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Introduction 

Respiratory syncytial virus (RSV) is the major cause of viral respiratory tract infec
tions in infants and children [1, 2]. The highly contagious nature of the virus means 
that essentially all children have been infected with RSV by 2 to 3 years of age. Epi
demics principally occur in winter and early spring. 

Clinical manifestations range from mild upper respiratory tract infections to se
vere lower respiratory tract disorders (Table O. It is estimated that RSV is respon
sible for 40-70% of cases of bronchiolitis [3], up to 40% of cases of pneumonia 
[4] and 5% of cases of croup in children under 5 years of age. Apnea may occur in in
fected infants less than 6 months of age, particularly if they were prematurely born. 
The clinical course of RSV infection is usually benign, but up to 8% of infected in
fants will require intensive care treatment for recurrent apnea or respiratory failure 
[5]. Certain diagnostic subgroups are more likely to show a prolonged and more se
vere course ofRSV infection (Table 2) [6-8]. It is noteworthy that mortality rates are 
low and in the range of 2-5% even for high risk patients [5,9-11]. 

Table 1. Clinical presentation of RSV infection 

- Upper respiratory tract infection 
- Apnea 
- Tracheobronchitis 
- Bronchiolitis 
- Pneumonia 
- ARDS 

Table 2. Risk factors for severe RSV disease 

Age below 6 weeks 

Prematurity 

Pulmonary disease 
- e. g. bronchopulmonary dysplasia 

Congenital heart disease 
- especially increased pulmonary blood flow 

Neuromuscular disease 

Imm!,lnosuppression or immunodeficiency 
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Pathophysiology 

Histopathologically, RSV lower respiratory tract infection is characterized by bron
chiolar-inflammation resulting in epithelial necrosis and sloughing into the airway 
lumen. Tissue edema and increased mucus production result in thick plugs ob
structing or occluding the airways, causing areas of atelectasis and hyperinflation. 
Pneumonia occurs when this process extends into the alveoli. 

Despite the frequency with which pediatric intensive care units (PIeD) deal 
with RSV-induced respiratory failure, there is little information on the physiologic 
pulmonary changes which occur during the acute stage of this disease. With the 
use of sophisticated lung function testing [12], we have recently demonstrated two 
characteristic and distinctly different patterns of lower respiratory tract disease 
in infants with RSV-induced respiratory failure: 1) obstructive small airways dis
ease, and 2) severe restrictive, parenchymal lung disease [13,14]. In agreement with 
our observation, Tasker et al. [15] described two different radiological presentations 
in infants with RSV~induced respiratory failure characterized by diffuse consolida
tion without hyperinflation or gross hyperinflation without consolidation. 

The majority of infants with RSV-triggered respiratory failure suffer from ob
structive small airways disease traditionally referred to as bronchiolitis with in
creased respiratory resistance, reduced maximal expiratory flows and air trapping 
[13]. This represents the pathophysiologic changes caused by small airway obstruc
tion due to bronchial mucosal edema and peribronchial inflammation. Lung vol
umes and compliance are slightly reduced which is explained by the presence of atel
ectatic lung regions. The radiographic changes observcd in obstructive disease are 
entirely consistent with this pathophysiology and include hyperinflation, perihilar 
infiltrates and atelectasis (Fig. 1). 

In contrast, about 25-30% of infants with RSV-induced respiratory failure suffer 
from severe restrictive parenchymal disease, usually referred to as pneumonia [14]. 

Fig.!. Chest radiograph of 
a 4 month-old infant with 
classic bronchiolitis de
monstrates hyperinflation 
and areas of atelectasis 



Fig. 2. Chest radiograph 
of a 5 month-old previ
ously well infant with RSV 
pneumonia shows bilater
al alveolar consolidation 
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Typically, respiratory compliance and lung volumes are markedly decreased without 
significant airway obstruction or air trapping. Alveolar consolidation is the main ra
diographic feature (Fig. 2 ). We found that these infants also fulfilled the criteria of 
acute respiratory distress syndrome (ARDS) that were recently recommended by an 
American-European Consensus Committee: acute disease onset, Pa02 /Fi0 2 ratio 
~ 200 mmHg, bilateral infiltrates on chest radiograph, and absence of clinical evi
dence of left atrial hypertension [16]. In addition, all restrictive (but none of the ob
structive) infants had lung injury scores above 2.5 which is again compatible with a 
diagnosis of ARDS [17,18]. The lung function results obtained in the patients with 
restrictive disease are also in agreement with current concepts of respiratory me
chanics and lung volume alterations in ARDS [19, 20] . 

Management 

The general principles of the management of infants hospitalized for RSV infection 
include adequate supportive care (hydration and oxygenation), monitoring (pulse 
oximetry, transcutaneous CO2 , serial blood gas analyses), and respiratory isolation 
to prevent nosocomial spread. 

Fluid Management 

The goal of initial fluid management is the establishment of isovolemia, since these 
infants may be dehydrated from poor intake or cough-induced vomiting. Intrave
nous ttuid administration is often warranted in spontaneously breathing infants be
cause severe respiratory distress may preclude adequate nursing. Intubated and ven
tilated children can usually be managed with nasogastric feedings shortly after the 
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institution of mechanical ventilation. It is important to know that bronchiolitis is 
assciated with both increased antidiuretic hormone secretion (SIADH) and hyper
reninemia with secondary hyperaldosteronism, which leads to water retention [21). 
This results in pulmonary and peripheral tissue edema causing further respiratory 
deterioration. In addition, mechanical forces caused by obstructive breathing and 
inflammation may contribute to the development of pulmonary edema. Since the 
usual 20-30% fluid loss from the respiratory tract in infants is avoided when they are 
ventilated with humidified gases, fluid restriction to about 50-70% of maintenance 
requirements is recommended in intubated infants after adequate correction of 
an initial volume deficit. Diuretic therapy is often necessary for appropriate fluid 
balance. 

Respiratory Management 

All infants requiring hospitalization for RSV bronchiolitis should be given O2 to 
maintain arterial O2 saturations above 92%. It is important to remember that pulse 
oximetry does not assess ventilation, and thus a patient with acceptable oxygenation 
may have a significant degree ofhypercarbia and/or acidosis. Criteria for intubation 
and initiating ventilatory support include continued worsening of respiratory dis
tress by clinical assessment, hypoxia (Pa02 < 60 mmHg in 40% O2 ), hypercapnia 
(PaC02 > 50-60 mmHg with or without respiratory acidosis), and apnea or brady
cardia. The interpretation of PaC02 values should be related to the degree of tachyp
nea, since many infants may not develop severe hypercapnia until shortly prior to 
cardiorespiratory arrest. We favor the use of cuffed endotracheal tubes (internal 
diameter 0.5 mm smaller than the calculated size for age for uncuffed tubes) to pro
vide optimal and consistent levels of ventilation and oxygenation, especially in a dis
case-process likely to require relatively high ventilatory pressures [22]. 

We use pressure-controlled ventilation because of its decelerating flow-pattern 
allowing a comparatively lower mean airway pressure than volume-controlled ven
tilation. Most patients need peak inspiratory pressures between 25 to 35 cm H2 0 to 
achieve adequate air movement and ventilation. Infants with obstructive disease 
have long respiratory system time constants and are best ventilated with slow rates 
and long inspiration/expiration (l/E) ratios of at least 1/3 to prevent breath-stacking 
and further hyperinflation. Conversely, patients with restrictive disease may require 
longer inspiratory times, faster rates and shorter I/E ratios. The cautious application 
of positive end-expiratory pressure (PEEP) may be helpful to decrease the work of 
breathing (especially in the presence of intrinsic PEEP) and to improve oxygenation. 
Neuromuscular blockade and sedation may be necessary to prevent ventilator
patient asynchrony and to facilitate ventilation and oxygenation. Peak inspiratory 
pressures should be limited at about 40 cm H20 to prevent severe barotrauma and 
air leak syndromes (Figs. 3 and 4). Applying the strategy of permissive hypercapnia 
may help in reducing barotrauma. 

Weaning from mechanical ventilation begins with lowering the peak inspiratory 
pressure if lung compliance has improved, thus allowing adequate tidal volumes at a 
lower peak inspiratory pressure. The ventilator rate may be reduced gradually if the 
patient is able to breathe effectively without developing fatigue. Modern flow-trigger 



Fig. 3. Chest radiograph 
of a 4 month-old prema
ture infant with broncho
pulmonary dysplasia suf
fering from severe RSV 
infection demonstrates 
hyperinflation and severe 
interstitial emphysema 
secondary to the use of 
unreasonably high peak 
inspiratory pressures 

Fig. 4. Chest radiograph of 
the same infant as in Fig. 3 
demonstrates a right 
pneumothorax as a conse
quence of severe baro
trauma resulting from 
desperate elevation of the 
peak inspiratory pressure 
(over 50 cm H20) in re
sponse to failure of con
ventional ventilation 
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Table 3. Ribavirin and duration of mechanical ventilation (MV) for RSV infection in previously 
healthy infants 

Authors Reference N Ribavirin MV 
(days±SE) 

Smith et al [58] 10 N 10.1 ± 1.8 
11 Y 4A± 1.1 

Meert et al [60] 7 N 2A±0.5 
10 Y 4A± 1.0 

Moler et al [61] 74 N 5.0±0.5 
33 y 6A±0.9 

Stretton et al [5] 11 N 3.9±0.8 

Outwater and Crone [23] 15 N 6.0± 1.2 

Lebel et al [24] 62 N 4A±OA 

mechanisms and PEEP may be helpful to reduce the work of breathing in the wean
ing phase. The duration of mechanical ventilation of previously healthy infants for 
uncomplicated RSV infection is in the range of 4-7 days (Table 3) [5,23,24]. Infants 
with underlying risk factors and/or restrictive disease may require a considerably 
longer duration of mechanical ventilation [14, 15] . 

Failure of conventional mechanical ventilation in RSV-induced respiratory failure 
is an uncommon occurrence [11]. Nevertheless, three retrospective cohort studies 
have found that extracorporeal membrane oxygenation (EeMO) may provide life
saving support in RSV infected infants in whom conventional mechanical ventila
tion was believed to have failed [25-27]. It is not possible to determine whether 
EeMO improved the survival rate for these patients which was 50% in two and 96% 
in one of the studies. The total number of infants in each study was small, and it re
mains unclear from the reports whether these infants suffered from restrictive or 
obstructive pulmonary disease before going on EeMO support. However, there is 
evidence that RSV-induced respiratory failure represents a relatively benign cause of 
ARDS in infants [14]. Novel therapies for RSV-induced respiratory failure should, 
therefore, be reserved to infants in whom conventional therapy has truly failed. 

Bronchodilators 

Whether infants with acute bronchiolitis should be treated with nebulized salbuta
mol or other ~2-adrenergic drugs has been debated for more than 20 years. In North 
America, nebulized salbutamol is used as standard treatment for acute bronchiolitis 
[28], whereas in Great Britain pediatricians seldom prescribe this drug [29]. Histo
logically, airway obstruction in acute RSV bronchiolitis is mainly a result of mucus 
plugs and cellular debris from bronchial inflammation and epithelial necrosis. The 
contribution of airway smooth muscle constriction (which is treatable) to the airway 
obstruction is minor in most cases. 

Inconsistent results obtained from spontaneously breathing infants, usually in the 
recovery phase of illness, have fueled the controversy regarding the usefulness of 
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inhaled bronchodilators in infants in the acute phase of RSV bronchiolitis. Some 
studies have shown improvements [30-35] in clinical scores and/or lung function, 
and others found no [36-41] or even adverse [42-44] effects. In most studies; the 
lung function measurements were done well after the time of severe acute respira
tory compromise, during the recovery phase of the disease, because of the need for 
sedation which could have imperiled sicker, spontaneously breathing infants. Only a 
few research groups employed methods capable of assessing small airway function. 
Nevertheless, it is in the acute phase of bronchiolitis that bronchodilators are most 
frequently applied and would have the greatest potential for benefit. 

Recently, we [13] examined the bronchodilator effect of inhaled salbutamol in 
the acute stage of severe RSV infection in previously healthy children requiring 
mechanically assisted ventilation in a prospective, non -randomized clinical trial. We 
found that inhaled salbutamol did not improve respiratory system resistance, small 
airway function and air trapping in half of our study patients with obstructive dis
ease, and in all infants with restrictive disease. It is difficult to assess the clinical im
pact of salbutamol treatment on the course of the disease in the other half of infants 
who demonstrated a bronchodilator response. Although these patients responded 
with a modest degree of bronchodilatation, in our experience it was small compared 
with the response usually obtained in asthma (Fig. 5). 

There is evidence that combined p- and a-agonists (e.g. epinephrine) are more 
effective in bronchiolitis than selective P2-agonists, because of their additional 
vasoconstrictor effect which decreases bronchial mucosal edema and hence airflow 
obstruction [45 I . However, one consideration is that all these drugs increase total 
body oxygen consumption (and hence energy requirement), partly by their direct 
effect on other organs through p-receptor stimulation, and also indirectly by stimu
lating minute ventilation and thereby increasing the oxygen costs of breathing in 
those with respiratory compromise [46]. The potential to increase energy require
ments conceivably could cause a longer requirement for assisted ventilation, espe
cially if bronchodilatation is minimal or does not occur. Salbutamol can also worsen 

• Before salbutamol 0 After salbutamol 
1,2 ,...----------""'i----------, 1,2 

I Non-responders I I I Responders I 

• Mean (SE)' 0.28 (0.08) 
I 
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0,8 - ------·+- ------- __ 1 . .... 0,8 
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0 ,6 

I 0 Mean (SE) • 0 .34 (0.08) 
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I 
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Fig 5. Total respiratory system resistance (Rrs) before and after salbutamol in 19 previously well in
fants with RSV-induced respiratory failure. 10 infants showed no significant improvement, while 9 
infants responded with a statistically significant reduction in Rrs {defined as a change of more than 
twice the coefficient of variation for repeated baseline measurements. (From [13] with permission) 
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arterial hypoxemia in already compromised infants on the basis of vasodilata
tion preceding bronchodilatation, thus worsening ventilation-perfusion mismatch 
[42,47]. 

Bronchodilators require a therapeutic trial to determine their efficacy. In the 
absence of pulmonary function testing, a clinical response can be assessed in venti
lated infants by an increase in arterial oxygen saturation or tension, a decrease in 
end-tidal or arterial carbon dioxide tension, or an increase in tidal volume or peak 
inspiratory pressure depending on the ventilation mode. The regular and uncritical 
use of nebulized bronchodilators in all infants is not recommended. 

Nitric Oxide 

Inhaled nitric oxide (NO) has become widely used as a selective pulmonaryvasodi
lator in neonatal and pediatric intensive care. Potential beneficial effects of inhaled 
NO therapy for severe hypoxemic RSV-induced respiratory failure include lowering 
of pulmonary vascular resistance and subsequent improvement of cardiac function 
which may decrease pulmonary edema formation. However, there are other physio
logic roles for NO in the lung such that both beneficial and detrimental effects could 
be expected from its administration to RSV-infected infants. Endogenous NO pro
duced by the neuronal NO synthase (NOS) in non-adrenergic, non-cholinergic 
(NANC) nerves relaxes airway smooth muscles. It is therefore logical to expect that 
inhaled NO might prove to be a potent bronchodilator. This could be beneficial to in
fants with obstructive RSV disease. Conversely, NO released from endothelial and 
inducible NOS dilates bronchial vessels, and increases plasma leakage, mucus secre
tion and the inflammatory response. Potentially, such effects could aggravate venti
lation/perfusion mismatch and further compromise the respiratory status. 

We have recently compared the bronchodilator effect of different doses of inhaled 
NO (20,40 and 60 ppm) with salbutamol in ventilated infants with obstructive RSV 
disease [48]. We found that NO produced a significant improvement of the respira
tory resistance in only 30% of the infants, whereas salbutamol caused a significant 
bronchodilatation in 50% of the infants tested. All infants that responded to inhaled 
NO also responded to the administration of salbutamol. It is noteworthy that the 
bronchodilator effect of NO was dose-independent and less than that of salbutamol. 
Our preliminary results suggest that inhaled NO does not provide any additional 
benefit over the use of salbutamol to improve small airway function in infants with 
severe obstructive RSV disease. 

The use of inhaled NO is currently also under investigation to determine its phys
iologic effects on oxygenation and hemodynamics in infants with severe hypo
xemic respiratory failure. Abman et al. [49] have recently reported improved gas ex
change and hemodynamics in 6 infants with RSV-induced hypoxemic respiratory 
failure. Five of the 6 infants were also suffering from bronchopulmonary dysplasia 
and all had acute lung injury scores > 3, PEEP > 5 cmH20, and Pa02 < 85 mmHg 
despite Fi02 > 0.60. Fulfilling these criteria should classify them as ARDS. Unfor
tunately, it is still unclear whether these infants suffered from acute restrictive 
disease superimposed on chronic obstructive disease or was merely a worsening of 
the latter. 



Respiratory Syncytial Virus Infection in Children 633 

From current experience, it seems that inhaled NO may be helpful in selected 
infants suffering from severe RSV-induced respiratory failure [50, 51], mainly by 
acting as a pulmonary vasodilator in those with preexisting pulmonary hyperten
sion (e.g. bronchopulmonary dysplasia). 

Steroids 

The rationale for using corticosteroids in bronchiolitis is its pathophysiological sim
ilarity with asthma. However, there are no data to support the use of systemic corti
costeroids in the treatment of RSV bronchiolitis, since the majority of studies have 
failed to show a beneficial effect on the disease course. Most recently, Roosevelt et al. 
[52] designcd a randomized, double-blind, prospective study and demonstrated that 
intramusculal dexamethasone had no effect on the duration of O2 therapy or time to 
resolution of symptoms in infants with bronchiolitis requiring hospital manage
ment [52]. Nevertheless, in many centers, corticosteroids are used for the treatment 
of acute bronchiolitis. In Canada, the corticosteroid use varied from 6 to 69% among 
tertiary care centers for inpatient hospital management of infants with no identifi
able risk factors [53]. In our own retrospective review [5], we found that the use of 
steroids in our PICU was confined to the treatment of high risk infants, mainly those 
with bronchopulmonary dysplasia. 

No previous study has examined prospectively the therapeutic value of steroids in 
those infants who require intubation and assisted ventilation for RSV-induced res
piratory failure. The lack of evidence supporting use of steroids in the mildly to 
moderately afflicted infant would argue for a very judicious approach in ventilated 
infants, especially during the acute phase of the disease. Corticosteroids are not in
dicated in uncomplicated bronchiolitis in otherwise normal infants. However, a 
short-term trial of systemic corticosteroids may he justified in infants with persist
ing, severe bronchospasm following the acute phase of the disease. Infants with 
chronic lung disease with an associated high likelihood of bronchial hyperreactivity, 
such as bronchopulmonary dysplasia, may also benefit from steroid therapy. Further 
research is needed to document the efficacy of inhaled or systemic steroids in select
ed infants with severe RSV infection. 

Ribavirin 

Ribavirin is a nucleotide analog resembling guanosine that interferes with viral pro
tein synthesis. It was introduced in the early 1980's for use in hospitalized children 
with Severe RSV infection. Early clinical studies of ribavirin in children with mild
to-moderate lower respiratory tract disease demonstrated improvement in severity 
of illness and O2 saturation [54-57]. Severely ill infants requiring mechanical venti
lation for RSV infection were long excluded from randomization and aggressively 
treated with the aerosolized drug in the United States. 

A randomized, water-placebo-controlled trial in infants requiring mechanical 
ventilation demonstrated a significant reduction in the number of days of ventila
tion, hospital stay, and cost per patient [58]. However, the validity of these results 
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were questioned because aerosolized water has been demonstrated to have adverse 
effects when administered to infants with reactive airways disease. In addition, the 
study outcome was not supported by the general clinical experience with ribavirin 
in PICUs [5,59], nor by the length of mechanical ventilation which, although much 
shorter than for their controls, was similar to that reported by other groups without 
the use of ribavirin (Table 3). Subsequently, Meert et al. [60] used a control aerosol of 
isotonic saline instead of water and found no reduction in mechanical ventilation 
days and hospital stay with ribavirin use. This was recently confirmed in a large mul
ticenter trial in previously well infants with severe RSV infection [61]. 

These results and the high cost of ribavirin therapy prompted the Committee on 
Infectious Disease of the American Academy of Pediatrics to change recommenda
tions from the previous "should be used" to "may be considered" in infants with 
underlying risk factors or severe disease [62]. The low mortality of RSV infections 
suggests the use of expensive therapy with questionable efficacy should be reserved 
for selected clinical situations. It remains unclear if certain patients, in particular the 
immunocompromised infants, may benefit from ribavirin therapy. 

Conclusion 

There are two different, distinctive patterns of lower respiratory tract disease (ob
structive versus restrictive) in infants with RSV-induced respiratory failure with 
characteristic lung function changes and clinical features (Table 4). Intensive care 
management and ventilation strategy depend on the underlying pathophysiology. 
The early initiation of ventilation in those infants with severe respiratory distress 
prevents any of the serious sequelae patients may suffer during prolonged periods of 
respiratory arrest. Mortality rates for previously healthy infants with RSV infection 
are extremely low. Mortality rates in patients with preexisting cardiopulmonary dis
ease or immunologic disease may be somewhat higher, but in congenital heart dis
ease less than 8% [63], rather than the 30-37% mortality reported by Hall et al. [561 
in 1985. There is evidence that the mortality rate for infants with RSV-induced ARDS 
is lower than the overall mortality rate reported in clinical and epidemiological 
studies of pediatric patients with ARDS where causative factors were amalgamated 

Table 4. Presentation of severe RSV-induced respiratory failure 

Radiographic appearance 
Lung function 

(A-a)02 gradient 
Pa02/Fi02 

Population 
Tasker et al. [15] 
Hammer et al [14] 

Bronchiolitis 

Hyperinflation/Atelectasis 
Obstructive airways disease 
+ moderate restrictive 
<350 torr 
<200 
70% 
28/39 patients (no deaths) 
27/37 patients (no deaths) 

Pneumonia 

Alveolar consolidation 
Restrictive lung disease 
+ mild obstructive 
>350 torr 
>200 
30% 
11/39 patients (1 death) 
10/37 patients (1 death) 

A: alveolar, a: arterial, Pa02 : arterial oxygen pressure, FiG2 : inspired oxygen fraction 
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[64,65]. Further studies are needed to demonstrate a clinical benefit of novel thera
pies such as inhaled nitric oxide, high frequency oscillatory ventilation and ECMO 
therapy for the rare infant failing modern conventional ventilatory management. 
Definitely, the most benefit would come from preventive measures of RSV infection 
such as a vaccination. 
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