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Smith, J. F., Reynolds, E. 0. R., and Taghizadeh, A. (1974). Archives of
Disease in Childhood, 49, 359. Brain maturation and damage in infants dying
from chronic pulmonary insufficiency in the postneonatal period. The
changes in the brains of 11 infants who survived from 29 days to 13 months after severe
chronic pulmonary insufficiency are described.
Brain maturation as assessed by myelination and gyral formation was within normal
limits. In 5 infants the brain weight was less than normal if age was used in the
comparison, but greater than normal if body weight was used.
In addition to hypoxic or ischaemic damage, which was found in some degree
in all cases except one, there were several other local lesions. These included
periventricular leucomalacia 7, periventricular haemorrhage 1, hydrocephalus 2, and
cystic encephalomalacia 3. Though the last is almost certainly due to vascular
occlusion, this could not be shown. The possibility of cerebral embolism after
umbilical vein catheterization is considered but not proven.

In the last decade it has become possible with
modem therapy to keep alive many babies of low
birthweight who would previously have died.
Most of these survive and develop normally without
neurological or mental defect despite such hazards as
hyaline membrane disease and apnoea of prematurity (Rawlings et al., 1971; Stewart, 1972).
However, some die within the first few days of life
with a combination of lung and brain lesions.
Among the latter, intraventricular and other cerebral haemorrhage consequent to rupture of
subependymal plate haemorrhage are perhaps the
most florid, but hypoxic or ischaemic damage in the
hemispheres and brain stem is also important (C.
Rodeck and J. F. Smith, in preparation). In the
present paper we describe changes in the brain in 11
infants with severe lung disease causing hypoxia,
who survived for 29 days to 13 months. This
survival period was chosen because it was thought
that 4 weeks was the minimum time in which it
would be possible to assess whether the period of
stress or any consequent local lesion had affected
brain maturation. A further infant who died at 27
days from septicaemia without previous hypoxia is
included as a control.
Received 1 October 1973.

Material and methods
All the infants were treated in the Neonatal Unit at
University College Hospital, 4 were born at the hospital
and 8, including the majority of those with severe brain
damage, were born elsewhere and transferred to this
hospital because of low birthweight or respiratory illness.

Clinical features. The 11 infants with chronic
pulmonary insufficiency were born at 24 to 36 weeks'
gestation (mean 29 weeks), weighing 750 to 2000 g (mean
1347 g). None of them weighed less than the 10th
centile for gestation (Lubchenco et al., 1963). No
significant complications of pregnancy or delivery were
present in 7 infants: in the remaining 4 severe preeclamptic toxaemia, severe rhesus isoimmunization,
concealed accidental haemorrhage, and abruptio
placentae with consequent cardiac arrest at delivery each
occurred once. 4 infants breathed immediately at birth,
but the remainder needed endotracheal intubation. In
addition to the infant with cardiac arrest, 3 others were
noted as having suffered severe birth asphyxia with
subsequent base excess (BE) values of -12 to -25
mEq/l. The reason for mechanical ventilation was
hyaline membrane disease in 4 infants and apnoea due to
immaturity in the remainder. The duration of
ventilation ranged from 1 to 12 weeks (mean 5 weeks) and
all the infants developed clinical evidence of severe lung
damage. Hypoxic episodes occurred during or after
ventilation in 9 of the 10 infants, as judged by an arterial
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maturation as judged by gyral formation and
myelination had continued normally despite the
severity of the stress and the presence of local lesions
in the majority, which did have an effect on local
development. In 5 of the infants, (Cases 1, 2, 5, 6,
and 9) the brain weight was less than would have
been expected for a 'normal' infant of an age equal in
weeks to the sum of the gestational age and the
neonatal survival period. In all of these, however,
the brain weight was greater than would have been
expected from the body weight of the infant if the
neonatal figures of Gruenwald are used for
comparison.
Table II summarizes the local and general lesions
Necropsy. Most of the necropsies were done by one
of us (A.T.), and the bulk of the observations were made present. All except Case 11 had focal areas of
damage in grey or white matter, which are described
on brains fixed by immersion in formalin and examination of paraffin and frozen sections taken a few weeks as hypoxic-ischaemic (HID) as it is not always
later. Luxol fast blue stain was used for the demonstra- possible to decide whether the tissue hypoxia is a
tion of myelin, and Holzer and phosphotungstic acid- result of a lowered Po2 or diminished perfusion.
haematoxylin preparations for glia cells and gliosis, The extent and degree of the lesions varied
supplemented by metallic impregnation methods in some considerably, being more severe in Cases 5 and 7
cases. In the assessment of myelination, the data of
others, but in no instance was there
Yakovlev and Lecours (1967) were used and those of than in the
Larroche (1962) for correlation of gyral maturation and infarction of the grey matter. In many the presence
of karyorrhexes in grey matter of hemispheres or
age. There are no adequate data for assessing the
normality of brain weight with age or body weight in a brain stem (Fig. 1) suggested that hypoxic damage
series such as this where premature birth was followed by occurred in the terminal days of life as well as at
a survival period of weeks or months. The tables of
birth or soon after. A few foci of grey matter
Gruenwald (1963), in which brain weight is compared damage were present in the hemispheres in the
with gestational age and body weight in newbom infants control, Case 12. These were, however, much less
have therefore been used in assessing the significance of prominent than in Cases 1 to 10.
the brain weight in all cases except 11 where the data of
The more severe local lesions given in Table II
Schulz, Giordano, and Schulz (1962) were appropriate. are subependymal plate haemorrhage (SPH),
The age of the cases was taken as the sum of the
gestational age and neonatal survival period. This periventricular leucomalacia (PVL), periventricular
haemorrhage (PVH), and cystic encephalomalacia
varied from 28 to 44 weeks except for Case 11.
(CE). A lesion that was mainly haemorrhagic was
Results
found once and hydrocephalus as a result of
The essential pathological observations are subependymal plate haemorrhage twice. The
recorded in Tables I and II. Table I shows that latter, which is one of the most serious, if not the
oxygen tension below 30 mmHg (2 infants) or a sudden
faIl in BE of 8 mEq/l. or more after an episode of cyanosis
and bradycardia. Blood glucose levels were repeatedly
measured but only one value below 25 mg/100 ml was
recorded. All the infants displayed abnormal neurological signs; 3 had fits, 2 appeared decerebrate after
severe hypoxic episodes on the last day of life, and all at
some time showed abnormalities of posture, tone,
responsiveness, or development.
The control infant weighed 3120 g at 37 weeks'
gestation. He was operated upon for multiple intestinal
atresias but finally succumbed to klebsiella septicaemia
on the 27th day. He never showed any evidence of
hypoxia or neurological abnormality.

BLE I
Relation ofgyral development and myelination (expressed in terms of 'fetal age' exceptfor Case 11) to age (sum of
gestation +age after delivery) and relation of brain weight to age and body weight
Gestation
(wk)

Age at death
(wk)

Body weight at
necropsy (g)

Brain weight

4
12
13
13
9

670
1220
3440
2140
1570
1720
1765
2170
1300
2290

150
230
410
330

5
6
7
8
9 twin
10

24
24
31
24
27
30
28
33
27
32

11
12

36
37

56
4

Case

2 } twins
3
4

5j
8i

6
4

6i

6180
3220

(g)

270
240

290
320
245
340
980
430

Gyral age
(wk)

Myelination age
(wk)

26
40
40
40
36
36
36
40
32
40
1 yr
40

26
38
40
40
36
36
34
36
32
38
I yr
40
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TABLE II
Local lesions present in brains
Case no.

Local lesions

1
2
3
4
5
6

HID, PVL, slight SPH
HID, CE with haemorrhage
HID, PVL
HID, CE with some old haemorrhage
HID, CE
HID, PVL; old meningeal and
cerebellar haemorrhage
HID, PVL
HID, PVL, SPH, hydrocephalus
HID, PVL, SPH, hydrocephalus
HID, PVL, PVH; cerebellar
haemorrhage
Nil
Minimal HID

7
8
9
10

11
12 (control)

HID, hypoxic ischaemic damage; PVL, periventricular
leucomalacia; SPH, subependymal plate haemorrhage; CE, cystic
encephalomalacia; PVH, periventricular haemorrhage.

most serious hazard of prematurity at the present
time, does not figure greatly in this series because if
intraventricular extension occurs it usually causes
death in the first week of life. However, a slighter
intraventricular bleed may lead to hydrocephalus, as
in Cases 8 and 9. This is attributed to organization
of the haemorrhage in the meninges or at the exits of
the fourth ventricle with obstruction to CSF flow
(Smith, 1974). In Case 1 this complication did not
develop, though evidence of old haemorrhage was
present in the subependymal plate and the

meninges.
In periventricular leucomalacia (Banker and
Larroche, 1962), foci of coagulation necrosis in the
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future white matter of the hemispheres are followed
by glial scars (Fig. 2). Our Cases 1, 3, 6, 7, 8, and 9
had such scars, though not always in the distribution
described by Banker and Larroche-the tissue
adjacent to the frontal horns, the superolateral
angles of the lateral ventricles, and superior to the
occipital horns. On the whole they were not so
severe as those described by these authors and in
only one was the initial coagulation necrosis still
evident.
We have used the term 'old periventricular
haemorrhage' to describe the lesions in Case 10.
This indicates a lesion similar to periventricular
leucomalacia in distribution but one in which
evidence of old haemorrhage was dominant (Fig. 3
and 4). This is indeed the only case in our
experience in which the tissue damage was similar to
that described by Schwartz (1961) and attributed by
him to stasis in the Galenic venous system.
Cystic encephalomalacia-areas in which disintegration had occurred (Fig. 5) with cavities
surrounded by gliosis-were present in Cases 2, 4,
and 5, accompanied by evidence of severe local
haemorrhage in 2 and slighter haemorrhage in 5.
The areas involved were the left temporal lobe in 2,
the left temporal, left frontal, and both parietal lobes
in 4, and the left lateral temporal and occipital lobes
in 5. The damage involved subcortical tissue to a
greater extent than cortex, but local thrombosis was
not detected.
Evidence of old haemorrhage not attributable to
an extension from subependymal plate haemorrhage
was present in the leptomeninges in Case 6 and in

FIG. l.-Case 6. Karyorrhexes of neurones in the ventral pons. (H. and E.

x 1000.)
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FIG. 2.-Case 5. Mixed glia proliferation in white matter-a late stage of periventricular leucomalacia.
x 355.)

isolated cerebellar folia in Cases 6 and 10. The
subependymal pseudocyst present in Case 10 (Fig.
6) showed residual groups of primitive neuroblasts
adjacent to it, small microcysts, and some gliosis in
the adjacent residual matrix, but no old haemorrhage
in this site.

An increase in vascularization of some brain stem
nuclei was present in Cases 1 and 4 similar to that
described by Brand and Bignami (1969). Subependymal gliosis in the lateral part of the occipital
horn was present in all cases and was seen in other
parts of the ventricular system in a few, this being a
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FIG. 3.-Case 10. Dense microglia reaction at site of old periventricular haemorrhage. (H. and E.

xlOO0.)
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FIG. 4.-Case 10. Blood pigment and lipid in microglia cells at site of oldperiventricular haemorrhage. (PAS.

lesion which is common in neonatal brains and not
diagnostic of any particular pathological process.
The widespread fibrillary gliosis also described by
Brand and Bignami (1969) was not so frequent or
extensive in our cases, though areas were seen in the

x 400.)

medullary olives in Cases 3, 4, and 6 (Fig. 7) and in
the thalamus and hemisphere white matter in Case
11.
Discussion
This study was initiated when it became obvious
that a few infants (Gases 2, 4, and 5) who survived
....for some months with severe lung damage
developing after prolonged mechanical ventilation
had unusual local lesions in the brain, though
:
* T| Ematuration had not been affected as judged by gyral
and myelination. The whole series
'. . . formation
idicates that gyral formation and myelination
continue normally despite severe neonatal stress and
episodes of hypoxia. No evidence of hypermyelination was seen, but the survival period was
perhaps too short for this to develop.
As mentioned in Results, some of the infants had
brains below normal weight for their age if the latter
...>;11 | is calculated as the sum of the gestational age+age
after delivery. Such a low brain weight, however,
was associated with a low body weight for such an
'age' When the comparison of brain weight and
body weight rather than age is used, the br
weights in these infants appear above normal. It
may be recalled that Gruenwald (1963) recorded
ZR
~~~~~~highbrain weights in infants with chronic fetal
~~~~~distress-another condition in which brain growth
FIG. 5.ase 4. Cystic encephalomalacia in left frontal is not retarded in the same way as body growth.
There is therefore no evidence from this material
lobe.
§-; 6 , i , ~~~~~~~~~~~~~~~~.

Discussion
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FIG. 6.-Case 10. Subependymal pseudocyst. Residual neuroblasts between cavities.

that chronic pulmonary insufficiency in the newborn
leads to defective growth or anatomical maturation
of the brain.
The other questions to be considered are the
pathogenesis and effects of the local lesions. Minor
degrees of hypoxic or ischaemic damage are present
in the majority of perinatal deaths and were present
in the one control case in this series, i.e. a death
without pulmonary insufficiency. Such lesions
were more extensive in all the remaining infants

FIG. 7.-Case 6. Fibrillarygliosis of the medutlary olives.
(Holzer. x 6.)

(H.

and E.

x

34.)

(Case 11) in which death occurred at
13 months and in whom none were detected. This
infant had definite clinical evidence of developmental retardation for which the cause is not clear.
Possibly cerebral damage had occurred without
leaving detectable scars, or the retardation might
have been attributable to the severe general illness
and confinement.
At the present time we cannot assess the longterm clinical effects of moderate degrees of hypoxic
or ischaemic damage or of the moderate degrees of
periventricular leucomalacia seen in several infants.
Both these lesions are probably due to hypoxic
episodes which were recorded at various times in all
the infants. In no case was there extensive
devastation of nervous tissue of the type which
sometimes results from severe hypoxia and/or
ischaemia in the perinatal period; the most severe
lesions were in Cases 6 and 7.
The cystic encephalomalacia lesions seen in Cases
2, 4, and 5 are most like those classified as focal
cortical and subcortical encephalomalacia by Wolf
and Cowen (1954) and attributed by them to anoxia,
possibly caused by vascular occlusion or infection.
In their review of 17 cases they were able to find
reported evidence of such vascular occlusion in only
4. We could not show vascular occlusion, but the
focal nature of the lesions makes it difficult to
attribute them to anything else-they are virtually
areas
of infarction. The reaction in the
surrounding tissue was comparable to that found
except the one
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with such lesions in later infancy or adult life except
for the fewer lipid macrophages-possibly because
of the absence of myelination in the sites at the time
of the lesions. The reaction indicated a lesion of
some weeks' duration and probably occurring in
early neonatal life.
While the pathogenesis of these lesions remains
unclear, it is interesting that all 3 infants displaying
them had had umbilical venous catheters in position
for between 3 and 7 days. In one infant the
catheter had been replaced because of a blockage at
its tip. It is possible that thrombi from these
catheters passed through the foramen ovale, which
often shunts blood from the right to the left atrium
in hypoxic infants (Stahiman, 1966) and thence into
cerebral arteries, causing infarction. However, we
have no proof for this suggestion and 3 of the
remaining 9 infants also had umbilical vein catheters
inserted without developing similar lesions.
The detailed description of the hydrocephalic
brains is given elsewhere (Smith, 1974). This
complication in survivors of subependymal plate
haemorrhage is not invariable, as Case 1 showed old
haemorrhage in the ependymal plate and the
meninges without hydrocephalus: it is possible that
it would have developed if this infant had survived
longer. Small haemorrhages in isolated cerebellar
folia in Cases 6 and 10 have no obvious pathogenesis.
The evidence of old haemorrhage in the periventricular sites in Case 10 is more rationally
explained as a sequel to neonatal asphyxial heart
failure with increased venous pressure and rupture
of veins as suggested by Cole et al. (1974) in the
pathogenesis of subependymal plate haemorrhage
than as a consequence of Galenic vein kinking during
delivery. It was associated with pseudocystic
change but not haemorrhage in the subependymal
plate. Similar pseudocysts have been described by
Larroche (1972) who found evidence of old
haemorrhage in only 4 of 22 cases. She reviewed
the associated factors in mothers and infants and
suggested that the very cellular and actively growing
subependymal plate might be susceptible to a variety
of injuries such as infections, blood incompatibility,
and even that causing associated malformations.
Case 10 had rhesus isoimmunization as well as
bronchopulmonary dysplasia, but we have not seen
such pseudocysts in association with either of these
conditions previously. The lung pathology was,
however, sufficiently severe to cause cor pulmonale
and it is possible that the heart failure led to damage
in the active germinal matrix a little later than the
first few days of life and at a time when the veins
were less liable to rupture.
An attempt can be made to assess the long-term
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effects of some of these macroscopical lesions. The
areas of cystic encephalomalacia would be expected
to interfere with function in strategic areas, but the
well-known capacity of the growing brain to adapt
would have possibly mitigated this, except in Case 4
where the lesions were extensive. The multiple
sites of old haemorrhage in Case 10 would again
have been expected to leave some residual defect,
but the effects of the pseudocyst in the ependymal
plate are not known. One occasionally sees a small
cystic area in this site in necropsies on adults without
a history of long-term neurological disease. The
effects of the hydrocephalus such as that in Cases 8
and 9 would be determined by the residual damage
in the plate, the efficiency of shunt therapy, and
other lesions. In Case 8 the residual damage in the
plate and the extent of hypoxia or ischaemia was
considerable and the shunt had not been effective.
In Case 9 there was much less damage in the plate,
but significant hypoxic damage; shunt therapy was
not undertaken because of the severity of the lung
condition which was complicated by an episode of
massive pulmonary haemorrhage at 3 weeks of age.
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