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The Split Notochord Syndrome with Dorsal Enteric Fistula 

C. H. Hoffman, 1.3 R. B. Dietrich , 1 M . J . Pais, 1 D. S. Demos,2 and H. F. W. Pribram 1 

Summary: Split notochord syndrome with dorsal enteric fistula 
is an extremely rare congenital anomaly that may be associated 
with meningomyelocele or meningocele, and genitourinary 
anomalies. This case presented with an additional finding of 
bladder exstrophy, raising the possibility of a relationship be
tween this syndrome and the OEIS complex. 

Index terms: Spinal cord, congenital anomaly; Pediatric neuro
radiology; Fetus, growth and development; Spinal cord, mag
netic resonance; Spinal cord, computed tomography 

The split notochord syndrome with dorsal en
teric fistula is a rare congenital anomaly , consist
ing primarily of division of the spinal cord and 
vertebral column at the lumbar level and, occa
sionally , the lower thoracic level. Associated find
ings have included meningocele or meningomye
locele and genitourinary abnormalities (1-1 0). We 
present such a case, discuss the embryology of 
this confusing syndrome, and raise the possibility 
of a relationship between the split notochord 
syndrome and the OEIS complex (omphalocele, 
exstrophy , imperforate anus, and spinal defects). 

Case Report 

A 3. 1-kg genetically female newborn was delivered by 
cesarean section at 39 weeks of gestation. Pregnancy and 
family history were unremarkable; specifically , there was 
no history of materna l drug abuse or consanguinity. Initial 
clinical examination revealed a meningocele at the T11 
level, imperforate anus, bladder exstrophy, ambiguous gen
italia, bilateral equinovarus deformity, and herniation of the 
bowel posteriorly with fistula formation (Fig. 1 ). There was 
active movement of the lower extremities. 

Plain rad iographic films obtained after administration of 
intravenous contrast soon after birth demonstrated dupli
cation of the vertebral bodies caudally from approximately 
the T11 -T12 level, a bony protuberance projecting from 
the vertebral bifurcation , and a hemivertebra at the T 4 
level (Fig. 2). The anomalous bone, with an adjacent epiph
ysis, resembled a long bone such as a humerus or femur 

(Fig. 2). There was sacral dysgenesis. The iliac bone and 
superior and inferior pubic rami were well defined bilater
ally. 

Magnetic resonance images of the body using both T1-
and T2-weighted spin-echo pulse sequences demonstrated 
extensive abnormal anatomy including a hemivertebra at 
the T 4 level and bifurcation of vertebral bodies at the T 11-
T12 level. The spinal cord was normal until the T11-T12 
level, where it bifurcated into two separate divisions of the 
spinal cord. Nerve roots were identified lateral to the two 
spinal cord divisions but were not seen medially (Figs. 3A-
3C). A meningocele was seen posterior to the T11 vertebral 
body (Fig. 3D). The liver was midline with a slight right
sided predominance. The spleen was small and posterior 
to the stomach . The kidneys were malrotated, malas
cended, and there was left hydronephrosis. The dorsal 
enteric fistula (Fig. 3E) and bladder exstrophy were identi
fied . 

Computed tomographic images showed well-defined 
bony posterior elements both above and below the bifur
cation of the vertebral bodies. Inferior to the bifurcation, 
the bony posterior elements were more completely devel
oped on the right (Fig. 4). Superior to the bifurcation, the 
spinal canal was singular and very large. 

Attempt at closure of the enteric fistula failed and the 
patient died because of electrolyte imbalance and infection . 
An autopsy was refused. 

Discussion 

Bentley and Smith (1) were the first to note 
that an abnormal splitting of the notochord could 
cause a wide variety of malformations not only 
of the vertebral bodies and neural tissue but also 
of the enteric viscera . Others have since evalu
ated various stages of development of the noto
chord in an attempt to duplicate this abnormality 
( 11 , 12). Despite this, the split notochord syn
drome remains complex and poorly understood. 
Of the 14 human cases previously reported ( 1-
1 0) , seven have been associated with meningo
cele or myelomeningocele (1-6, 8), four had an 

Received November 12, i991 ; revision requested February 7, 1992; revision received July 3 and accepted July 7. 
1 

Department of Radiological Sciences and 2Departments of Pediatrics and Neurology , University of Californ ia, Irvine, CA. 
3 

Address reprint requests to Chery l H. Hoffman, MD, University of California, Irvine Medical Center, 101 The City Drive, Orange, CA 92668. 

AJNR 14:622-627, May/ Jun 1993 0 195-6108/ 93/ 1403-0622 © American Society of Neuroradiology 

622 



AJNR: 14, May/ June 1993 

A 

8 

Fig. 1. Photographs. 
A, A large dorsal enteric cyst is seen , from which meconium 

is being extruded (arrow). Two meningoceles are identified at the 
midthoracic level. There is no anal orifice. 

8 , An anterior wall defect is present that contains the exstro
phied bladder and the exiting umbilical cord . No vaginal orifice is 
seen. Bilateral equinovarus deformities are also present. 

imperforate anus (3, 5, 7, 8) , and one had a 
rudimentary extremity , most resembling an arm, 
extending from the spinal cleft (3) . One of these 
cases was associated with bladder exstrophy ( 1 0). 
To explain the findings seen in this case, it is 
necessary to review briefly the events that occur 
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during the second and third weeks of normal 
embryogenesis. 

Normal Embryogenesis 

By the end of the second week, the embryo is 
in the form of a bilaminar disk consisting of layers 
of endoderm and ectoderm. The ectoderm is 
positioned adjacent to the amnion and the endo
derm abuts the yolk sac (13). Following devel
opment of the prochordal plate in the cephalic 
region of the disk (13), the primitive streak begins 
to develop on the caudal portion of the amniotic 
surface of the ectoderm, immediately adjacent to 
the area later to become the cloaca. The cephalic 
portion of the primitive streak then thickens to 
form the primitive knot. The notochordal process 
forms from cells that migrate cephalad from the 
center of the knot, invaginating between the 
endoderm and ectoderm, until they reach the 
prochordal plate. At approximately the same 
time, the interembryonic mesoderm is formed 
from cells that originated from the primitive 
streak and have migrated laterally again invagin
ating between the endoderm and ectoderm (13, 
14). 

Therefore, within the third week of develop
ment, the embryo has become a trilaminar disc 
and the notochordal process and the mesoderm 
separate the endoderm from the ectoderm, ex
cept in the region cephalad to the prochordal 
plate and the region caudal to the primitive 
streak , the cloacal plate. At this time the primitive 
streak deepens and invaginates into the noto
chordal process forming the notochordal canal 
(the canal of Kovalevsky) (13). Multiple areas of 
dehiscence then occur, forming accessory neur
enteric canals, connecting the notochordal canal 
to the amniotic canal. The notochordal canal and 
these areas of dehiscence connect the amniotic 
cavity with the yolk sac, and are normally oblit
erated within a few days of their formation (3, 8). 
Separation of the endoderm (the eventual gut 
roof) from the ectoderm (the future neural tube) 
then begins in a rostral-to-caudal direction and 
the solid central core of tissue that is formed is 
the true notochord (14 , 15). 

Lateral mesodermal masses, somites , are then 
laid down adjacent to the notochord (14) . During 
the fourth week of development, the medial half 
of the somite , the sclerome cells, migrate around 
the notochord and form the vertebral column. 
The lateral cells of the somite, myotome cells, 
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Fig. 2. Anteroposterior and lateral ra 
diographs of the chest and abdomen fol 
lowing injection of intravenous contrast. 

A, The kidneys ( large arrows) are mal
ascended and malrotated , and left hydro
nephrosis is present. A hemivertebra is 
present at T4 (arrowhead) . Sacral agen
esis and bifurca tion of the vertebral bod
ies and posterior elements below the 
Tll -T1 2 level are seen. There is anom
alous bone format ion present at the level 
of the bifurca tion (small arrow). 

B, The lateral view demonstrates the 
posteriorl y herniating bowel. 

A 

develop into the supporting musculature ( 16). As 
the notochord is formed, and most likely under 
its inductive influence (13, 14), the ectoderm 
overlying the notochord gives rise to the central 
nervous system. Subsequently, the notochord 
regresses and only persists as a portion of the 
nucleus pulposis and, rarely , as a remnant within 
the vertebral body (17). 

Theories of Embryogenesis of the Split 
Notochord Syndrome 

Several interesting theories of embryogenesis 
have been proposed for the split notochord syn
drome. 

An endodermal-ectodermal adhesion occurring 
within the primitive streak because of incomplete 
separation of the two layers may be the primary 
abnormal event that is responsible for producing 
this anomaly ( 18-20). As the notochord devel
oped, it would have to migrate and bifurcate 
around the adhesion . Not only would this theory 
explain the spinal anomalies seen, it would also 
allow for the possibility of either a duplication or 
a division of the spinal cord. This theory may 
also explain the associated bladder exstrophy and 
the rudimentary bone formation . The presence of 
an endodermal-ectodermal adhesion within the 
primitive streak would not on ly have prevented 
invagination by the notochord but would also 
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have interrupted the migration of the mesoderm 
between the ectoderm and the endoderm within 
the cloacal plate. Therefore, the bladder exstro
phy and the split of the notochord may have 
occurred simultaneously because of an adhesion 
(Fig. 5). Moreover, if there were an adhesion 
caused by injury to the primitive streak, there 
may also be anomalous bone formation, as the 
cells of the primitive streak are known to be 
pluripotential and are thought to be the origin of 
spinal teratomas (21 ). The rudimentary bones 
may therefore have developed from remnants of 
the primitive streak. 

Other studies suggest that an initial early tera
togenic or spontaneous mutation of the devel
oping notochord occurs leading to a split of its 
inferior portion (3). Under the stimulus of the 
notochordal tissue, normal vertebral bodies could 
then develop around both divisions of the spinal 
cord. The enteric yolk sac would herniate be
tween both divisions of the spinal cord and adhere 
to the dorsal ectoderm or rupture into the am
niotic cavity (22). This theory , on its own, would 
not explain the findings of imperforate anus, 
exstrophy of the bladder, and the rudimentary 
bone anomaly. However, if a caudal spontaneous 
or teratogenic mutation that split the notochord 
and also ruptured the cloacal membrane oc
curred, the findings seen in this case might be 
produced (23, 24). 
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Fig. 3. Magnetic resonance imaging. 
A-C, Coronal spin-echo image (600/ 20) (TR/ TE) . Section thickness was 3 mm with a 1-mm gap. There is bifurcation of the spinal 

cord at Tll-T12 with continuation to a conus bi laterall y (arrowheads). Nerve roots are identified lateral to the spinal cords bi lateral ly 
(arrows). A hemivertebra is seen at T4. 

D, Sagittal spin-echo (300/20). A meningocele (arrowhead) and abnormal "k inking" of the cord (arrow) are seen. 
£ , A xial spin-echo (800/20). At the level of the iliac crest, the malascended and malrotated kidneys (arrows) with left-sided 

hydronephrosis are demonstrated. The enteric fistula is seen exi ting posteriorl y (arrowhead). 

Alternatively, the syndrome may occur be
cause of persistent or only partial obliteration of 
an accessory neurenteric canal or the notochordal 
canal. This theory might also explain both the 
presence of a spinal anomaly and a dorsal enteric 

fistula (25, 26) and would imply that the cord 
was split rather than duplicated. Furthermore, a 
teratogenic event, occurring as the notochordal 
canal or an accessory neurenteric canal is closing, 
may produce not only persistence of a canal but 
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Fig. 4. Computed tomography . The posterior and anterior 
bony elements are delineated bilaterally (arro ws). There is hernia 
tion of bowel posteriorly (white arrowhead) and a m idline liver is 
identified (black arrowhead). 

PROCHORDAL PLATE 

ADHESION 

PRIMITIVE KNOT 

Fig. 5. Possible embryogenesis of the split notochord syn
drome. An adhesion in the prim it ive streak or in the pathway of 
m igration of the notochorda l process would produce a cleft in the 
notochord. 

also a cloacal abnorm ality such as bladder ex
strophy. 

More recent theories for the spli t notochord 
are based upon the presumed occurrence of vas
cular compromise of the inferior neural structure, 
preventing neural tube closure (27). A lternatively , 
incomplete or attempted twinning may be re
sponsible for the findings seen in our case (28, 
29). 
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Of the 14 reported cases of the split notochord 
syndrome with dorsal enteric fistula , only four 
were associated with imperforate anus and one 
was associated with bladder exstrophy. Both of 
these findings were present in this case. This 
raises the possibility of an association of the split 
notochord syndrome with the OEIS complex, also 
referred to as cloacal exstrophy. This case and 
the OEIS complex have several features in com
mon; namely, exstrophy of the bladder, imper
forate anus, spinal defects, equinovarus deform
ity, abnormalities of the external genitalia, lack 
of a vaginal orifice, and the presence of a hem
ivertebra (30, 31 ). An omphalocele is not defi
nitely present in our case; however, omphaloceles 
are reported to be only "commonly" but not 
always present with the OEIS complex (19, 32) . 
The dorsal enteric fistula in this case may have 
decreased the intraabdominal pressure that is 
required to produce an anterior omphalocele. 

In summary, one can only speculate as to the 
relationship of the embryogenesis of both the 
split notochord and the OEIS complex. However, 
as we have discussed above, it is possible that 
the spectrum of anomalies seen in both may 
sometimes be caused by the same or similar 
events. It is likely that cases presenting in the 
future will give still further insight into the etiology 
of the split notochord syndrome with dorsal en
teric fistula . 
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