.) of the women in our 2 study groups. However, B.M.I may not be a
reliable indication of the mother’s nutritional status in pregnancy, especially as
the B.M.I. was calculated using the weight recorded at the booking visit, not the
mother’s weight before the pregnancy commenced. For some women in the study
this weight was recorded as late as 25 weeks gestation, There was also a large
range of recorded B.M.I's; in the subject group the lowest was 16.1 and the
highest 33.7. May et al (2004) found that the South African women of mixed

ancestry that they studied were smaller when compared to women in the U.S.



They found the women who produced a FAS baby in the U.S. had a mean B.M.I.
of 29.7 . whereas their South African counterparts had a B.M.1. of 24.9. They
postulated that women of smaller B.M.I. might be at greater risk due to their size.
as they have less body mass to metabolise the alcohol they consumed. Similarly,
our women with a B.M.1 of 25.9 would be at a higher risk than women with a

grealer body mass.

No significant differences were found in the incidence of congenital abnormalities
in the two groups. This is partly due to the natural low incidence of congenital
abnormalities in the population (Holmes 1976), and partly due to the small
numbers of women sampled in this study. A larger, multicentered study involving
a larger sample would be more useful to investigate an association between
alcohol intake and congenital abnormalities. For the purposes of this study,
however, we felt that this would require more than one research assistant and
ultrasonologist, and the advantages of good patient compliance, concise data

collection, and neonatal assessment from a small experienced team would be lost.

Of interest, none of the fetuses in our study were found to have cchodense (or
hyper echoic) bowel. MacGregor et al (1995) followed up 45 cases in the U.S.
with an ultrasonographic diagnosis of isolated hyperechoic bowel, They found
that 76% of these babies had no detectable abnormalities at birth, but one fetus of
the 45 was diagnosed as FAS after birth. Although our patient numbers are small,

none of our babies later diagnosed with FAS had this finding prenatally.

It was interesting to note that one of our subjects delivered a baby with Down
syndrome. Unfortunately, this woman did not book at the antenatal chinic until she
was 24 wecks pregnant, and therefore could not be offered early screening. She
was first seen for an ultrasound examination at 24 weeks gestation. At this

advanced gestation, fetal karyotyping was not offered to the woman, as is routine
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medical practice in our local setting. Although the advanced maternal age of the
woman (she was 39 years old) placed her at increased risk for Down syndrome,
we wondered whether there was any association in the literature between maternal
alcohol consumption and Down syndrome. One paper was found that evaluated
five babies that had FAS associated with Trisomy 21 (Bingol et al 1987). These
babics phenotypically had features of both Trisomy 21 and FAS. and the authors
also noted that all these babies had mothers who were chronic alcoholics. and
maternal grandmothers who were also alcoholics. They suggested that there might
be an increased incidence of Trisomy 21 in children of second-generation
mothers. However, Torfs et al (2000) conducted a comparison between mothers
who produced a fetus with Down syndrome and those who produced fetuses with
no birth defects, and examined the effect of environmental factors, such as
smoking, caffeine intake, and alcohol abuse. They found that high alcohol intake
in the first month of pregnancy was associated with a reduced risk for Down

syndrome.

It was interesting to note that the mothers of the fetuses that were diagnosed as
FAS at birth were all over 23 years of age, with 3 of the 8 mothers being 30 years
of age or older at the time of delivery. Although this is a small group of mothers,
this finding may support other authors who have shown that older mothers are

more likely to produce a baby with FAS (Jacobson et al 1996, May et al 2004).

Fhe incidence of fetal distress was lower in the subject (3.4%) than in the controls
(8.5%), but this was not statistically significant (p=0.166). This is not surprising,
as alcohol exposure would more likely cause a chronic disorder in the neonate

rather than an acute intrapartum event such as an abnormal heartbeat.

Doppler studies of these women did not demonstrate any interesting differences
between the two groups of women. Doppler flow graphs constructed did not differ
from those published by other authors. Middle cerebral artery resistance index
was found to be 1.00 in some fetuses, as has been shown by other authors

(Kurmanavicius et al 1997).
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The typical facial features of a child with fetal alcohol syndrome are now well
recognized by paediatricians and dysmorphologists. They include short palpebral
fissures with epicanthic folds, micropthalmia, midfacial hypoplasia. micrognathia.
and a long. smooth upper lip. (Viljoen 1991, Danis et al 1991). Howevcr, there
are very few studies done on the fetus. Indeed, the diagnosis of fetal alcohol
syndrome 1s not made before birth, but is made postnatally when the diagnosis is
suspected on clinical grounds. There are many different features that raise
suspicion of FAS; these range from the typical facial features, to growth
restriction, neurodevelopmental delays, other physical abnormalities, and central
nervous dysfunction. (Gershoni-Baruch and Nelson 1988, Jones et al 1973,
American academy of Paediatrics 2000). Once a history of maternal alcohol
consumption during pregnancy is elicited, the diagnosis of FAS can be made.
Although the diagnosis of FAS has not been made prenatally, it would be
interesting to ascertain whether there are any ultrasound features or “markers”
that would raise suspicion that the fetus was adversely affected by maternal

alcohol usage.

In a study conducted by Wass et al (2001), the frontal lobe of the fetal brain was
measured, looking at differences between fetuses of mothers who drank alcohol
during pregnancy and those who did not. [n contrast to our study, these authors
included women who consumed different amounts of alcohol while pregnant,
whereas our study looked specifically at heavy drinkers. These authors found that
the frontal lobe appeared to be disproportionately small in fetuses exposed to
alcohol, compared to a global effect on the brain, i.e. the fetuses were not
microcephalic. Other authors have also concluded that the frontal lobe may be the
most severely affected portion of the brain in microcephaly. Persutte (Persutte
1998) commented that anatomic shortening of the frontal lobe precluded
microcephaly, and that careful measurement of the frontal lobe may be a tool for
the identification of fetuses at risk for microcephaly. Another group (Pilu et al
1998) performed Doppler flow studies on the brains of fetuses with microcephaly
and found decreased flow to the undersized cerebral hemispheres, and poor flow

in the anterior cerebral arteries specifically.
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Our study did not confirm the findings of Wass et al. In fact the frontal lobe was
marginally /arger in the fetuses exposed to alcohol in utero in our study. These
findings were not significant until the third trimester. There was no significant
difference at 24 weeks gestation, but differences reached statistical significance
when the fetus was seen at 28 weeks. We were also surprised to find that the
fetuses in the subject group had /urger head circumferences at 24 weeks; even
once the effect of smoking was excluded. By 36 weeks, however, the head
circumferences of the fetuses in the subject group were smaller than the control
aroup, as one would expect. It may be possible that larger frontal lobes may be
consistent with wider interorbital diameter, as was present in the fetuses that were
exposed to alcohol. The larger frontal lobes may also be influenced by the fact
that the head circumference was larger in the subject fetuses at this gestation.
Both this study, with 26 subjects and the study by Wass, with 70 subjects,
examined small numbers of patients. Larger studies involving bigger patient

numbers would confirm or refute these findings.

Once the study was completed, we analysed the fetuses born to the subject group
mothers who were diagnosed as having FAS, or having possible FAS. We
compared these babies to their matched controls. In this group there were striking
differences in the fetal measurements at 36 weeks gestation. The AC and BPD
measurements were both significantly smaller in the babies with definite or
possible FAS. It would be interesting to conduct this study on a much larger scale,
perhaps involving different centres and ultrasonologists, to obtain a larger number
of babies who were diagnosed with FAS at birth. These babies could then be
retrospectively analysed to confirm or refute these growth disturbances. Although
this study had small patient numbers, it would seem prudent in clinical practice to
have a high index of suspicion for [UGR in women who give a history of alcohol

use In pregnancy.

['o our knowledge there have been no other studies published that examine the
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fetal face prenatally to identify changes associated with alcohol usage by the
mother. In this study we hoped to identify some of the facial features known to be
present in the baby with FAS in the fetal face. We were particularly interested in
the length from upper lip to nose, which we hoped would be longer in the fetuses
exposed to alcohol, as is seen in the infant with FAS. However, attempts to
establish if the fetal upper lip was longer in fetuses exposed to alcohol were
unsuccessful for technical reasons. In early gestations the area was very small and
repeatable measurements could not be obtained. In later gestations (the 36 week
visit) the position of the fetus and the relative lack of amniotic fluid made
visualisation of this part of the face difficult. With the advent of new technology

i the form of 3D ultrasound , the examination of the fetal face and upper lip may

be possible.

This study showed that the facial features of hypertelorism and small orbits,
which are seen on the child with FAS, might also be seen in the fetus as early as
24 weeks. These findings support the original hypothesis of this study, namely
that ultrasound markers may be present that would lead the clinician to suspect
that the fetus had FAS before delivery. While these findings are exciting, we feel
that larger numbers of women need to be studied to refine these measurements
and to establish sensitivity of these tests. While a suspicion of FAS can be made
when there are widely spaced orbits, we are far from being able to make a

definitive diagnosis pre-natally.

As with all clinical studies, there were several factors that need to be considered

when analysing the results obtained.

The first imitation was the small number of women recruited for the study. We
decided to limit the numbers to allow the same research assistant and

ultrasonologist to examine all the women recruited. This was a time-consuming
study, as each woman required lengthy counselling and interviews, and attended

ultrasound examinations at several visits during the pregnancy. Questionnaires
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were deliberately thorough and repetitive in nature. The research assistant
interviewed the woman every time she attended the hospital for the ultrasound
cxamination to ascertain whether the woman was still drinking alcohol, and to

encourage her to abstain.

Limiting the study to small numbers had two main benefits. Firstly it would
ensure that there was no inter-observer bias, as each ultrasound measurement
would be compared to a measurement taken by the same examiner at an earlier
gestational age, using the same ultrasound machine. Secondly, it allowed the
research assistant to conduct all the interviews herself jthereby establishing a
rapport with the woman, and increasing the likelihood that the woman would
continue to attend appointments, and give an accurate and honest account of her

drinking habits.

['he disadvantages of limiting numbers were that statistical significance was not
achieved with some findings due to the small number of women analysed. For
example,the results of the larger abdominal circumference of the fetuses of the
subject group was unexpected and difficult to explain, and may be due to the
sample size being too small for stafistical significance. Statistical significance was
however reached on most of the variables measured, even with such small sample
sizes. Initially, we planned to recruit a slightly larger sample of women to allow
for those women who decided not to participate, or who did not comply with the
appointments made for their ultrasound examinations, but we were pleased to find
that the attrition rate was very low, the women were reliable in keeping their
scheduled appointments, and they made themselves available for follow-up

examinations.

As with all research into alcohol and substance abuse, there are some problems
that arise. These problems centre on ethical issues, and the reliability of the
drinking history given by the subject. One of the biggest challenges of this study
was to ensure that the woman’s care was not compromised by her participation in

the study. We needed to ensure that each woman was extensively counselled at
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several intervals in the study about the dangers of alcohol to her unborn child. We
realised that this may result in the woman in fact curtailing or even stopping her
alcohol intake during the study period. This decrease in her consumption may
have resulted in the findings of our study not being as significant as we had
anticipated, as the women recruited as “heavy drinkers” may have in fact
consumed less alcohol after they had been recruited into the study. This so-called
Hawthorne phenomenon (Campbell et al 1995), where the outcome studied may
be affected by the mere fact that a study is being conducted, is an unavoidable
part of alcohol-related research. Rosett studied a small group of mothers who
consumed large amounts of alcohol while pregnant, and found that those who
reduced their alcohol consumption before the third trimester showed less growth
restriction than those who continued to drink heavily (Rosett at al 1980). We
accepted this limitation before commencing the study as we felt that it would be

the only way the study could be conducted in an ethical and responsible way.

[n fact, only 29% of our subject group did stop drinking during the pregnancy,
despite frequent and extensive advice given to them. Even though this may have
played a role in the final outcome, most of these women only stopped drinking
late into the second trimester, by which time the alcohol exposure may have
already aftected the developing fetus. Women in the subject group were all heavy
drinkers throughout the first trimester, the crucial time for organogenesis. Almost
half of them consumed more than 20 drinks per week. Nearly all the women
consumed beer. The beer they consumed is home-brewed, and sold in 750ml glass
bottles. The exact alcohol content of this beer is unknown, and would probably
vary according to the supplier. For the purposes of this study, we considered this
beer to have the same alcohol content as commercially produced beer i.e. 750 ml

was equivalent to 2.5 drinks.

Another limitation was that this study relied on the history given to us by the
women. Other authors have noted this inherent problem of alcohol-related
research. Lundsberg et al (1997) commented that under-reporting of alcohol use

was a significant obstacle to their data collection, but with biochemical markers of



alcohol exposure having limited use, they still felt that interviewing remained the
mainstay of data collection on alcohol usage in pregnant women. Wherever
possible in our study, collateral information was obtained, usually from the
nursing staff that attended the patients at the antenatal clinics. However, in most
cascs we were reliant entirely on the honesty of the women. Overall we felt that
the women were truthful concerning their alcohol intake, possibly due to their
good rapport with the research assistant. There were, however, two women who
informed us later in the study period that they had not been truthful about the
timing or amount of alcohol consumed. These women admitted that they had
consumed larger amounts of alcohol than they had reported at the recruitment
mterview, and therefore no longer fulfilled the criteria for the control group into
which they had been recruited. We elected to exclude them from the study before

entering their data into the study spread sheets.

Our main concern before commencing this study was that it would be difficult to
tdentify subjects who admitted to heavy alcohol consumption during pregnancy,
and that they would not be willing to participate in the study, and attend regularly.

We were surprised to find that this was not the case.

A strength of this study was the fact that two groups of women were carefully
recruited in early pregnancy, and the women in each group were matched woman-
to-woman with respect to socio-economic status, ethnic group, maternal weight
and gestational age at booking, as well as for smoking habits. Also, due to the
tact that the research assistant visited the antenatal clinic frequently, nursing and

support staff who were familiar with the study aided data collection.

Another strength of the study was the fact that the ultrasonologist and
dysmorphologist were blinded to the subject or control status of the women, and

were therefore unbiased in their findings.

99



It became apparent during the study that the incidence of preterm dchivery was
higher in the subject group. This resulted in a further limitation. namely that a
number of the subject group delivered before they reached 36 weeks gestation.
which was the gestational age at which the final ultrasound was scheduled in the
pregnancy. Thus abnormal findings that may have been significant in later
cestations. particularly growth disturbances and depletion in amniotic fluid levels,

were not observed, as the women did not attend this final prenatal visit.

[t 1s interesting to note the pattern of drinking in the population we studied.
Almost all of our subjects (96.6%) drank in a “binge” pattern, consuming little or
no alcohol during the week, but drinking heavily on Friday and Saturdays. This
confirms the findings of the same population group in South Africa reported in
early 2004 (May et al 2004). They studied women who had given birth to a baby
with FAS. These mothers were interviewed on a large range of maternal risk
factors. 1t was found that 94.9% of these mothers drank over weekends only. [t is
possible that the high incidence of FAS found in our study could be related to this
drinking pattern, as it is known that heavy, sporadic drinking is a prime risk factor
(Viljoen et al 2002,May et al 2004.). Even though we found a high incidence of
FAS in our drinking group, our study sample was small. With 9 babies diagnosed
with FAS in our subject group, and 8 still deferred for a later decision, it did not

seem prudent to compare the demographics of mothers who delivered FAS babies

with the mothers of the normal babies, as the numbers would be too small.

[he diagnosis of FAS can be difficult to make in the newborn baby. This is partly
due to the fact that the neurodevelopmental, cognitive and behavioural problems
that form part of the diagnosis of FAS are impossible to assess at birth. Also,
many women underreport their alcohol consumption (Ernhart et al, 1988).
Clinicians often believe that alcohol exposure is more of a problem amongst
minority groups, and therefore under diagnose FAS in other ethnic groups (Stoler
and Holmes 2004). Physicians may also be unfamiliar with the characteristic

features if FAS, and are unprepared to deal with FAS and its implications.



Despite the fact that the newboms and one-year old babies in this study were
examined by dysmorphologists with a particular interest and experience in the
diagnosis of FAS, there were still a large number of cases in which the definitive
diagnosis of FAS could not be made. Dysmorphologists used a “gestalt ** method
of diagnosis. relying on a checklist of abnormalities, and allowing the examiner to
decide for himself whether the FAS phenotype was present. In cases where a
definite diagnosis could not be made, the decision was deferred until a later date,
and the attending clinician was advised to correlate the findings with the alcohol
history given by the mother (the dysmorphologist was not given this history, as he
was blinded to allow impartiality). If one postulates that the babies in the subject
group, whose diagnosis was deferred again at one year, would have a high
probability of being affected by FAS, it would mean that in total 18 of 61 patients,

or 29.5%, of mothers who drank heavily in pregnancy produced a baby with FAS.

Recently, some authors have attempted to make the diagnosis of FAS more
accurate and precise, and base it on a specific diagnostic code, rather than the
“gestalt” method of diagnosis used in this study. Astley and Clarren (2001)
demonstrated that a “4-digit diagnostic code” was more precise, and allowed less
individual interpretation by the examiner. They used the four key diagnostic
criteria as 1) growth deficiency, 2) the FAS facial phenotype, 3) brain dysfunction
and 4) gestational alcohol exposure. These authors compared the “gestalt” method
of diagnosis with their method, and found that the facial phenotype of those
receiving a gestalt diagnosis of FAS was highly variable, but those diagnosed
using their 4-digit code showed less variability. They propose that their method,
or a similar method, may allow examiners in the future to have a standardised
code for the diagnosis of FAS. At the time of this study, no such method has

gained universal acceptance or recognition.

Another important diagnostic question relevant to our study was whether the FAS
facial phenotype diminished with age. In a study of 54 patients, Spohr and

Steinhausen (1987) reported a reduction in cranio-facial features characteristic of



FAS (epicanthic folds, blepharophimosis, ptosis, short, upturned nose, high
arched or cleft palate, and retrognathia) on follow-up examination .The change in
the appearance of the facial phenotype with age has been confirmed by other
authors (Majewski, 1993; Streissguth et al, 1985). This phenomenon may have
also influenced our study findings, as the features of FAS are difficult to diagnose
at birth, and at one year of age. Facial features may be more obvious when the
child is older, and a repeat examination of these infants at 3-4 years of age would

be useful.

This study did not attempt to ascertain if there was a “safe’” level of alcohol
consumption in pregnancy, as it recruited heavy drinkers only, but the findings of
this study confirm the risks to the fetus of preterm labour and FAS at birth. A
recent study conducted in the U.S followed up mothers who had previously given
birth to a child with FAS, and found that half of them were at risk for producing
further children damaged by prenatal alcohol exposure. (Astley et al 2000). These
mothers were still in the reproductive age and were either actively drinking or at
risk of drinking. The investigators felt strongly about the opportunity to provide
these mothers with support, and primary prevention intervention. Patients who
consume excessive amounts of alcohol should be offered increased fetal
surveillance with serial ultrasound examinations to measure growth and decide on
timing of delivery. Neonatologists should be informed of the possible diagnosis of
FAS, so the baby could be referred to an expert dysmorphologist for an early

diagnosis of the syndrome.

Conclusions.

This study compared the growth, development and neonatal outcomes of fetuses
whose mothers drank heavily while pregnant to those whose mothers drank

lightly. or abstained.



We found that the incidence of preterm delivery was higher in the mothers who

consumed alcohol, when compared to the control group.

[he fetuses delivered to mothers who drank heavily also had lower birth weights,

and were more likely to have intra-uterine growth restriction.

The fetuses exposed to alcohol had larger head circumferences at 24 weeks
gestation when compared to fetuses that were not exposed (o alecohol in utero, but
by 36 weeks gestation the head circumferences were significantly smaller than

those fetuses not exposed to alcohol.

There were some differences in the facies and intracranial structures of the fetuses
of mothers who consumed alcohol while pregnant. Fetuses exposed to alcohol had

more widely spaced orbits at 24 weeks gestation.

The fetal frontal lobe was marginally larger in fetuses exposed to alcohol at 24

weeks gestation, but this was not significant at later gestations.

Twelve percent of babies born to mothers who drank heavily while pregnant were
diagnosed as FAS at birth. By one year of age 14.7% were diagnosed as FAS, and

a further {6.7% had some features suggestive of FAS.

There was no difference between the drinking and non-drinking mothers with
respect to the incidence of fetal distress, Apgar scores at birth and 5 minutes, the
presence of congenital anomalies, or Doppler flow studies of the maternal uterine

arteries or umbilical arteries.

Almost one-third (29%) of mothers who drank heavily while pregnant stopped
drinking after they received counselling about the dangers of alcohol to the

unborn child.



Ftnical and moral ssues comphicate alcoholb-related rescarel. and may impact on

Tndings of the research.

the

Women i this ponulation group followed a patiern of "binge-deuking ™ which is
known to be more risky to the developing ferus than g steady but sustained

alcchol consumption.
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Recommendations.

While the findings n this study were significant, a larger number of women need
to be studied to confirm the results found. Although it is ideal to have one
ultrasonologist examine all fetuses, thus eliminating inter-observer bias, using
more ultrasonologists would allow larger numbers to be studied. It would not
have been possible to conduct this study retrospectively with bigger numbers,
because measurements of the fetus need to be carefully timed for correct
gestational aging, and eliciting an adequate history of alcohol consumption would

be difficult after a long period of time had passed.

The finding of possible prenatal ultrasound markers for FAS (widely spaced
orbits, smaller orbits, and larger frontal lobes) are exciting, and also needs to be
confirmed studying a larger sample of the population. If these findings were
confirmed, it would enable the clinician to identify babies at high risk of FAS
before birth, and allow early intervention and support of the mother and child,
which has been shown to improve the long-term outcome and functioning of FAS

individuals.

Efforts to educate farm-owners about the dangers of alcohol and pregnancy
should continue, and attempts to outlaw the practice of giving farm labourers
alcohol as part of their pay package should persist. Although this will not solve
the problem in the short term, a slow but gradual change in the habits and
lifestyles of farm workers could eventually allow the incidence of FAS in these

areas to decline,

This study confirms the risks of drinking alcohol during pregnancy found by
many authors, namely, the increased risk of preterm labour and intrauterine

growth restriction, and the diagnosis of FAS in the neonate. Women who



consume large amounts of alcohol should be offered a detailed anatomical fetal
assessment at 22 weeks to exclude fetal abnormalities, and increased fetal
survelllance with serial ultrasound examinations to measure growth..
Neovnatologists should be informed of the possible diagnosis of FAS in order for
the baby to be referred to an expert dysmorphologist for an early diagnosis of the
syndrome. Those fetuses that were found to have features suggestive of FAS in
utero found in this study, i.e. widely spaced orbits, smaller orbits. and a larger
frontal lobe are at particularly high risk. If a definitive diagnosis cannot be made
at birth. the baby should be reassessed at one year of age by a dysmorphologist
experienced in the field. Careful neurodevelopment assessment should be done,
and the progress of the infant should be followed until school-going age and

beyond.
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APPENDIX 1.

PATIENT | Alcohol Amount Binge Reduced amount Stopped Gestatiol
ID consumed per pattern? when pregnant? drinking  when
Week when stopped?
discovered
pregnant?
V1.2 beer 24 yeSs No no -
RS4 beer 24 yes No no -
AB6 beer and whisky 15 yes Yes,stopped whisky  no -
beer,2
whisky
RJ7 beer L5 yes Yes yes 20 weeks
MP8 beer 10 yes Yes yes 18 weeks
AR9 Beer and wine 15 Ves Yes, [0/week no -
T.R13 Beer and cider 1O yes Yes reduced no -
amount,but occ
binge
AS15 beer 18 yes no no -
NC16 Beer and brandy 13 yes no no -
RW17 Beer and brandy 1O yes Yes,S/week,occ no -
binge
EVIS beer 24 yes no no -
KK19 Beer and whisky 20 yes no no -
LP21 Brandy, tequila 12 yes Yes,oce binge no -
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JR23

SH25

EJ27

HR30

ER32

BRB35

Cv3o

KS37

RK39

DJ40

SP41

PP45

MG4o

PP47

MS52

JP54

JGS7

EMSS8

VS59

and wine

beer

beer

Beer

Beer and brandy

wine

Beer and wine

beer

beer

beer

beer

beer

beer

Beer,brandy

Beer and schnapps

beer

beer

tequila

beer

beer

12

10

21

15

140

26

27

10

23

12

9

34

35

36

33

L6

18

18

yes

yes

yes

yes

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

No

no

no

Yes, 4/week

no

Yes, [0/week

Yes,reduced

,unspecified

o

Yes, 10/week

yes

no

yes

no

Yes,reduced,occ

binge

Yes,reduced

no

yes

Yes. 9/week

no

no

no

no

no

no

o

no

no

no

yes

no

yes

no

no

no

no

yes

no

no
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16 weeks

12 weeks



AF62

MK67

EH72

VM76

FwW77

CO80

SB82

IB89Y

CC90

BF91

RP94

S$596

CM97

L.S98

NW99

CW104

JR105

ND106

JP107

Beer and vodka

beer

beer

beer

Beer and tequila

beer

Beer and brandy

beer

beer

beer

beer

beer

beer

beer

brandy

Beer and vodka

Beer,vodka,brandy

beer

beer

46

18

24

48

17

12

>50

30

30

12

15

12

48

10

25

42

36

25

yes

yes

yes

yes

yes

yes

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

no

yes

no

Yes,reduced,occ

binging

yes

yes

yes

Yes,increased,added

brandy

yes

yes
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FESEARCH SUPFORT - LICT FHOME 1O, : 406 6403

UNIVERSITY OF CAPE TOWN

Rexeurch Ethicy Comimittee

Faculty of Medicine

Anzio Road, Observatory, 7925

Queries : Martha Jacobs

Tel : (D21) 406-6492 Fax: (021) 406-6390
E-mail : Martha@medicine.uct.ac.za

07 May 1999

REC REF : #038/99

Prof D Viljoen
Human Genetics

Dear Prof Viljoen

PRENATAL ASSESSMENT OF FETUSES AT HIGH RISK FOR FETAL
ALCOHOL SYNDROME IN A SOUTH AFRICAN POPULATION

I have pleasure in informing you that the above study(including Protocol. Patient
Information sheet in Enghsh and Questionaire) has been formally approved by the
Research Ethics Committee on 06 May 1999

Included is a list of Research Ethics Committee Members who have formally approved
your protocol

Please quote the above Reference number in all correspondence.

Yours sincerely,

PROL; RF&OR FOLB
CHAIR: RESEARCH ETHICS COMMITTEE

Queries. Martha Jacobs
Research Ethics Committee
Room 212 Werner and Beit
UCT Medical School
Anzio Road, Observatory, 7925
Tel (021) 406-6492 Fax: (021) 406-6390
E-Mail. martha@medicine uct ac.za






13.

14.

15.

16.

17.

iv) Hypertension:

v) Morning sickness: Yes No
If Yes, Duration: .................. Frequency:
Vi) Additional information:

Previous medical history
a) Operations:

b) Serious illnesses:

Family history

a) Any genetic disorders in the paternal/maternal family? Yes No
b) Disorder:
c) Relationship of interviewee to affected person:

Medication usage

a) Are any regular medications used? Yes No

b) Drug(s):

c) Dosage:

Smoking

a) Does the patient smoke? Yes No

b) How many cigarettes perday ... L / day
Or

How many packets of tobacco ina week?  No of packets:

Size of packet:

Alcohol History

How old were you when you first started dnnking alcohol? ... ... years

If interviewee has never drunk alcohol, ASK:

1) Is there any particular reason why you have never drunk any alcohol?






g)
h)

),

K)

Has your drinking pattern changed in any way since ............. (month of
conception) YES NO  JfNO, skip to Questionl7(j)
When did your drinking habits change?

How did your drinking habits change? .............. .. ... ...
Why did you change you drinking pattern?

Have there been times during your pregnancy (even before you knew you
were pregnant) when you went to a party or were upset etc and when you may
have drank more than is typical for you (as you have just described to me)?

YES NO

If YES, ASK:
1) When did this happen?

i) Please describe to me what and how much vou drank?

1) About how many times has this happened?
) COMMENTS:

Do you usually eat when you are drnnking? YES NO
If YES, Specify.  a)

Over what period of time do you usually drink? (Calculate this by asking the
question in stages, eg. “'When do you start drinking on a Friday?” "When

heave you usually had enough 1o drink? ", etc.) ... ... hours

COMMENTS:

18.

Drug History
Have you ever used any drugs, such as marijuana (dagga), mandrax or

anything else? YES NO



[f YES, ASK:

a) What have youused? ...
b) When last have you used any L
c) How often do you usually use I AUV
COMMENTS:
19. Awareness
a) Is the patient aware of any factors which may be harmful to the growth
or well-being of her baby?  YES NO
b) Which factors are harmful? ...
c) Is the patient aware of any factors which may improve the baby’s
health prior to delivery? YES NO
d) Which factors are beneficial? ...

PART 2: INFORMATION OBTAINED FROM MEDICAL SOURCES

5.
7.

9. U/Sound findings: Date performed _ /  / Gestational age

10.
11

12.

EDD by dates: _ / / by palpation  / / byUS /7

Height:  .............. 3. Preconception weight: ................. ..

Booking visit:

Gestational age:  ................... Weight: ...
BP: Hb:

VDRL: 6. Hpypertension:

Vaginal bleeding: ... .. 8. Proteinuna:

Comments

Medication/supplements dispensed by clinic:

Additional relevant history... .. ...

Assessment
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LOCATION 1 HANOVER PFARK MOU SPECIMEN NUMBER: PNOODLE89V/99

PATIENT | S e,
FOLDER e

Wi

POST MORTEM EXAMINATION

Externa]l examinstion

The body was that of a premature male infant. There was a large
anterior fontanelle., The eyes were deeply set with downslanting
palpebral fissures and a deep bridge of nose. The nose was short with
patent nostrils. There was a smooth prominent long upper lip. Ths
palate, gum margin, and tongue were normal. The hands, feet, creases
and nails were noymal. The breasts, male genitalia and anus were
normal.

The external measurements were as follows

CH 410mm Normal for G Age of 33 weeks = 4l6om
CR 295 ’ 293
HC 308
FL 66 -L

§7 -R 65
W 1780g 1663g

Thoragic circumference = Z37mm
Abdominal = 240
Intercanthal distance = 22

Respiratory Svstem

Lungs : The right lung was bilobed with a partial cleft in
the right upper lobe. There were extensive pleural hasmorrhages
bilaterally.

Cardiovescular Svstenm

Vanous dralnage : Hormal
Great vaasels 1 Arose normally from the arch of the acrta
Heart 1 Epicardial haemorrhages. No VSD,

Foramen Ovale and Ductus Arteriocsus : Patent

Gastrolntestinal Svstem

Liver : Congegted

Gallbladdar : Present

Pancreasg : Normal

Gut : Clear ligquor was presant in the atomach. The was

insplsgated meconium in the terminal ileum and R. colon.

Posltion of cascum - right iliac fossa.

Ganitourinsrvy Svstem

Xidneys : Normal with prominent fetal lebulaticn.
Uraetersg : Normal

Bladder 1 Normal

Resproductive organs ¢ Wormal testes.

Continued
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LOCATION : HANOVER PARK MOU SFECIMEN NUMBER: PNOOQOLBIV/39

FATIENT : EEEeEaan o
FOLDER .« SR

ORGANS

Sections of the liver showad more congestion of the laft lobe than the
right, EMH and normal blle ducts. Thaere was no fibrosis sesn on
connectlve tissus stain (BSR). There was sparge iron im zona 1.

No iron was present in the spleen which had normal whits pulp and a
trabacular pattern.

The head of the pancreas wag normal with sparse EMH. Occasional largs
izlets were smesen in the tail.

The colon and terminal ilem had inspilssated meconium.

The oesophagus and proximal small intestine wers normal.

Sactlons of the lung showed pleural and interstitilal haemorrhage,
dilated lywmphatics, pulmonary cedema and sparse sSguamas.

The myocardium, parathyrold and marrow were normal. The thymus had
interstitial and petechial haemorrhagss.

Thers was alsoc haemorrhage in the kidneys and adrenals. Therse wers 6-8
generations of glomerull. Adrenal fat staln showed sparse fat in the
dasp fetal cortsx. There wars abssnt collold atores in tha thyroid and
thymic nodulses.

Tha rib had a straight junction and mild crogsbranching.

Section of ona aye (7) showed a small optic nerve coloboma. The retina
and lens was normal.

The pituitary and cervical cord wers normal.

Sections of the spinal cord wers normal. There was a filum tsrminals
with & large central canal.

Sactilons of the cersbral cortex showsd osdema of both cortaex and white
matbar. Betz cellg were sgeen. (AR22). The msninges were congested. No
hypoxic change was seen in the hippocampus. '
Sections of the cersbellum show delayed maturabtion with an extarmnal
granular layer of 1/2 and Purkinie cells without nuclecli indicating
maturation of 28-30 weska. Tha pons and medullas wars normal.

Myallin stainz showed myslination of the medial leminilsgcus in the
madulla (aexpected at 2§ Wesks), but not of the pyramids in the pons
{axpectad 3§ weeks}.

FINAL POSTHMOHRTEM SUMMARY

32 year old, G4P3, bocked, VDRL - Neg, gestational age 312 wasks alcochol
and smoker. She delivered prematurely at home - birth weight 1830g, a
male infant with fetal Alcohol Syndrome.

The major findings at autopsy werse :

= Premature male.

- Gestational age 33 weeks according to footlength.

- Evidence of typical Fetal Alcchol Syndrome.

- No microcephaly.

- Delayed cerebral maturation:- External ¢yral pattern of 26 weeks.
Cerebellar maturation 2Z8-30 weeks.

- Ho IUGR.

- Incomplete lobaticn of R lung.

- Short limbs.

- Thymic nodule in the neck.

- Optic verve coloboma.

Continued








