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Inappropriate secretion of antidiuretic hormone in
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SUMMARY Four infants in whom excessive secretion of antidiuretic hormone was associated with
pulmonary infections are reported. Severe hyponatraemia was noted in 3 of them; in the fourth, fluid
restriction may have prevented this complication.

In several reports associations have been noted
between the excessive secretion of antidiuretic
hormone (ADH) and disorders encountered in the
neonatal period and in later childhood. Those in
which pulmonary disorders have been implicated
include viral and bacterial pneumonias,1-5 pneumo-
thorax and atelectasis,6 acute asthmatic attacks,7 8
and lung distension during continuous positive
airways pressure (CPAP) administration and
mechanical ventilation9 (although some of the
neonates in the last-mentioned series also had intra-
cranial disease).

This report draws attention to the consequences of
excessive secretion of ADH in association with
common pulmonary infections in infancy. The
severity and rapidity of development of hypo-
natraemia that resulted in 3 of the cases is
noteworthy. In the fourth case, prospective
therapeutic measures may have prevented the
development of this complication. Possible
mechanisms for increased ADH secretion are
discussed and therapeutic approaches considered.

Patients and methods

Four infants were admitted during a local outbreak
of respiratory syncytial virus (RSV)-positive
bronchiolitis and pneumonia. All manifested evi-
dence of increased secretion of ADH.
RSV was identified by immunofluorescence and by

culture of material obtained by aspiration of
pharyngeal washes.1011
ADH was assayed in plasma by radioimmune

assay.'2 13 Urine osmolality was measured by
freezing point depression, specific gravity by T S
refractometer (American Optical), and biochemical

estimations by routine laboratory procedures. Blood
gases were analysed in heparinised arterial blood
using Radiometer equipment.

Case reports

Case 1. A 6-week-old formula-fed girl, presented
with a 4-day history of increasing respiratory
difficulty, cough, partial feed refusal, and sleep-
lessness. She had vomited twice 2 days before
admission; there had been no diarrhoea. On the day
of admission her parents noted that she felt stiffwhen
handled and earlier that day she had had a grand mal
seizure lasting about 30 minutes.

Examination
Grunting, dyspnoeic, with increased respiratory rate;
expiratory rhonchi and fine crepitations were
present over both lung fields. She was not apparently
dehydrated. A focal left-sided seizure began shortly
after admission. The ensuing apnoea necessitated
endotracheal intubation and ventilation for 30
minutes.

Investigations
Normal plasma urea, sugar, calcium, magnesium,
cerebrospinal fluid, electrocardiogram, and skull
radiograph. Chest radiograph showed translucent
hyperinflated lungs. Plasma sodium 121 mmol/l,
urine osmolality 275 mmol/kg. Blood gas analysis:
PaO2 5-1 kPa (38 mmHg), and Paco2 6-8 kPa
(45 mmHg) breathing air spontaneously before
intubation. Immunofluorescence for RSV was
positive.

Course. Treated with digoxin, anticonvulsants, and
oxygen and, initially, with antibiotics.
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A rise in plasma sodium concentration to 134
mmol/l was achieved in 12 hours in association with
improved oxygenation, fluid restriction (100 ml/kg in
24 hours), and administration of hypertonic (270
mmol/l) sodium chloride followed by 0 9% sodium
chloride. Urine sodium excretion occurred con-

currently and equalled 11 mmol of the 57 mmol
infused in 24 hours. Paco2 was normal within
48 hours and oxygen supplementation was stopped
after 72 hours. The infant subsequently was shown to
have a normal electroencephalogram; a synacthen
stimulation test induced normal cortisol release.

Case 2. A 7-week-old breast-fed boy presented with
history of nasal obstruction for 4 days. He had
become irritable in association with rapid breathing
for 2 hours before admission. There was no

diarrhoea.

Examination
Tachycardia 156/minute, grade 2/6 apical systolic
murmur; respirations 36/minute, no added sounds
in chest. Nasal secretions increased. Liver and
spleen were not palpable. After 36 hours the
respiratory rate had increased to 130 per minute,
and the liver and spleen were palpable.

Investigations
Chest radiograph showed translucent markedly
hyperinflated lungs with depressed diaphragm.

Treatment. Digoxin, a single dose of frusemide
1 mg/kg, fluid restriction (100 ml/kg in 24 hours),
and oxygen.

Course. Forty-eight hours after admission diffuse fine
crepitations were audible over both lung fields.
Plasma sodium was normal (135 mmol/l) at this
time. Twelve hours later plasma sodium had fallen
to 124 mmol/l in association with an inappropriately
concentrated urine (534 mmol/kg) (Table 1).
Pulmonary gas exchange had deteriorated, PaO2
6-4 kPa (48 mmHg) in F1o2 0-21, Paco2 9 1 kPa
(68 mmHg). Further treatment consisted of greater

fluid restriction (50 ml/kg in 24 hours), ampicillin,
and continued oxygen supplementation. The course
of the illness is shown in Fig. 1. During the next
4 days brief periods of increased fluid intake were
associated with falls in plasma sodium concentration,
and progressive hypertension was noted. Resolution
of electrolyte disturbance took place after 5 days,
with the fall in urine concentration occurring during
continued fluid restriction. Immunofluorescence for
RSV on day 3 of the respiratory illness was negative.

Fig. 1 (Case 2.) Flow diagram of clinical course.
Hyponatraemia developed on day 4 of respiratory
illness at the peak of recorded hypercarbia in
association with production of a non-maximally dilute
urine, inappropriately high antidiuretic hormone level,
and natriuresis. Fluid restriction was associated with
a rise in plasma sodium, urea, and blood pressure.
The diminution in urine concentration on day 8
occurred during continued fluid restriction and
represents excretion of body water derivedfrom body
tissue catabolism and fluid intake, previously retained
under the influence of excessive antidiuretic hormone
secr-etion.

Table 1 Results of investigations in Cases 1-4

Case Plasma Urine Body weight (kg) ADH (pmol/l) (0 96-3.60)

Na Urea Na Osmolality At diagnosis of On recovery from During respiratory On recovery
(mmol/l) (mmol/l) (mmol/l) (mmol/kg) hyponatraemia hyponatraemia distress

1 121 2-5 34 275 4-075 3-800 - -
2 124 3-5 53 534 4-900 4-800 6.24 2-40
3 114 4-2 3 243 2-980 2.960 - -
4 137 2.5 28 474 6.400 6.500 7.20 1.68

Lowest values of plasma sodium concentrations are shown; these occurred within 4 days of onset of pulmonary symptoms. Urine osmolalities
are inappropriately high in all cases. There is no evidence of dehydration either from plasma urea values or on the basis of body-
weight measurements made at the time of hyponatraemia compared with those recorded on recovery.
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Case 3. A girl, the second of twins born at 32 weeks'
gestation weighing I * 69 kg, had developed transient
tachypnoea in the neonatal period At age 8 weeks
she became unwell with feed refusal and nasal
obstruction, and within 24 hours developed rapid
respiration of 60/minute and a tachycardia of
190/minute; there were fine crepitations over both
lung fields. Chest radiograph showed right upper lobe
consolidation. Within 48 hours of onset, pulmonary
function deteriorated, PaO2 6-0 kPa (45 mmHg),
F1O2 0 30, Paco2 6-7 kPa (50 mmHg). She began
convulsing.

Further investigations showed normal plasma
calcium, sugar, urea, and cerebrospinal fluid, but
marked hyponatraemia (114 mmol/l) and less than
maximally dilute urine (243 mmol/kg) (Table 1).

Treatment. She was ventilated for 24 hours, fluids
were restricted (42 ml/kg in 24 hours), and she was
given sodium supplements (7 mmol/kg per day) and
antibiotics. An immediate improvement was
obtained. Plasma sodium concentration rose to
130 mmol/I within 24 hours and urine osmolality fell
to 195 mmol/kg during this period of fluid restriction.
RSV was cultured from pharyngeal aspirate.

Case 4. A 6-month-old formula-fed boy presented
with a 24-hour history of cough, blocked nose, and
breathlessness.

Examination
Tachypnoea (80/minute), fine crepitations and
expiratory rhonchi were present over both lung
fields. Liver and spleen were palpable.

Investigations
Normal arterial blood gases, electrolytes, and urea.
Chest radiograph showed translucent hyperinflated
lungs. Immunofluorescence for RSV was positive.

Treatment. Fluid restriction (100 ml/kg in 24 hours),
ampicillin initially.

Course. Increasing dyspnoea over first 24 hours.
Plasma sodium ranged from 137 to 139 mmol/l
during 5 days of respiratory symptoms.
During the period of maximum respiratory

difficulty both the plasma ADH level (7 20 pmol/l),
and urine osmolality (474 mmol/kg) were increased.
Within 24 hours the urine osmolality had fallen
(164 mmol/kg) and remained at between 126 and
164 mmol/kg with the infant receiving 100/ml per kg
during 4 days of improving respiratory status
(Table 1). By this time the ADH level had fallen to

1-68 pmol/l. Body weight did not vary beyond the
range 6400-6600 g during the first 7 days after
admission.

Discussion

The physiology of ADH was reviewed by Hays.14
ADH is believed to be released into the plasma from
its site of storage in the posterior pituitary gland
in response to the following stimuli: an increase in
extracellular fluid osmolality,15 16 reduction in
intravascular fluid volume17 as reflected by a
reduction in tension in the wall of the left atrium,18 19
and stimulation of pressor receptors in the carotid
sinus.20 Beta sympathomimetic drugs and stress
itself also stimulate ADH release.2'22 Acting via
adenylate cyclase and cyclic-AMP, ADH renders the
distal renal tubules and collecting ducts permeable
to water, urea, and other solutes.23 24 Reabsorption
at these sites depends on the existing concentration
gradients from tubule to interstitium.
From these considerations, it is evident that should

a local change, which normally respresents a physio-
logical stimulus for ADH release, fail to be a true
reflection of the overall osmotic or circulatory status
of an individual, ADfI release may occur with
undesirable consequences. Then the release may be
excessive for the body's requirements. If release
occurs in the absence of any physiological stimulus,
it may be regarded as inappropriate. The con-
sequences of these two situations may be similar with
the development of a hyponatraemic, hypo-osmolar
state as first described in association with ADH-
secreting carcinomata of the bronchus.25 That
syndrome of inappropriate ADH secretion (SIADH)
is manifested by hyponatraemia in combination with
the excretion of a urine which is not maximally
dilute in the absence of dehydration, blood volume
depletion, or abnormal adrenal function.26 Continued
natriuresis may be observed.

In all 3 infants with hyponatraemia, the low
plasma sodium level was related to severe pulmonary
dysfunction as shown by hypoxaemia and hyper-
carbia. Neither on clinical evidence nor on the basis
of biochemical and sequential body weight measure-
ments was dehydration present. The clinical history
of Case 1, and measured fluid intakes of Cases 2 and
3, indicated that there had been no excessive fluid
intake during the 24 hours preceding the detection of
hyponatraemia, neither had there been any apparent
abnormal fluid losses. In Cases 1 and 3, who had been
on free fluids, intake was below normal because of
feed refusal. It is noteworthy that Case 2 became
hyponatraemic despite fluid restriction (100 ml/kg
per day) whereas this degree of restriction was
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sufficient to prevent hyponatraemia in Case 4. In
Cases 2 and 4, the level of ADH was found to be
increased in the acute phase (Table 1).

In Cases 1, 2, and 3 the urine solute concentrations
were inappropriately high for the degree of plasma
hypotonicity present (Table 1). During the period of
maximal hyponatraemia, measured total cation
excretion was low in all cases. Whereas in Cases 1
and 2, small volumes of urine with high concentra-
tions of sodium and potassium were excreted, in
Case 3 (the most severely hyponatraemic) urine
sodium concentration was low. Aldosterone secretion
has been shown to continue once a new steady state
is reached in SIADH so that sodium excretion
reflects intake.27 Absence of continued natriuresis in
the presence of sodium deprivation in SIADH has
been noted previously.28

Despite the high degree of correlation between
serum sodium concentration and the ratio of the sum
of the total body exchangeable sodium and potassium
to total body water in normal individuals, it has not
been possible to account for the degree of hypo-
natraemia induced by acute water loading on the
basis of urinary cation (Na and K) loss and body
water gain in cases where ADH is being excessively
secreted.28-30 Attention has also been drawn28 to the
lower than predicted rise in plasma sodium after
sodium administration in SIADH. Explanations
have invoked the concept of an altered body sodium
and potassium distribution, and a low total body
exchangeable potassium with increased muscle
sodium content has been reported.3032
Of interest in this regard are the observations on

sodium and potassium balance in Case 1. During the
hyperosmolar sodium chloride administration,
balance studies indicated that between 12 and
19 mmol sodium remained unaccounted for (Table 2),

Table 2 (Case 1.) 24-hour sodium and potassium balance
Input (I) Urine (U) Rise in plasma
IV (mmol) concentration
(mmol) (mmol/l)

Na (mmol/l) 57 1 1 15
K 0 6 0

Assumed ECF volume as % body weight: 35 40 45
Calculated increase in ECF sodium (mmol): 21 24 28
Cation balance NaI+K --

(UNa+ UK+ECFNa) mmol: +19 +16 +12

The measured rise in plasma Na was used to calculate the increase in
ECF Na for three estimations of ECF volume43 (assuming that the
volume might be increased due to excessive ADH secretion). The
cation balance gives the mmol Na 'unaccounted for' on the basis of the
balance calculations. Nal: sodium input; KI: potassium input;
UNa: urine sodium; UK: urine potassium; ECFNa: extracellular
fluid sodium; there was no potassium input over the balance period.

the degree of the discrepancy depending on the
infant's extracellular fluid volume for which assumed
values were used in the calculations. No stool was
passed during this 24-hour balance period, neither
was there evidence of gastrointestinal distension nor
evidence of overt sweating. It seems probable
therefore, that there took place a redistribution of
the sodium administered to this infant from extra-
cellular to intracellular compartments in exchange
for potassium. In support of this view is the observa-
tion that Cases 2 and 3 were both in negative
potassium balance and became hypokalaemic with
continued urinary potassium loss. Continued
natriuresis, which is a common feature of SIADH,
was undoubtedly an additional factor responsible
for the partial failure to restore plasma sodium to
normal in Cases 1 and 2.

Pathogenesis of excessive ADH secretion. As a
consequence of the pulmonary disease in these
infants, several stimuli (Fig. 2) for excessive secretion
ofADH may be present. It seems likely that the most
important of these is a fall in left atrial tension, a
potent cause ofADH secretion.1819 This might occur
in situations where there is left atrial compression by
markedly hyperinflated lungs, as in bronchiolitis and
acute asthma, or when the fall in tension is a
consequence of diminished left atrial filling secondary
to a raised pulmonary vascular resistance4 as might
occur in the above conditions or during the admini-
stration of CPAP or positive pressure ventilation.

Severe pneumonia

inf lation

Decreased
intrathoracic
blood volume

Hypoxaemia

IJ
Decreased tension in Baroreceptor
left atrium and activation with
pulmonary veins hypothalamic

4, stimulation

Decreased vagal
afferent input to
hypothalamus

ninfected lung
tissue

ADH rel ease I

Fig. 2 Possible mechanisms of origin of 'excessive'
antidiuretic hormone release in bronchiolitis and
pneumonia.
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Such a reduction in left atrial tension, although being
a consequence of regional factors, mimics the effect
of systemic hypovolaemia by inducing ADH
secretion.33
Also relevant is the observation that hypoxaemia

causes release of ADH by direct hypothalamic
stimulation in the fetal lamb34 and in anaesthetised
dogs undergoing a water diuresis35 although, in
addition, ADH release may be mediated via arterial
baroreceptors.35
Whether ADH is actually secreted from virally

infected lung tissue remains to be established.
Tuberculous lung parenchyma has been shown to
contain ADH, but it is not clear whether the ADH-
like material is produced by the infected tissue or has
been absorbed on to it from the plasma.36

In Cases 1 and 3 the duration of excessive secretion
ofADH was brief. The initial, inappropriately high,
urine concentration became normal during fluid
restriction. In each case the improvement was
associated with a rise in arterial oxygen tension
although radiological evidence of pulmonary hyper-
inflation persisted for some days.
The clinical course of Case 2 was different. He

maintained a high urine concentration for 5 days
during which time small increases in fluid intake
resulted in hyponatraemia. Throughout this period
he was in positive sodium balance excluding possible
losses in sweat (Fig. 1). On the seventh day of fluid
restriction the urine specific gravity suddenly fell. It
seems probable that there was excessive ADH secre-
tion throughout this period causing water retention.
The fact that the body weight remained stable despite
increased metabolic needs (pyrexia, tachycardia,
tachypnoea) while the baby was receiving a low
calorie intake enforced by the fluid restriction,
supports this view as does the observation that the
body weight on recovery was some 250 g below the
admission weight. Catabolism of this amount of body
tissue to CO2 and water would have made a
significant contribution to the total water 'load' in
this baby. Continuing hypoxaemia was not the
explanation for this infant's apparently prolonged
excessive secretion of ADH. However, the degree of
pulmonary hyperinflation in this infant was striking
and this persisted throughout the period of presumed
ADH secretion.
High plasma renin levels have been recorded

during periods of fluid and sodium deprivation in
SIADH37 and in association with sodium
deprivation in normal volunteers.38 Progressive
hypertension developed in Case 2 during the phase of
severe fluid restriction, and activation of the renin-
angiotension system might therefore have been the
cause.39 At no time was there clinical or biochemical

evidence (in the form of a metabolic acidosis) of
reduced organ perfusion during the period of fluid
restriction and increasing hypertension.

It is probable that rapidly developing hypo-
natraemia was the cause of the seizures in Cases 1
and 3. Indeed the rapidity with which hyponatraemia
can develop is well documented by the course of
Case 2. In rats, hyponatraemia increases brain
epileptogenicity.40

Conclusions

We suggest that routine sequential estimations be
made ofsodium and potassium concentrations and of
osmolalities on plasma and urine samples during
periods of deteriorating pulmonary function in
infants with pneumonia or bronchiolitis. Avoidance
of hypoxaemia may reduce the incidence of excessive
ADH secretion; the value of instituting moderate
fluid restriction with continued administration of
sodium and potassium requirements remains to be
investigated.
Sodium chloride administration, as a hypertonic

solution, has been shown to be effective in achieving a
rapid rise in plasma sodium in the short term despite
associated high urine sodium concentrations,
although in chronic inappropriate ADH secretion,
fluid restriction with or without treatment with
drugs4' remains the basis of treatment. Administra-
tion of frusemide may also be effective in treating the
symptoms of acute hyponatraemia.42 The more
aggressive forms of treatment are justified in the
presence of marked hyponatraemia whether or not
associated with convulsions. The development of
hypertension may be a reflection of excessive fluid
and sodium restriction.

Correction of hypoxaemia does not necessarily
remove the stimulus for the inappropriate ADH
secretion in cases of bronchiolitis with marked
pulmonary hyperinflation.

We thank Dr M F Friedman and Dr J Luder for
letting us have data on their patients, and Professor
C J Dickinson for his help.
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