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Craniopagus twins1
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SYNOPSIS Craniopagus twins are described. At the age of 24 years, the twins appeared to have
adapted well to their disability. The site of union, their relatively advanced age, and the high risk of
operation were the reasons for not proposing surgical separation. Perceptive upbringing and
adaptation to the disability may be alternatives to the neurosurgical management of this birth defect.

Physical union of twins ('Siamese twins') is one
of the oldest recorded birth defects. The quota-
tion 'As we came together, we will also go
together', attributed to the Biddenden Maids
(Guttmacher, 1967), was recorded in the early
12th century. Since then conjoined twins have
been the object of curiosity to laymen and doctors
alike. Mankind has fortunately progressed from
looking upon these children as monsters to a
more constructive concern with practical manage-
ment of the disorder.

Recently we had the opportunity to evaluate a
pair of 24-year-old craniopagus twins. In this
paper we describe their development and review
the reasons for not proposing surgical separation.

CASE REPORT

Yvonne (twin A) and Yvette (twin B) were 24-year-
old Negro female conjoined craniopagus twins
(Figs I and 2). The pregnancy (the sixth of seven)
was uneventful, and the mother took no medications
during the gestation. Two of the patients' brothers
have each had a set of non-Siamese twins.
During the first 23 months of their lives, the girls

remained at the Los Angeles County General
Hospital, where they were born. Physical examina-
tion revealed the union of the twins to be at the
vertex, with the second twin rotated 25° to 30° from
the first twin in the coronal plane. Their bodies
(longitudinal axis) were aligned at 1600 to each
other. The skull vaults of each had a normal contour

1 This paper was presented at the Fourtis Interniational Coniference on
Birth Defects, Vienna, Austria, 2-8 September 1973.
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and began to bend in slightly at the point of fusion
with the other. Skull radiographs showed no bony
plates separating the cranial vaults. The twins had
independent emotional, motor, and sensory func-
tions. Multiple white blood cell counts were identical
within limits of technical error. Dye from an intra-
venous pyelogram, injected into twin A, was
excreted by both twins within five minutes of injec-
tion. Twin B had a major motor seizure the day
after the intravenous pyelogram, while twin A had
no reactions. Twin A had a primary take to a small-
pox vaccination; however, twin B had an immune
reaction when vaccinated one month later.

Shortly after birth, in 1949, it was decided that
separation was not feasible because of extensive
cross-circulation of their blood supplies.
During childhood and adolescence, the girls

adapted sufficiently well to their situation to remain
at home. They learned to walk, with their heads at
almost 900 to their torsos, which produced signifi-
cant torticollis. They were able to walk reasonably
well, though they preferred to spend most of their
time in a semisupine position watching television, on
two beds placed together, usually at an angle of 120°
to each other. This arrangement required less flexion
of their necks than walking and sitting up. Because
of the rotation of the second twin on the first, when
they walked twin B always faced partially down-
ward. Twin A (on the right side) became right-handed
and twin B left-handed. At age 9 years, twin A had
rubeola whereas twin B did not. Menarche began at
124 years of age, with a cycle of 28 days and of four
to five days duration. Their menstrual periods were
not in phase.
Through a local tutorial system, the girls managed

to get the equivalent of high school diplomas, but
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FIG. 1. Craniopagus twins. Close-up view ofthe site ofjunction. iVote the coronal rotation ofthe
heads.

they did not succeed in getting into college. During
infancy they were displayed in circuses and side-
shows. They learned to sing and, accompanied by
their mother, have toured as gospel-singers.
On examination in 1972, the circumference of the

connection was 56 cm. Both twins had abnormal eye
movements and latent nystagmus due to the need to

mitis rotate the eyes to perceive objects in the horizontal
A
¢|ioit plane. The rest of the physical examination was

essentially normal. No other congenital abnormali-
> ties were present.X:~~~~~~~~~~~~~~~~~~~~~~. ....R.:.:... :.,;m.... ... ...g d.ec- Blood chemistry was within normal limits and~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~... essentially the same in the two. Skull radiographs

show the craniopagus deformity with slight rotation
and torsion and an incomplete shelf of bone extend-
ing between the two heads. The first twin had no
groove for the transverse sinus; a marked groove was
present in twin B (Figs 3 and 4). A brain isotope
scan, the injection being given to twin A, showed in
twin B, probably through venous sinus connections.
Electroencephalograms were within normal limits
and independent.

Psychological evaluation showed distinct tastes,
interests, and talents. Twin A was the dominant

Posterior view. personality: she led the way, pulling twin B whenFIG. 2.
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FIG. 3 (left). Craniopagus deformity, slight coronal rotations, and incomplete shelf of bone were present.
FIG. 4 (right). A transverse sinus groove was present in twin B.

FIG. 5. Drawing of a human face.
Left: twin A. Right: twin B.
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they walked, and usually got her way in deciding
where to go, what to do, and what to wear. Twin A
was the more talkative, the louder, and more argu-
mentative of the two, whereas twin B protested more
quietly and less persistently. Twin B almost always
echoed the last few words of any statement made by
twin A when answering questions. Intellectual poten-
tials were low-average range, twin A being slightly
the higher. Drawing of a human figure by twin A
was more sophisticated than that by B (Fig. 5). The
most outstanding defect was very poor memory for
both remote and relatively recent events in both.
Educational retardation was gross. Reading was

rudimentary; they had no curiosity. They did not
wish to be separated. They were generally pleasant,
cooperative, and cheerful, but immature in their
thought. At present, the girls live at home with their
mother and several sibs and are treated as young
adolescents.

DISCUSSION

There are several classifications of union involv-
ing the heads. That of Guttmacher and Nichols
(1967) is probably the most useful. They classi-
fied conjoined twins as Terata catadidyma,
united by the lower portion of the body, and
Terata anadidyma, united by the head. To the
first group belongs the form Dicephalus (two
heads, one body) and Diprosopus (two faces).
To the group anadidyma belongs Syncephalus
(one face, two heads) and Craniopagus, the form
with which we are concerned.

Craniopagus twins may be subclassified by

the site of union as frontal, parietal, and occipital.
From the statistics of craniopagus cases col-
lected by Warschauer in 1909 and of those cases
which have undergone a neurosurgical proce-
dure, the frequency of different types of unions
are the same, with the parietal junction being the
most common. In the literature there is a

striking preponderance of females.
There have been 14 neurosurgical procedures

sufficiently well documented to permit analysis
(Table 1). The problems encountered during
surgery arise from the following four points:

1. PLANE OF CLEAVAGE Only one case had a

thin sheet of bone between the heads. In four
cases there was a dural leaf delineating a plane of
cleavage. In the others there were important
dural defects. Most often there was a dural shelf
on the one side of the coronal junction, the
remaining part being separated by leptomeninges
only, which may be very dense as in the case of
Baldwin and Dekaban (1958).

2. VENOUS CONNECTIONS Most cases have a

common sagittal sinus and there were numerous

other venous connections. The dural shelf men-
tioned earlier contained, as in the case of
O'Connell (1964), a venous sinus which would be
difficult to allocate to one twin or the other. In
O'Connell's case the surviving twin had this
sinus. The common venous pool is certainly a

BLE 2
RELATIONSHIP BETWEEN SITE OF UNION, AGE OF SEPARATION, AND INTELLECTUAL DEVELOPMENT

Type of union Total Survived Intellectually
no. of normal

Frontalis Parietalis Occipitalis twins

Age at surgery
Days

1-15 6 died 2 died 8 - -

Months
3-6 5 normal 1 normal

1 retarded 12 7 6
1 died 4 died

10-15 1 normal
3 retarded 8 4 l
4 died

Total no. of twins 6 20 2 28
(14 pairs)

Survived 5 6 - 11
Intellectually normal 5 2 - 7
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17. A-normal;B- died

a. Both died
ii. A- normal; B- died

/7 . Both died
7.Both died
I., 14.A-normal;B-retarded
-i1o.A-retarded;B-died

"I-, 3. Both died
- 14. A-retarded; B-died

12. Both died

9 Both died
FIG. 6. Relationship between the estimation ofthe longitudinal axis and operative results. A frontal
site of union produces a more acute angle of junction than a parietal one. Key to references:
1 Barbosa (1949). 2 Baldwin and Dekaban (1958). 3 Cameron (1928). Grossman et al. (1953).
7 Kohama et al. (1972). 8 Leiter (1932). 9 Nolot (1963). 10 O'Connell (1964). 11 O'Connell (1968).
12 Robertson (1953). 14 Voris et al. (1957). '7 Wilson et al. (1957). 18 Wolfowitz et al. (1968).

cause of unsuccessful operation and, in the case
of Robertson (1953), made separation impossible.

3. CEREBRAL CONNECTIONS were encountered
by Baldwin and Dekaban (1958) and by
O'Connell (1964, 1968). With parietoparietal
union particularly, there may be interdigitation
of cerebral gyri, with significant deformity of
hemispheres. In the cases of O'Connell the
frontal lobes formed a tower, the tip of each
child's right frontal tower being in contact with
her sister's tentorium.

4. SKULL AND SKIN DEFECT Closing the skull
and skin defect may be difficult. This problem
has been simplified by newer cranioplastic
techniques. This procedure is relatively easy in a
case of frontal junction; if the junction is parietal
there is a disfiguring defect of the skull due to the
deformity of the cerebral hemispheres.

Table 2 summarizes the operative results of 14
pairs of craniopagus twins. Out of 28 twins, 11

have survived, seven with intellectually normal
development. These figures are doubtless in-
complete, as accounts of unsuccessful operations
are not always published (Franklin, 1964). Two
factors seem to play a part in predicting long-
term neurosurgical results. They are the type of
junction and perhaps the twin's age at the time
of surgery.

In frontal junction the prospects of satisfac-
tory ('normal') intellectual development are

excellent. Out of six twins, five survived, all able
to lead a normal life. In parietal junction, the
long-term results are poor: out of 20 twins, six
survived and two only with normal intellect.
The coronal rotation ofheads seems unimport-

ant. The longitudinal inclination of the body
axis depends on the type of junction. The frontal
joinings produce an acute angle ofjunction, while
the parietal produces body axes in alignment. As
shown in Fig. 6, there is a striking relationship
between the angle of junction and the operative
results: the more acute the bodies' axes inclina-
tion the more favourable the operative results.
The timing of the operation has been discussed

by several authors. Cases in the first 15 days of
life are usually in poor condition and none has
survived operation. These results agree with the
high perinatal mortality encountered in con-
joined twins. One of the four pairs of twins
operated on at the age of 1 year developed
normally. Qf the six pairs operated at 3 to 6
months of age, seven twins survived, six develop-
ing normally. This operative result was probably
related also to the type of junction but early
operation seems to be indicated. A significant
argument in favour of early operation is
Franklin's (1964) observation that turning in
response to sound was absent for many months
after the operation. The children continued to
swivel the eyes quickly in the direction of the
sound as if sudden movement of the head were
still impossible. In the interest of intellectual

2.Both normal

is. Both normal
intellectual
development
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growth, operation at 3 to 6 months of age is
recommended.
When faced with a pair of craniopagus twins

the physician must consider three aspects of the
problem:

1. PRENATAL DIAGNOSIS It is possible to diag-
nose craniopagus twins radiographically in
utero. The parents should be informed of the
possibility of craniopagus twins.

2. ETHICS With parietal junction the chances of
normal intellectual development after the opera-
tion are fair, with frontal junction excellent. In
all reports it has been noted that the twins have
distinct personalities, independent reactions,
separate electroencephalograms, and differing
susceptibilities to disease. In planning the
separation it is unacceptable to sacrifice a priori
one twin on behalf of the second. The parents
must be informed of the risks of an operation
and of the possibility that one or both twins may
die during it. If they consent to the operation, it
is then for the neurosurgeon to decide the best
possible management.

It has to be stated clearly that in cases of
frontal junction, neurosurgical management is
the treatment of choice. In cases with extensive
parietal junction the neurosurgical management
may be discussed versus conservative manage-
ment. Our case illustrates that adjustment can be
made even in this type of birth defect, provided
that the parents' attitude is sound. It was pos-
sible for these children to be educated, and have
a reasonably normal life. One may ask whether
living under these conditions is worse than
living a life of profound mental retardation,
which may be a major complication of surgery in
the parietal type of junction.

3. PARENTS' ROLE This is an important factor
for the well-being ofthese children. In the present
case the mother exhibited the children as freaks.
One can deplore this exploitation of a birth
defect. Nevertheless, the children enjoyed travel-
ling, which compensated for their being a public
display.

The authors are indebted to Dr Niedermeyer for the
interpretation of the EEG records; and to Dr R.
Zara for the psychological evaluation of the patients.
Dr H. C. Voris, Dr J. E. A. O'Connell, Dr H. Wilson,
and Dr J. M. Van Buren (for the patients operated
on by Dr Baldwin) were particularly helpful in pro-
viding us with follow-up notes on their patients. We
are particularly grateful to Dr E. A. Murphy for his
valuable criticism of the manuscript. A. Todorov
was supported by training grant no. GM00795 from
the National Institute of General Medical Sciences.
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