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"First in, last out" in the Lung

"First in, last out" is a favourite slogan in industrial rela-
dions, but it also provides the keynote for a useful new de-
velopment in pulmonary investigation.'

For many years the single breath nitrogen test2 has been
used as a means of assessing uneven distribution of ventila-
tion in the lung. W. S. Fowler3 originally noted that, when a
person expired to residual volume and then took a full
breath of oxygen, the record of nitrogen concentration dur-
ing the sulbsequent expiration showed an alveolar plateau
followed by an upward inflection. J. Milic-Emili and his col-
leagues4 5 suggested that the inflection could be explained by
the effeCts on the distribution of inspired gas of the gravi-
tational gradient of transpulmonary pressure from top to
bottom of the lung.6 On inspiration of air after expiring to
reach residual volume the first portion of the inspirate is
distributed to the uppermost part of the lung-that is, to the
apex in the sitting or standing position. During subsequent
expiration from total lung capacity, or full lungs, the air that
first reaches the mouth comes from both apex
and base of the lung, but towards the end of expiration
the basal airways tend to close and the expired air comes
mainly from the apex. If the first part of the inspired air
contains a tracer gas, the inflection in the record of expired
concentration of the tracer marks the point at which mainly
apical gas is returning to the mouth. The inflcction marks the
onset of phase IV4 of the expiratory tracing and the lung
volume at which the inflection occurs is known as "closing
volume." Inverted commas are often used because, although
airway closure is implied, either closure or restriction of
flow may be occurring in the gravitationally dependent air-
ways.7
This explanation has provided a foundation for the use of

single breath tests as detectors of gravitationally dependent
airway closure. In one test the initial portion of the in-
spired air may be labelled with a foreign gas, such as
argon,8 9 xenon-133,4 10 or helium." In the second method
the patient inspires pure oxygen after expiring to the residual
volume, and the nitrogen remaining in the airways and the
dead space of the apparatus then forms a bolus of tracer gas.'2
In each case the concentration of tracer gas is plotted against
lung volume, and the inflection is sought in the record made
during expiration. The inflection in the expired nitrogen
trace may be less easy to identify than with argon or helium,
and sulphur hexafluoridel3 has been used to enhance the res-
ponse of nitrogen meters. Differences between estimates of
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closing volume measured with nitrogen and with argon have
also been reported.'4 Other authors'5 have reported agree-
ment in most cases between estimates made with helium
and with nitrogen and have analysed the possible sources of
difference between methods employing tracer gases, such as
argon or helium, and the method using a "resident gas,"
nitrogen. It therefore remains important to specify the
technique used in any measurement, and to use com-
parable techniques when patients are compared with normal
persons.
The finding of a closing volume implies that gravity is

playing the chief part in the distribution of inspired gas and
that the time constants of filling and emptying of different
parts of the lung are reasonably homogeneous. Anarchic fil-
ling and emptying breaks the principle of "First in-last
out." A closing volume cannot then be found, and the ex-
pired trace has an upward inclination, which indicates im-
paired distribution in the single-breath nitrogen test. The
measurement of closing volume is easy to perform and re-
quires only gentle inspiration and expiration, for flow rates
greater than 0 5 l./sec may alter the distribution of the in-
spired air.16 17
The practical importance of the closing volume is twofold.

Firstly, if gravitationally dependent airways close before the
end of a normal tidal breath, the dependent parts of the lung
cease to be ventilated and hypoxaemia will arise. Closing
volume increases with age,9 10 12 18 and may exceed functional
residual capacity in normal persons aged about 45 years or
more lying supine and persons of about 60 or more in the
upright posture. The known alterations in arterial P02 and
pulmonary gas exchange with age and posture can be ex-
plained by this mechanism.'9 If, in disease, closing volume is
increased (as in pulmonary oedema caused by increased left
atrial pressure20 or the hypoalbuminaemia of liver disease2l),
or if expiratory reserve volume is decreased (as in obesity22
or after upper abdominal operations23), the same mechanism
provides an explanation for the hypoxaemia which is found
to occur. Indeed, it is hard to see how an obese, elderly man,
lying flat after a cholecystectomy can fail to be hypoxic.
The second aspect is that closing volume has been found

to be increased in smokers in the absence of the usual signs
of airway obstruction and in the presence of a normal FEV,
(forced expiratory volume).9 It therefore has great impor-
tance as a possible means of detecting the early stages of a
widespread and disabling disease of small airways, chronic
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bronchitis,24 before the larger airways are sufficiently affected
to alter the FEV1. Though some doubt has been expressed
about the extent of normal variation of closing volume,'0
normal values based on a series of 284 subjects studied by
the nitrogen method have now been published.25 The ease
with which the test may be performed makes it a valuable
epidemiological tool. Thus in a group of 524 smokers
attending an emphysema screening centre, abnormality of
closing volume was found in 44%, but the FEV was ab-
normal in only 11% of the same group.26 Though the
demonstration of abnormality of this kind may be valuable
in persuading patients to give up smoking, the prognostic
significance of an abnormally large closing volume has yet
to be determined.27
The "quiet zone" of the lung,28 where the small peripheral

airways are predominant, is a fascinating territory, but one
which up to now has not proved easy to explore. Measure-
ment of the closing volume may open the way to this terri-
tory.
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Adrenal Haemorrhage in
the Newborn
Haemorrhage into the adrenal gland is a common finding in
necropsies on stillbirths and babies who die soon after birth.'
It may be small and confined to the centre of the gland
in the involuting fetal cortex. More commonly segments of
the adrenal are infarcted in association with local haemorr-
bage and a deposit of fibrin along the sinus walls. Throm-
bosis in these sinuses may extend to the adjacent adrenal
veins and, more rarely, involve the whole adrenal and be
associated with extensive local thrombosis.

At birth the state of the adrenal differs from that at any
other time in life. During the latter half of intrauterine life
the gland has been progressively enlarging, so that by labour
it is up to ten times as large as it will be during the period
from one to ten months after binth. This is due ,to growth of
the deeper layers of the cortex-the fetal cortex or the
x-zone of rats and mice. Aft this time the adrenal medulla is
barely present, and almost all the tissues producing adrenalin
and noradrenalin are outside the adrenal in the organs of
Zuckerkandl.
The relationship of the adrenal fetal cortex to the onset

of labour remains uncertain, but the process of birth is
assocated with a discharge of most of the adrenal cells
lying in the deeper parts of the cortex. During a period of
a few days the adrenal changes from being a large, turgid,
fleshy organ to being a shrunken, crenated, leaf-like struc-
ture. It has one of the richest blood supplies in the body,
and its centre in the postnatal period becomes a loose net-
work of blood vessels. The capsule of the adrenal is per-
forated by a large number of small arteries and veins, and its
superficial layers of cells appear to be largely vascularized
this way rather than via the hilar vessels. Any state of the
newborn causing plethora, venous congestion, or hypoxia
is liable to produce congestion and stasis in the adrenal, with
local thrombosis and so adrenal haemorrhages.

These haemorrhages generally produce little or no meta-
bolic upset in the infant for three reasons: the tissues in-
volved are in a state of acute involution; the functions of
the adrenal medullary tissue are largely performed outside
the adrenal at this age; and the active subcapsular cells of
the adrenal that are going to form the definitive cortex can
be largely vascularized through the capsule. The adventi-
tious finding of small areas of haemorrhage, of calcified
dots, and larger areas of calcification in older children is
some indication that these perinatal adrenal haemorrhages
are common and usually symptomless. Tnhey are the probable
origins of small masses of intra-adrenal bone that are occa-
sionally seen in adults. The important aspect is that adrenal
haemorrhages have a different clinicopathological signifi-
cance to similar lesions found in children outside the peri-
natal state or in adults.

Adrenal haemorrhages reach clinical importance when they
are large or when the size of the mass involves differential
diagnosis with- tumours in this area. Most of the larger
adrenal haemorrhages are either diagnosed incidentally at
necropsy, discovered as an abdominal mass, or picked up on
ga4iology of the abdomen because of calcification round the
periphery. Calcification occurs with great rapidity and can
often be diagnosed radiologically at two weeks. In a series
of eight children with adrenal haemorrhage recently reported
by J. Black and D. Innes Williams,2 five were first noted as
abdominal masses, two as calcification, and one as an in-
cidental finding at necropsy. In four calcification was visible
radiologically. The one death in this series was of a child
wbo had intestinal obstruction and thrombosis of the
superior mesenteric vein. The experience of most paediatric
pathologists is that these haemorrhages rarely cause complete
destruction of the adrenal cortex and medulla or acute ad-
renal failure within a few hours.3 4

The diagnosis of massive adrenal haemorrhage depends
largely on suspecting it in any child who suffers shock or
venous congestion soon after birth or who shows unexpected
blood loss from the circulation. Abdominal palpation is a
somewhat neglected aspect of neonatal examination. If an
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