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Case report
A 20-year-old lady presented to the Antenatal clinic at 28 wk of 
gestation for routine antenatal check up. Her last menstrual period 
was seven months back. She was a Primigravida, with a second 
degree consanguineous marriage to her mother’s cousin brother. 
Her menstrual cycles were regular and she was married for one 
year. She had no history of contraceptive use .She gave no history 
suggestive of intake of ovulation induction drugs. She was moderately 
pale and had received no folic acid or iron supplementation .On 
examination uterine symphysio-fundal height corresponded to 28 
wk of gestation .Fetal movements were present and fetal heart was 
heard.  Her haemoglobin was 9 gm/dl and peripheral smear was 
neutrophilic, normocytic and normochromic.

Obstetrical ultrasonography of fetal cranium revealed a crowded 
posterior fossa and dilated supratentorial ventricular system 
suggestive of hydrocephalous [Table/Fig-1a]. The spinal canal in 
cervical region was dilated. There was absence of spinous processes 
in the lumbar spine [Table/Fig-1b]. MRI showed type II Arnold 
Chiari malformation. There was hydrocephalous with cerebellar 
herniation [Table/Fig-2]. There was open spinal dysraphism with 
dorsolumbosacral myeloschiasis. One unit of cross matched 
packed cells was transfused. Consent for medical termination of 
pregnancy was taken after counseling the couple. Labour induction 
and augmentation was done with two Prostaglandin E2 gel. A male 
baby of 1.1 kg was delivered vaginally. Cord blood was collected 
for karyotyping. The baby had hydrocephalous with a swelling in 
the posterior occipital region. Open spinal cord with meningo-
myelocele was present in the lumbo-sacral region [Table/Fig-3].  A 
CT scan of the still born baby confirmed spina bifida [Table/Fig-4].
The dead fetus was sent for autopsy. Fetal autopsy report showed a 
27 wk male foetus of 1100 gm with a crown rump length of 20 cm, 
crown heel length of 34 cm, chest circumference of 23 cm and head 
circumference of 27 cm. The umbilical cord had normal insertion (2 
cm from the edge of placenta). Head circumference was measured 
as 22 cm. There were purulent exudates over the meninges and 
dilated ventricles. The cerebral tonsils were displaced inferiorly 
through the foramen magnum into the upper cervical spinal canal. 
Microscopic study of cerebellum revealed focal gliotic scarring of 
the cerebellar tonsils. Spine showed spina bifida and rachischisis 
from D10 level to S1 level with absence of posterior spinal elements. 
Patient was discharged on folate and iron supplements. Fetal 
karyotype study was normal.
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Discussion 
Arnold Chiari malformations were first described in pediatric autopsy 
specimens in 1891 by Hans Chiari -Austrian Pathologist (1851-1916) 
[1]. In legacy with the name of his professor Dr Arnold, and his name, 
the hind brain disorder is named as Arnold Chiari malformation [2].  
The incidence is gradually rising because of increased detection 
with MRI. Exact etiology so far is unknown. Chiari I malformation, 
the tonsillar ectopia is mostly asymptomatic until adulthood. The 
diagnosis is made by measuring how far the tonsils protrude below 
the margin of foramen magnum. The measurement is taken from 
(ophisthion to basion) inner margins of foramen magnum to the 
inferior most part of tonsils. A simple rule [3] is

•	 Above the foramen magnum : normal

•	 < 5mm : also normal but the term benign tonsillar  ectopia can 
be used

•	 >5 mm : Chiari I malformation

It should also be noted that the “normal’ position of cerebellar tonsils 
varies with age [4]. In neonates the tonsils are located just below the 
foramen magnum and descend further during childhood, reaching 
their lowest point somewhere between 5-15 years of age. As the 
age advances the tonsils ascend and come to rest at the level of 
foramen magnum [4].

In Chari II malformation, the pegs like (cf rounded) cerebellar tonsils 
are displaced inferiorly through the foramen magnum into the upper 
cervical spinal canal. The vermis the fourth ventricle and medulla 
are normal or minimally deformed. Moderate hydrocephalous has 
been documented in about 25% cases [2]. Syringomyelia is present 
in 60% of established cases. Skeletal anomalies are found in 25% 
of cases. Basilar invagination are found in 50% of cases, Klippel 
Feil syndrome is present in upto 10% of cases. Atlanto-occipital 
assimilation can also be present.

Skull malformations may include calvarial defects (lacunar skull).
There is small posterior fossa with low lying transverse sinuses. 
The falx is fenestrated and the tentorium hypoplastic. Foramen 
magnum is wide.  Brain anomalies include inferiorly displaced 
vermis, medullary kink and spur. Corpus callosal hypoplasia or 
complete agenesis may be present. Myelomeningocele is present 
in all cases. We speculate that hind brain herniation is secondary to 
meingomyelocele. This results as a consequence of failed posterior 
neural pole closure. The posterior neural pole usually closes at 6 wk 
of menstrual age [5]. 
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ABSTRACT
In Arnold Chiari (kee-AHR-ee) II malformation elongated cerebellar tonsils are displaced inferiorly through the Foramen Magnum into the 
upper cervical spinal canal. It is a complex anomaly with skull, dura, brain, spine and cord manifestations. Meningomyelocele is seen in 
all cases. We present a case of type II Arnold Chiari Malformation diagnosed in utero in a pregnant lady .There was no periconceptional 
folic acid supplementation. As the role of the Methylene Tetra Hydro Folate Reductase gene polymorphism in neural tube defects is 
becoming evident, a simple opportunity as folic acid supplementation should not be missed. Folate supplementation as fortification of 
cereal grains will also prevent other conditions like congenital heart defects, urinary tract anomalies, orofacial defects, limb defects and 
pyloric stenosis. 
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The Chiari III malformation includes herniation of hindbrain into the 
low occipital and high cervical region along with Chiari II malformation 
[2]. In rare cases the pons and medulla may also be herniated. The 
herniated brain tissue may show necrosis, fibrosis and gliosis. The 
Chiari IV malformation is a case of severe cerebellar hypoplasia. 
The posterior fossa is large, the brain stem is small and there is no 
hydrocephalous [2]. 

In view of the severe morbidity associated with these malformations, 
a daily intake of 400µgms of folic acid is recommended in 
the preconception period. The Methylene tetrahydrofolate 
dehydrogenase gene (MTHFD is one of the key genes involved in 
folate pathway [6]. A large metanalysis study strongly suggests that 
the MTHFD 1 G1958A gene polymorphism is strongly related to 
neural tube defects  [6].  Genetic defects are not modifiable. Albeit, a 
lot can be done to fortify folic acid supplementation in pregnancy to 
reduce the incidence of neural tube defects. Folic acid is heat labile. 
Avoiding overcooking, including fresh green leafy vegetables in diet 
and cereal grain fortification of folate can reduce the incidence of all 
folate deficiency associated congenital anomalies.

Open neural tube defects, can be repaired in utero, as documented 
recently in the Ochsner experience [7]. The timely closure of spinal 
defect with seprafilm prevents hind brain herniation. The scar is 
well healed at birth and the neurological damage is prevented. 
This research protocol was not possible in our hospital. We had to 
terminate the pregnancy after prognosticating the parents. Although 
a preconceptional folic acid supplementation could have been 
done in our set up, this was missed, as the lady presented late in 
the pregnancy. Majority of neural tube defects can be prevented 
by folic acid supplementation in the preconceptional period. Folic 
acid fortification of staple food grains has lead to reduction of 
incidence of neural tube defects in USA, Canada, Mexico and Nova 
Scotia [8-11]. In Europe, the European Registration of Congenital 
Anomalies and Twins (EUROCAT) has published a special report on 
the prevention of neural tube defects by periconceptional folic acid 
supplementation [12]. Associations of Arnold Chiari malformations 
with low serum Vitamin B12 levels have been documented in two 
studies [13,14].

It is believed that 1; 00,000 years ago our ancestors ate 14-16 
servings of fresh fruits and vegetables (major source of folic acid) 

each day [5]. With our modern cooking, we are all at a risk of 
inadequate folic acid intake through diet alone. Folate is required to 
synthesize RNA and DNA, required for growth, repair and adequate 
immune response.We should have adequate folate as children 
for appropriate growth, as women to prevent birth defects and 
as adults for proper cardiovascular health and cancer protection. 
The best possible strategy would be fortification of staple cereal 
grains with daily intake of 400µg folate. A potential effect would 
be unmasking of background Vitamin B12 deficiency.This will need 
attention especially in elderly population to prevent neuropathy.A 
dual fortification with folate and Vitamin B12 can be considered in 
India as well. The opportunity is open.

Conclusion
Arnold Chiari Malformations can be prevented by preconceptional 
folic acid and Vitamin B 12 supplementation. In India, most of the 
pregnancies are unplanned. The rostral and caudal neural pores 
close at 6 wk of gestation. A delayed folic acid supplementation 
is bound to miss the vital period of organogenesis and neural tube 
closure. It is imperative to supplement our cereal grains with folic 
acid and vitamin B12 to prevent the social and economic burden 
of birth defects.This strategy has already benefitted developed 
countries.
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