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In 2011 and 2012, the Division of Microbiology and Infectious Diseases at the National Institute of Allergy and
Infectious Diseases, National Institutes of Health, held a series of meetings to provide guidance to investigators
regarding study design of clinical trials of vaccines and antimicrobial medications that enroll pregnant women.
Assessment of congenital anomalies among infants born to women enrolled in these trials was recognized as a
challenging issue, and a workgroup with expertise in epidemiology, pediatrics, genetics, dysmorphology, clinical
trials, and infectious diseases was formed to address this issue. The workgroup considered 3 approaches for
congenital anomalies assessment that have been developed for use in other studies: (1) maternal report combined
with medical records review, (2) standardized photographic assessment and physical examination by a health pro-
fessional who has received specific training in congenital anomalies, and (3) standardized physical examination by
a trained dysmorphologist (combined with maternal interview and medical records review). The strengths and
limitations of these approaches were discussed with regard to their use in clinical trials. None of the approaches
was deemed appropriate for use in all clinical trials. Instead, the workgroup acknowledged that decisions regarding
the optimal method of assessment of congenital anomalies will likely vary depending on the clinical trial, its set-
ting, and the agent under study; in some cases, a combination of approaches may be appropriate. The workgroup
recognized the need for more research on approaches to the assessment of congenital anomalies to better guide
investigators in optimal design of clinical trials that enroll pregnant women.
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Pregnant women have traditionally been excluded from
clinical trials because of the potential risk of harm to the
fetus that might be associated with prenatal exposure to
the product under study [1,2]. However, in recent years,
it has become evident that inclusion of pregnant
women in clinical trials of products intended for use
during pregnancy might be scientifically and ethically
justifiable [3, 4]. To provide guidance to investigators
who are enrolling pregnant women in clinical trials of
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vaccines or antimicrobial medications, the Division of
Microbiology and Infectious Diseases at the National
Institute of Allergy and Infectious Diseases (DMID/
NIAID), National Institutes of Health, organized a se-
ries of 3 meetings held in 2011 and 2012 entitled “En-
rolling Pregnant Women in Clinical Trials of Vaccines
and Therapeutics.” These meetings led to the publica-
tion of 2 papers, one on study design and methods of
clinical trials that enroll pregnant women [4] and the
other on reference values for vital signs and laboratory
values for pregnant women [5].

During these meetings, the issue of how to assess
congenital anomalies that occur among infants born
to women enrolled in clinical trials was discussed, and
preliminary recommendations were made [4]. One rec-
ommendation was to only report major congenital
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anomalies as serious adverse events because reporting of minor
anomalies could result in inappropriate safety signals. However,
meeting attendees recommended that findings on minor anom-
alies be documented and that information on these anomalies be
reviewed periodically by the study team to look for any concern-
ing patterns that could indicate that the agent under study is ter-
atogenic [4]. The importance of training clinical trial personnel
on the identification and reporting of major and minor congen-
ital anomalies was also recognized. To provide further guidance
to study investigators, an additional DMID/NIAID-sponsored
meeting was held on 27 September 2013 and included a work-
group that focused on assessment of congenital anomalies.
Workgroup members included experts in epidemiology, pediat-
rics, genetics, dysmorphology, clinical trials, and infectious dis-
eases. This article summarizes the workgroup’s discussions.

MAJOR AND MINOR CONGENITAL ANOMALIES

Major congenital anomalies are defects that are present at birth
and that have surgical, medical, or serious cosmetic significance.
Major anomalies occur in about 3% of infants, according to data
from the Metropolitan Atlanta Congenital Defects Program, a
birth defects surveillance system administered by the Centers
for Disease Control and Prevention (CDC) [6]. A few examples
of major congenital defects are cleft lip, gastroschisis, spina bi-
fida, and congenital heart defects, such as atrial and ventricular
septal defects. Minor congenital anomalies are also present at
birth but are without medical, surgical, or serious cosmetic sig-
nificance. Some examples include epicanthal folds, single trans-
verse palmar crease, and fifth finger clinodactyly (Figure 1 [7,
8]). Minor anomalies are useful in the study of birth defects
for several reasons [9]. Minor anomalies are often associated
with and helpful for making a diagnosis of syndromes of
known etiology, such as chromosome abnormalities or single
gene disorders [10]. For example, bilateral single transverse pal-
mar creases are seen in >30% of persons with Down syndrome

but in only 2% of persons without Down syndrome [11].In ad-
dition, minor anomalies have also been shown to be critical for
the identification of the teratogenicity of certain exposures, such
as alcohol, hydantoin, and carbamazepine [12-14].

Although minor congenital anomalies are of significance when
considering exposures during pregnancy, they are common and
not consistently ascertained: in four studies, the rates of minor
anomalies identified among newborns ranged from 14.7% to
40.7% [9, 15-17]. In addition, ascertainment of specific minor
anomalies among different examiners has been shown to have
poor reproducibility, emphasizing the need for efforts to improve
the inter-examiner reliability of their ascertainment [18].

NEED FOR STANDARDIZATION

The challenges for collecting data on major and minor congen-
ital anomalies in clinical trials enrolling pregnant women are
significant. First, a consistent system for identifying and record-
ing these events has not been developed. However, differences
in timing (ie, prenatal vs at birth vs later in life), available tech-
nologies, and methods of ascertainment (eg, maternal report,
medical records review, or physical examination) all can have
a major effect on congenital anomaly data collection. For exam-
ple, deciding whether to include anomalies that are identified
prenatally in pregnancies that are subsequently terminated be-
cause of the defect is important and can affect the frequency of
certain anomalies, such as anencephaly [19]. Timing of ascer-
tainment of congenital anomalies after birth is also critical. Al-
though congenital anomalies are by definition present at birth,
some might not be identified early in life. For example, congen-
ital heart defects are often not diagnosed until later after full
transition from fetal circulation to postnatal circulation has oc-
curred [20]. Similarly, some genetic conditions such as Down
syndrome might not be immediately recognized at birth but
might be diagnosed at a later time [21]. Available technologies
also impact the data collected on some anomalies. Defects such

Figure 1.

Examples of minor congenital anomalies: Left: Epicanthal folds (defined as presence of folds of skin that cover the medial corners of the eyes)

[8]. Middle: fifth finger clinodactyly (defined as incurving of the fifth finger toward the radius) [7]. Right: Single transverse palmar crease (defined as when the
distal and proximal transverse palmar creases merge into a single transverse palmar crease) [7]. Left photo is from Elements of Morphology [8]. Middle and

right photos are provided courtesy of Dr Jaime L. Frias.
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as ventricular septal defects are frequently observed among infants
in developed countries [20]; however, the frequency of these de-
fects would be much lower among infants in developing countries
where echocardiography is less readily available, because definitive
diagnosis of these defects requires use of echocardiography or car-
diac catheterization or observation at the time of surgical repair or
autopsy [21]. The data collected on congenital anomalies also dif-
fer based on the method of ascertainment. Ascertainment of
major birth defects has been shown to differ widely using different
methods such as review of birth certificates, maternal report, and
birth defects surveillance systems (which depend on medical re-
cords review) [22, 23]. Ascertainment of minor defects would be
expected to differ even further: for example, a standardized phys-
ical examination would have the ability to identify minor congen-
ital anomalies, but maternal report would almost always miss
these anomalies, given that clinicians are unlikely to discuss
them with parents. An additional complicating factor is that inves-
tigators involved in clinical trials are unlikely to have the expertise
to identify and classify major and minor congenital anomalies.

In an effort to work toward standardizing data collection on
congenital anomalies for use in clinical trials that include preg-
nant women, our workgroup considered 3 approaches for as-
sessment of congenital anomalies that have been developed
for use in other studies (Table 1): (1) maternal report and review
of medical records, used by the North American Antiepileptic
Drug (AED) Pregnancy Registry, (2) standardized photographic
assessment and physical examination by a health professional
who has received specific training in the reporting of congenital
anomalies, an approach proposed for use in the National Child-
ren’s Study (NCS), and (3) a standardized physical examination
by a trained dysmorphologist (which follows maternal interview
and medical records review), used by the Organization of Ter-
atology Information Specialists [OTIS].

NORTH AMERICAN ANTIEPILEPTIC DRUG
PREGNANCY REGISTRY APPROACH

The North American AED Pregnancy Registry is an ongoing
surveillance system of pregnant women who are taking an
AED for any reason [24-26]. A pregnancy registry is defined
as an observational prospective cohort of women who have
had an exposure of interest and have been enrolled voluntarily
during gestation, typically before information about pregnancy
outcome is known. Information on specific pregnancy out-
comes is systematically collected and compared to a scientifi-
cally valid reference population [27].

Women enroll in the North American AED Pregnancy Reg-
istry by calling a toll-free telephone number. Women are inter-
viewed at enrollment, at 7 months of gestation, and at 8-12
weeks after the expected date of delivery. For the study of

major congenital anomalies, women are considered eligible

for analysis if they had a live birth, fetal death, or pregnancy
termination because of a fetal abnormality. They are considered
ineligible for analysis if they had a spontaneous abortion, with-
drew from the Registry or were lost to follow-up.

The main outcomes of interest are major congenital anoma-
lies diagnosed before 12 completed weeks after birth [28]. Ma-
ternal report is used to ascertain anomalies; information on
results of prenatal testing is collected during prenatal interviews,
and the postnatal interview is used to collect information on the
infant’s birth status, including whether the infant has any health
problems. Mothers are also asked to sign medical record release
forms, and the infant’s healthcare providers (including any spe-
cialists who have evaluated the infant) are requested to return
medical records documenting physical examination findings
through the first 12 weeks of life. Written descriptions of phys-
ical examination findings are reviewed by the study teratologist,
who is blinded to exposure. Physical features that are excluded
are minor anomalies, birth marks, deformations, findings ob-
served on prenatal ultrasonography that are not identified by
the examining pediatrician, complications of prematurity, ge-
netic disorders, and chromosome abnormalities [28]; these
make up about 17%-27% of identified anomalies [29, 30].

Women are considered exposed if they used any AED, as
monotherapy or polytherapy, during the first 4 lunar months
after the last menstrual period. The primary reference group
is composed of women exposed to lamotrigine because it has
been the most commonly reported AED in the Registry. The ra-
tionale for the primary active reference group is 2-fold. First,
this allows comparison among AEDs to answer the most clini-
cally relevant question: which AED is associated with the lowest
risk for adverse outcomes? Second, it minimizes confounding
by indication, because most subjects in the groups compared
(ie, specific AEDs vs lamotrigine) will have a seizure disorder.
A secondary internal reference group has been collected since
2003 and consists of pregnant women not taking an AED and
without epilepsy who have been recruited among the friends
and relatives of AED-exposed participants and followed with
the same methodology. In addition, to estimate the expected
risk of specific major anomalies, an external reference group
is used, which consists of 206 224 infants born at Brigham
and Women’s Hospital in Boston. This surveillance system
was selected because it used the same inclusion/exclusion crite-
ria for outcome definition as the AED Pregnancy Registry; how-
ever, it followed infants only up to 5 days after birth [31]. For
analyses using this reference group, malformations identified
among exposed infants after 5 days of life are excluded.

NATIONAL CHILDREN’S STUDY APPROACH

The NCS is planned as the largest longitudinal study of
child health ever conducted in the United States [32]. As a

S430 o CID 2014:59 (Suppl7) e Rasmussen et al



1€7S o (£ 1ddng) 65107 QIO © sdiewouy [eiruaduo)

Table 1.

Comparison of Three Approaches Used to Assess Congenital Anomalies: Features, Strengths, and Limitations

Ascertains
Major or Minor
Study Approach Anomalies Timing Strengths Limitations
North American Maternal report followed by review of Major only Defects identified e Less costly Depends on maternal report and

Antiepileptic Drug
Pregnancy
Registry

National Children’s
Study

Organization of
Teratology
Information
Specialists

medical records of examinations up to
12 wks of life

Photographic protocol (15 images and 3 10-

second videos) and Physical
Assessment (checklist of 25 features)
completed by trained study personnel

Physical examination within the first 6 mo
of life by trained study dysmorphologists

in first 12 wks e

Major and minor Exam conducted e

anomalies at birth, 6, and e
12 mo of age
L]
L]
Major and minor  Single exam .
anomalies during first 6
mo of life

Focuses on major congenital
anomalies — more likely to be of
clinical significance

Easiest approach to implement

Less costly than OTIS approach
Study personnel can be trained to
conduct protocol — thus, less
logistically challenging (more qualified
examiners) than OTIS approach
Includes photographs

Includes checklist of a limited number
of minor anomalies

Uses trained dysmorphologists who
may be more likely to identify patterns
of anomalies

Includes comprehensive physical
examination

Consistency among examiners has
been demonstrated

Includes photographs

Includes medical records review
Includes checklist of minor anomalies

medical record review, neither of
which is completely reliable

No physical examination by study
clinician — nonstudy clinicians less
likely to consistently identify and
document anomalies

Includes defects identified in first
12 wks of life — defects identified
later are excluded

Minor anomalies not assessed,
patterns of minor anomalies will not
be identified

Does not include neurobehavioral
assessment

Reliability among examiners has not
yet been established

More costly than AED Pregnancy
Registry approach

Ascertainment at birth, 6 and 12
mo — might miss defects that are
more apparent at other ages
Focus on minor anomalies might
mean that an increase in major
defects could be missed

Does not include neurobehavioral
assessment

Most costly approach
Time—consuming and logistically
challenging

Number of dysmorphologists is
limited

Ascertainment at a single point in
time — might miss defects that are
more apparent at other ages
Focus on minor anomalies might
mean that an increase in major
defect could be missed

Does not typically include
neurobehavioral assessment,
although this could be added

Abbreviations: AED, antiepileptic drug; OTIS, Organization of Teratology Information Specialists.



comprehensive epidemiologic survey, one goal of the study is to
create a platform from which investigators will be able to con-
duct future studies. Study protocol development therefore re-
quires significant planning and vision to answer a wide range
of questions that might be asked in the future, which has includ-
ed development and evaluation of methods to identify out-
comes of potential interest, such as genetic disorders and
congenital anomalies.

A formative research project was designed to develop, evalu-
ate, and implement a tool that would document and categorize
physical features by physical examination and digital photogra-
phy. The baseline physical assessment was planned to include a
standardized set of photographs and physical examination at
birth, with follow-up assessments at 6 months and 12 months
of age. The main objective of the formative research project was
to validate a tool that could be used to document physical var-
iations and abnormal features in field settings. A group of clin-
ical geneticists, pediatricians, and an authority on photographic
and training modules, comprised the Dysmorphology Assess-
ment Instrument (DAI) Working Group. As a guide to identify
variations and anomalies that would need documentation, the
DAI Working Group selected the Elements of Morphology
(http://elementsofmorphology.nih.gov/index.cgi), a standard-
ization of terms related to human morphology developed by
an international group of clinicians with expertise in dysmor-
phology and published in 2009. The Elements of Morphology
includes definitions and illustrations of over 400 phenotypic
features [33]. The DAI Working Group met bimonthly by con-
ference call for 6 months, in addition to 2 in-person meetings,
one for training in photographic assessment and the other for
discussion of features not captured by photography for inclu-
sion in the DAI physical assessment.

The assessment designed by the DAI Working Group has 2
components. The first component is the photographic protocol
made up of 15 images and 3 10-second videos. The 15 images
included the following views: (1) frontal face; (2) nares; (3) top
of head; (4) back of head; (5) % view of face from the left; (6) %
view of face from the right; (7) right lateral head; (8) left lateral
head; (9) top of right hand; (10) top of left hand; (11) right
palm; (12) left palm; (13) top of right foot; (14) top of left
foot; and (15) bottom of both feet. The 3 10-second videos in-
cluded a full body dorsal view, a full body ventral view, and a
frontal view of the face. The second component is a proposed
physical assessment list. This list was developed by selecting
25 features from the Elements of Morphology that were not cap-
tured sufficiently by the photographic protocol (Table 2). An
online training module covering both the photographic proto-
col and physical assessment was developed and placed on a pro-
tected website accessible to study collaborators. Field staff,
ranging from genetic counselors to research nurses and assis-
tants, then completed the training and implemented the DAI

Table 2. Proposed National Children’s Study Dysmorphology
Assessment Instrument Field Data Collection Checklist

Features of the Head and Face

Metopic ridge, prominent
Hair whorl, abnormal number
Hair whorl, abnormal position
Nuchal skin, redundant

Neck webbing

ok L=

Features of the Ear

6. Ear, low-set

7. Helix, posterior pit
8. Pit, auricular

9. Pit, preauricular
10. Tag, auricular

11. Tag, preauricular

Features of the Periorbital Region

12. Ptosis (assess at 6 mo and 12 mo visits only)
Features of the Lip, Mouth, and Oral Region

13. Lip pit

14. Lip nodule

15.  Frenulum, abnormal upper lip
16. Natal teeth

Features of the Hands and Feet

17. Camptodactyly

18. Clinodactyly

19. Digit pad, prominent

20. Hand, soft tissue syndactyly
21. Thenar eminence, small

22. Hypothenar eminence, small
23. Foot, soft tissue syndactyly
24. Foot, rocker bottom

25. Heel, prominent

in the field on nearly 250 subjects. An initial evaluation of the
photographic protocol by 3 independent dysmorphologists
identified over 90% concordance in the detection of various
minor anomalies [34]. Further investigations are underway to
determine concordance among field staff who had not previous-
ly completed previous formal training in dysmorphology.

ORGANIZATION OF TERATOLOGY
INFORMATION SPECIALISTS APPROACH

The OTIS is a nonprofit organization with member programs
throughout the United States and Canada that provide counsel-
ing regarding the safety of medications and other exposures
during pregnancy and lactation. In addition to these services,
OTIS conducts prospective pregnancy outcome research studies
(http:/www.mothertobaby.org/). For the research portion,
OTIS members screen and refer eligible pregnant callers to a co-
ordinating center where all study recruitment, enrollment, data
collection, and analyses take place. Women who enroll in OTIS
studies are interviewed by telephone one to three times during
pregnancy and at least once postpartum regarding exposures,
medical and pregnancy histories, demographic information,
and pregnancy outcomes. Patients complete a pregnancy
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diary, and medical records are obtained from the mother’s and
infant’s healthcare providers and delivery hospital.

OTIS studies use a specific method of outcome assessment,
which involves a physical examination by a study dysmorphol-
ogist of all study infants, including infants born to women ex-
posed and unexposed to the medication or vaccine of interest
[14, 35]. Within the first 6 months after birth, after administra-
tion of written informed consent, live born infants are examined
by one of a group of dysmorphologists. The study dysmorphol-
ogists evaluate each infant documenting both major and minor
congenital anomalies. Infant examinations are conducted using
body measurements and a checklist of minor anomalies that are
included in a standard physical evaluation form. Arrangements
for infant examinations are handled through the coordinating
center, and dysmorphologists perform these examinations
blinded to whether the mother was exposed to the agent of
interest. Although not routinely included, for infants with pre-
natal exposure to drugs predicted to affect fetal brain develop-
ment, a global neurobehavioral assessment conducted at school
age could be included.

To ensure consistency, each dysmorphologist participates in
a periodic group training exercise in which he or she indepen-
dently and blindly examines a group of 1-6-month-old infants
who had a variety of prenatal exposures. Findings from this ex-
ercise are used to further standardize technique and interpreta-
tion. In addition, in an interim or final analysis of the actual
study data, should a pattern of minor anomalies be identified,
the infants exhibiting this pattern are reexamined by one of
the other study dysmorphologists to verify the pattern of anom-
alies. Photographs are taken of infants as a routine part of the
examination protocol and help support consensus decisions re-
garding these infants.

STRENGTHS AND LIMITATIONS OF THESE
APPROACHES

Each of these approaches has strengths and limitations for their
use as part of clinical trials. Strengths of the AED Pregnancy
Registry approach include that it uses data from maternal report
and from physical examinations conducted by clinicians pro-
viding care to the infant; thus it is less costly than the other
methodologies that require a separate examination by a study
clinician. This approach also focuses on ascertainment of
major congenital anomalies, defects most likely to be of clinical
significance. In addition, this approach is the least complicated
because physical examinations are not conducted specifically
for the study; thus, it is likely to be the easiest to implement
as part of a clinical trial. However, this methodology also has
several limitations. This approach depends on maternal report
and medical record review, neither of which is fully reliable.
Mothers may not be able to recall or adequately describe

major congenital defects seen in their infants [23], and anom-
alies might not be adequately documented in medical records,
particularly in clinical trials conducted in developing countries
where standards of care are significantly different from those in
developed countries. In addition, because no physical examina-
tion by a study clinician is included in this approach, minor
anomalies are not documented; thus, patterns of minor anomalies
cannot be assessed. Another limitation is that defects are ascer-
tained through 12 weeks of age; thus, defects diagnosed after
12 weeks of age are not captured. Finally, a neurobehavioral as-
sessment, which is needed to identify neurocognitive and behav-
ioral manifestations that might be associated with prenatal
exposure to the agent under study is not included in this approach.

Strengths of the NCS formative research approach include
that a standardized photographic assessment is conducted
and that health professionals are trained to examine infants
for major and minor defects. Therefore, this approach allows
training of professionals in many different sites, rather than de-
pending on a small cadre of dysmophologists, as is the case with
the OTIS methodology. With this methodology, more examin-
ers are likely to be available, which makes the approach less lo-
gistically challenging with regard to travel to different sites.
However, use of more examiners means that more persons
require training in examination methods and that additional ef-
forts to ensure that examinations by different examiners are
consistent are needed. The methodology includes use of a phys-
ical examination checklist of 25 minor anomalies, allowing ex-
aminers to focus on a limited number of features. However, the
inter-examiner reliability among nondysmorphologists has yet
to be established; before this methodology can be instituted as
part of a clinical trial, testing of agreement among these exam-
iners is needed. Another limitation is that the focus on minor
anomalies, which are much more common than major anoma-
lies, could mean that an increased risk for a major malformation
could be diluted. Although this approach is less expensive than
the OTIS approach, it is more costly than the AED Pregnancy
Registry approach. Finally, ascertainment is at birth, 6, and 12
months; thus, defects that might be more apparent at older ages
might be missed. Finally, a neurobehavioral assessment is not
included.

The OTIS approach has several strengths. A comprehensive
physical examination is performed by trained dysmorphologists
who assess both major and minor congenital anomalies. This
careful examination by experts in dysmorphology is likely to in-
crease the possibility that patterns of anomalies will be identi-
fied. A high level of agreement among the examiners used in the
OTIS approach has been documented. In addition, the physical
examination is complemented by inclusion of photographs.
Medical record review is also included, which might allow iden-
tification of anomalies that could be missed on physical exam-
ination alone (eg, congenital heart defects). The OTIS approach
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also has several limitations. These include the costly and time-
consuming nature of an individual physical examination per-
formed by a dysmorphologist on every study infant. Another
issue to be considered is that the number of trained dysmor-
phologists in the United States is limited. Because these dys-
morphologists examine infants that live throughout the
United States, scheduling these examinations can be logistically
challenging, and studying all infants born to mothers enrolled
in a clinical trial, especially one conducted internationally,
might be particularly challenging. As with the NCS formative
research approach, the focus on minor anomalies could mean
that an increase in a major defect could be missed. Additionally,
a single assessment is conducted; thus, anomalies that are more
apparent at another age might be missed. Finally, the examina-
tion does not typically include a neurobehavioral assessment,
although one could be added if deemed useful based on the ex-
posure under study.

DISCUSSION

Our workgroup recognized the strengths and limitations of the
3 different approaches and recognized that no single approach
would be appropriate for all clinical trials that enroll pregnant
women. Workgroup participants noted that none of these ap-
proaches have yet been used in the context of a clinical trial,
but rather have been developed with the needs of their under-
lying study in mind. Thus, consideration needs to be given to
the clinical trial context, its setting (eg, conducted in the US
vs an international setting), and agent under study before any
of these approaches can be integrated into the design of a clin-
ical trial. One strategy discussed by the workgroup was to con-
sider using different approaches for different clinical trials,
rather than having a “one-size-fits-all” approach for clinical tri-
als of all medications and vaccines. The workgroup discussed
some features that might make one methodology preferable
over another, depending on the medication or vaccine under
study. For example, if studies using animal models suggest
that the agent under study might be teratogenic or if a terato-
genic effect is biologically plausible, based on what is known
about the agent’s mechanism of action, a more comprehensive
physical examination by a trained dysmorphologist (the
OTIS approach) might be preferable. In contrast, a less detailed
approach might be sufficient if the agent to be studied belongs
to a class of medications for which ample safety data are
available, if the medication is unlikely to be used by women
of reproductive potential, or if the medication or vaccine is
expected to be used for treatment of a condition that occurs
later in pregnancy (after the first trimester during which
organogenesis is complete). Another issue that might be consid-
ered is related to the balance between the potential risks and
benefits of the medication or vaccine, with less scrutiny for

medications used to treat illness with a high degree of mortality
and few therapeutic options. Duration of therapy was also
suggested as a possible factor to be considered; however, evi-
dence from other teratogenic exposures suggests that even
a short exposure to a teratogenic medication can have negative
effects [36, 37].

Another issue discussed among our workgroup was whether
these methodologies could be combined. For example, the OTIS
approach could be used in the early portion of a clinical trial (eg,
the first 100 of a 500 women enrolled); if no signals suggestive of
teratogenicity were identified, a less rigorous methodology
could be used for the remainder of the study. Another possible
combination would be to use the NCS formative research ap-
proach but to ensure that an expert dysmorphologist is available
for consultation and review of medical records and photo-
graphs. With the development of facial analysis software using
2-dimensional photographs [38], future approaches in which
dysmorphologists manually review photographs will likely
change substantially, potentially improving both cost and effi-
ciency. The workgroup recognized that implementation of
any of these three approaches would require training of study
personnel.

The workgroup acknowledged that clinical trials will not have
the ability to identify all potential safety concerns with regard to
congenital anomalies. The number of persons enrolled in clin-
ical trials is typically determined to ensure the trial’s ability to
assess clinical benefit; thus, clinical trials are underpowered to
detect rare adverse events [39], such as congenital defects. A sys-
tem of post-marketing surveillance to assess safety of vaccines
and antimicrobial medications will continue to be needed,
even after clinical trials with careful assessment of congenital
anomalies are performed [40].

In draft guidance dated February 2014, the Food and Drug
Administration (FDA) stated that clinical trial data submitted
for FDA review must be submitted electronically in a format
that the FDA can process, review, and archive [41]. Issues related
to this draft FDA guidance need to be considered as decisions re-
garding integration of congenital anomalies assessment into clin-
ical trial study designs are made. Standardization of reporting of
clinical data allows comparisons of data across different clinical
trials. However, standardization requires careful consideration
of information that is typically presented in a narrative format,
which cannot easily be compared across clinical trials, clinical
studies, registries or post-licensure adverse drug reaction data-
bases. It may be worthwhile to consider a clinical summary or
clinical narrative database that exists outside of the clinical safe-
ty and efficacy databases. Such a database could include photo-
graphs that are often critical to the accurate assessment of
congenital anomalies, whereas the clinical safety database will
contain all relevant data points describing the anomaly for
analytic purposes.
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In summary, our workgroup recognized that a systematic
method of data collection on congenital anomalies needs to
be included as part of the design for clinical trials that enroll
pregnant women. The 3 methodologies reviewed here all have
strengths and limitations. Similar to other decisions made in
the design of clinical trials, issues regarding the optimal method
of data collection on congenital anomalies will vary depending
on the agent under study. To optimize systematic data collec-
tion, study teams ideally will include members with expertise
in the recognition of congenital anomalies, specifically clinical
geneticists or dysmorphologists or staff trained by these special-
ists. In addition, educational materials on definitions and as-
sessment of congenital anomalies need to be developed so
that other study team members are familiar with the standard-
ized assessment of congenital anomalies. Furthermore, develop-
ment and inclusion of a neurobehavioral assessment into the
data collection should be considered for those study agents
that might be expected to affect neurocognitive development.
The need for research on approaches to the assessment of con-
genital anomalies was acknowledged; new methodologies, such
as the one developed as a formative research study in the NCS,
hold promise, but research to understand their reliability is crit-
ical before these methodologies can be adopted by investigators
as part of clinical trial designs.

Notes

The findings and conclusions in this report are those of the authors and
do not necessarily represent the official position of the Centers for Disease
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stitutes of Health, or the US Department of Health and Human Services.
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