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the onset of neurological signs her gait had worsened. The left
lower limb now showed a spastic paresis with an extensor plantar
response. Impairment of all forms of cutaneous sensibility below
the D 7 level on the right side completed the picture of a partial
Brown-Sequard syndrome. The sensory loss was most dense over
the L 3 dermatome, and there was a band of hyperaesthesia at
D 6 of the left side. There were no motor signs in the right leg.
The C.S.F. protein had risen to 500 mg./100 ml. and the cell
count was 121/cu. mm., mainly lymphocytes.

Spinal cord compression at the D 6 level was diagnosed and
myelography undertaken by the lumbar route. The spinal block
was partial and myelography was repeated by the cisternal route.
Again the block was partial. There was flocculation of the dye
into pockets throughout the mid-dorsal, lower dorsal, and lumbar'
regions. Though the patient was not febrile and the agglutination
tests remained normal, myelitis and arachnoiditis due to brucellosis
were suspected. Treatment with tetracycline, streptomycin, and
prednisolone (60 mg./day) was instituted. The response was
dramatic and she was soon able to walk. The C.S.F. was normal
six weeks later, and she was able to walk out of the hospital in
another fortnight with no residual neurological signs.
A month later she was seen as an outpatient and complained

of some numbness over the lateral border of the left foot. Hypo-
algesia and hypoaesthesia could be detected in the L 5 root area.
Agglutination test for brucellosis remained negative and she
responded rapidly to prednisolone and tetracycline. Two years later
she remained well and had no neurological signs.
We did not have full laboratory facilities to do complement

fixation tests.

COMMENT

There was no doubt about the diagnosis of' brucellosis in this
case. The organism was grown in culture, and the titre of
agglutination tests was significant (Spink et al., 1952). We
could not demonstrate the organism in the C.S.F. or get a
positive agglutination test from the fluid.

Neurological complications may appear at the onset of the
illness, after a few febrile episodes, during convalescence, or
long after the fever, and may at times overshadow the other
manifestations of brucellosis (Nelson-Jones, 1951). Any of
the common strains-n elitensis, abortus, or suis-can involve
the nervous system.

Leptomeningitis is an early feature and may lead to adhesive
arachnoiditis in the cranium or the spinal canal. The dorsal
region is most frequently affected. A pseudopsychiatric form
of the disease is well known (Spink, 1959). Nelson-Jones
(1951) stressed an encephalitic element with mental symptoms.
In the absence of cranial nerve signs it is doubtful whether
our patient had cranial meningitis. A mild encephalitis could
explain her earlier nausea, vomiting, and giddiness.

Meningoencephalitis secondary to brucellosis has been
described by Fincham et al. (1963) and by Nichols (1951).

The former have also reported meningomyelitis. Their case
presented with ataxia and weakness of the legs, and had C.S.F.
changes-protein 238 mg./100 ml. and 73 lymphocytes/cu. mm.
Other forms described by Fincham et al. include subarachnoid
haemorrhage, neuritis, and myelopathy. The meningo-
encephalitic type can mimic an intracranial mass. Dejong
(1936) gave a good account of neurological features of
brucellmsis. Steindler (1940) and Lowe and Lipscombe (1947)
dealt mainly with neurological features secondary to skeletal
disease, not seen in our patient.

Adhesive arachnoiditis is a frequent feature seen on lamin-
ectomy for suspected spinal cord compression in many tropical
countries. It seems likely that brucellosis may account for a
few of these cases. In view of the extremely gratifying response
usually seen after specific therapy, it is desirable to look for
evidence of brucellosis when faced with a case of arachnoiditis
or meningomyelitis of obscure origin. The C.S.F. may show
a growth of brucella in culture or be positive for agglutinins.
These are, however, notoriously difficult to demonstrate
(Fincham et al., 1963).

We are grateful to the Director-General, Armed Forces Medical
Services (India), for permitting us to report this case.
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Contralateral Pneumothorax with
Congenital Diaphragmatic Hernia

Brit. med. J., 1968, 4, 433-434

The importance of congenital diaphragmatic hernia as the
cause of acute cardiorespiratory difficulties in the perinatal
period has been better appreciated since Butler and Claireaux
(1962) found that it was present in 8% of perinatal deaths.
As a result congenital diaphragmatic hernia is now usually
diagnosed before death, and in the past 15 years at the Hospital
for Sick Children there has been a sixfold increase in the
number of babies with this anomaly who have been admitted
within 24 hours of birth (Young, 1968).

These very young infants now present some problems not
seen before, when surgeons saw only those babies who had
survived for several days before admission. This report
concerns one postoperative complication, the development of
pneumothorax on the opposite side to the hernia. Contralateral
pneumothorax is particularly important in the infant with early
cardiorespiratory distress, in whom the diagnosis of the
diaphragmatic hernia is made within hours of birth. The case
histories of four infants admitted under Professor A. We.
Wilkinson are given and some aspects of congenital diaphrag-
matic hernia discussed.

CASE REPORTS

Case 1.-A male infant had difficulty in establishing respiration
at birth, which necessitated intubation, aspiration, and assisted
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ventilation. He did not breathe adequately, and x-ray examination
of the chest showed left diaphragmatic hernia. He was intubated
and assisted ventilation was given during transfer. At operation
five and a half hours after birth a left Bochdalek hernia was
repaired with difficulty and a left intercostal drain inserted. An
x-ray film taken after operation showed a right-sided pneumothorax,
so underwater-seal drain was inserted into the right pleural cavity.
This brought considerable improvement, but assisted ventilation had
to be continued and he died 12 hours later. Necropsy findings
confirmed that the left lung was hypoplastic (see Table), but no
other defect was found.

Case 2.-This male infant, born at home, was pink at first but
after three breaths became cyanosed, and he was transferred to
hospital. An x-ray film of chest showed left diaphragmatic hernia.
At operation six hours after birth a left Bochdalek hernia was
repaired and left pleural drainage and tracheostomy were carried
out. Postoperative x-ray film showed right pneumothorax, which
was drained ; assisted ventilation was continued until death at
36 hours. Necropsy showed very large patent ductus arteriosus
and hypoplastic left lung (see Table).

Weight of Each Lung of the Four Infants With Left Diaphragmatic
Hernia

Case Infant's Weight Right Lung Left Lung Age at Death

1 3,550 g. 16 g. 5 g. 1 day
2 2,870 g. 24 g. 8g. 2 days
3 3,300 g. 56 g. 20 g. 5 days
4 2,700 g. 18 g. 7 g. 1 day

Case 3.-This infant, a male, required intubation at birth and
spontaneous ventilation was then established. Dextrocardia was
noticed, and an x-ray film of the chest showed left diaphragmatic
hernia. On admission he was in acute distress and immediate
intubation was necessary. At operation six hours after birth a
left Bochdalek hernia was repaired and the left pleural cavity
drained. He was ventilated postoperatively for 12 hours, and after
extubation was in good condition for a further 24 hours, when
x-ray examination showed good expansion of the left lung, but
cardiac contour was unusual. He deteriorated and required tracheo-
stomy, and 48 hours postoperatively further deterioration occurred
owing to right pneumothorax, which was drained. He continued
on assisted ventilation for a further two days until death. Necropsy
showed large patent ductus arteriosus, preductal coarctation
(diameter 2 mm.), right ventricular hypertrophy, and bilateral
bronchopneumonia with the left lung less than half the weight of
the right.

Case 4.-This infant required intubation at birth. Satisfactory
spontaneous ventilation was not established, and he was transferred
with intermittent positive-pressure ventilation. Temperature on
admission was 94' F. (34.4° C.). At operation six hours after
birth a left Bochdalek hernia was repaired, left pleural cavity was
aspirated as the diaphragm was closed, but an intercostal drain was
not inserted. Postoperative x-ray picture showed bilateral pneumo-
thorax ; bilateral intercostal drains were inserted. Postoperatively
he required assisted ventilation until death 24 hours later. The
only other finding at necropsy was pneumomediastinum and hypo-
plasia of the left lung.

DISCUSSION

Early diagnosis and prompt operation on an infant with
congenital diaphragmatic hernia which has given rise to cardio-
respiratory difficulties in the first few hours of life is the only
form of treatment which offers a reasonable chance of success.
Such infants, even when early intubation and assisted ventila-
tion are necessary, may withstand journeys lasting an hour or
two, during which manual ventilation is necessary, and may

subsequently survive surgical repair of the hernia (Eckstein and
Glover, 1964).

Diagnosis may be difficult because the clinical signs are
different from those in older infants. The most valuable sign
is dextrocardia, which is found in 90%/' of infants with left-
sided hernia, and it was present in the four cases reported here.
Moreover, 950% of infants admitted within 24 hours of birth
have a left-sided hernia. A plain radiograph of the chest is
the most useful aid to diagnosis, but if this entails delay it is
probably better to transfer the baby immediately to a surgical
unit.
Pneumothorax on the side of the hernia is inevitably produced

at the time of operation and is treated appropriately.
Contralateral pneumothorax, which is a particular hazard

in infants admitted for correction of diaphragmatic hernia
within 24 hours of birth, has seldom been recorded (McCaughey,
1963 ; Wolf et al., 1968). Each of the four infants described
was admitted within six hours of birth ; the severe disturbance
caused by the right-sided pneumothorax contributed to the
death of two. It would therefore seem justifiable, in the infant
admitted within 24 hours of birth, to institute bilateral inter-
costal drainage at the time of operation.
The normal neonatal lung is relatively resistant to damage

during assisted ventilation, but the infant with diaphragmatic
hernia has proved to be highly susceptible to such damage.
The hypoplasia of both lungs, the more affected being the lung
on the side of the hernia, has now been recorded in both the
human patient (Carter et al., 1962 ; Areechon and Reid, 1963;
Gross, 1964) and the experimental animal (deLorimier et al.,
1967). The opening pressure in the small hypoplastic air
spaces is considerably higher than in the normal, so that the
increased liability to pneumothorax in infants with congenital
diaphragmatic hernia is probably due to surfactant deficiency
resulting in the opening pressure in some parts of the lung
being in excess of the rupturing pressure in other parts of that
lung. The knowledge of the hypoplasia of the lungs and the
consequent dangers make it of the utmost importance that the
possibility of pneumothorax should be kept in the clinician's
mind when he is treating a newborn infant with congenital
diaphragmatic hernia.

I wish to record my thanks to Professor A. W. Wilkinson for
permission to report these cases and for his help in the preparation
of this article.

D. G. YOUNG, M.B., CH.B., F.R.C.S.ED.,
Senior Lecturer in Paediatric Surgery, Institute of

Child Health, University of London, London
W.C.1, and Hospital for Sick Children, Great
Ormond Street, London W.C.l.
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