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Learning Objectives

* To identify the range of effects from prenatal alco-
hol exposure

e To understand the criteria required for an FASD
diagnosis

* To explore challenged with FASD diagnosis

Highlights

* The diagnosis of FASD is complex and requires a
highly trained, multidisciplinary team including
physicians, psychologists and other allied health
care professionals.

* An FASD diagnosis is based on a combination of
factors including central nervous system problems
(structural, neurological, and/or functional), facial
dysmorphology (smooth philtrum, thin upper lip,
and short palpebral fissure) and confirmed prenatal
alcohol exposure.

e There is no safe threshold for alcohol consumption
during pregnancy.
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e All pregnant women and women of child-bearing
age should be asked periodically about alcohol,
tobacco, prescription drug use, and illicit drug use,
and those at- risk for problematic substance use
should be offered brief interventions and referral to
community resources.

* A disproportionate number of individuals with
FASD have mental health comorbidities, such as
depression; mood and anxiety disorders; attention
deficit /hyperactivity disorder (ADHD); and con-
duct disorder.

Introduction

Prenatal exposure to alcohol can lead to harmful develop-
mental outcomes and is the leading known cause of develop-
mental disability in the western world. Fetal Alcohol
Spectrum Disorder (FASD) describes the constellation of
adverse effects that can result from maternal consumption of
alcohol during pregnancy. The cognitive and behavioural
symptoms associated with FASD are both debilitating and
life-long [1]. The extent and severity of these deficits require
a high level of coordinated service delivery that is extremely
costly to the health care system. FASD is not unique to
developed countries and is a growing global health concern
worldwide.

The diagnosis of FASD is complex and requires a highly
trained, multidisciplinary team including physicians, psy-
chologists and other allied health care professionals. This
level of expertise is essential to the accurate diagnosis of
FASD-related disabilities and for identifying functions and
deficits—especially neurodevelopmental—and for recom-
mending interventions that will not only improve outcomes
for affected individuals and their families but also provide
access to services.

Diagnosis is based on a combination of factors including
central nervous system problems (structural, neurological,
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and/or functional), facial dysmorphia (smooth philtrum, thin
upper lip, and short distance between the inner and outer cor-
ners of the eyes) and confirmed prenatal alcohol exposure.
The confirmed absence of alcohol during pregnancy rules
out a diagnosis of FASD. Diagnostic practices vary depend-
ing on the diagnostic schema used; clinical categorization is
not standardized [2, 3].

FASD can be diagnosed at birth, but often goes undiag-
nosed until later in life when behavioural and cognitive
effects become more evident [4]. Early diagnosis (e.g.,
before age 6 years) and intervention are considered critical to
improve development and to reduce the likelihood of sec-
ondary disabilities [5, 6].

Diagnosis can be extremely complicated and, in an
attempt to guide diagnostic teams, a number of approaches
have been identified around the world. Fetal Alcohol
Spectrum Disorder: Canadian Guidelines for Diagnosis [7]
were published by a panel of Canadian experts in 2005 in an
attempt to provide simple, but thorough, evidence-based
guidelines for diagnoses related to prenatal exposure to alco-
hol. These Canadian guidelines were updated in 2016 [1].
Additional diagnostic guidelines include those from the
Institute of Medicine [8], the FASD 4-Digit Diagnostic Code
[9], the Centers for Disease Control and Prevention FAS
guidelines [10], the updated Hoyme FASD guidelines [11]
and the Mortality and Morbidity Weekly Report Guidelines
[12]. Several countries have used these different schemas to
inform the developmental of their own diagnostic guidelines,
for example, Argentina [13], Netherlands [14] Germany
[15], Australia [16], and Scotland [17].

There is consensus among the diagnostic schemas that the
facial features associated with prenatal alcohol exposure are
unique to FASD; however, they differ in the number of fea-
tures that must be present to obtain a diagnosis. It is the cen-
tral nervous system dysfunction that has the most diverse
range of potential deficits and variability, which leads to dif-
ferences in the final diagnosis. A critical implication of this
predicament is the inability to combine data from sources

that use different diagnostic schemas preventing the creation
of large datasets that can be used for research, to calculate
prevalence and inform nomenclature.

Coles et al. [18] compared the most common diagnostic
schema for FASD and suggested problems in convergent
validity among systems, as demonstrated by a lack of reli-
ability in diagnosis, but concluded that the absence of an
external standard makes it impossible to determine whether
any system is more accurate. Table 24.1 illustrates the differ-
ences between systems.

Currently, diagnosis of FASD continues to be problem-
atic depending on a variety of reasons including lack of
diagnostic capacity, lack of antenatal history and lack of
support. These reasons further highlight the need to create
comprehensive diagnostic guidelines that can be imple-
mented easily, with as much objectivity as possible. Clearly,
diagnosis has significant implications for incidence, preva-
lence and surveillance, economic and cost calculations, and
supply and demand of services across many sectors. For the
purposes of this textbook, the 2016 Canadian Guidelines
will be used [1], recognizing that, while using different sys-
tems may result in different specific diagnoses, the process
of physical and neurodevelopmental assessment is largely
the same.

In 2005, Fetal Alcohol Spectrum Disorder (FASD):
Canadian Guidelines for Diagnosis [7] was published as a
supplement to the Canadian Medical Association Journal.
The guidelines were created following widespread consulta-
tion with expert practitioners and partners in the field and
were the first attempt to provide user-friendly, evidence-
based guidelines for diagnostic services related to Fetal
Alcohol Spectrum Disorder (FASD) in the Canadian context.
Eventually, more experience revealed gaps and inconsisten-
cies in areas that needed improvement and/or clarity (i.e.
diagnostic recommendations specific for very young chil-
dren and adults); and, following widespread consultation
with experts from around the world, the Canadian guidelines
were updated in 2016 [1].
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Epidemiology and Cost of FASD

The specific prevalence of FASD is the subject of a number
of investigations around the world. Lange et al estimate that
the global prevalence of FASD is 7.7 per 1000 population,
with some countries being as high as 111 per 1000 [19].
These statistics continue to be difficult to obtain, due to the
absence of a centralized database in which diagnostic data
could be entered and tracked.

The rate of FASD in the United States has been estimated
at 15 per 1000 live births [20]. Prevalence data for FASD in
Canada were reported at 5 per 1000 live births [20], with
rates up to 16 times higher among some populations. Of the
statistics that are available, it is likely that they are an under-
estimate of the actual prevalence in most countries around
the world, due in part to delayed diagnosis, misdiagnosis or
no diagnosis at all. For example, underestimates of the prev-
alence of FASD have been reported in communities in Italy
[21] and in Western Australia due to limitations in the birth
defect registry (birth defects are only recorded for children
between 0—1 year of age) [22] Without accurate prevalence
data, it is difficult to determine total cost (direct and indirect)
associated with FASD. Greenmyer et al. [23] suggest that the
mean annual cost for children with FASD is estimated at
$22,810 and for adults $24,308, but conclude that the data on
the economic burden of FASD are scarce, and the existing
estimates likely underestimate the full economic impact on
affected individuals, their caregivers, and society.

The economic burden of FASD in Canada, specifically,
was reported to total approximately $1.8 billion (from about
$1.3 billion as the lower estimate up to $2.3 billion as the
upper estimate) in 2013 [24]. The highest contributors to the
economic burden were costs associated with productivity
losses (due to morbidity and premature mortality), the cost
of corrections, and the cost of health care.

Importance of Early Diagnosis

Although a substantial amount of research has been devoted
to furthering the understanding of prenatal alcohol patho-
physiology, prevention continues to be an ongoing chal-
lenge. FASD is among the leading, preventable causes of
developmental disability and a major public health concern.
The early recognition of at-risk children is critical for initiat-
ing the appropriate intervention and treatment strategies.
Qualitative data reveals that the “lived” experiences of par-
enting a child with FASD include a range of concerns, such
as societal, educational, health and judicial [25]; all of which
can be significantly impacted by the time a diagnosis is
made. Women expressed great difficulty in obtaining a diag-
nosis for their child from a medical professional and frustra-

tion with the process, as they felt that they were constantly
dealing with barriers and challenges with the system [25].

Infants who were non-dysmorphic at birth were later
found to be at the greatest risk for significant behavioural
problems as children and adolescents [26]. Without the dis-
tinct facial presentation, FASD diagnosis at birth continues
to remain elusive; though no less important [27]. The need
for a concerted and coordinated effort, to provide the appro-
priate education to practicing physicians about the pheno-
types of FASD, must be made to ensure accurate and timely
diagnoses; only then can the most appropriate management
plans be put in place [28, 29].

Background and Terminology
for the Diagnosis of Fetal Alcohol Spectrum
Disorder

In 1968, Lemoine published a seminal paper that first identi-
fied the relationship between prenatal alcohol exposure and
birth defects [30]. Although his initial observations did not
attain international resonance, a few years later several phy-
sicians published the first case studies in North America
describing the physical findings of babies born to chronic
alcoholic mothers [31, 32] and coined the term ‘“Fetal
Alcohol Syndrome” (FAS). In 1978, four post-mortem ana-
tomical assessments were conducted and profound neuro-
logical malformations stemming from errors in the migration
of neuronal and glial elements [33]. Slowly the medical
community began to accept that alcohol was a teratogen.
Since the first description of FAS, a number of different ter-
minologies have been introduced and revised. Still, FAS
continues to be a diagnostic term that is used today and can
be recognized on both a national and international scale.
Interested readers are referred to Calhoun and Warren’s
review for a historical account of the evolution of FAS as a
medical diagnosis [34].

Terminology Associated with Diagnosis

Because terminology is tightly associated with diagnostic
criteria, several different approaches have been developed
along with their own specific nomenclature to describe the
different manifestations of prenatal alcohol exposure (Tables
24.1 and 24.2). A number of diagnostic guidelines for FASD
have been published; most notably those by the Institute of
Medicine (IOM) FASD [8], the FASD 4-Digit Diagnostic
Code [9], the Centers for Disease Control and Prevention
(CDC) FAS guidelines [10], the Canadian FASD guidelines
[1], the Hoyme FASD guidelines [11] and the Mortality and
Morbidity Weekly Report Guidelines [12]—all of which
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Table 24.2 Compares the terminology with that of the 2016 Canadian Guideline: [With permission from the CMAJ, Reference 1]

FASD with Sentinel Facial

FASD without Sentinel Facial

At Risk for Neurodevelopmental
Disorder and FASD, Associated with

2016 Canadian Guidelines Features Features Prenatal Alcohol Exposure
2005 Canadian diagnostic FAS pFAS
guidelines ARND
Institute of Medicine (IOM) FAS ARND
pFAS
4-digit diagnostic code (4DDC) Face 4 Face 1,2 o0r 3 Face 1,2,3 0or4
Brain 3 or 4 Brain 3 or 4 Brain 2 (or untestable at time of
PAE 2,3 or 4 PAE 3 or 4 assessment)
FAS ~SE-AE or sentinel physical PAE 2 (for face 4 ~ NB-AE), 3 or 4

findings SE-AE

FAS with/without confirmed
maternal alcohol exposure

Standard protocol developed by
the collaborative initiative on
fetal alcohol Spectrum disorders
(Hoyme)

Diagnostic and statistical
manual of mental disorders—5
(DSM-5)

315.8 neurodevelopmental
disorder, associated with prenatal
alcohol exposure
Neurobehavioral disorder,
associated with prenatal alcohol
exposure (appendix 3%)

Centers for Disease Control and FAS

Prevention (CDC)

Partial FAS with/ without
confirmed maternal alcohol
exposure

ARND

315.8 neurodevelopmental
disorder associated with, prenatal
alcohol exposure
Neurobehavioral disorder,
associated with prenatal alcohol
exposure (appendix 3%)

ARND Alcohol-Related Neurodevelopmental Disorder; FASD Fetal Alcohol Spectrum Disorder; FAS Fetal Alcohol Syndrome; pFAS partial Fetal
Alcohol Syndrome; NB-AE Neurobehavioral Disorder—Alcohol Exposed; SE-AE Static Encephalopathy—Alcohol Exposed

share similar diagnostic approaches and in the case of the
4-digit diagnostic code include a number of additions. To
date, several comparisons have been made in the literature
[18, 35] (Astley et al., 2006; Coles et al., 2016) and the 2005
Canadian guidelines published a harmonization of the 4-digit
diagnostic code and IOM [7]. Regardless of the differences
in terminology, an important evolution of all diagnostic
approaches is the move towards providing services based on
an individual’s needs, and not on what caused their diagno-
sis. Specifically, it is recommended that services should be
available for individuals across the full continuum of
FASD—for this reason, the 2016 Canadian Guidelines added
the “At-Risk” designation in recognition of this need [1].
Regardless, it is critical to remember, while the diagnostic
features associated with FASD represent a spectrum of
effects, the specific diagnostic terms are not indicative of a
continuum of severity of the neurodevelopmental deficits.
The term FASD was originally coined as an umbrella
term to encompass the diagnoses and the breadth of disabili-
ties associated with prenatal alcohol exposure. Commonly
used terminologies include: Fetal Alcohol Syndrome (FAS),
Fetal Alcohol Effects (FAE), Partial Fetal Alcohol Syndrome
(pFAS), Alcohol-Related Neurodevelopmental Disorder
(ARND), Alcohol-Related Birth Defects (ARBD), the
4-Digit Diagnostic Code nomenclature: Neurodevelopmental

Disorder, associated with Prenatal Alcohol Exposure
(ND-PAE), Neurobehavioral Disorder—Alcohol Exposed
(NB-AE), and Static Encephalopathy—Alcohol Exposed
(SE-AE). The terminology can be confusing and the catego-
ries overlap in some instances (Table 24.1).

The Canadian Guideline attempted to simplify diagnosis
into FASD with or without sentinel facial features and the “at
risk” designation [1], and suggests the following, based on
experience and expert opinion:

FASD should now be used as a diagnostic term when prenatal

alcohol exposure is considered to be a significant contributor to

observed deficits that cannot be explained by other etiologies.

Because the observed deficits are recognized as being multi-

factorial in origin, all other known relevant contributors (e.g.,

trauma, known genetic anomalies) should be documented with

the FASD diagnosis as they have significant impact on the

functional and neurological challenges of the affected individ-
uals [1].

Diagnosis

A summary of the criteria for diagnosis based on the
Canadian Guidelines is shown in Table 24.3 and the pathway
for achieving each diagnosis (or for a non-FASD diagnosis)
is shown in Fig. 24.1.
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Table 24.3 Diagnostic Criteria from Canadian Guideline

Confirmation of prenatal
alcohol exposure
Face

Brain

FASD with Sentinel Facial
Features

Not required

3 facial features

3 domains of impairment (or
microcephaly for infants)

FASD without Sentinel
Facial Features

Required

No facial features
required

3 domains of
impairment

At Risk for Neurodevelopmental Disorder and FASD,
Associated with Prenatal Alcohol Exposure
Required

No facial features required

At least 1 domain of impairment
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The Diagnostic Process
Confirmation of Prenatal Alcohol Exposure

Confirmation of prenatal alcohol exposure (PAE) requires
documentation that the biological mother consumed alcohol
during the index pregnancy based on: reliable clinical obser-
vation; self-report; reports by a reliable source; medical
records documenting positive blood alcohol concentrations;
alcohol treatment or other social, legal or medical problems
related to drinking during the pregnancy [1].

Prenatal Alcohol Exposure
and the Developing Fetus

In the absence of facial dysmorphology, confirmed prenatal
alcohol exposure is needed to identify FASD. However, in
many cases, the antenatal records are unavailable making it
impossible to determine the precise dosimetry data for the
timing and dose of alcohol in pregnancy. That said, several
features of alcohol metabolism are well characterized, have
significant implications for the developing fetus, and are
important to inform the diagnosis. The typical blood alco-
hol concentration for prenatal alcohol exposure is assessed
using body weight and frequency of drinking [36].
Persistent alcohol use increases tolerance, which can result
in very high blood alcohol concentrations for some indi-
viduals, without them feeling the effects of alcohol. This
can make it difficult to identify the problem of drinking.
Another key factor is the effect of drinking on consecutive
days, when the second exposure episode begins before the
blood alcohol concentration from the previous drinking
episode has reached zero. In these situations, a higher blood
alcohol concentration for the second episode will result
leading to an extended period of exposure for the fetus.
Despite many years of investigation, a safe threshold for
alcohol consumption during pregnancy has not been identi-
fied [37].

Confirming Maternal Alcohol Exposure

The first step of the diagnostic process is confirming prenatal
alcohol exposure. Thus, one of the most difficult issues
related to FASD diagnosis is the lack of accurate antenatal
records with documented prenatal alcohol exposure.
Compounding the problem is the fact the majority of the
individuals with FASD do not have the three identifying
facial features [38, 39]. In these cases, a diagnosis is even
more challenging when the brain injury is mild and the
majority of the behavioural and intellectual deficits do not
present until the child is school-age. Due to denial, embar-

rassment, and litigious fears, maternal reports of gestational
drinking are often inaccurate or not available [40].

Based on the literature and clinical experience, it is evi-
dent that substantial differences exist in the screening and
referral processes used for alcohol, including during preg-
nancy. The Society of Obstetricians and Gynaecologists of
Canada recommends that all pregnant women and women of
child-bearing age should be asked periodically about alco-
hol, tobacco, prescription drug use, and illicit drug use, and
that pregnant women at-risk for problematic substance use
should be offered brief interventions and referral to commu-
nity resources for further psychosocial support [41]. The
American College of Obstetricians and Gynecologists have
similar recommendations [42]. In a review of the prenatal
record forms in Canada, most lacked the appropriate prompts
to encourage providers to intervene or refer pregnant patients
with high-risk drinking behaviours to seek appropriate treat-
ment [43]. Additionally, it was speculated that the level of
‘at-risk’ drinking during pregnancy was underestimated
across Canada, as less than half of the prenatal record forms
included the use of validated screening tools (i.e., T-ACE,
TWEAK). Of the records that included prenatal screening
tools, questions related to the amount(s) and type(s) of alco-
holic drinks consumed, the pattern of drinking and the fre-
quency were not included. Failure to identify at-risk alcohol
consumption during pregnancy, or to appropriately inter-
vene, may increase the likelihood of an alcohol-exposed
fetus. Currently, the evidence-based recommendations
related to the prevention and diagnosis of FASD have not
been consistently integrated into prenatal record forms.

Health care providers are often uncomfortable discussing
sensitive topics such as alcohol consumption with their preg-
nant patients and do not possess a good understanding of the
effects of alcohol on the developing fetus or are unaware of
the appropriate interventions once alcohol use has been con-
firmed [44]. Documentation and maternal history of sub-
stance use are both important components for identifying an
individual with prenatal alcohol exposure, which is critical
for a diagnosis in situations where there are no physical
features.

For patients, who were adopted or in foster care, obtain-
ing confirmation of prenatal alcohol exposure can be another
challenge for diagnosis [45, 46]. Without a record of antena-
tal history, FASD diagnoses are near impossible. Documented
antenatal records are difficult to obtain for many children in
care; a problem that is compounded when the adoption is
International [45, 47]. Risk factors such as “a history of alco-
holism”, “multiparous” and “age” (i.e., older at the time of
an affected pregnancy) can all be used when considering an
FASD diagnosis. It is imperative that nurses, physicians, and
other health care providers become comfortable with obtain-
ing a history of prenatal alcohol use and training to provide
the appropriate follow-up care and guidance.
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Biomarkers

Biomarkers have been under investigation to assist with
obtaining confirmation of prenatal alcohol exposure. The
most common clinical tool is maternal self-reporting.
However, a more objective approach is the use of biomarkers
from biological specimens alone or in combination with
maternal self-reporting [48]. It has been reported that the
biomarkers fatty acid ethyl esters, ethyl glucuronide, ethyl
sulfate, and phosphatidyl ethanol may be promising indica-
tors for the detection of prenatal alcohol exposure [48]. Other
potential biomarkers include ultrasound measurements of
the fetal corpus callosum [49] and deficits involving the
visual system [50-54].

The discussion and development of potential biomarkers
for prenatal alcohol exposure are not without significant
ethical implications. Biomarkers for FASD pose several
unique challenges due to the nature of the information
obtained and the implications. Positive screens include a
greater element of social risk for parents, particularly moth-
ers (i.e., public exposure of their substance use, the poten-
tial for child welfare involvement, apprehensions, and legal
consequences). Moreover, there are many risks related to
introducing a technology before the ethical ramifications
have been thoroughly considered, especially the role and
rights of the parent, physician and state [55]. The key ethi-
cal issues have been summarized as follows: targeting pop-
ulations for prenatal alcohol exposure screening; consent
and respect for persons; stigma and participation rates; the
cost-benefit of a screening program; the sensitivity, speci-
ficity and associated outcomes of a screen; confidentiality
and appropriate follow-up to positive screen results; and
the use of screen results for criminal prosecution [56].
Interestingly, it is the stakeholder perspectives (e.g., par-
ents, health care providers) that have been absent in most of
the reviews of the ethical issues surrounding a prenatal
alcohol exposure screen. These perspectives are needed to
provide appropriate insight into the potential impact and
implications of biomarkers.

The Physical Examination and Differential
Diagnosis

The diagnostic process should include a comprehensive
social and medical history, and a complete physical examina-
tion [1]. The dysmorphology assessment is used to differen-
tiate the specific physical features associated with prenatal
alcohol exposure from those that arise due to other causes.
Specific facial abnormalities have been described for the
FASD population [31].

Facial Features

The revised Canadian diagnostic guidelines recommend the
following criteria:

e Simultaneous presentation of 3 sentinel facial features
(short palpebral fissures, smooth philtrum and thin upper
lip)

— Short palpebral fissures, at or below the third percen-
tile (2 standard deviations below the mean).

— Smooth or flattened philtrum, 4 or 5 on the 5-point
Likert scale of the lip-philtrum guide [57, 58].

— Thin upper lip (rank 4 or 5 on the lip-philtrum guide).

e In all cases, any signs of other congenital anomalies
should be recorded, including microcephaly.

The classic triad of facial features associated with FASD
includes short palpebral fissures, smooth or flattened phil-
trum and a thin vermilion border of the upper lip [1].
However, the presence of fewer than 3 facial features in indi-
viduals with FASD is more common, with 39% of individu-
als in a large Canadian database having no sentinel features,
24% having one, 15% with two and 14% with all three [39].
The presence of facial features continues to play an impor-
tant role in the assessment for FASD, where prenatal also
exposure cannot be confirmed, although differences in facial
variation in human subjects and the reliability of alcohol
intake information pose significant challenges for establish-
ing dose-response relationships. Animal models; however,
enable the study of facial alterations related to specific tim-
ing and dose of alcohol. In the mouse model of FASD, facial
morphometric analysis in parallel to anthropometry was
used to successfully identify pups exposed to prenatal etha-
nol following a specific dose and time of alcohol exposure
[59]; illustrating the utility of experimental mouse models to
better define risk factors (e.g., dose, timing, frequency) that
contribute to the facial phenotype in FASD. The implications
for the clinical situation are unknown, but in future, it may be
possible to determine alcohol dosimetry from the severity of
a given facial feature.

Advancements have also been made to the tools that are
used to collect information about facial dysmorphology.
Using a unique set of facial regions and features, 2 and 3D
facial scanned images were used to develop an automated
technique that could accurately discriminate subjects with
FAS from controls, without human intervention [6, 60]. As
well, a stereo-photogrammetric tool for the diagnosis of FAS
in infants has proven highly precise and reliable [61], which
is promising given that, with early intervention, the progno-
sis of FASD improves substantially and development of sec-
ondary disabilities decreases [62].
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There are a number of studies exploring possibilities for
using technology to help in the diagnosis of FASD, espe-
cially related to facial features. For example, heat maps and
morphing visualizations of face signatures are being explored
and may help clinicians detect facial dysmorphism across the
fetal alcohol spectrum in the future. Face signature graphs
show potential for identifying non-syndromal, heavily-
exposed children, who lack the classic facial phenotype, but
have cognitive impairments [2].

Craniofacial development is intimately linked to the
development of the brain; though, the relationship between
facial directional asymmetry (associated with prenatal alco-
hol exposure) and structural asymmetry of the brain remains
to be determined. It is likely that a range of developmental
processes, and their disruption, can lead to associations
between the structure and function of the brain, and facial
shape and symmetry. This continues to be investigated.

Foroud et al related anthropometric and cognitive mea-
surements in children at 5 and 8 years of age with and with-
out FASD to determine if the face predicts brain (dys)
function [63]. Several anatomical features were predictive of
group membership (FASD or control), such asmeasures of
craniofacial width (minimal frontal), orbital width (palpebral
fissure width), and ear and mandibular measures (ear length
and lower facial depth). Additionally, facial width, length,
and depth measurement were highly sensitive and specific
for differentiating children with FASD from controls.
Sensitivity and specificity were also high for discriminating
children FASD from the heavily-exposed children, who did
not meet criteria for FASD. These results provide further
insight into the complex relationship between the face and
the neuropsychological deficits that occur following prenatal
exposure to alcohol and may, in the future, inform new diag-
nostic tools.

The Neurobehavioural Assessment

Diagnostic Criteria from the Canadian Guidelines
e Evidence of impairment in 3 or more of the following
central nervous system (CNS) domains:
— Motor Skills
— Neuroanatomy /Neurophysiology
— Cognition
— Language
— Academic Achievement
— Memory
— Attention
— Executive Function, including Impulse Control
— Affect Regulation
— Adaptive Behaviour,
Communication

Social Skills or Social

A severe impairment is defined as a global score or a
major subdomain score on a standardized neurodevelopmen-
tal measure that is >2 standard deviations below the mean,
with appropriate allowance for test error. In some domains,
large discrepancies among subdomain scores may be consid-
ered when a difference of this size occurs with a very low
base rate in the population (<3% of the population). Clinical
assessment with converging evidence from multiple sources
and DSM-5 diagnostic criteria for certain disorders may also
be considered in specific domains which are not easily
assessed by standardized tests (for example, in the affect
regulation domain the following diagnoses may be taken as
an indication of severe impairment: Major Depressive
Disorder (with recurrent episodes), Persistent Depressive
Disorder, Disruptive Mood Dysregulation Disorder
(DMDD), Separation Anxiety Disorder, Selective Mutism,
Social Anxiety Disorder, Panic Disorder, Agoraphobia, or
Generalized Anxiety Disorder).

The neurobehavioural deficits associated with FASD are
multifaceted and vary from mild to severe depending on the
situation. In particular, executive functions (those requiring
higher levels of cognitive processing) and working memory
are typically considered hallmark features of FASD [64—66].
Mental health comorbidities are prevalent among individuals
with FASD, and they are also at risk for suicide and addiction
[67, 68]. Importantly, both the executive function deficits
and mental health issues can occur in the absence of facial
dysmorphology, making the neurobehavioural assessment
critical to the diagnostic process.

FASD and Mental Health
A disproportionate number of individuals with FASD have
mental health comorbidities [5, 67, 69]. These problems are
often present in childhood and adolescence and persist into
adulthood, where mental health problems are considered the
most severe characteristics of FASD [70]. The most preva-
lent mental health issues for individuals with FASD are
depression, mood and anxiety disorders, attention-deficit/
hyperactivity disorder (ADHD) and conduct disorder (CD).
For a comprehensive review of FASD and mental health,
please refer to Easey et al. [67] and Pei et al. [68].) Individuals
with FASD are also at risk for high rates of suicide [71] and
addiction [72]. A systematic review revealed that there were
15 comorbid mental health disorders associated with FASD;
ADHD occurred in 50% of all FASD cases (10 times the
expected rate) and intellectual disability occurred at 23 times
the expected rate. In 5 of the 12 comorbidities, rates in the
FASD population significantly exceeded expected rates by
10% to 45% [73].

Others have also shown that ADHD is one of the most
common comorbidities in patients with FASD [68, 74, 75].
Several human studies have contrasted cognitive abilities
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using standardized psychometric tests to characterize the dif-
ferences in performance between the two clinical popula-
tions. Interestingly, although both groups demonstrate
neurodevelopmental deficits, the nature and/or mechanisms
for the deficits differ, as revealed on tests of spatial working
memory [76], adaptive behaviour [77, 78], verbal learning
and memory [79], executive function [80] and arithmetic
[81]. These data suggest a unique mechanism for the effects
of prenatal alcohol exposure on specific neurodevelopmental
outcomes.

In a study of children and adolescents (age 8—16 years),
with and without prenatal alcohol exposure and ADHD, an
elevated risk of psychiatric disorders and behavioural prob-
lems were associated with both ADHD and prenatal alcohol,
compared to controls [82]. Findings revealed that an ADHD
diagnosis elevated the children’s risk of psychiatric diagno-
ses, regardless of prenatal alcohol exposure. However, co-
occurrence of ADHD and prenatal alcohol exposure
exacerbated the occurrence of conduct disorders and exter-
nalizing behaviours. Furthermore, there was a poor behav-
ioural prognosis for alcohol-exposed children with ADHD,
suggesting the potential for more than one neurobehavioural
profile for individuals with FASD [82]. These observations
are important for mental health care providers, who should
routinely consider the possible contribution of prenatal alco-
hol exposure in the diagnosis and management of mental ill-
ness and developmental disorders. Because of the potential
neurological (functional and structural) effects resulting
from prenatal alcohol exposure, unique screening and inter-
vention approaches may be required for individuals with
FASD.

Imaging as a Diagnostic Tool

Imaging and brain metabolism techniques provide unique
opportunities to evaluate brain function in vivo. Several
excellent reviews describe and summarize the major
advancements in understanding the relationship between
neural activation and the behavioural outcomes associated
with FASD [83, 84]. Data reveal that there are specific differ-
ences between those with FASD and those with other disor-
ders, including ADHD [83]. Morphological differences in
the brain, and how these differences relate to cognitive defi-
cits and facial dysmorphology, have also been described.
New technologies have provided valuable insight into the
relationship between white matter microstructure and behav-
iour, atypical neuromaturation across childhood and adoles-
cence, and differences in neural activation patterns underlying
sensory processing, cognition and behavioural deficits asso-
ciated with FASD, including reductions in global network
efficiency [84]. Microcephaly and disproportionate reduc-
tions in the size of the parietal lobe, cerebellar vermis, corpus

callosum and caudate nucleus, have all been associated with
prenatal alcohol exposure [85, 86]. Despite these advance-
ments, there are still many unknowns about the impact of
prenatal alcohol exposure on the brain, and continued
research efforts are essential to understanding the complex
mechanisms underlying the resultant neurodevelopmental
deficits.

Treatment and Follow-Up

Clinically, a major problem for FASD diagnosticians is fol-
low-up. Depending on where patients obtain their diagnosis
will often dictate the type of follow-up services and supports
they will receive. In some cases, the diagnosticians do not
know where to refer their patients after a confirmed diagno-
sis is made, making management extremely complex. To fur-
ther complicate the issue, many individuals with FASD also
present with significant comorbidities that must be consid-
ered in devising appropriate treatment strategies.
Comorbidities substantially increase the difficulty of man-
agement over time; underscoring the need for longitudinal
assessments from infancy to adulthood [75]. A primary goal
when working with the FASD population is to provide antici-
patory guidance about future developmental abnormalities
and to provide appropriate therapeutic interventions when
they present and when feasible. A 10-year management plan
has been implemented by some clinics to provide individuals
with the opportunity to review their current situation and
anticipate upcoming problems. The three common goals to
management include (1) prevent multiple foster home place-
ments (i.e., the uprooting and re-assimilation), which are
extremely detrimental for optimal development; (2) maxi-
mize parent or caretaker understanding of the age-related
changes in behaviour and age-related risks; and (3) antici-
pate future development of age-related impairments com-
mon in FASD [75].

Individuals with FASD can present with a wide variety of
complex mental health and behavioural problems that require
a multifaceted approach to treatment and management. The
heterogeneity of the FASD population is further impacted by
differences in additional pre- and post-natal insults and
adverse events. Unfortunately, with respect to treatment, the
demand far exceeds the supply, and many patients are unable
to obtain the appropriate services and support due to limita-
tions in availability and accessibility.

The complexity and persistence of FASD-associated
problems require a long-term plan for management, espe-
cially as the individual matures. Eleven primary intervention
categories and subcategories were identified in a retrospec-
tive analysis to identify the types and frequencies of sup-
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ports, services, and referrals recommended by an
interdisciplinary diagnostic team for children and youths
with FASD [87]. Educational and medical needs were the
most common recommendations for individuals with
FASD. Comprehensive psychoeducational or neuropsycho-
logical assessments; special education programs, services, or
eligibility; and advocacy to enhance or modify existing edu-
cational programs or services were the most frequent recom-
mendations in the education category. For medical referrals,
psychiatric care and/or medication management; vision and/
or hearing screening; and neurological consultation or treat-
ment were most common. Interestingly, the recommenda-
tions were relatively comparable across diagnostic
sub-groups; though differences did emerge when stratified
by age. Children in the birth-2 year cohort received more rec-
ommendations for family support and social service-child
welfare interventions, while for children in the older group,
recommendations were predominantly for mental health ser-
vices and community resources.

Community home-based attachment interventions, such
as Circle of Security® (COS), have been beneficial for pre-
school children affected by FASD [88]. Recent data from
Canada’s National FASD Database report that a large
breadth of supports and services are recommended to indi-
viduals and families as part of the diagnostic process [39].
Zarnegar et al. suggest that using neurodevelopmentally-
informed assessment strategies to sequence interventions
for young children with diverse neurodevelopmental insults
is a promising intervention approach that improves out-
comes [89].

Specific Populations
FASD Diagnosis in Infants

For many reasons, diagnosis of FASD at the time of birth is
a major challenge; however, there is potential to provide an
assessment to newborns, who are at-risk, during infancy
(0—-18 months). Several interesting studies have evaluated
infants, who were affected by prenatal alcohol exposure, to
identify the emerging neuropsychological profile and spe-
cific risk factors that may be assessed during early physical
examinations. Prenatal alcohol exposure has been associated
with infant temperament problems [90], difficultness [91],
problems with crying, sleeping and eating [92], blunted pain
responses [93], poor visual acuity [94], general developmen-
tal delays [95], and in one case report, severe gastroesopha-
geal reflux [96]. Prenatal alcohol exposure has also been
associated with smaller corpus callosum in newborn MRI
scans [97]. Infant symbolic play (i.e., ability of children to
use objects, actions or ideas to represent other objects,

actions, or ideas as play) has also been evaluated as a poten-
tial predictor of FASD [98], though more research is required
to identify additional diagnostic tests that can be effective in
infants and small children.

FASD Diagnosis in Adults

Based on the available epidemiological data, it is suspected
that there is a large population of adults with FASD; how-
ever, there are significant limitations in the availability of
diagnostic and treatment services. For adults, the impair-
ments predominantly involve social adaptive skills and exec-
utive functions, and there is a high degree of psychopathology.
These situations represent the cases where a diagnosis has
been obtained; though, it is suspected that many adults do
not receive the appropriate medical diagnosis and subse-
quent treatment. These latter cases are enigmatic. With the
development and implementation of better screening and
diagnostic tools geared towards adults, a more accurate indi-
cation of the situation and the specific needs for adults with
FASD will emerge. [Please see the following review for a
description of the challenges associated with diagnosing
FASD in adults [99]].

To date, a large proportion of the information pertaining
to FASD in the adult population and the mechanisms by
which prenatal alcohol exposure leads to dysfunction (neu-
rological, behavioural and physical) have been obtained
from the animal literature. For example, the long-term effects
of neonatal alcohol exposure have been associated with
impairments in circadian rhythm [100], impairments in
sleep-wake behaviour [101] and auditory brainstem response
abnormalities (i.e., the indication of hearing and neurologi-
cal function) [102] in animal models of FASD. As well, pre-
natal exposure to alcohol may alter responsiveness to stress
in the adult offspring [103]. In human studies, structural and
physical abnormalities associated with prenatal alcohol
exposure include cardiovascular arterial stiffness [104] and
reproductive issues [105], including male infertility [106].

Several imaging studies have also revealed insight into
the adult FASD brain. Using diffusion tensor imaging—
which provides a visual representation of the connections in
the brain—changes in white matter integrity of the corpus
callosum was revealed in young adults with FASD compared
to controls [107]. In future, this could serve as a potential
marker for prenatal alcohol exposure. Brain metabolic alter-
ations have also been revealed using magnetic resonance
spectroscopy in adults with FASD [108, 109].

Studies describing the adult FASD phenotype reveal that
the deficits associated with prenatal alcohol exposure are
persistent and debilitating [see review [110]]. Social deficits
persist across the lifespan and may worsen with age, inde-
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pendent of IQ and dysmorphology [111] and occupational
difficulties that are characterized by disruption, failure and
severe social problems [112].

Conclusion

In conclusion, diagnosing any individual with FASD contin-
ues to be a major clinical challenge that is compounded by a
lack of resources and inconsistencies in diagnostic proce-
dures and follow-up care. Management and treatment plans
vary dramatically based on the clinic, the services available
and the diagnostic approaches used. Despite this, there have
been significant achievements in the efforts to move FASD to
the forefront of public awareness and policy campaigns.
Research is ongoing and continues to reveal novel discover-
ies that will help improve the technologies that are available
for screening, diagnostics and treatment. This is an exciting
time for FASD innovation, with the anticipated evolution of
evidence-based, international guidelines and definitions.
This will not only improve the understanding of FASD diag-
noses but also define prevalence around the world.
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Multiple Choice Questions
1. Which of the following nomenclature for FASD is not a
diagnosis?
a. FASD with Sentinel Facial Features
b. FASD without Sentinel Facial Features
c. At Risk for Neurodevelopmental Disorder and
FASD, Associated with Prenatal Alcohol Exposure
d. Alcohol-Related Neurodevelopmental Disorder
2. Which of the following diagnostic criteria is no longer
needed for diagnosis?
a. Growth
b. Facial dysmorphology
c¢. Brain dysfunction
d. Congenital abnormalities
3. How is neurodevelopmental impairment calculated?
a. < 1 standard deviation below the mean
b. < 1.5 standard deviations below the mean
c. <2 standard deviations below the mean
d. <3 standard deviations below the mean
4. What is the minimum number of domains of impairment
required to confirm neurodevelopmental deficits for a
FASD diagnosis?
a. 1 domain
b. 2 domains
c. 3 domains
d. 5 domains
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