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Abstract
The association between infections with respiratory syncytial virus and plasma concentrations of
antidiuretic hormone was assessed in 48 patients
who had been admitted to hospital. The mean
(SEM) concentration of antidiuretic hormone
was significantly raised in patients with bronchiolitis (9.3 (1-4) ng/l) compared with nonpulmonary respiratory syncytial virus infections
that cause apnoea or upper respiratory tract
symptoms (6-1 (1-7) ng/l). The highest concentrations of antidiuretic hormone were seen in
patients receiving mechanical ventilation (18-0
(6.7) ng/l). There were no differences in mean
serum sodium concentrations among the subgroups. Hypertranslucency on chest radiograph
or an arterial carbon dioxide tension above 6-67
kPa were associated with a significantly higher
concentration of antidiuretic hormone. Increased or normal maintenance fluid intake in children with pulmonary respiratory syncytial virus
infections may cause the same symptoms of fluid
overload as the syndrome of inappropriate secretion of antidiuretic hormone. Patients with pulmonary respiratory syncytial virus infection,
hypertranslucency in chest radiograph, hypercapnia, or mechanical ventilation are at risk for
raised concentrations of antidiuretic hormone.
Restricted fluid intake and careful monitoring
of fluid balance and plasma electrolyte concentrations are therefore necessary in these
patients.
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Decreased renal water excretion is a feature of
various pulmonary disorders including viral and
bacterial pneumonia, pneumothorax, atelectasis,
and acute asthmatic attacks." Some studies have
also reported increased concentrations of antidiuretic hormone.35 7 Many infants admitted to
hospital with respiratory syncytial virus bronchiolitis will receive intravenous fluids because of feeding difficulties as a result of dyspnoea. In cases of
inappropriate secretion of antidiuretic hormone,
fluid overload may lead to accumulation of fluid in
the lungs, which will further increase respiratory
insufficiency in respiratory syncytial virus bronThe aim of this study was to relate the severity
of respiratory syncytial virus infections to plasma
concentrations of antidiuretic hormone to find out
which patients are at risk of inappropriate secretion of antidiuretic hormone.
Patients and methods
The Sophia Children's Hospital is a tertiary referral centre, and therefore a high percentage of high
risk infants and ventilated patients are included in
this study.6 10 Forty eight patients with respiratory
syncytial virus infections who were admitted to
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hospital because of apnoea, dyspnoea, or feeding
difficulties were included in this prospective study
(15 October 1987 to 1 April 1988). Respiratory
syncytial virus was diagnosed by the direct
immunofluorescence test of riasopharyngeal secretion (Boots Cell Tech) and culture of the virus.
Age, sex, and medical history were recorded on
admission. The diagnosis of bronchiolitis was
based on clinical features (tachypnoea, recession,
wheezing, and diffuse fine rales). Apnoea was
defined as cessation of respiration for longer than
15 seconds, or a history of cessation of breathing
associated with cyanosis.
No treatment known to interfere with secretion
of antidiuretic hormone was given. All patients
received a fluid intake that was two thirds of the
normal maintenance amount.
On admission arterial carbon dioxide tension
(PaCO2) was measured in capillary arterial blood
and antidiuretic hormone and plasma sodium concentrations were measured in venous blood.
Samples for assay of antidiuretic hormone were
collected by venepuncture and centrifuged
immediately; EDTA was used as the anticoagulant. The plasma was stored at -70°C until
assay. Antidiuretic hormone was measured with
the INCSTAR radioimmunoassay system (Stillwater, Minnesota); it was extracted from acidified EDTA plasma with OSD silica (Waters
Associates) and eluted with methanol. The
effluent was blow dried at 37°C with nitrogen.
Extraction recovery was about 91%, and the
antidiuretic hormone concentrations were not
corrected for extraction loss. At concentrations
of 1-2 and 10 ng/l the intra-assay and interassay
coefficients of variation were 11% and 5%, and
3% and 4%, respectively. The mean normal
adult value is 1-4 ng/l (reference range 0-5-4 7
ng/l).
A chest radiograph was done on admission,
which was reviewed by a paediatric radiologist who
had no knowledge of the diagnosis or complications.
EVALUATION OF DATA

Patients were divided into subgroups depending
on the clinical diagnosis (pulmonary respiratory
syncytial virus infection-that is, bronchiolitis or
pneumonia, or both-and non-pulmonary respiratory syncytial virus infection-that is, apnoea or
upper respiratory tract infections). Patients with
neither clinical nor radiological signs of pulmonary
disease were classified as non-pulmonary respiratory syncytial virus. A further subdivision based
on the findings on chest radiography (normal,
atelectasis or infiltrate(s), or both, or hypertranslucency) was made. Patients receiving mechanical
ventilation were considered as a separate

subgroup.
The Mann-Whitney U test was used to assess
differeiices between concentrations of antidiuretic
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Table I Plasma antidiuretic homone and serum sodium concentrations in 48 patients
Patients with
infections

(n=l1)
Plasma antidiuretic hormone (ng/l):
Mean (SEM)
Range

9-3 (1-4)*

6-1 (1-7)t
1-2-21

1[0-26

Serum sodium (mmol/l):
Mean (SEM)
Range

138 (0 8)
135-144
*p<0.01 compared with patients receiving mechanical ventilation.
tp<0 05 compared with patients receiving mechnical ventilation.

hormone or between plasma sodium concentrations in the different subgroups. Patients receiving
mechanical ventilation were excluded from the
analysis of PaCO2 and chest radiographs. Approval
was obtained from the institutional review board
for the study. Informed consent after full information had been given was received for all patients.
Results
The median age of the patients was 104 days, and
38 (79%) were less than 1 year old on admission.
The boy:girl ratio was 1-3, and a quarter were born
prematurely; none had bronchopulmonary dysplasia. None of the children was clinically dehydrated on admission (loss of weight, oedema, or
dry mucous membranes).
Increased plasma concentrations of antidiuretic
hormone (>4-7 ng/l) were found in 27 patients
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138 (0-5)
130-143

Patients receiving
mechanical

ventilation
(n=9)

18-0 (617)

2-1-69

136 (210)
119-147

(56%). In 10 patients (21%) the plasma sodium
concentrations were less than 135 mmol/l on
admission (reference range 135-145 mmol/l).
The concentrations of antidiuretic hormone
were significantly raised in patients with bronchiolitis compared with patients with non-pulmonary
respiratory syncytial virus infection resulting in
apnoea or upper respiratory tract symptoms alone.
The concentrations of antidiuretic hormone were
highest in the patients receiving mechanical ventilation; the difference was significant (table 1).
The plasma sodium concentrations in patients
with bronchiolitis, patients with non-pulmonary
respiratory syncytial virus infection, and patients
receiving mechanical ventilation were not significantly different (table 1).
The figure shows the association between
PaCO2 and antidiuretic hormone concentration.
The number of patients with concentrations of
antidiuretic hormone above 4-7 ng/l increased as
the PaCO2 increased. The concentration of antidiuretic hormone was increased in five of 14
patients (36%) when the PaCO2 <5 33 kPa, in 11
out of 21 (52%) with a PaCO2 between 5-33 and
6-53 kPa, and in all patients with a PaCO2 >6'67
kPa. Significantly higher concentrations of antidiuretic hormone were found in patients with a
PaCO2 >6 67 kPa compared with patients in
whom they were <5-33 kPa (p<005).
The mean plasma concentrations of antidiuretic
hormone and the findings on chest radiography are
shown in table 2. Hypertranslucency on the chest
radiograph was associated with considerably
increased concentrations of antidiuretic hormone
compared with the concentrations when the radiograph was normal or showed infiltrate(s) or
atelectasis, or both. There were no significant
differences in plasma sodium concentrations
among the subgroups, nor was any association
found between findings on chest radiography and
PaCO2.

Discussion
The results of this study showed that patients with
respiratory syncytial virus infections resulting in
bronchiolitis, hypertranslucency on the chest
radiograph, hypercapnia, or requiring mechanical

Table 2 Plasma antidiuretic hormone concentrations and results of chest radiography in 37 patients
Chest radiograph

Normal
(n=14)

Plasma antidiuretic hormone (ng/1l):
Mean (SEM)
7-0 (1[5)
2-3-24
Range
*p<OOS compared with each of the other groups.

Showing atelectasisl

Showing

(n=7)

(n= 16)

infiltrate(s)
5 5 (2-1)
1-017

4vperinflation
11-3 (2 0)*
1-26
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Patients with
bronchiolitis
and/or pneumonia
(n=28)

non-pulmonary

Excessive secretion of antidiuretic hormone in infectons with respiratory synctial virus

between osmotic control of antidiuretic hormone
and a false haemodynamic signal of volume depletion. Three conditions might lead to aggravation of
respiratory insufficiency in patients with respiratory syncytial virus bronchiolitis: firstly, increased
negative pleural pressure in bronchiolitis might
cause pulmonary fluid accumulation'6; secondly,
increased concentrations of leucotrienes were
found in the nasal fluid of children with bronchiolitis,17 and if these are also present in pulmonary
tissue vascular permeability may be enhanced
resulting in pulmonary fluid accumulation; and
thirdly, increased or normal maintenance fluid
intake in children with pulmonary respiratory syncytial virus infections will cause the clinical symptoms of fluid overload resulting from inapproriate
secretion of antidiuretic hormone.
In conclusion, patients with severe pulmonary
respiratory syncytial virus infections are at the risk
of hyponatraemia if excessive amounts of hypotonic fluids are given. Restriction of fluid intake
seems to be necessary, especially in children with
severe bronchiolitis. None of the patients in this
study developed inappropriate secretion of antidiuretic hormone while they were in hospital.
Careful monitoring of fluid balance and plasma
electrolyte concentrations is necessary to avoid a
potentially harmful iatrogenic disorder.
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ventilation are at risk for increased concentrations
of antidiuretic hormone. There were no significant
differences in plasma sodium concentrations
among the subgroups. The association between
certain pulmonary processes and hyponatraemia
has been known for nearly 50 years. In the 1950s
the pathophysiology of hyponatraemia in pulmonary disorders was linked to inappropriate secretion
of antidiuretic hormone. Since then several
authors have reported hyponatraemia in association with pulmonary disorders in childhood.'-3' 11-1 In a few studies in children antidiuretic hormone concentrations were measured.
One study reported a pronounced increase in concentrations of antidiuretic hormone during a
severe asthmatic episode. No appreciable differences were found in plasma sodium concentration,
plasma osmolality or urine osmolality between the
asthmatic and control groups.3 Two cases in which
raised antidiuretic hormone concentrations were
associated with respiratory syncytial virus bronchiolitis were reported; raised concentrations of
antidiuretic hormone were also found in infants
with bronchopulmonary dysplasia during periods
of acute respiratory distress-all these infants
suffered from hypoxaemia with air trapping.5
Gozal et al have recently reported raised concentrations of antidiuretic hormone in infants with bronchiolitis of various aetiologies.7
Several pathophysiological mechanisms might
explain our findings. The secretion of antidiuretic
hormone is a homoeostatic process guided by
alterations in the volume of intravascular fluid and
by the osmolality of the extracellular fluid. Volume
receptors are located in the left atrium, baroreceptors in the carotid arteries and the aortic arch, and
osmoreceptors in the supraoptic and paraventricular nuclei of the hypothalamus. Hyperinflation of
the lungs causes pulmonary hypovolaemia and
decreases left atrial filling or transmural pressure
of the left atrium, or both, and subsequently
increases production of antidiuretic hormone.3 5
It has been suggested recently that pneumonia may
increase antidiuretic hormone concentrations by
altering the osmoregulation of central antidiuretic
hormone release so that a lower plasma osmolality
is required to suppress antidiuretic hormone
release fully.4 This hypothesis explains why
plasma sodium concentrations remain within the
reference range in patients with raised concentrations of antidiuretic hormone.
Patients receiving mechanical ventilation have
the highest plasma antidiuretic hormone concentrations; this can be explained by the severity of
the pulmonary disease itself and by ventilation
with positive end expiratory pressure (PEEP),
which is known to increase antidiuretic hormone
secretion. 12-14
Experimental and clinical observations have
suggested that hypoxaemia and hypercapnia stimulate release of antidiuretic hormone. "In this
study a large number of patients with a PaCO2
above 5-33 kPa, which can be considered as pathologically increased if tachypnoea is present, had
raised antidiuretic hormone concentrations.
The increased antidiuretic hormone concentrations in pulmonary respiratory syncytial virus
infections might be attributed to an interaction
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