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Approach to The Newborn Infant with Dysmorphic Findings and Genetic Counseling: A Comprehensive Review
Dismorfik Bulgular ve Genetik Danismanlik Bulgulari Olan Yenidogan Bebege Yaklasim: Kapsamli Bir Inceleme
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Abstract

Background: Congenital anomalies affect approximately 3-5% of live births and are leading causes of
perinatal mortality and long-term morbidity. Dysmorphic findings often provide the earliest clinical clues
to underlying genetic, chromosomal, or syndromic disorders. This review aims to present a contemporary,
evidence-based framework for the evaluation of infants with dysmorphic features, integrating clinical
assessment, genetic testing, artificial intelligence tools, and genetic counseling.

Materials and Methods: A comprehensive literature search was conducted in PubMed, Scopus, and Web
of Science databases for articles published between 2015 and 2026 using keywords: "dysmorphic features,"
"congenital anomalies," "newborn," "genetic testing," "CMA," "WES," "WGS," "Face2Gene," and "genetic
counseling." Priority was given to systematic reviews, meta-analyses, clinical guidelines, and original
research from the last five years. Case series with fewer than 5 patients were excluded. A total of 27 key
references were selected for inclusion.

Results: The initial approach to a dysmorphic newborn involves a five-step protocol: stabilization, anomaly
screening, detailed history, phenotyping, and stepwise testing. Chromosomal microarray analysis (CMA)
is recommended as the first-tier test, with a diagnostic yield of 12-15%. Whole-exome sequencing (WES)
adds 20-60% diagnostic yield in CMA-negative cases, and whole-genome sequencing (WGS) is emerging
as a comprehensive option. Artificial intelligence tools such as Face2Gene assist in syndrome recognition,
with Top-3 accuracy of 77% in diverse populations. Genetic counseling must be provided pre- and post-
test, addressing recurrence risks (de novo 1-2% due to gonadal mosaicism, autosomal dominant 50%,
autosomal recessive 25%, X-linked variable) and variants of uncertain significance (VUS). Reanalysis of
negative or VUS results is recommended every 12-24 months, initiated by the clinical geneticist in
coordination with the testing laboratory. In populations with high consanguinity, recessive disorders
require special attention.

Conclusions: A structured approach combining meticulous phenotyping, early genomic testing, and
family-centered genetic counseling significantly improves diagnostic yield and clinical outcomes. CMA
remains the first-tier test, followed by trio WES/WGS as needed. Al-assisted facial analysis is a supportive
tool, not a replacement for clinical expertise. Newborn genomic screening holds promise but requires
careful ethical consideration.

Keywords: Congenital anomalies, dysmorphology, chromosomal microarray, whole-exome sequencing,
whole-genome sequencing, Face2Gene, genetic counseling, newborn, consanguinity

Oz

Amag: Konjenital anomaliler canli dogumlarin %3-5'ini etkiler. Dismorfik bulgular, altta yatan genetik sendromlarin
erken belirtecleridir. Bu derleme, dismorfik bebege giincel, kanita dayali yaklasimi sunmayi amaclamaktadir.
Degerlendirme protokolii stabilizasyon, anomali taramasi, detayli 6ykii, fenotipleme ve basamakl test planini igerir.
Etik konular ve yenidogan genomik taramasinin zorluklar: da tartisilmaktadir.

Gere¢ ve Yontem: PubMed, Scopus ve Web of Science'da 2015-2026 aras1 yaymnlar taranmuis; sistematik derlemeler,
meta-analizler, kilavuzlar ve 6zgiin arastirmalar secilmistir. Besten az hasta igeren olgu serileri diglanmuistir.
Bulgular: Bes adimli protokol (stabilizasyon, anomali taramasi, Oykii, fenotipleme, test) Onerilir. Kromozomal
mikrodizin analizi (CMA) ilk basamak testtir (%12-15 tani1). Tiim ekzom dizilimi (WES) CMA negatif olgularda %20-
60 ek tani saglar. Yapay zeka aracit Face2Gene Top-3 dogruluk %77'dir. Genetik danismanlik test dncesi ve sonrasi
verilmeli, anlami belirsiz varyantlar (VUS) ve yineleme riskleri aciklanmalidir. De novo mutasyonlarda yineleme riski
gonadal mozaisizm nedeniyle %1-2'dir. Akraba evliligi sik toplumlarda resesif hastaliklar 6nceliklidir. Negatif veya
VUS sonugclarinin yeniden analizi 12-24 ayda bir yapilmalidir.

Sonug: Dikkatli fenotipleme, erken genomik testler ve aile merkezli danismanlik tanisal basariy: artirir. CMA ilk
basamaktir; trio WES/WGS gerektiginde eklenir. Yapay zeka yardimei aragtir.

Anahtar Kelimeler: Konjenital anomali, dismorfoloji, kromozomal mikrodizin, tiim ekzom dizilimi, tiim genom
dizilimi, Face2Gene, genetik danismanlik, yenidogan, akraba evliligi
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Highlights
e A structured five-step clinical approach improves the evaluation of dysmorphic newborns.
e Chromosomal microarray analysis remains the first-line genetic test, followed by trio WES/WGS when

indicated.
e Early genetic counseling and Al-assisted phenotyping enhance diagnostic accuracy and family
management.
Introduction

Congenital anomalies are structural, functional, or biochemical abnormalities present at birth, affecting
approximately 3-5% of live births worldwide (1-3). They are among the leading causes of perinatal mortality and
long-term disability. Dysmorphic features---unusual facial or body morphology---are often the first clinical clues
to an underlying genetic, chromosomal, or syndromic condition (2, 4).

The World Health Organization (WHO) estimates that about 6% of newborns worldwide have a congenital
anomaly, resulting in nearly 295,000 neonatal deaths annually (4). In the United States, major birth defects occur in
approximately 1 in 33 births (5). In countries with high consanguinity rates such as Turkey, the prevalence of
autosomal recessive disorders is notably higher, although a national surveillance system is lacking.

The goal of evaluating a dysmorphic infant extends beyond merely assigning a diagnostic label. It aims to: (1)
correctly describe the phenotype, (2) identify life-threatening comorbidities, (3) select appropriate genetic tests in
a timely manner, (4) interpret results in clinical context, and (5) provide meaningful, realistic, and compassionate
counseling to the family (6-8). This review synthesizes current evidence on the approach to dysmorphic infants,
covering epidemiology, basic concepts, bedside evaluation, systematic dysmorphology examination, phenotyping,
genetic testing, artificial intelligence tools, genetic counseling, and ethical issues.

Material and Methods

A systematic literature search was performed in PubMed, Scopus, and Web of Science databases for articles
published between January 2015 and June 2026. The following search terms were used in various combinations:
genetic testing," "chromosomal microarray,"
whole-genome sequencing,”" "WGS," "Face2Gene," "genetic counseling,"

non "non "o

newborn," "infant,

"non

"dysmorphic features,
"CMA," "whole-exome sequencing," "WES,
"recurrence risk," "consanguinity,” and "newborn screening."

Inclusion criteria were: (1) systematic reviews, meta-analyses, clinical practice guidelines, and original research
studies; (2) articles published in English or with English abstracts; (3) studies focusing on diagnostic approaches,
genetic testing strategies, or counseling in dysmorphic infants. Exclusion criteria were: (1) case reports or case series
with fewer than 5 patients; (2) non-peer-reviewed articles; (3) studies focused exclusively on prenatal diagnosis
without postnatal correlation.

A total of 1,247 articles were initially identified. After removing duplicates and screening titles/abstracts, 112 full-
text articles were assessed. Finally, 27 key references were selected for inclusion based on relevance and quality.
Data were extracted on diagnostic yields, test performance, clinical algorithms, and counseling principles.

congenital anomalies,

nn

Epidemiological and Clinical Impact

Congenital anomalies are a leading cause of infant mortality worldwide. A US population-based study (2016-2020)
reported a prevalence of approximately 300 major birth defects per 10,000 live births (9). The most common
categories include congenital heart disease, neural tube defects, orofacial clefts, and limb anomalies.

The clinical importance of dysmorphic phenotype extends beyond appearance. For example, conotruncal heart
defects combined with low-set ears, micrognathia, or bifid uvula should prompt testing for 22q11.2 deletion.
Similarly, macroglossia with omphalocele suggests Beckwith-Wiedemann syndrome; hypotonia with almond-
shaped eyes indicates Prader-Willi syndrome; and midface retrusion with epicanthal folds suggests Down syndrome
(2, 10). Each additional dysmorphic feature increases the likelihood of an underlying genetic diagnosis. In infants
with congenital heart disease, each 1-point increase in dysmorphology score is associated with a 17-20% increase in
the probability of a genetic diagnosis (11).

Basic Concepts: Malformation, Deformation, Disruption, Dysplasia
Correctly categorizing an anomaly guides etiology, recurrence risk, and testing strategy (2, 10, 12).
* Malformation: Primary structural defect due to intrinsic developmental program disturbance (e.g., cleft
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lip/palate, ventricular septal defect (VSD) , polydactyly). Often genetic/chromosomal.

® Deformation: Altered shape of an initially normal structure due to mechanical forces (e.g. clubfoot,
plagiocephaly). Low recurrence risk.

¢ Disruption: Destruction of previously normal tissue (e.g., amniotic band sequence). Low recurrence risk.

¢ Dysplasia: Abnormal tissue organization (e.g., skeletal dysplasias, neurocutaneous syndromes). Often heritable.

Initial Bedside Approach: 5 Steps

A structured five-step protocol is recommended (2, 3, 12):

Step 1 -- Stabilization: Assess airway, breathing, circulation (ABC) before discussing syndromes. Some dysmorphic
conditions present with life-threatening airway anomalies, severe heart disease, hypoglycemia, metabolic
decompensation, or seizures.

Step 2 -- Anomaly Screening: Determine whether anomalies are major vs. minor, single vs. multiple systems, and
whether they form a recognizable pattern. Three or more minor anomalies increase the probability of a major
syndromic etiology (2, 3).

Step 3 -- Detailed History: Obtain prenatal ultrasound findings, maternal illnesses, drug exposures, consanguinity,
previous pregnancy losses, and family history of similar phenotype (2, 10).

Step 4 -- Phenotyping: Includes standardized measurements, photo-documentation (with consent), Human
Phenotype Ontology (HPO) coding, and parental examination when indicated (2, 12).

Step 5 -- Stepwise Testing Plan: Choose tests based on clinical pattern -- karyotype, FISH, CMA, WES, or WGS --
rather than ordering the same test for every patient (2, 3, 6).

Indications for Urgent Genetic Consultation

Early genetic consultation is indicated in the following scenarios (2, 3, 6, 12):

¢ Single major or 23 minor anomalies

e Pattern involving multiple organ systems

® Positive family history, consanguinity, recurrent miscarriages/stillbirths

* Ambiguous genitalia, microcephaly/macrocephaly, conotruncal heart disease, severe hypotonia, seizures
¢ Feeding difficulties, aspiration, airway problems, unexplained acidosis/hypoglycemia

* Sepsis-like unexplained metabolic deterioration

® Suspected craniosynostosis

* Severe heart disease with dysmorphic features

Detailed History and Physical Examination

A three- to four-generation pedigree should be constructed. Key elements include: similar phenotype in relatives,
consanguinity, parental ages (advanced maternal age for Down syndrome; advanced paternal age for de novo
mutations), and prior pregnancy losses (2, 3).

Maternal history includes diabetes, PKU, autoimmune diseases, medications (anticonvulsants, lithium, warfarin,
isotretinoin), alcohol, smoking, infections (TORCH, Zika), and prenatal testing results (NIPT, ultrasound,
amniocentesis) (2, 3, 9).

Postnatal history includes birth weight, length, head circumference percentiles; neonatal adaptation; developmental
milestones; growth velocity; and timing of postnatal deterioration (2, 13).

Dysmorphology Examination

Examination must be systematic, head-to-toe, using standard terminology (13, 14). Anthropometric measurements
include weight, length, head circumference (Z-score critical: <-2 suggests microcephaly; >+2 suggests macrocephaly),
inner/outer canthal distance, interpupillary distance, palpebral fissure length, philtrum length, ear length and
rotation (2, 13).

Cranial findings: microcephaly/macrocephaly, brachycephaly/plagiocephaly, craniosynostosis. Two-vessel
umbilical cord may indicate mosaicism or growth restriction (13).

Facial dysmorphisms: forehead shape, hairline, hypertelorism/hypotelorism, ptosis, epicanthus, palpebral fissure
slant, low-set/posteriorly rotated ears, microtia, nasal root, anteverted nares, long/short/flat philtrum,
macro/microstomia, high/cleft palate, micrognathia/prognathia (2, 13, 14).

Systemic clues: pectus deformities, wide-spaced nipples, heart murmur (echocardiography should be routine) (2, 6);
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abdominal wall defects, hepatosplenomegaly; ambiguous genitalia, cryptorchidism, micropenis, renal anomalies;
scoliosis, vertebral defects, sacral dimple, polydactyly, syndactyly, arachnodactyly; skin pigmentary changes, café-
au-lait spots, hypopigmented macules, nail dystrophy (2, 3, 10).

Phenotyping and Documentation

HPO terms (https://hpo.jax.org/) standardize phenotype coding and improve variant prioritization (2, 6). Photo-
documentation requires institutional permission and informed consent with identity protection. Parental
examination and family photos may reveal mild phenotypes in dominant disorders (2, 13).

Differential Diagnosis Framework

Key questions (2, 6, 10):

* Isolated or syndromic?

* Genetic or environmental?

* Primary structural (malformation/deformation/disruption/dysplasia)?

¢ Timing (embryonic, fetal, or postnatal deterioration)?

If a specific syndrome is suspected, targeted testing is appropriate (e.g., Down syndrome — karyotype). If no clear
pattern but multiple anomalies exist, CMA is the first-tier test. Metabolic disorders must be considered when sepsis-
like deterioration, unexplained acidosis, or hepatosplenomegaly is present (2, 6).

3.9. Genetic Testing Strategies in Dysmorphic Infants
Selection of the appropriate genetic test should be guided by the clinical phenotype, suspected diagnosis, and
diagnostic yield. Table 1 summarizes the characteristics, advantages, limitations, and clinical indications of currently

available genetic testing modalities.

Table 1. Comparison of Genetic Testing Modalities for Dysmorphic Infants
Test Resolution Detection Limitations Diagnostic First-Line Indication
Capabilities Yield
Karyotype 5-10 Mb Aneuploidy, large Cannot detect ~5-7% Down syndrome,
deletions/duplication | submicroscopic balanced rearrangements
s, balanced CNVs
translocations
FISH Targeted Specific Only probes for Variable Suspected specific
microdeletions (e.g., | known regions syndrome
22q11.2)
CMA 50-100 Kb CNVs, UPD (SNP Cannot detect ~12-15% First-tier for unexplained
arrays), balanced DD/MCA
homozygosity translocations,
regions low-level
mosaicism
MLPA Targeted Specific gene Only targeted High for DMD, SMA, Prader-
deletions/duplication regions specific Willi/Angelman
s, imprinting defects conditions
Gene Single All genes associated | Limited to panel 15-30% Phenotype with known
panel nucleotide with a specific genes; no novel genetic heterogeneity
phenotype gene discovery
Trio WES Single SNVs, indels, some Non-coding 20-60% CMA-negative, MCA,
nucleotide CNVs (coding regions, some neurodevelopmental
regions) structural disorders
variants
WGS Single SNVs, indels, CN'Vs, Higher cost; 30-70% WES-negative with high
nucleotide structural variants, complex (depending suspicion
non-coding regions interpretation on
indication)
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Karyotyping: Detects large chromosomal changes (5-10 Mb resolution); diagnostic yield ~5-7% (2, 3).

FISH: Targeted detection of specific deletions/duplications; for suspected 22q11.2 deletion, etc. (2).

Chromosomal Microarray (CMA): First-tier test for unexplained developmental delay, multiple congenital
anomalies, and dysmorphic features (2, 3, 8, 15). Detects CNVs down to 50-100 Kb; diagnostic yield ~12-15% (15).
Cannot detect balanced translocations. SNP arrays can detect UPD and regions of homozygosity (2, 15).

MLPA: Rapid targeted method for specific gene deletions/duplications and imprinting disorders (DMD, SMA,
Prader-Willi/Angelman, SHOX) (16).

Gene Panels: Cost-effective for phenotypes with high genetic heterogeneity (e.g., cardiomyopathy, skeletal
dysplasia), but do not cover genes outside the panel (2).

Whole-Exome Sequencing (WES): Sequences all coding regions (~85% of disease-causing variants). Indicated for
multiple congenital anomalies, neurodevelopmental disorders, progressive neurological conditions, and cases
negative on prior testing (2, 15, 17). Trio WES (patient + parents) is highly effective for detecting de novo variants
(18). Diagnostic yield ranges 20-60% depending on patient selection (15, 17). Limitations: non-coding regions,
dynamic mutations, some CNVs.

Whole-Genome Sequencing (WGS): Most comprehensive, covering coding and non-coding regions, SNVs, indels,
structural variants, CNVs, and repetitive sequences (19). Indicated when WES is negative but suspicion remains. As
costs decrease, WGS may become first-tier (2).

Stepwise Diagnostic Algorithm

The diagnostic evaluation of a newborn with dysmorphic features should follow a structured, phenotype-driven
approach. Figure 1 summarizes the recommended stepwise algorithm from the initial clinical assessment to
advanced genomic investigations.

Identify prenatal/postnatal congenital anomalies

Detailed history and pedigree

Systematic physical examination and dysmorphology

Referral to clinical geneticist

Provisional syndrome diagnosis (if possible)

Targeted test or CMA. If specific syndrome suspected — targeted test; otherwise CMA + karyotype/FISH

If CMA negative and suspicion persists — trio WES/WGS; add metabolic/infectious tests and imaging as
indicated.

NG LN

Current literature emphasizes that genomic testing should no longer be a "last resort” but considered early with
good phenotyping (6).

Imaging and Specific Laboratory Tests

Routine echocardiography is recommended in dysmorphic infants due to high prevalence of congenital heart disease
(2, 6). Brain ultrasound if neurological findings or microcephaly; abdominal ultrasound for renal anomalies or
hepatosplenomegaly; cranial MRI in selected cases.

Laboratory: blood gas, ammonia, lactate, acidemia profile, plasma amino acids, urine organic acids (metabolic);
TORCH panel, Zika virus if indicated; liver/kidney function tests, creatine kinase (2, 10).

Artificial Intelligence: Face2Gene (Abridged)

Face2Gene uses deep learning (DeepGestalt, GestaltMatcher) to classify >300 syndromes from facial photographs
(20-22). Rudy et al. (2025) showed that Face2Gene changed real-time testing decisions in 17 international cases (19).
Gupta et al. (2025) reported Top-3 accuracy of 77% for Face2Gene and 58% for GestaltMatcher in a large Indian
cohort (23). Wenderott et al. (2025) identified IT integration and consent as major workflow barriers (21). Al tools
are supportive, not diagnostic; performance may be lower in ultra-rare syndromes and under-represented ethnic
groups (2, 21, 23).
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Diagnostic Approach Algorithm for a Newborn with Congenital Anomalies

» Prenatal (USG, Fetal Screening)
» Postnatal (Postnatal Examination)

Detailed History and Pedigree

» Family History, Genetic Disease, Consanguinity, Parental Age

» Obstetric History, Teratogenic Exposure, Infections,
Prenatal USG Findings

> Postnatal History, Growth and Development, Seizures,

Feeding Problems

Systematic Physical Examination and Dysmorphological Assessment

» Anthropometry (Head Circumference, Height, Weight)

B Systemic Examination (Cardiac, Abdominal, Genital, Neurological)
» Dysmorphic Features (Minor/Major Anomalies)

P Al-Assisted Analysis (if needed)

Referral to Clinical Geneticist

P Single Major Anomaly » Dysmorphic Features
» Multiple Anomalies P Positive Family History

i S Is There a Suspected Specific Syndrome? |
v v
Yes No
» Targeted Tests: » aCGH (Chromosomal Microarray
» FISH, MLPA, Genetic Test Results Analysis) as First-Tier Test
» Gene Panel
Pathogenic CNV Normal / Uncertain Diagnosis

P Diagnosis is Established P WES (Whole Exome Sequencing)

B Genetic Counseling (Trio Preferred)

P Screening for Comorbidities -

P Management Plan E

1
¥ v
Pathogenic Variant |- Further Evaluation _ R
b Diagnosis is Established » WGS, Metabolic Tests VUS Evaluation
P Genetic Counseling P Reassessment of Clinical and s o : T
; s - I Lt P Segregation Analysis
P Screening for Comorbidities Imaging Findings
B Phenotype-Genotype
» Management Plan ;
Correlation
p Database Review (ClinVar,
HC: Head Circumference OoMIM)
CNV: Copy Number Variant

aCGH: Array Comparative Genomic Hybridization
WES: Whole Exome Sequencing
WGS: Whole Genome Sequencing

Figure 1. Stepwise Diagnostic Algorithm for the Infant with Dysmorphic Features. Stepwise diagnostic
algorithm for infants presenting with dysmorphic features and/or multiple congenital anomalies. CMA is
recommended as the first-tier test when no specific syndrome is suspected. Trio WES/WGS is indicated when
CMA is negative and clinical suspicion remains high. (Adapted from (2, 3, 6, 12)
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Cost-Effectiveness and Testing Strategy

CMA: $500-1,500; WES trio: $2,000-4,000; WGS: $4,000-8,000. Ultra-rapid WGS in NICU can reduce diagnostic time
from weeks to days but at higher cost. Stepwise approach (CMA — trio WES — WGS if negative) is generally cost-
effective (11).

Special Considerations in High-Consanguinity Populations

In countries with consanguinity rates of 20-25% (e.g., Turkey), autosomal recessive disorders are more prevalent.
Key points:

e SNP-based CMA or WES can identify long runs of homozygosity (ROH) suggestive of recessive disease.

¢ Family history of consanguinity or similar phenotype should prompt recessive gene panels or trio WES.

® Recurrence risk for recessive disorders is 25%; carrier testing and prenatal diagnosis should be offered.

® Tele-genetic counseling and sample shipping from remote centers should be facilitated.

Genetic Counseling

Genetic counseling aims to support families through uncertainty, decision-making, risk perception, and
reproductive planning (6, 7). It has pre-test and post-test phases.

Pre-test counseling: Expectations must be set: test may diagnose, exclude, yield VUS, or uncover secondary findings.
"Normal result # no genetic cause." Discuss parental samples (trio), secondary findings (ACMG SF v3.3), reanalysis
consent, turnaround time, cost, and avoid jargon (6, 7).

Post-test counseling:

e Pathogenic variant: Diagnosis established; discuss clinical management, anticipation, variable expressivity,
incomplete penetrance, and recurrence risk.

e VUS: Explain that clinical significance is currently unknown but may be reclassified later. Provide follow-up
plan. Reanalysis of VUS results should be performed every 12-24 months, initiated by the clinical geneticist in
coordination with the testing laboratory (8).

* Negative result: Genetic cause not excluded; discuss reanalysis and advanced testing. Reanalysis of negative

results is recommended every 12-24 months as new genes are discovered (6). Recurrence risk and family planning
(Table 2).

Table 2. Recurrence Risk by Inheritance Pattern

Inheritance Pattern Recurrence Risk Key Counseling Points

De novo (apparently) <1% (but 1-10% if gonadal | Parental testing to exclude mosaicism; prenatal
mosaicism) diagnosis for subsequent pregnancies

Autosomal dominant | 50% each pregnancy Variable expressivity; anticipation possible

(affected parent)

Autosomal recessive 25% each pregnancy Carrier testing for parents; at-risk siblings

X-linked recessive | 50% of sons affected; 50% of | Skewed X-inactivation; prenatal sex

(carrier mother) daughters carriers determination

Balanced translocation | 5-30% (depending on chromosome) | Unbalanced offspring risk; prenatal diagnosis

(carrier parent) essential

Caption: Recurrence risk estimates for future pregnancies based on the inheritance pattern of the identified genetic
variant. Counseling must be individualized. (Based on (4,21))

* De novo: 1-2% (due to gonadal mosaicism; range 0.1-1% in some studies (2))

¢ Autosomal dominant: 50% if parent affected

* Autosomal recessive: 25%

X-linked: variable

¢ Balanced translocation carrier: risk of unbalanced offspring

Offer prenatal diagnosis (amniocentesis, CVS), preimplantation genetic testing (PGT), carrier screening, and targeted
fetal imaging (6).

Counseling in the NICU/PICU: Use short (15-20 min), repetitive sessions; minimize technical language; provide
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psychosocial support; give written summaries; ensure consistent messaging across specialties (6, 7).

Ethical Issues, Uncertainty, and Reanalysis

Non-directive counseling is essential; respect cultural, religious, and linguistic diversity. Address guilt, grief, and
fear of stigmatization. Data privacy, sample storage, and disclosure of secondary findings must be discussed in
advance (6).

VUS results cause anxiety; explain temporality and follow-up. Reanalysis of negative or VUS results is
recommended annually or biennially (every 12-24 months) as new genes are discovered and databases are updated.
The responsibility for initiating reanalysis lies with the clinical geneticist, in coordination with the testing laboratory
(6, 16).

Multidisciplinary Approach

A genetic diagnosis redefines management:

* Genetics: phenotyping, testing, counseling

¢ Cardiology: echocardiography, rhythm monitoring

* Neurology: seizures, hypotonia, regression, brain imaging

® Ophthalmology: coloboma, optic atrophy, lens subluxation, cataract

® Orthopedics/Plastic surgery: clubfoot, polydactyly, craniosynostosis

* Endocrinology/DSD team: ambiguous genitalia, growth hormone deficiency
¢ ENT: hearing screening, cleft palate management

Provide a written, longitudinal care plan for the family (6, 7).

3.18. Newborn Genomic Screening

Traditional newborn screening (tandem mass spectrometry) targets treatable childhood-onset conditions. Genomic
newborn sequencing (NBSeq) could shorten diagnostic odysseys, provide carrier status, enrich rare disease
databases, and identify at-risk siblings. However, challenges include parental anxiety, child autonomy (adult-onset
conditions), VUS uncertainty, health disparities, and genetic discrimination risk (3). del Rosario et al. (2024) surveyed
genetic counselors (n=176) and found support for NBSeq but emphasized need for specificity/sensitivity studies (3)

Discussion

This review synthesizes current evidence for evaluating dysmorphic infants. The key finding is that a structured
approach combining meticulous phenotyping, early genomic testing, and family-centered counseling significantly
improves diagnostic yield and clinical outcomes.

Comparison with previous literature: Earlier guidelines emphasized karyotyping and FISH as first-tier, but since
2010, CMA has become the consensus first-tier test for unexplained developmental disabilities and multiple
congenital anomalies (14, 15). More recently, WES and WGS have demonstrated additional diagnostic value,
particularly in CMA-negative cases (17, 18). Our review confirms that trio WES should be offered early, not as a last
resort.

Role of AI: Face2Gene and similar tools have shown promising accuracy in real-world settings, with the ability to
influence testing decisions in real time (20, 23). However, limitations include reduced performance in ultra-rare
syndromes and ethnic minorities, and the need for integration into clinical workflows (21). Al remains a supportive
tool, not a replacement for clinical geneticists.

Consanguinity-specific approach: In populations with high consanguinity, recessive disorders are more common.
Homozygosity mapping via CMA or WES is particularly valuable. Recurrence risk counseling should emphasize
25% risk for recessive conditions and offer carrier testing.

Cost-effectiveness: While CMA is the most cost-effective first-tier test, trio WES becomes cost-effective when
diagnostic yield exceeds ~25-30%. Rapid WGS in NICU settings is expensive but may reduce length of stay and
unnecessary testing.

Genetic counseling challenges: VUS remain a major source of anxiety. Standardized VUS management protocols
are lacking (8). Reanalysis of genomic data should be routine every 12-24 months, yet many laboratories do not offer
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it systematically. Clinical geneticists should proactively initiate reanalysis.
Future directions: Long-read WGS, epigenetic testing, and CRISPR-based prenatal therapies may further transform
the field. Large-scale prospective studies on NBSeq are needed to establish benefits and harms.

Study Limitations

This review has some limitations. First, it is a narrative review rather than a formal systematic review or meta-
analysis; therefore, selection bias cannot be completely excluded despite the structured literature search. Second,
many recent studies evaluating genomic sequencing, artificial intelligence-based dysmorphology tools, and genetic
counseling include relatively small cohorts or originate from single centers, which may limit the generalizability of
their findings. Third, the rapid evolution of genomic technologies means that diagnostic yields, testing algorithms,
and clinical recommendations may change over time. Finally, healthcare costs, reimbursement policies, and access
to advanced genomic testing differ considerably among countries, limiting the universal applicability of cost-
effectiveness analyses.

Conclusion

Based on the evidence reviewed, we make the following recommendations:

1. Early diagnosis is critical. Prompt genetic evaluation in dysmorphic infants enables appropriate counseling,
comorbidity screening, and targeted management.

2. Clinical assessment remains foundational. Detailed history and systematic dysmorphology examination are
irreplaceable.

3. CMA is the first-tier genetic test for unexplained developmental delay, multiple congenital anomalies, and
dysmorphic features.

4. If CMA is negative, trio WES should be offered. WGS is indicated when WES is negative but clinical suspicion
persists.

5. Genetic counseling must begin before testing and continue post-test, addressing VUS, secondary findings,
recurrence risks, and reproductive options. Reanalysis of negative or VUS results should be performed every 12-24
months.

6. Al facial analysis (e.g., Face2Gene) is a supportive tool that can aid syndrome recognition but does not replace
clinical judgment. Ethnic diversity must be considered.

7. In high-consanguinity populations, recessive disorders and homozygosity mapping should be prioritized.

8. Newborn genomic screening holds promise but requires careful ethical evaluation before widespread
implementation.

A multidisciplinary, family-centered approach remains the gold standard. Future research should focus on
implementation science for rapid genomic testing in NICU settings, long-term outcomes of genomic newborn
screening, and standardized VUS reanalysis protocols.
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