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G. H. DU BOULAY: RADIOLOGICAL EXAMINATION OF CRANIOPAGUS TWINS

FIG. 1.-Carotid angiogram on first baby of first pair. Capillary
phase. Arrows point to plane of separation between left cerebral
hemispheres. Note how much more oblique this is than might be

imagined from skull shape.

FIG. 3.-Right carotid angiogram on one of second pair of twins.
White arrow shows one small arterial anastomosis with other baby.
Large black arrow shows a larger anastomosis. Line of small arrows
gives position of separation and of junctional brain tissue. Line of

circles is a more definite plane of cleavage.

FIG. 2.-Same examination as in Fig. 1. Venous phase. Solid
arrow points to contrast medium draining into opposite baby
through a large transverse sinus. Hollow arrow indicates a sagittal
vein. (It is superimposed upon shadow of circumferential dural

sinus.)

FIG. 4.-Left carotid angiogram on same baby as in Fig. 3. Arrows
point to anterior cerebral artery and position of " median " fissure.
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3. Radiological Examination of Two Pairs of Craniopagus Twins

G. H. DU BOULAY,* D.M.R.D., F.F.R.

[WITH SPECIAL PLATE]

Brit. med. Y., 1964, 1, 1337-1338

First Pair of Twins

Introduction to the Problem.-Radiographs taken during the
first months of life showed a single large cranial cavity with a

normal complement of vault bones. There was a slight
depression near the " lambda " of each child which gave what
was later shown to be a spurious idea of the position of junction.
We hoped that at the plane of separation a dural shelf might
jut out; but there was no evidence at this stage of any bony
ridge to which such a shelf might be attached. The conjoined
head showed the normal features of growth-the sutures
remained open but not spread, and convolutional impressions
appeared on the under surface.

Purpose of Fuller Investigation.--There was a reasonable
desire to exclude any serious additional hidden developmental
abnormality ; but as the results of the first investigations were

seen the greater importance of anatomical considerations became
apparent. Structures in the head did not lie where they were

expected.
Timing of Investigations.-In the actual timing of the investi-

gations we were influenced towards delay by the difficulty of
angiography on very small babies and the desire to have a " last
minute" picture to reveal any alteration due to growth. On
the other hand, it was also important to make an early assess-

ment of the feasibility of the surgical effort. The radiographic
procedures accordingly began when the twins were 3 months
old and were not finished until shortly before the final operation.
In the light of our subsequent experience it is worth
remembering that much time may also be required for full
understanding of all the radiographs taken.

Technical Difficulties.-The means by which three major
difficulties were overcome are worth mentioning. The first
was the physical presence of one twin's body in the
radiographer's way and unsupported by the table during angio-
graphy. A shelf built as an extension to the angiographic box
brought a satisfactory solution. The second difficulty was

similar. In order to facilitate orthodox pneumoencephalography
a more complicated support was made (like the other, in the
hospital physics workshop by Mr. Crichton). To this shelf
fixed to the skull-table both children could be secured, one

sitting, the other in a steep Trendelenburg tilt. The third
difficulty was that of interpretation. With so few familiar
reference points a complete idea of the relationships of structures
shown would be difficult to build up. The lateral series of
each angiogram was therefore supplemented by a third set of
pictures in order to make stereoscopic pairs, and this proved
invaluable.

Investigations Themselves and Their Interpretation.-For
lack of space much detail as well as reference to failures has
to be omitted from this account, but it may be of interest that
the first pneumoencephalogram came to nothing because the
children were unable to tolerate a position in which either was

raised more than 20 degrees above the other without becoming
pulseless. A chronological description of the procedures may
give more insight into the way the problem presented than can

a bare list of the information obtained.

* St. Bartholomew's Hospital, London.

C

Blood-vessels

At left carotid angiography on the first twin there was good
filling of the anterior, middle, and posterior cerebral arteries
with no sign of anastomosis to the arteries of the opposite baby.
The anterior cerebral and branches of the middle cerebral
arteries were distributed upwards rather than backwards,
indicating that the frontal and most of the parietal lobes of this
hemisphere encroached on the part of the cranial cavity which
from a superficial impression belonged to the other child.
A clear-cut edge to the arterial and capillary filling demon-

strated that a division existed between the children's brains on

this left side (Special Plate, Fig. 1). It also showed the great
obliquity of the plane of separation (indicated by arrows in
Fig. 1).
A very wide dural sinus collecting a large part of the hemi-

sphere's blood ran on the vault around the circumference of
the skull in the plane betWeen the two brains (Special Plate,
Fig. 2). Some contrast medium passed into the left-hand side
of this and thence into the transverse sinus belonging to the
injected baby, but most of it flowed through the confluence on

the posterior surface of the opposite baby's head and into his
transverse and sigmoid sinuses (Fig. 2, white arrow). This
confluence was also joined by a narrow sagittal vein (Fig. 2,
hollow arrow) which ran a wandering course between the
cerebra, finally joining some part of the circumferential sinus
towards the posterior part of the first baby's half of the head.
The deep veins appeared normal.
That the greater part of one baby's blood drained into the

other was immediately confirmed by a rather better excretion
pyelogram in the second baby from the contrast medium
injected into the first. At this time the chests were also screened
and the children's hearts were seen to lie in the right sides of
their thoracic cages but were not transposed.
A left carotid angiogram was next carried out on number two.

It was very like the previous one, much of the contrast draining
into the opposite baby, and will not be described in detail; but
it raised the possibility that a second superior sagittal vein was

present. (This tentative suggestion was proved wrong at
operation.)

It was impossible to feel the right carotid arteries of either
twin, perhaps because of the extreme rotation of their necks.
However, some idea of the larger dural sinuses could now be
obtained by observation of their channels on the vault as these
appeared with growth. It was clear that the circumferential
sinus, already partly demonstrated on the left, continued around
the right-hand side of the head, joining the region of the con-

fluence at one end with that at the other. This led to the hope
of a dural shelf attached much as the falx is to superior
sagittal sinus; but the depth of such a shelf was beyond
guessing.

Ventricles

On 13 February 1959 a second attempt at pneumoencephalo-
graphy was more successful. With the children horizontal,
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Craniopagus Twins-Du Boulay

15 ml. of air was introduced into one lumbar canal. The child
was then turned with his body very slightly lower than his head,
and the first films after this minimal movement revealed air in
the ventricular systems of both babies. It was seen in the
injected baby's spinal canal, cisterna magna, and fourth ventricle
as well as in the frontal horns of the other. There was also a

little air in the basal cisterns.
By a series of rotational movements an incomplete picture

of the ventricular systems was obtained. They seemed more
or less mirror images of each other and fairly normal posteriorly.
The lateral ventricles, however, were prolonged upwards in the
heaped-up frontal and parietal lobes, and at least in the case of
the second baby the left and right lateral ventricles seemed to
be united into a single cavity behind their frontal horns. From
this single cavity a long narrow tube protruded in the general
direction of the confluence of sinuses of the opposite child.
Exactly where the point of communication lay, and whether
it represented a cerebral conjunction or something of the nature
of a fistula into the subarachnoid space, could not be determined.

After all the radiological investigations were complete it was
clear that (1) a tremendous problem existed in the crossed venous

drainage, (2) a plane of separation had been shown, (3) the
plane of separation lay oblique to any possible bone incision,
and (4) there was no obvious major cerebral abnormality other
than that of shape.

Second Pair of Twins

The difficulties of angiography on small babies now seemed
small by comparison with the problems of interpretation. Four
carotid angiograms and two pneumoencephalograms (one only
partially successful) were therefore completed between the ages
of 3 and 8 months. Pneumoencephalography proved easier,
as the children withstood tilting with no clinical or

electrocardiographic change.
For angiography, as with the first twins, a normal

percutaneous technique with No. 19 Lindgren needles was used,
and for pneumoencephalography some advantage was found
in the employment of an image-intensifier.

Apart from a difference in obliquity, the skulls resembled
each other. One feature was the great depth of the floor of
the left middle fossa in each child. They grew normally.

Pneumoencephalography showed no evidence of a ventricular
communication between the children, nor, on the other hand,
did it provide any hope for the presence of a dural " shelf"
between the right cerebral hemispheres.
A cavity in one child's right temporal region probably

represented a large Sylvian fissure, but might have been a

localized dilatation of the temporal horn. In other ways the
ventricles were abnormal only in their position.
Angiography gave much more information. The findings are

extremely complex, but may be summarized as follows:

BRITISH
MEDICAL JOURNAL

1. The right hemispheres showed an extraordinary oblique inter-
relationship, each being piled up on the " face " side and overlaid
by the other posteriorly (Special Plate, Fig. 3). The " plane of
separation " was a complicated curve and in places was ill defined
(Fig. 3, line of circles and line of arrows). Each child's right
hemisphere reached the tentorium of the other. The plain x-ray
films had given no clue to this.

2. The left hemispheres were normal by comparison, but because
of the obliquity of each median fissure (Special Plate, Fig. 4, arrows)
there was little room for frontal lobes. A great deal of the hemi-
spheres filled the large posterior temporal and occipital regions.

3. A major arterial connexion was shown between the right
middle cerebrals (Fig. 3, large black arrow), and a minor arterial
anastomosis (Fig. 3, white arrow) was seen between one posterior
cerebral and the opposite anterior cerebral artery. It was feared,
correctly, that this meant a conjunction of cerebral substance over
part of the right side.

4. The venous drainage, much of it into large central veins,
showed a relatively small amount of crossed flow. However, on
more careful analysis much of the blood of both left hemispheres
was seen to drain into the same circumferential sinus, while each
right hemisphere had important connexions with tentorial veins of
the opposite baby.

5. The single circumferential sinus on the left side and the inferior
sagittal sinus of one baby clearly indicated the size and position of
the falx. In the other baby the inferior sagittal sinus seemed
shorter and it was believed, incorrectly, that this falx must be smaller,
but the general configuration of the dura, including the falces, was

guessed correctly from the angiograms.
Much time was spent in studying the radiographs. It was

found that modelling (tried tentatively with the first pair) was

an essential process in deriving the intracranial anatomy from
stereoscopic images.

To obtain a cavity of the correct shape, a complete sculpture
of the heads was made in clay, cut in half, and hollowed out,
then cast in plaster. Into this were fitted by trial and error the
strangely shaped cerebral hemispheres, the falces cut in
" perspex," and the main arterial and venous connexions.

Investigations and interpretation occupied a tremendous
amount of time, and it was only towards the closing stages that
a firm idea of the intracranial anatomy was achieved. Anyone
faced in the future with a similar problem should consider from
the beginning by what means he is best able to convey the mental
image gained by radiology in such a way that the image may
be improved by an interchange of ideas with his colleagues.
Drawings and diagrams are quick in production and easily
altered during discussion, while a model, though it has much
to offer as a final crystallization of the mental image, is not
the whole answer in teamwork such as this.

I acknowledge with gratitude the help of many people, particularly
the radiographers. Nothing has been said about anaesthesia. This
is a tribute to my colleagues, whose skill relieved me of all anxieties
except those essential to the radiology itself. I would like to take
this opportunity of thanking Dr. Robert Ballantine and Dr. Ian
Jackson, and also Dr. R. Bowen, who gave some of the anaesthetics
for the first pair of twins.
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