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Maintenance of Anaesthesia

Anaesthesia was maintained, using nitrous oxide, oxygen, and
halothane with Ayre's T-piece. Each circuit was arranged to
include a water manometer which would blow off if any obstruc-
tion developed in the inflow or outflow tubing, and which
allowed the tidal movements to be watched and measured con-
tinuously. A reservoir bag was included in the circuit and
could be switched in if the respiration required assistance
(Ballantine and Jackson, 1960). Precordial stethoscopes and
blood-pressure cuffs were applied. Halothane was added from
a " fluotec " vaporizer in a concentration of 0.5 to 1 %. It was
found that if the concentration fell below 0.5% anaesthesia
became too light and the infants would strain and hold their
breath, rapidly becoming anoxic and hypotensive. With an
increase in vapour strength above 1 % respirations became
shallow and the blood-pressure gain tended to fall. Between 0.5
and 1% a constant level of anaesthesia seemed to be established
which allowed postural changes without reflex reaction.
Although all the infants responded quite independently of one
another their individual reactions followed a similar pattern.
An attempt was made to measure blood loss, but this was

made difficult by the large number of postage-stamp swabs,
towels, and lintine used. However, on both occasions an effort
was made to replace blood as quickly as it was lost, and this
meant applying pumps to the drips from time to time. Some
idea of the severity of the haemorrhage is given by the fact that
in the first operation a total of 4.5 1. of mostly fresh blood was
transfused and in the second operation the amount transfused
was 10 1., with calcium gluconate added in the later stages. The
estimated total combined blood volume of the twins in each
case was approximately 1.5 1. The general condition of the
infants remained surprisingly good for the major part of the
very long and haemorrhagic operations. The value of using
large endotracheal tubes was proved by the quality of the air-
ways it was possible to keep in spite of the changing posture.
The anaesthetic charts of the first separation have been
published elsewhere (Ballantine and Jackson, 1960), and at the
end of the anaesthesia both infants cried and moved their limbs
immediately and were in remarkably good condition. The twin
who had a tracheostomy and who ultimately died required
several post-operative bronchoscopies for the removal of thick
casts of the bronchial tree, in spite of high humidification in
the oxygen tent. The survivor of the first operation had a fairly
straightforward post-operative course.
At the second operation one twin died as separation was

completed after 131 hours of amaesthesia. During the last
hour before separation her blood-pressure had been difficult to

obtain and in the last few minutes respiration became shallow
and irregular. Prior to that all had been well apart from one
short period when mucus partially obstructed the endotracheal
tube and required aspirating. The rapidity with which res-
piratory and circulatory insufficiency became apparent on this
occasion served to emphasize again the vital importance of the
clear airway. The survivor of this separation required several
post-operative bronchoscopies in spite of early tracheostomy,
and she tended to become obstructed with thick mucus and
later by tracheal casts-this again in the presence of high
humidity.

Conclusions

The main technical difficulty for the anaesthetists was rotat-
ing the twins in the same horizontal plane without altering the
relationship of their long axes. This had to be done without
interfering with the airways, without entangling the anaesthe-
tic, monitor, and drip tubing, and without contaminating the
surgical field. This manceuvre became increasingly difficult as
the separation proceeded, for there was a danger that actual
brain damage might be caused if the rotation was not smoothly
and simultaneously performed. At one of the preliminary
operations the twins were bandaged into fibre-glass casts, as it
was thought that this might facilitate rotation, but in fact this
did not work as well as anticipated.

If craniopagus twins with this complicated and extensive
degree of union should have to be anaesthetized again the general
anaesthetic technique described here would be used. However,
an attempt would be made to improve the measurement of
blood loss. The body temperature would be measured and con-
trolled, but at what level might be difficult to decide. Some
degree of hypothermia would probably be beneficial. Finally,
some means of rotating the twins mechanically would be
evolved.

We are indebted to Dr. Seymour Mason and Dr. Hugh Jones
for their help with the intravenous drips and to Dr. Gordon Canti
for the speed with which he produced fresh blood. We are grateful
also to the anaesthetic registrars for their invaluable help.
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5. Plastic Repair after Separation of Craniopagus Twins

PERCY H. JAYES,* M.B., F.R.C.S.

Brit. med. J., 1964, 1, 1340-1342

The separation of craniopagus twins must inevitably result in
two heads in which most of the cerebrum is devoid of cover-
ing. In the two sets of twins which we have treated
freeze-dried dura mater has been used to replace the missing
portion of the meninges and it has been the task of the plastic
surgeon to provide skin covqr for the exposed brains.
A plaster model of the skull (Fig. I) of one infant after

separation of-the heads gives a good idea of the magnitude of

the scalp defect, and in practice the problem is accentuated
by the oedematous brain projecting above the level of the
divided skull. Our objective in planning the repair was to
provide immediate and complete cover for the brains of both
children, and we tried to achieve this end with a minimum
number of preliminary operations.
The technique of transferring a skin flap from a distant

site-for example, an abdominal flap transferred to the head
on the wrist-was thought to be impracticable as this type of
repair would require too many operations and much difficulty
would probably be encountered in trying to fix the conjoined

* St. Bartholomew's Hospital, London, and the Queen Victoria Hospital,
East Grinstead.
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Craniopagus Twins-7ayes
infants in the complicated positions necessary for the transfer.
For these reasons it seemed essential to use local flaps, and
the main problem was to find enough skin locally to cover
the large defect on the top of each head resulting from
separation.
From the neurosurgical standpoint it was vitally important

to provide direct access to the plane of separation by
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For the first pair of twins two sets of flaps were used; one
flap was based on the forehead (Fig. 2, B and BB) and the
other, of approximately equal size, was based behind the ear
(Fig. 2, A and AA). For the second pair of twins the design
had to be considerably modified owing to the rotation of the
heads. A very large posterior flap (Fig. 3, B and BB) was
designed for each child which provec large enough to cover
the defect entirely without the help of the small anteriorly
based flaps (Fig. 3, A and AA) which had been planned.

FIG. 1.-Plaster model showing the extent of the scalp defect after
separation of the twins.

FIG. 3.-The second
flaps

FIG. 2.-The first pair of twins. The diagrams show the design of the
flaps and the type of closure obtained.

planning a circumferential incision (Fig. 2, XY) near the
midpoint of the fused heads. The flaps for each infant were
thus strictly confined to its own territory with no overlap on
to the conjoined twin. In the treatment of both sets of twins,
the flaps utilized the whole of the scalp and forehead skin of
each individual child supplemented by skin from the nape of
the neck, which was the only other region locally available.

pair of twins. The diagrams show the design of
and the type of closure obtained.

Operative Procedure

Stage 1.-The scalp was incised and the flaps which had
been outlined were lifted from the pericranium, completely
undermined, and resutured back in the same position. The
circumferential incision (Figs. 2 and 3, XY) between the two'
heads was not made at this stage.

Stage 2.-This operation was performed two weeks after
stage 1. The circumferential incision (Figs. 2 and 3, XY) was
made ancr a linear craniectomy was performed through one-
half of'the circumference of the conjoined skulls. The incision
was then resutured.

Stage 3.-The main operation for the separation of the
twins was performed two weeks after stage 2. The plastic
repair was-carried out immediately after the twins had been
separated and the dural repair completed with the freeze-dried
material.

First Pair of Twins

The flaps were fully mobilized and then brought together
over the top of the head, covering about 80% of the exposed
brain (Fig. 2). The fronto-temporal flap (Fig. 2, B and BB)
ran backwards parallel and adjacent to the temporo-occipital
flap (Fig. 2, A and AA), which ran forwards. The two flaps
were sutured together and thus kept each other in place.
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Split-skin grafts taken from the thigh were applied to the
large secondary defects over the cranium and at the nape of
the neck. The bare area of brain and freeze-dried dura
mater (Fig. 2, C) was also covered with a split-skin graft.

In the case of the surviving child, rapid healing of the scalp
flaps occurred and the split-skin grafts took well. There was
a minor leak of cerebrospinal fluid for some weeks from the
bare area which was not covered by the flaps, but this fistula
eventually sealed itself off completely. In the grafted area,
which was approximately 2 in. (5 cm.) in diameter, the brain
was covered only by very thin unstable scar tissue, and some
10 months after the main operation the thin epithelium was
carefully removed and a scalp flap rotated over the area. A
split-skin graft was applied to the small secondary defect over
the frontal bone. When this operation had been carried out
the whole of the exposed brain was covered with healthy
scalp and normal hair growth occurred.
With regard to the second child, who died seven months

after the operation, the same procedure was adopted. No
loss of skin occurred and the flaps healed fairly well in spite
of avascular cerebral necrosis beneath the scalp.

Second Pair of Twins

In the case of the surviving child, complete cover of the
brain was obtained by using the large posteriorly based flap
(Fig. 3, B). It was unnecessary to use the small anterior flap
(Fig. 3, A) which had been prepared. The large secondary
defect over the occipital region and nape of the neck (Fig. 3,
C) was covered with split-skin grafts which were obtained
from the thighs of the other child, who had died at the
moment of separation.
The flap healed rapidly without any cerebrospinal-fluid

leakage and the skin grafts took completely. The brain is
now covered with mobile hairy scalp, and if replacement of
the missing skull is contemplated at some later stage no
difficulty would be encountered in relation to skin cover.

I should like to express my appreciation of the assistance given
me by my surgical assistants, Dr. B. Fowlow, Squadron Leader
R. F. Brown, and Dr. P. Gareau, and to thank Mr. W. D.
Tredinnick and Mr. P. Cull, of the Department of Medical Illustra-
tion, St. Bartholomew's Hospital, for the excellent photograph and
drawings.

6. Paediatric Care of Craniopagus Twins

ALFRED WHITE FRANKLIN,* M.B., F.R.C.P.

Brit. med. J., 1964, 1, 1342-1344

Separating craniopagus twins is like climbing Everest. It will
always be difficult; once technical aid and skill allow complete
success, the degree of difficulty will vary with the local
conditions at the time of the attempt; planning, preparation,
and team-work under a trusted leader will be essential; the
venture is likely to attract publicity. Success demands sufficient
tissues and organs for two independent normal persons.
Three sets of such twins have come under the care of St.

Bartholomew's Hospital between 1958 and 1963. The two
which form the subject of these papers were operable, with
some chance for the survival of both babies. The third set, girls
born in 1963, are at present being studied.
Two other sets have been seen during the same period, making

five in five years. One of a pair (boys), seen in Derby by courtesy
of Dr. B. M. Laurance, had ectopia vesicae With exomphalos
which ruptured at two weeks, causing the rapid death of the
twins. The fourth set seen at Great Ormond Street Hospital
were fixed, one lying across the chest of the other, at such an
angle that respiration was impeded and no position could be
adopted in which nursing was possible or feeding easy. Owing
to the severe respiratory difficulty Mr. K. Till attempted an
emergency separation at three weeks which failed. The chances
are weighted heavily against success when lack of time prevents
accurate mapping out of the anatomical position of the two
brains and the course of arterial supply and venous drainage.

Prenatal diagnosis is radiologically possible, and is desirable
since a caesarean section is usually necessary. Whether the
parents should be told in detail what to expect when the ante-
natal x-ray films have established the diagnosis is open to
question. The obstetrician who is indiscreet in revealing the
antenatal diagnosis courts considerable difficulties in public
relations.

* Physician to Children's Department, St. Bartholomew's Hospital,
London; Paediatrician, Queen Charlotte's Maternity Hospital,
London.

Duties of the Paediatrician

The diagnosis made, the paediatrician should attend the
delivery and take charge of the babies, who will need long-term
hospital care both before and after operation. His duties fall
under six headings. First, to undertake the routine management
of the babies, to deal with any accompanying congenital defects,
and- to prepare them for their ordeal. Secondly, to gather a
team including the surgeon who will attempt the separation, the
plastic surgeon, anaesthetists, and radiologist. Thirdly, to
prepare the parents to meet what Fate holds in store for them
-the survival of one baby, or both, or neither. Fourthly, to
plan public relations. Fifthly, to guard and guide the resident
medical and nursing staff who, having day-to-day care of the
twins, become emotionally involved over the long months of
the project. Lastly, to supervise the follow-up.

Getting the babies ready includes more than routine feeding
and nursing, for the position of the babies produces mechanical
problems which must be overcome. The single-handed mother
could certainly not manage all the necessary tasks, and long
hospital stay is usually recommended with special care to
prevent and control infection. Ingenuity is required, by
massage and physiotherapy using appropriate slings, to
strengthen muscles and muscle groups little used in the
recumbent position. The babies' senses must be stimulated
and amusement supplied. A glance at any development chart
shows how the early responses are prevented when two babies,
joined at the crown of the head, cannot hold up or rotate the
head and cannot sit. Sitting briefly begins to be possible for
a normal baby at 3 months, when he should turn his eyes
toward a sound. At 6 months head and eyes are turned in every
direction and the baby turns towards his mother's voice across
the room. At 9 months he sits alone on the floor for some
minutes and he watches toys falling over the cot-side. At
1 year he watches people, cars, and animals in the street and
turns to his own name. All these pleasurable interests, so
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