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Incubating babies

Few aspects of neonatal care have received more attention than
the need to keep small babies warm. Silverman's studies' in the
late 1950s highlighted what the first neonatal clinicians2 had
known all along: cold can kill. He showed that babies of under
2000 g enclosed in a single-walled incubator in which air was
humidified and controlled at 31-32°C by a simple on-off
thermostat with fan-assisted convection were 20% more likely
to survive than babies in a similar incubator at 28-29°C. Even
at 31-32°C many of the smaller babies continued to be mildly
hypothermic, however, so work began on a modified incubator
in which the convective warmth of the enclosed environment
was supplemented by a radiant roof panel controlled by a skin
thermistor. Two independent trials of the new incubator in
1964 showed that babies whose abdominal skin was kept at a
temperature of 36°C were 20% more likely to survive3 4 than
babies nursed in the warmer of the two environments originally
studied by Silverman.
We still do not know exactly why these babies did so well,

but we have quite precise information about the nature of the
environment created for them. Firstly, the air temperature in
the incubator was stable, showing only minor oscillations in
response to the operation of the on-off thermostat, and con-
vective air movement close to the baby was low. Secondly, the
air was well humidified and heat loss by conduction was
minimal. Thirdly, the heated canopy provided a mean radiant
temperature similar to, and slightly higher than, the air
temperature. Such an environment would be expected to
reduce heat loss to a minimum, and some limited evidence5
confirmed that the consumption of oxygen was minimised by
this incubator even though deep body temperature re-
mained persistently below 36°C in many of the smaller babies.
Indeed, the incubator was tacitly assumed to work by providing
a "neutral" thermal environment in which the baby had
no need to perform metabolic work to defend deep body
temperature.

Manufacturers might have been expected to be quick to
market the new incubator, but production was abandoned.
Instead, incubators appeared in which air temperature was
controlled by a skin thermistor and a high air temperature was
used to compensate for radiant loss. Several firms made further
design modifications that increased conductive loss (by reduc-
ing the temperature of the mattress), increased convective loss
(by increasing air speed), and decreased the effectiveness of
incubator humidification. Many clinicians, worried by the risk
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of pseudomonas infection, stopped providing supplemental
humidification altogether; and others, convinced of the need to
"normalise" body temperature, started to stabilise skin
temperature at 36.50 or even 36 8°C. It was six years before
the hazards associated with fluctuating air temperature became
fully apparent and proportional heat-control units started to
replace on-off thermostats. The problems posed by high losses
of water from the skin in very small babies6-8 took even longer
to become apparent.
We now know9 that the baby's need to produce heat can be

kept to a minimum without a thermal blanket,10 radiant
shield," or double-walled incubator'2 so long as the air
temperature is adjusted to allow for the radiant loss, either by
hand or by using a servocontrol probe. Unfortunately, most
incubators are still supplied with an unlockable control knob
that is all too easily altered when touched or leant on, and many
still have their safety thermostat adjusted so that air tempera-
ture cannot be set manually above 35°C. Servocontrol devices
should not normally be necessary so long as room temperature
is reasonably stable: they can cause overheating if the skin
sensor comes loose, obscure the signs of early septicaemia, and
(theoretically at least) subject an infected infant with a raised
thermoregulatory "set point" to appreciable cold stress.
None of the changes introduced during the past 15 years has

ever been subjected to rigorous clinical study, though one
preliminary report'3 suggested that neonatal mortality might
rise in babies of less than 2000 g if the air temperature in the
incubator was kept at 34°C rather than 32°C without regard
to age or birth weight, even though the babies' rectal tem-
peratures were not allowed to exceed 37 8°C. Other studies,
using an on-line computer to control environmental tem-
perature,'4 suggested that environmental instability might be
one cause of excess neonatal mortality. For the rest, any
environment that minimises heat production and thermo-
regulatory water loss has been assumed to be neutral,'5 and
a neutral environment has been assumed to be optimal.

Indirect estimates of the conditions most likely to produce
such an environment in an incubator were first made on the
basis of laboratory studies some 10 years ago.'6 The predictions
have stood the test of time and have now been vindicated by
more direct measures of heat production and evaporative loss
in the nursery itself.9 They are, however, only predictions of
the conditions most likely to provide thermoneutrality: basal
metabolism varies widely even in healthy babies,'7 is often
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reduced in cyanotic congenital heart disease,'8 is raised in some
babies with respiratory distress,'9 and is raised in most babies
with increased cardiac output.'8 The true thermoneutral range
(as now defined) is also extremely narrow.15 The degree of
control that can be achieved by adjusting the blood flow in the
skin is small and evaporative heat loss increases before maxi-
mum vasodilatation occurs, so the thermoneutral range tends
to shrink from a zone to a point.

In addition we now know that babies of less than 30 weeks'
gestation lose a disproportionate amount of water and heat by
evaporation through the skin.68 Theoretically those losses
could be balanced by further increasing the air temperature in
the incubator, giving more intravenous fluid, and monitoring
the specific gravity of the urine. The loss is, unfortunately,
very variable, but both the amount and the variability may be
reduced by keeping damage to the skin to the minimum, by
placing a plastic drape20 or a Perspex radiant shield with closed
ends6 over the baby, and by maintaining a high humidity.2'
The importance of precise information on fluid balance is
highlighted by a recent trial22 in which an increase in the hourly
intake of fluid by just 2 ml/kg raised the risks of necrotising
enterocolitis, patent ductus arteriosus, and congestive heart
failure in babies weighing under 1500 g.
These more recent studies show that there is more to defin-

ing an optimum environment for incubators than merely
prescribing conditions of thermoneutrality. No environment
is strictly neutral in its effects on the baby. A more fundamental
difficulty, perhaps, is that no certain evidence yet exists that
any thermoneutral environment necessarily provides optimal
conditions for nursing small preterm babies. Adults often seem
to find maximum comfort in an environment slightly below the
neutral range, and even young animals often display a similar
preference. Schoolchildren may even think better in class-
rooms kept slightly below the thermal comfort zone.'5 Nurses
left to use their own judgment in selecting incubator tem-
peratures tend to make a similar choice17; and, clearly, thermo-
neutral conditions cannot be the best environment for a baby
to develop its own thermoregulatory abilities.'5
We may have learnt a lot about the thermoregulatory

responses of small babies to their environment in the past 15
years, but we have learnt very little about how this influences
survival.
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Urethral diverticulum in
women
Diverticulum of the female urethra is all too often overlooked.'
For the woman concerned, such a diverticulum can be a source
of misery: symptoms may include frequency, urgency, dysuria,
after-micturition dribbling, dyspareunia, and vaginal dis-
charge. Though not the most common symptom, dribbling
after micturition is perhaps the most characteristic, since it is
otherwise rare in women. Some patients themselves discover
the typical fluctuant mass in the anterior vaginal wall. Pressure
on the swelling gives a discharge of urine or pus through the
urethra. Blood in the discharge may simply be due to infection
but its presence should raise the possibility ofa stone or tumour
within the diverticulum, particularly if there is a residual
lump. If there is a tumour it may be an adenocarcinoma,
presumably from duct structures, or a transitional-cell car-
cinoma from the mucosal lining.

Diverticula are not always palpable, nor indeed do they
always give rise to symptoms, and in the absence ofgrounds for
suspicion their presence may easily be overlooked for long
periods. A few do not communicate with the urethra and the
diagnosis may be apparent only at exploration. Usually they
may be shown radiographically by either injection or voiding
urethrography, but if the neck is narrow a double-balloon
catheter may be needed.2 Standard urography does not
contribute to the diagnosis but will exclude other diagnoses
such as ectopic ureterocele. The site of the orifice in the
urethra may be confirmed by urethroscopy; usually it is in the
middle third. Ultrasound may also be used to show the
diverticulum-and, indeed, its proponents suggest that this
technique may show multiloculation or a second diverticulum
that might otherwise have been missed at operation.3 4

Urological surgeons welcome any help in the preoperative
assessment, since surgical removal may not always be success-
ful.2 A vaginal approach gives reasonable access, but the
diverticulum does not shell out as might be hoped. Once the
lesion is opened bits of the wall may easily be left behind as the
diverticulum disappears up under the bladder neck. This, or
perhaps missing a second lesion, may account for recurrence
rates ofup to 25%° in some series.2 The operative complications
include urethrovaginal fistula and incontinence. Lapides5
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