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Case History:

A 1-day-old 33 week gestation male infant was evaluated for mul-
tiple congenital anomalies that were diagnosed prenatally on fetal 
XOWUDVRXQG��)HWDO�05,�DW���Z�G�VKRZHG�PLFURJQDWKLD�ZLWK�DVVRFL-
ated glossoptosis, absent right kidney, short right upper extremity 
suggestive of absent right humerus, bilateral short lower extremi-
ties suggestive of absent femora with clubbed feet. Pelvic osse-
ous structures and sacrococcygeal segments were suspicious for 
caudal regression syndrome.

The infant was delivered by emergency C-section at  secondary to 
a placental abruption and maternal preeclampsia to a 25 year old 
primigravida mother. The parents had been trying to conceive for 5 
years prior to this conception. The pregnancy was complicated by 
maternal insulin-dependent diabetes mellitus diagnosed in the 9th 
ZHHN�RI�JHVWDWLRQ��,QVXOLQ�WKHUDS\�ZDV�VWDUWHG�LQ�WKH�¿UVW�WULPHVWHU��
Mother was obese at 170 lbs pre-pregnancy weight and gained 
���OEV�GXULQJ�KHU�SUHJQDQF\���)LUVW�WULPHVWHU�+JE$�F�OHYHOV�ZHUH�
unavailable for review. Apgar scores were 31  and 85. 

%LUWK�ZHLJKW������NJ����OE�����R]�����WK�SHUFHQWLOH��
Birth length: 28 cm (0th percentile) 
Birth head circumference: 30.5 cm (60th percentile)

In addition to the prenatally diagnosed anomalies, the infant had 
3LHUUH�5RELQ�VHTXHQFH�ZLWK�FOHIW�SDODWH��+H�DOVR�KDG�D�ELFXVSLG�
DRUWLF�YDOYH�DQG�ELODWHUDO�LQJXLQDO�KHUQLD��+H�UHTXLUHG�D�WUDFKHRV-
tomy for severe micrognathia and a gastrostomy tube. Chromo-
VRPH�PLFURDUUD\� DQDO\VLV�ZDV�QRUPDO��+H�ZDV� LQ� WKH�1,&8� IRU�
WZR�PRQWKV�SULPDULO\� IRU� UHVSLUDWRU\� LVVXHV�DQG�JURZWK��+H�ZDV�
referred for bilateral abnormalities on the newborn hearing screen 
and was subsequently diagnosed with mild hearing loss.

7KH�IDPLO\�KLVWRU\�ZDV�VLJQL¿FDQW�IRU�W\SH���GLDEHWHV�LQ�ERWK�PD-
ternal grandparents. 

Genetics Evaluation:

On physical exam, the infant had facial dysmorphism: a round 
face, square forehead, short nose with prominent nasal tip, bilat-
eral epicanthus, long philtrum, cleft palate, micrognathia and thin 
OLSV��+H�KDG�DEVHQW� IHPXUV�DQG�DEVHQW� ULJKW�KXPHUXV�ZLWK�PXO-
tiple vertebral segmentation anomalies with 5 lumbar vertebrae, a 
TXHVWLRQDEOH�IXVLRQ�RI�/����DQG���VDFUDO�YHUWHEUDO�VHJPHQWV��%RWK�
feet were clubbed. Abdominal US revealed a solitary right kidney. 
;UD\V�FRQ¿UPHG�DEVHQFH�RI�WKH�ULJKW�KXPHUXV��OHIW�KXPHUDO�XOQDU�
fusion, and absence of both femora.  

This infant has the typical phenotype of femoral facial syndrome, 
also known as femoral hypoplasia unusual facies syndrome (FFS). 
This rare, variable and sporadic multiple congenital anomaly syn-
drome (20,0�������) is not associated with any known genetic 
YDULDQW��7KH� LQLWLDO� UHSRUW� ���� GHVFULEHG� �� SDWLHQWV�ZLWK� D� VLPLODU�
phenotype of femoral hypoplasia and characteristic facial features 

with micrognathia, cleft palate, short nose with broad nasal tip, 
long philtrum and thin upper lip. Abnormalities of the genitouri-
nary tract, dysplastic sacrum and vertebral anomalies are also re-
ported. Associated central nervous system anomalies can include 
hydrocephalus and corpus callosal abnormalities. 

Although maternal pregestational diabetes was not noted in the 
initial report, subsequent reports have documented a strong re-
lationship between maternal diabetes in pregnancy and femoral 
facial syndrome. In a recent review of FFS, 50.8% of patients with 
FFS in a Brazilian cohort were infants of diabetic mothers (2). 

That report also describes a discordant monozygotic (MZ) twin 
pair, which is evidence against a Mendelian gene disorder. MZ 
WZLQV�FDQ�EH�GLVFRUGDQW�GXH�WR�D�QXPEHU�RI�GLႇHUHQW�PHFKDQLVPV��
There can be unequal allocation of cells as early as the blastomere 
stage, genetic discrepancies (post-zygotic changes, chromosome 
mosaicism) and epigenetic mechanisms due to imprinting and X-
chromosome inactivation (in females).  There is one report of an 
DႇHFWHG� IDWKHU� KDYLQJ� DQ�DႇHFWHG� GDXJKWHU�� EXW� DOO� RWKHU� FDVHV�
have been sporadic. 

Maternal diabetes is a well-known human teratogen that causes 
VHYHUDO�GLႇHUHQW�SDWWHUQV�RI�FRQJHQLWDO�DQRPDOLHV��ZKLFK�DUH�FRO-
lectively referred to as diabetic embryopathy. Diabetic embryopa-
WK\� LV�DVVRFLDWHG�ZLWK�SRRU�PDWHUQDO�JO\FHPLF�FRQWURO� LQ� WKH�¿UVW�
trimester of pregnancy (3). The risk for birth defects is increased 
to about 10% in infants of diabetic mothers (IDMs) whereas the 
EDFNJURXQG� ULVN� LV� ��� �����7KH� ULVN� IRU�PDOIRUPDWLRQV� LV� KLJKHU�
in women with pregestational diabetes and is inversely related to 
the degree of maternal diabetic control, as measured by maternal 
VHUXP�KHPRJORELQ�$�F�OHYHOV��+JE$�F�������

Epigenetic mechanisms may underlie the variability in both the 
range of birth defects as well as the incomplete penetrance of the 
SKHQRW\SH�LQ�GLDEHWLF�HPEU\RSDWK\��(SLJHQHWLF�PRGL¿FDWLRQV�DUH�
heritable changes in gene expression without a change in the un-
derlying nucleotide sequence. This is achieved by a combination 
RI�'1$�PHWK\ODWLRQ��KLVWRQH�PRGL¿FDWLRQV�DQG�QRQ�FRGLQJ�51$V��
which contribute to mitotic memory. It is an important mechanism 
IDFLOLWDWLQJ� WKH� GLႇHUHQWLDWLRQ� RI� FHOOV� GXULQJ� HPEU\RQLF� GHYHORS-
ment (6, 7). 

In animal studies, the cellular mechanisms responsible for diabetic 
embryopathy include increased cellular apoptosis and protuber-
ance of the temporal pattern of gene expression during embryonic 
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“Epigenetic mechanisms may underlie 
the variability in both the range of 
birth defects as well as the incomplete 
penetrance of the phenotype in diabetic 
embyropathy.”
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Figure 2: Absent femurs, wide pubic symphysis, shortened/ dysplastic sacrum, bilateral clubbed feet
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development. The disturbance may happen only during hypergly-
FHPLF�SHDNV�LQ�PDWHUQDO�FLUFXODWLRQ��EXW�WKHVH�FDQ�EH�VXႈFLHQW�WR�
cause permanent, irreversible changes during critical periods of 
fetal morphogenesis (8). Administration of supplemental folic acid 
has been shown to ameliorate diabetic embryopathy in animals.  

Conclusion and Counseling:

Infants of diabetic mothers are at a higher risk for birth defects. 
The highest window of susceptibility for fetal malformations is in 
WKH�¿UVW���ZHHNV�RI�SUHJQDQF\��ZKLFK�LV�VWURQJ�UHFRPPHQGDWLRQ�
for counseling diabetic women to optimize their diabetic control 
SULRU�WR�FRQFHSWLRQ��%ODVWRJHQLF�PDOIRUPDWLRQV�DQG�¿UVW�WULPHVWHU�
PLVFDUULDJHV� DUH� WKH�PRVW� FRPPRQ� DGYHUVH� HႇHFWV� RI� GLDEHWLF�
embryopathy (9). Infertility is more common among gestational 
diabetics, as was the experience in this young mother (10). 

The recurrence risk for diabetic embryopathy in a future preg-
nancy in a mother with pregestational diabetes, who has had a 
SULRU�DႇHFWHG�SUHJQDQF\��LV�LQFUHDVHG�RYHU������'LDEHWLF�ZRPHQ�
should be encouraged to plan all future pregnancies and to be 
in excellent diabetic control prior to conception, optimally with a 
+JE$�F�OHYHO�EHWZHHQ�����������7KH�JUHDWHU�WKH�OHYHO�RI�FRQWURO��
the less the potential risk to the pregnancy and the lower the risk 
for miscarriage and infertility as well as congenital anomalies. The 
diabetic mother-to-be should start prenatal vitamins and supple-
PHQWDO�IROLF�DFLG���PJ�GD\��EHJLQQLQJ�DW�OHDVW�D�PRQWK�SULRU�WR�DQ\�
future conception. The latter recommendation also addresses the 
increased risk for open neural tube defects in infants of diabetic 
mothers. 

Practical applications:

- Femoral facial syndrome is highly associated with maternal 
diabetes. 
o It should be suspected when one or both femora are hy-

poplastic or absent in an IDM. 
- There is no known genetic etiology for this disorder. 

o Epigenetic variants may play a role by creating a permis-
sive environment that fosters the teratogenicity of hyper-
glycemia. 

- Poorly controlled maternal diabetes is one of the strongest 
human teratogens, tripling or more the chance of birth de-
fects 

- Counsel diabetic mothers to achieve good diabetic control 
prior to conception to reduce the risk for diabetic embryopa-
thy. 
R� 5HFRPPHQG�PRQLWRULQJ�PDWHUQDO�+JE$�F�OHYHOV�SULRU�WR�

JHVWDWLRQ�DQG�HDUO\�LQ�WKH�¿UVW�WULPHVWHU��

o Counsel diabetic women of child-bearing age on the in-
creased risk for congenital anomalies when diabetes is 
poorly controlled in early pregnancy. 

o Encourage diabetic mothers to take folic acid daily start-
ing prior to conception. 

R� 5HFRJQL]H�WKDW�PLVFDUULDJH�DQG�LQIHUWLOLW\�DUH�DVVRFLDWHG�
with gestational diabetes mellitus.  
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NT

“Diabetic women should be encouraged 
to plan all future pregnancies and to 
be in excellent diabetic control prior to 
conception, optimally with a HgbA1c level 
between 5.7- 5.9.”



79NEONATOLOGY TODAY�www.NeonatologyToday.net�May 2019

Use the Right Words

Treat Us as a Dyad

Support Rooming-In

Promote Kangaroo Care

Try Non-Pharmacological Care

Support Breastfeeding

Treat My Symptoms

I was exposed to substances in utero. I am 
not an addict. And my mother may or may 
not have a Substance Use Disorder (SUD).

Mothers and babies need each other. 
Help my mom and me bond. Whenever 
possible, provide my care alongside her 
and teach her how to meet my needs. 

Babies like me do best in a calm, 
quiet, dimly-lit room where we 
can be close to our caregivers.

Skin-to-skin care helps me stabilize 
and self-regulate. It helps relieve the 
autonomic symptoms associated with 
withdrawal and promotes bonding.

Help me self-soothe. Swaddle me snugly in 
a flexed position that reminds me of the 
womb. Offer me a pacifier to suck on. 
Protect my sleep by "clustering" my care.

Breast milk is important to my gastrointestinal 
heath and breast feeding is recommended 
when moms are HIV-negative and receiving 
medically-supervised care. Help my mother 
reach her pumping and breastfeeding goals.

If I am experiencing withdrawal symptoms 
that make it hard for me to eat, sleep, and 
be soothed, create a care plan to help me 
wean comfortably.
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