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Fetal brain disruption sequence (FBDS) is a condition with many 
causes that is characterized by severe microcephaly of prenatal 
onset, overlapping sutures, scalp rugae, neurological impairment, 
normal hair pattern, and occipital bone prominence. FBDS is pos-
tulated to result from a disruption in brain development during the 
second or third trimester, which leads to decreased intracranial 
hydrostatic pressure with the consequent collapse of the fetal 
skull. Overlapping sutures, occipital bone prominence, and scalp 
rugae follow as a result of this collapse. Preservation of hair for-
mation is explained by otherwise normal development during the 
¿UVW����ZHHNV�RI�JHVWDWLRQ��WKH�SHULRG�ZKHQ�KDLU�IROOLFOHV�GHYHORS��

&DVH�+LVWRU\�

A two-day-old male was transferred to Loma Linda University 
Children’s Hospital for cyanosis associated with feeding, desatu-
rations, and hypothermia. The mother was a 24-year-old G2P2 
female. The mother used tobacco before she came to the knowl-
edge of her pregnancy and did not receive prenatal care. She 
denied the use of illicit drugs. Based on the last menstrual period, 
the neonate was 41 weeks 6 days gestation at birth. The mother 
reported an untreated urinary tract infection and pubic folliculitis 
at 30-33 weeks of gestation. Parents also stated that they were 
exposed to mold during the entire pregnancy and that the fam-
ily moved at 39 weeks of gestation. He was born via spontane-
ous vaginal delivery at home, where the parents noted that his 
head was small and misshapen. Paramedics arrived shortly after 
delivery and transported the neonate to an outside hospital. The 
parents were told that he had anencephaly, and they brought him 
home for hospice care. On day two of life, he was at the pediatri-
FLDQ¶V�RႈFH�EUHDVWIHHGLQJ�ZKHQ�KH�FKRNHG�DQG�EHFDPH�F\DQRWLF�
and limp. He was taken to an outside hospital, where he was hy-
pothermic to 94.3 )��KDG�SHULRGLF�EUHDWKLQJ��GHVDWXUDWHG�WR������
and required nasal cannula 1 LPM. He was treated with ampicil-
lin and gentamicin. Chest x-ray showed ground-glass opacities. A 
EUDLQ�05,�VKRZHG�GLႇXVH�V\PPHWULF�PLFURFHSKDO\�ZLWK�DEQRUPDO�
VXOFDWLRQ�VXJJHVWLYH�RI�D�VLPSOL¿HG�J\UDO�SDWWHUQ��D��PP�VXEGXUDO�
hematoma, a thin corpus callosum, mild symmetric dilation of the 
occipital horns, a diminutive appearance of the optic nerves, and 
ÀXLG�LQ�WKH�PDVWRLG�DLU�FHOOV��7KH�QHRQDWH�ZDV�WKHQ�WUDQVIHUUHG�WR�
our facility for genetics, and pediatric neurology consults as well 
as for further management of respiratory failure. 

Less than twenty-four hours after arrival to the pediatrics unit, the 
QHRQDWH�KDG�EUDG\FDUGLF�HYHQWV�ZLWK�KHDUW� UDWH� LQ� WKH���¶V�DQG�
desaturations to 60% despite tactile stimulation and nasal can-
nula 1 LPM. A cardiopulmonary arrest was suspected. A code 
ZDV� FDOOHG�� DQG�526&�ZDV� DFKLHYHG� DIWHU� ¿YH� F\FOHV� RI� FKHVW�
compressions with bag-mask ventilation. The neonate was then 
transferred to the NICU.

The mother of this neonate was 24-years-old at the time of his 
birth. She is healthy, though she reports having a “small head.” 
She is of Russian, French, German, and Italian descent. The fa-
ther is 37-years-old. He has numbness of the hands and feet as 
well as constant migraines, and he has been referred to a neu-
rologist. He is of Spanish and possibly French-Canadian ances-
try. The parents denied consanguinity and previous miscarriages. 
Their head circumferences are unavailable. The neonate has a 
3-year-old full sister who is healthy. 

The neonate had the following additional physical anomalies: a 
prominent occipital ridge that extended in the transverse plane, 
overriding occipital sutures, deep scalp folds, small for gestational 
age, narrow and sloped forehead, downward slanting palpebral 
¿VVXUHV��KLJK�DQG�EURDG�QDVDO�EULGJH��ORZ�VHW�DQG�SRVWHULRUO\�UR-
tated ears, micrognathia, dry skin, high-arched and narrow palate, 
sacral indentation, sustained arm extension when eliciting Moro 
UHÀH[�� DEVHQW� %DELQVNL� UHÀH[HV�� DEVHQW� URRWLQJ� UHVSRQVH�� DQG�
optic nerve hypoplasia of both eyes. The infant’s head circumfer-
ence at two days of life was 26cm, which represents a Z score 
(standard deviation) of -7.34 for infants of this gestational age. 
7KH�¿UVW�UHFRUGHG�ZHLJKW�DYDLODEOH��RQ�GD\���RI�OLIH��ZDV������NJ��
which correlates with a Z-score of -2.49. Due to transient hyper-
tonic episodes followed by periods of low tone, a video EEG was 
performed, which showed a burst-suppression pattern with gen-
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Fellow Column: 
A Neonate with Fetal Brain Disruption Sequence

“Less than twenty-four hours after 
arrival to the pediatrics unit, the neonate 
had bradycardic events with heart rate 
LQ�WKH���¶V�DQG�GHVDWXUDWLRQV�WR�����
despite tactile stimulation and nasal 
cannula 1 LPM. A cardiopulmonary arrest 
was suspected. "
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eralized myotonic seizures and generalized tonic seizures consis-
tent with Ohtahara syndrome. Despite the resolution of the subdu-
ral hematoma on brain MRI, the neonate’s seizures persisted. He 
ZDV�WUHDWHG�ZLWK�OHYHWLUDFHWDP�IRU�DQ�LQGH¿QLWH�GXUDWLRQ�DV�ZHOO�DV�
phenobarbital. Due to poor feeding, the neonate later required a 
gastrostomy tube. Due to optic nerve hypoplasia, an evaluation for 
panhypopituitarism was performed, which showed no abnormali-
ties. An echocardiogram revealed no congenital heart disease. 

Laboratory studies were not revealing. The newborn screen was 
normal. Laboratory tests for congenital infections were negative. 
Zika virus PCR was negative. IgM and IgG antibodies for CMV 
and toxoplasma were negative. The chromosomal microarray was 
normal. Microcephaly Next Generation Sequencing (NGS) panel 
(Fulgent Diagnostics, 76 genes tested) and Lissencephaly NGS 
panel (Fulgent Diagnostics, 15 genes tested) also revealed no 
abnormalities. Plasma amino acids, ammonia, urine organic acid, 
DQG�DF\OFDUQLWLQH�SUR¿OH�ZHUH�ZLWKLQ�QRUPDO�UDQJHV��

'LVFXVVLRQ�

)%'6�ZDV� ¿UVW� UHFRJQL]HG� LQ� ����� LQ� WKUHH� LQIDQWV�ZKR� KDG� D�
pattern of microcephaly, occipital bone prominence, overlying su-
tures, and scalp rugae. (7) A 2001 review of twenty cases of FBDS 
LGHQWL¿HG�WKH�PRVW�FRPPRQ�IHDWXUHV�RI�WKLV�VHTXHQFH�DV�QRUPDO�
scalp hair pattern, scalp rugae, overlapped sutures, and occipi-
tal bone prominence; microcephaly was a cardinal feature, with 
an average standard deviation of occipitofrontal circumference of 
����������$XWRSV\�DQG�&7�KHDG�¿QGLQJV�LQ�WKHVH�VXEMHFWV�LQFOXGHG�
WKH�GHVWUXFWLRQ�RI�FHUHEUDO�KHPLVSKHUHV��K\GUDQHQFHSKDO\��D�GH¿-
cit in cortical tissues, ventriculomegaly, small cerebellum, intra-
FUDQLDO� FDOFL¿FDWLRQ�� LQWUDFUDQLDO�KHPRUUKDJH��SRUHQFHSKDO\�� FRO-
pocephaly, small gyri, and lissencephaly. Proposed mechanisms 
of FBDS include viral infections, disruptions of vascular supply to 
the fetal brain, and genetic disorders. When viral infections are im-
plicated, the most common viruses are CMV and Zika virus. Vas-
cular disruption events that cause FBDS include prenatal cocaine 
exposure, trauma, death of a co-twin, and DIC. (1) Autosomal 
recessive genetic disorders can cause fetal brain disruption-like 
phenomenon, such as ALG11-congenital disorder of glycosylation 
and deletion of 16p13.11, which can unmask a pathogen variant 
in the NDE1 gene on the intact homolog, creating a biallelic loss 
of function for this gene. (5, 6) 

This infant’s numerous scalp folds suggested cutis verticis gyrate 
(CVG) to some examiners. CVG presents as symmetric, redun-
dant scalp folds that exhibit deep furrows and convolutions mim-
icking that of cerebral gyri. CVG presents in adults or adolescents 
and is rare in infants and children. It is focal with tightly arranged 
DQG�¿[HG�IROGV��,W�FDQ�EH�VHHQ�ZLWK�SV\FKLDWULF�GLVRUGHUV��VHL]XUHV��
and intellectual disability, but it is not associated with congenital 
microcephaly. This patient has scalp skin folds that are not char-
DFWHULVWLF�RI�&9*��WKH\�DUH�GLႇXVH��LQYROYLQJ�WKH�HQWLUH�VFDOS��7KH\�
DUH�ORRVH�DQG�DUH�QRW�¿[HG�¿UPO\�LQ�SODFH�

This neonate’s prominently rugated scalp, overlapping sutures, 
occipital bone prominence, profound microcephaly, and normal 
hair pattern are consistent with the diagnosis of FBDS. His micro-
cephaly, characterized by head circumference Z score of -7.34, 
ZDV�PRUH�VHYHUH�WKDQ�WKH�UHSRUWHG�DYHUDJH�=�VFRUH�RI�������$G-
GLWLRQDOO\�� WKH� QHRQDWH¶V� EUDLQ�05,� ¿QGLQJV� RI� RFFLSLWDO� KRUQ� GL-
ODWLRQ� DQG� D� VLPSOL¿HG� J\UDO� SDWWHUQ� DUH� FRQVLVWHQW� ZLWK� FROSR-
cephaly and lissencephaly from the report of Corona-Rivera et 
al. Although the cause of FBDS in this neonate is unknown, one 
contributing factor from the gestational history is maternal tobacco 
smoking. Smoking is known to increase vascular resistance of the 
SODFHQWD��ZKLFK� OLPLWV� EORRG� ÀRZ� WR� WKH� IHWXV��8VLQJ� WKH�6ZHG-
ish Medical Birth Registry, information on 1,362,169 infants born 
GXULQJ� ����������� .lOOpQ� ������� IRXQG� D� KLJKO\� VLJQL¿FDQW� DV-
sociation between small head circumference for gestational age 
and maternal smoking. CMV and Zika virus infections were ruled 
out by laboratory results. There is no known association between 
prenatal mold exposure and microcephaly. Although the Micro-
cephaly NGS panel, which includes the NGE1 gene, and the Lis-
sencephaly NGS panel were normal, ALG11, which is responsible 
for ALG11-congenital disorder of glycosylation, was not included 
in these panels. In retrospect, a whole-exome sequencing test 
ZRXOG�KDYH�EHHQ�D�PRUH�FRPSUHKHQVLYH�DQG�FRVW�HႇHFWLYH�JHQHW-
ic strategy in this circumstance. Due to the lack of prenatal care, 
it is uncertain whether other environmental agents or infectious 
etiologies contributed to FBDS in this neonate; however, genetic 
FRXQVHOLQJ�ZLOO� EH� RႇHUHG� WR� WKLV� IDPLO\� EHFDXVH� DQ� DXWRVRPDO�
recessive disorder has not been ruled out. 

3UDFWLFDO�$SSOLFDWLRQV�

1. Consider the diagnoses of fetal brain disruption sequence 
when the pattern of microcephaly presents with scalp rugae, 
overriding sutures, and occipital bone prominence. 

2. In infants with fetal brain disruption sequence is diagnosed, 
brain imaging and ophthalmologic evaluations help detect 
structural abnormalities of the brain and eye that may re-
quire further intervention. 

3. Investigate deletions on chromosome microarray, especially 
at 16p13.11, with comprehensive genetic testing (exome) 
because a deletion may unmask a deleterious variant on the 
other intact chromosome.

4. After prenatal infection with CMV and Zika virus have been 
ruled out, order trio whole-exome sequencing test, which is 
more comprehensive and less costly than serial gene panels 
WKDW�PD\�PLVV�VRPH�FDXVDWLYH�JHQHV��2ႇHU�JHQHWLF�FRXQVHO-
ing to families of infants with unexplained severe congenital 
microcephaly, because autosomal recessive traits could in-
crease recurrence risks for future pregnancies.

5. Refer to early infant stimulation and other intervention pro-
grams for children with developmental and intellectual de-
lays.
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³)%'6�ZDV�¿UVW�UHFRJQL]HG�LQ������
in three infants who had a pattern 
of microcephaly, occipital bone 
prominence, overlying sutures, and 
scalp rugae.  (7)"
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