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Introduction

Respiratory syncytial virus (RSV)–induced lower respira-
tory tract infections (LRTIs) in young infants account for 
26,000 hospital admissions per year in Germany.1 RSV-
LRTIs present with obstructive symptoms (bronchiolitis) 
and/or restrictive symptoms (pneumonia). A small subgroup 
of essentially premature infants with pronounced restrictive 
symptoms manifests as an acute respiratory distress syn-
drome (ARDS)–type pneumonia2 and needs mechanical 
ventilation due to the severe deterioration in both gas 
exchange and compliance of the respiratory system. The 
combined occurrence of more proximal airway obstruction 
(lobar atelectasis) and more distal airway obstruction 
(reduced gas exchange area) frequently results in the over-
inflation of adjacent non-atelectatic areas with impending 

pneumothoraces. Ventilation-associated mortality in RSV-
LRTI is in the range of 8%–29%1,3 and may be even higher 
in moderately preterm infants with ARDS-type pneumonia, 
providing a rational behind the search for new therapeutic 
options.

Respiratory failure following RSV-pneumonia is partly 
due to the abundance and retention of brittle, thickened 
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mucus in the proximal and distal airways. The high viscosity 
of RSV-mucus accounts for the presence of depolymerized, 
polyanionic deoxyribonucleic acid (DNA) from apoptotic/
necrotic polymorpho-nuclear leukocytes (PMNLs).4 As the 
PMNL is the predominant inflammatory cell type in RSV-
pneumonia with >80% of cells recovered from the airways,5 
local application of recombinant human deoxyribonuclease 
(recombinant human deoxyribonuclease (rhDNase), dornase 
alfa) should transform mucus from its brittle or viscous form 
to a more liquid consistency.4 Surfactant film disruption on 
the hydrophobic airway epithelium by mucus depositions 
results in reduced mucociliary clearance as cilia become 
stuck in the hydrophilic liquids and firmly adhere to the epi-
thelial cell membranes.6 Mucociliary transport may be 
improved by surfactant replacement onto the epithelial sur-
face.7 Finally, removal of mucus with firm adherence to the 
airway epithelium can be efficiently accomplished by bron-
choscopic interventions, thus allowing a more homogeneous 
distribution of drugs by a segment-by-segment approach.

We retrospectively analyzed the following therapeutic 
approach in four mechanically ventilated moderately pre-
term infants with ARDS-type RSV-pneumonia in case of 
radiologically verified lobar atelectases: (1) suctioning of the 
bronchial tree, (2) broncho-alveolar lavage (BAL) with a 
diluted surfactant preparation segment-by-segment, and (3) 
dornase alfa instillation into the two main stem bronchi. We 
speculated that the combination of targeted mechanical suc-
tioning and homogeneous distribution of surfactant and dor-
nase alfa would be helpful in dissolving atelectases caused 
by RSV-LRTI in moderately premature infants.

Case series

Patients: A waiver of consent was obtained by the institu-
tional review committee on ethics of the University 
Hospital Schleswig-Holstein, Campus Kiel, for the report 
of this case series. Signed patient consent by all parents 
was obtained for the use of anonymized data. The four 
infants were all born moderately premature (30–36 weeks 
gestational age) and presented in their second month of life 
(Table 1, patient characteristics). None of the infants had 
been given palivizumab, in accordance with German guide-
lines for RSV prophylaxis. The initial symptoms of RSV 
infection (coughing, nasal secretions, retractions, aug-
mented apnea/bradycardia) appeared only a few days prior 
to admission to the pediatric intensive care unit (PICU). 
Infants 1 and 3 were still hospitalized because of apnea of 
prematurity combined with secondary sinus bradycardia, 
and inhalation therapy with hypertonic saline and chest 
physiotherapy for atelectasis (manual vibrations to the 
chest wall and postural drainage) had been initiated. Infants 
2 and 4 presented as soporous upon hospital admission due 
to acute severe hypercapnia. Intubation and initiation of 
mechanical ventilation were performed immediately in 
these two infants and within 3 h following admission for 

infants 1 and 3 after short trials of continuous positive air-
way pressure (CPAP) by nasal prongs. Lung protective 
ventilation strategies such as permissive hypercapnia, limi-
tation of tidal volumes to <8 mL/kg, and fluid restriction 
are standard practices in our PICU.

Methods

RSV infection was verified by nasopharyngeal secretion 
testing using multiplex reverse transcriptase polymerase 
chain reaction (PCR) enzyme-linked immunosorbent assay 
(ELISA) detection of a panel of 19 common respiratory tract 
pathogens, thus limiting the likelihood of viral or bacterial 
coinfection. To prove ARDS-type RSV-pneumonia, we cal-
culated the lung injury score according to Hammer et al.2 
using the following four criteria: alveolar consolidation of 
lung quadrants affected (scoring points: 1–4); PaO2 (mmHg)/
FiO2 (1:225–300, 2:175–225, 3:100–175, 4:<100); positive 
end-expiratory pressure (PEEP) (cm H2O) (1:5–6, 2:7–8, 
3:9–11, 4:≥12); and Cdyn (mL/cm H2O/kg) (1:0.75–0.85, 
2:0.55–0.75, 3:0.30–0.55, 4:<0.30). The bronchoscopic 
interventions were carried out in case of newly identified 
atelectases with regional over-inflation of adjacent aerated 
parts of the lung. They were performed in deep sedation 
including muscle paralysis using a pediatric bronchoscope 
with a 2.8 mm diameter which can be introduced into sized 
3.5 and 4.0 mm endotracheal tubes (the latter size was used 
in one infant because of leakage) while providing uninter-
rupted mechanical ventilation. Each intervention lasted 25–
40 min and included targeted suctioning of secretions 
(especially from critical branching points of the bronchial 
tree and from segmental orifices), segmental BAL with a 
diluted surfactant preparation (20 mL diluted poractant alfa 
(Curosurf®) in normal saline at a concentration of 6 mg/mL), 
and instillation of 1.25 mg rhDNase (Pulmozyme®, dornase 
alfa) in each main stem bronchus.

Results

Within 8 h, resolution of atelectases along with reversal of 
over-inflation of the ventilated areas was radiologically veri-
fied in 4/7 occasions in patient 1, 2/2 occasions in patient 2, 
3/7 occasions in patient 3, and 4/4 occasions in patient 4, 
resulting in an overall success rate of 13/20 (65%). At the 
same time, PaO2/FiO2 and dynamic compliance of the res-
piratory system (Cdyn, measured by the infant ventilator 
Dräger Evita Infinity V500 using the single breath least 
square method by fitting airway flow and tidal volume sig-
nals to proximal airway pressure) improved significantly: 
PaO2/FiO2 92 ± 30 → 130 ± 27 mm Hg, p < 0.001; Cdyn 
.24 ± .08 → .38 ± .10 mL/cm H2O/kg, p < 0.001, paired t-test 
(Figure 1). We did not experience any serious complication 
in our patients with the bronchoscopic interventions; how-
ever, patient 3 presented with stridor one fortnight after 
demission from the PICU due to subglottic scarring.
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Discussion

Atelectasis is a common complication in pneumonia and is a 
predisposition to over-inflation of ventilated lung areas with 
impending pneumothorax,8 which is life threatening in condi-
tions of severely reduced Cdyn in ARDS-type RSV-pneumonia. 
The immediate success rate of our bronchoscopic interven-
tions with diluted surfactant and dornase alfa to restore 

ventilation in previously atelectatic areas was 65%. In addi-
tion, reversal of atelectases allowed us to diagnose infiltra-
tions typical of ARDS and to improve PaO2/FiO2 and Cdyn.

Mucociliary transport and clearance are greatly disturbed 
in diseases with severe mucus production and may be imme-
diately improved by surfactant preparations inserted into the 
airways,6 while the complete histological and functional 

Table 1. Patient characteristics.

Patient 1 2 3 4

Month of admittance February March April April
RSV acquired at Hospital Home Hospital Home
Gestational age (weeks) 31 36 33 30
Postconceptional age (weeks) 37 44 39 38
Weight (g) 2750 4050 3220 2430
Gender ♀ ♂ ♂ ♀
Twin No Yes Yes Yes
Clinical symptoms before 
admittance (d)

2 5 3 2

Reasons for admittance to 
PICU

Apnea/bradycardia, 
paroxysmal hypoxemia

Dyspnea, sopor Apnea/bradycardia, 
paroxysmal hypoxemia

Apnea/bradycardia, 
severe stridor, sopor

Initial pH/PCO2/PO2 
(mm Hg)

7.31/49/29 6.95/>150/80 7.18/90/23 7.15/84/33

Initial RR, HR (1/min), BP 
(mm Hg)

46/180/75–49 52/185/117–59 ?/188/60–45 64/205/83–43

Initial FiO2, O2 saturation (%) 0.21/99 0.50/78 0.50/62 1.0/100
First blood and gas analysis 
(pH/PaCO2/PaO2)

7.12/86/69 7.10/119/48 7.44/51/48 7.36/50/49

OI after start of mechanical 
ventilation

5 16 20 9

Chest X-ray characteristics 
after intubation

Hilar infiltrates Hilar infiltrates, RUL 
atelectasis, over-inflation

RUL + LUL atelectasis, 
herniation

Hilar infiltrates

Highest OI (n) on day (n) 17/4 34/4 24/4 41/5
Highest PEEP (cm H2O) 7 12 9 10
Lung injury scorea 1/1/.5/1 (3.5) 1/1/1/.75 (3.75) 1/1/.5/.75 (3.25) 1/1/.75/1 (3.75)
Chest X-rays (n) 15 8 9 12
Interventional 
bronchoscopies (n)

5 4 3 8

Resolution of atelectasis (n) 4 2 3 4
PMNL percentage of cells in 
BAL (%)b

84 76 82 89

Days on mechanical 
ventilation (n)

12 12 15 17

Additional days on nasal 
CPAP (n)

5 2 4 2

Days in PICU (n) 22 15 21 21
Bacterial colonization of 
airways upon admission 
Complications

Staphylococcus aureus, 
Haemophilus influenzae

– – –

– – Subglottic stenosis due 
to scarring

–

RSV: respiratory syncytial virus; RR: respiratory rate; HR: heart rate; BP: blood pressure; OI: oxygenation index (FiO2 × MAP / PaO2); PEEP: positive 
end-expiratory pressure; PMNL: polymorpho-nuclear leukocyte; BAL: broncho-alveolar lavage; BALF: BAL fluid; RUL/LUL: right/left upper lobe; CPAP: 
continuous positive airway pressure; PICU: pediatric intensive care unit.
a Lung injury score according to Hammer et al.2 to prove acute respiratory distress syndrome (ARDS)–type RSV-pneumonia; the four criteria are (1) 
infiltrates on chest radiographs, (2) impairment in oxygenation, (3) PEEP applied, and (4) impairment in compliance of the respiratory system. A score of 
>2.5 is considered characteristic of ARDS.

bCell differentiation using BALF from the first bronchoscopy.
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recovery of the ciliated epithelium takes approximately 13–
17 weeks following an acute infection in infants.9 Two rand-
omized clinical studies including a total of 59 mechanically 
ventilated infants with RSV-pneumonia demonstrated mildly 
improved gas exchange and lung mechanics, as well as 
reduced length of mechanical ventilation in the surfactant 
treated groups.10,11 In these studies, surfactant was applied 
via the endotracheal tube connector without previously 
checking for airway obstruction by secretions. It is well 
known that surfactant production and function in the prema-
ture lung may not be as robust as it is in the mature infant,12 
and genetic predispositions such as surfactant protein C 
(SFTPC) single nucleotide polymorphism (SNP) make pre-
term infants more vulnerable to RSV pneumonia.13

PMNLs are the predominant cells in the secretions of 
RSV-LRTI, which was proven in our patients (Table 1).5 In 
addition, the viability of PMNLs is increased, whereas the 
percentage of apoptotic and necrotic cells is decreased.14 
Because of high-viscosity secretions by RSV infection that 
cause multilocular airway obstructions, the presence of 
PMNLs, their adherence to epithelial cells, the abundance of 
cellular debris, and the sloughing of epithelial cells support 
the intervention with dornase alfa, providing the patency of 
airways. Nebulized dornase alfa was investigated in two ran-
domized studies with spontaneously breathing infants with 
bronchiolitis-type RSV infection and yielded equivocal 
results: significant improvements in chest X-ray (CXR) 
scores assessing perihilar markings, hyperinflation, atelecta-
sis, and focal/general opacities were found in a study includ-
ing 75 infants,15 whereas no differences in the length of 
hospital stay or the duration of supplemental oxygen were 
observed in 225 oxygen-dependent spontaneously breathing 
infants.16 Essentially, these finding comply with the authors’ 
conclusions of a recent Cochrane review on nebulized 

dornase alfa for viral bronchiolitis in children younger than 
24 months.17 However, improvements in lung function could 
be found in 3/4 mechanically ventilated infants with end-
stage respiratory failure and atelectasis.18 Probably, unfa-
vorable conditions such as non-cooperative infants, small 
airways, hyperinflation of the lungs, and especially regional 
airway obstruction by secretions did not allow dornase alfa 
to be transported into the more distal regions of the lungs.

Our approach to prevent and to treat the loss of gas 
exchange area by atelectases has two limitations: (1) repeated 
compilation of CXRs contributes to a significant amount of 
radiation and (2) bronchoscopic interventions present an addi-
tional risk of the infant such as the need for additional sedation 
and short periods of hypoxemia. Therefore, these risks appear 
to be only justified in cases of ARDS-type RSV-pneumonia 
with high oxygenation indices (range: 17–41) and high lung 
injury scores (range: 3.25–3.75) when the loss of the gas 
exchange area and impending pneumothoraces, which are 
life-threatening complications, make an escalation of medical 
interventions necessary. Finally, the retrospective character of 
this case series and the lack of a control group make it impos-
sible to determine whether the infants did better or worse than 
they would have with an alternative or no intervention.

Conclusion

None of the three interventions used in our report (broncho-
scopic removal of secretions, instillation of poractant alfa and 
dornase alfa into the airways) has been sufficiently studied in 
mechanically ventilated infants suffering from ARDS-type 
RSV-pneumonia to come up with an unequivocal result to 
shorten mechanical ventilation and to reduce the risk of ate-
lectasis and secondary pneumothorax. In four moderately 
premature infants, this combined approach, however, enabled 

Figure 1. (a) PaO2/FiO2 and (b) dynamic compliance of the respiratory system (Cdyn) before and after bronchoscopic intervention. 
PaO2/FiO2 was determined immediately before and 69 ± 22 min (after 1) and 509 ± 119 min (after 2) after bronchoscopic intervention, 
and Cdyn was determined immediately before and 72 ± 50 / 525 ± 110 min after intervention.
Mean values are displayed by rectangles and fat lines; p < 0.001 for both panels (before vs after 1, paired t-test).
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reopening of radiologically verified lobar atelectases on 
13/20 occasions and supports our speculation that targeted 
mechanical suctioning and homogeneous distribution of sur-
factant and dornase alfa may be a superior approach.

Declaration of conflicting interests

The authors declare that there is no conflict of interest.

Funding

This research received no specific grant from any funding agency in 
the public, commercial, or non-profit sectors.

References

 1. Simon A, Müller A, Khurana K, et al. Nosocomial infection: 
a risk factor for a complicated course in children with respira-
tory syncytial virus infection. Results from a prospective mul-
ticenter German surveillance study. Int J Hyg Environ Health 
2008; 211: 241–250.

 2. Hammer J, Numa A and Newth CJL. Acute respiratory dis-
tress syndrome caused by respiratory syncytial virus. Pediatr 
Pulmonol 1997; 23: 176–183.

 3. Thorburn K, Eisenhut M and Riordan A. Mortality and mor-
bidity of nosocomial respiratory syncytial virus (RSV) infec-
tion in ventilated children—a ten year perspective. Minerva 
Anestesiol 2012; 78: 782–789.

 4. Merkus PJFM, de Hoog M, van Gent R, et al. DNase treatment 
for atelectasis in infants with severe respiratory syncytial virus 
bronchiolitis. Eur Respir J 2001; 18: 734–737.

 5. Smith PK, Wang SZ, Dowling KD, et al. Leucocyte popula-
tions in respiratory syncytial virus-induced bronchiolitis. J 
Paediatr Child Health 2001; 37: 146–151.

 6. Ballard ST, Parker JC and Hamm CR. Restoration of muco-
ciliary transport in the fluid-depleted trachea by surface-active 
instillates. Am J Respir Cell Mol Biol 2006; 34: 500–504.

 7. Hartmann F, Fiori HH, Garcia PCR, et al. Surfactant deficiency 
in infants with severe acute viral bronchiolitis. J Pediatr 2014; 
164: 1432–1435.

 8. Willson DF, Landrigan CP, Horn SD, et al. Complications 
in infants hospitalized for bronchiolitis or respiratory 
syncytial virus pneumonia. J Pediatr 2003; 143: S142– 
S149.

 9. Wong JYW, Rutman A and O’Callaghan C. Recovery of the 
ciliated epithelium following acute bronchiolitis in infancy. 
Thorax 2005; 60: 582–587.

 10. Tibby SM, Hatherill M, Wright SM, et al. Exogenous sur-
factant supplementation in infants with respiratory syncytial 
virus bronchiolitis. Am J Respir Crit Care Med 2000; 162: 
1251–1256.

 11. Luchetti M, Ferrero F, Gallini C, et al. Multicenter, rand-
omized, controlled study of porcine surfactant in severe res-
piratory syncytial virus-induced respiratory failure. Pediatr 
Crit Care Med 2002; 3: 261–268.

 12. Altman M, Vanpée M, Cnattingius S, et al. Neonatal morbid-
ity in moderately preterm infants: a Swedish national popula-
tion-based study. J Pediatr 2011; 158: 239–244.

 13. Drysdale SB, Prendergast M, Alcazar M, et al. Genetic pre-
disposition of RSV infection-related respiratory morbidity in 
preterm infants. Eur J Pediatr. Epub ahead of print 2 February 
2014. DOI: 10.1007/s00431-014-2263-0.

 14. Jones A, Qui JM, Bataki E, et al. Neutrophil survival is pro-
longed in the airways of healthy infants and infants with RSV 
bronchiolitis. Eur Respir J 2002; 20: 651–657.

 15. Nasr SZ, Strouse PJ, Soskolne E, et al. Efficacy of recombi-
nant human deoxyribonuclease I in the hospital management 
of respiratory syncytial virus bronchiolitis. Chest 2001; 120: 
203–208.

 16. Boogaard R, Hulsmann AR, van Veen L, et al. Recombinant 
human deoxyribonuclease in infants with respiratory syncytial 
virus bronchiolitis. Chest 2007; 131: 788–795.

 17. Enriquez A, Chu IW, Mellis C, et al. Nebulised deoxyribo-
nuclease for viral bronchiolitis in children younger than 24 
months. Cochrane Database Syst Rev 2012; 11: CD008395. 
DOI: 10.1002/14651858. CD008395.pub2.

 18. MacKinnon R, Wheeler KI and Sokol J. Endotracheal DNase 
for atelectasis in ventilated neonates. J Perinatol 2011; 12: 
799–801.




