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Abstract

Two young boys wit h Duchenne muscular dyst rophy,  who had cont ract ed 2009 pandemic 

infl uenza A/ H1N1 (pH1N1), had been t reated with ant ibiot ics and steroids without  signifi cant  

improvement . One of them showed severe scoliosis. After hospitalizat ion chest  CT scan revealed 

extensive pulmonary bilateral segmental atelectasis.  Their cl inical and radiological fi ndings 

rapidly improved when a sequent ial  respirat ory physiot herapy prot ocol  was adopt ed t hat  

consisted of the applicat ion of mult iple sessions of high-frequency chest  wall oscillat ions each 

one followed by mechanically assisted coughing manoeuvres. The protocol was well tolerated, 

effect ive, easy to apply and special posit ioning was not  required. Fif teen days after t reatment  

init iat ion both pat ients clinically recovered. This t reatment  can be very helpful for neuromuscular 

pat ients, part icularly when scoliosis prevents convent ional respiratory physiotherapy.

© 2010 Published by Elsevier España, S.L. on behalf of Sociedade Portuguesa de Pneumologia. 

All rights reserved.

Oscilação de alta freqüência da parede torácica associado a in-exsufl ação mecânica 

na distrofi a muscular de Duchenne com complicações respiratórias relacionadas 

com o vírus pandémico da gripe A/H1N1

Resumo

Duas crianças do sexo masculino com dist rofi a muscular de Duchenne que cont raíram o vírus da 

gripe pandémica A/ H1N1(pH1N1) de 2009 foram t ratados com ant ibiót icos e esteróides sem 

melhoria signifi cat iva.



Cough assistance in Duchenne muscular dyst rophy with pandemic Infl uenza 913

Um deles revelou escol iose severa.  Depois da hospit al ização,  um TAC ao peit o revelou uma 

atelectasia pulmonar segmentar bilateral extensa. Os seus resultados clínicos e radiológicos 

melhoraram rapidament e quando foi adopt ado um t rat ament o de f isiot erapia respirat ória 

sequencial ,  consist ent e na apl icação de múlt iplas sessões de osci lações t orácicas de al t a 

frequência, cada uma seguida por exercícios de tosse mecanicamente assist idos. O t ratamento 

foi bem tolerado, efi caz e fácil  de aplicar,  sendo que não foi necessário um posicionamento 

especial .  Quinze dias depois do início do t rat ament o,  ambos os pacient es se encont ravam 

cl inicamente recuperados.  Este t ratamento pode ser muit o út i l  em pacientes com doenças 

neuromusculares,  part icularment e quando a escol iose impede a f isiot erapia respirat ória 

convencional.

© 2010 Publicado por Elsevier España, S.L. em nome da Sociedade Portuguesa de Pneumologia. 

Todos os direitos reservados.

Background

Pat ient s wit h Duchenne muscular dyst rophy (DMD) are at  
high risk of  experiencing l i fe-t hreat ening compl icat ions 
f rom vi ral  inf ect ions due t o t hei r  reduced respi rat ory 
muscle funct ion. 1 Therefore, they have been recommended 
vaccinat ion against  seasonal infl uenza and recent ly even 
against  2009 pandemic inf luenza A/ H1N1 (pH1N1).  Early 
report s of  pH1N1 infl uenza 2 described a more pathogenic 
agent  t han t he seasonal  inf luenza virus,  causing severe 
compl icat ions in young individuals.  So far t here are no 
reports on pH1N1 complicat ions in neuromuscular pat ients 
and on their management .  Viral respiratory infect ion can 
cause secret ion encumbrance, reduct ions in vital capacit y 
and peak cough f low,  which urgent l y need manual  or 
mechanical assist ance t o cough.  3 We report  two cases of 
boys af fect ed by DMD who developed acut e respirat ory 
failure caused by bilateral pulmonary segmental atelectasis 
af t er pH1N1 infect ion and who were successful ly t reated 
with a new protocol that  included high-frequency chest  wall 
oscillat ion (HFCWO) followed by mechanical in-exsuffl at ion 
(MI-E) for cough assistance.

Case presentations

Case 1

A 15 year old boy with DMD was referred to our hospital in 
November 2009 with product ive cough and fever (38.5 °C). 
He had received spinal arthrodesis at  12 years of  age and 
had a history of progressive weakness, but  not  of recurrent  
pneumonia or  i ncreased f requency of  upper  ai rway 
infect ions. The pat ient  had a frequent  cough upon admission, 
but  appeared unable to effect ively clear airway secret ions. 
Cl inical  exam revealed t achypnea (40 cycles/ min) and 
t achycardia (140 beat s/ min).  Lung auscult at ion revealed 
bilat eral ronchi and discrete crackles in both lung fi elds. 
Peripheral  O2 sat urat ion was 80 % on oximet ry.  Blood gas 
analysis demonst rat ed normocapnia.  Virus infect ion by 
pH1N1 (H1N1 RT- PCR t est  in nasopharygeal  swabs) was 
demonst rated. He was already on the sixth day of ant ibiot ic 
and steroid therapy. Bilateral atelectasis was suspected and 
a chest  CT scan was performed (fi g. 1A).

Figure 1 Panel A: Case 1: Inferior bilateral pulmonary atelec-

tasis,  more evident  in the right  fi elds. Panel B: Same pat ient : 

almost  complete resolut ion after t reatment .

A
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The pulmonologist  prescribed HFCWO (The Vest  Airway 
Clearance System, Hill-Rom St. Paul, MN) at  a pressure sett ing 
of 5 cm H2O and a frequency of 12 Hz for sessions of 20 minutes, 
followed by fi ve or six sessions of MI-E for cough assistance with 
an in-exsuffl ator at  a pressure of +40/ —45 cm H2O delivered 
respect ively over 3 and over 2 seconds (Cough-Assist ®,  
Phil ips Respironics,  Murrysvil le,  PA, USA).  Oseltamivir was 
administered for f ive days and broad-spect rum ant ibiot ics 
were administered int ravenously for 10 days. A respiratory 
therapist  monitored the pat ient  with a pulse oximeter and 
acted as a l iaison with t he pulmonologist .  The sequent ial 
protocol (HFCWO + MI-E) was applied for 15 minutes three 
t imes/ day unt il clinical and radiological recovery was obtained 
(fi g. 1B). Few minutes after its init iat ion the pat ient ’s cough 
rate increased and a large volume of secret ions was returned. 
The pat ient tolerated well this protocol. Funct ional respiratory 
tests before viral infect ion and at hospital discharge are shown 
in table 1.

Case 2

The second pat ient  wit h DMD was a 16 year old boy wit h 
severe scol iosis,  pelvic dist ort ion and severe reduct ion 

of  respi rat ory muscle st rengt h and l ung volumes.  In 
December 2009 he developed dyspnea and persist ent  
cough and f ever and was t reat ed wi t h ant ibiot ics and 
st eroids for 10 days wit hout  any improvement .  Lat er in 
t he same month he was admit t ed t o our department .  He 
showed severe lef t  convex scol iosis wi t h a mean Cobb 
angle of over 70º. Clinical examinat ion revealed tachypnea 
(50 cycles/ min),  t achycardia (140 beat s/ min),  bi lat eral 
ronchi  and high-pi t ched expi rat ory wheezes at  l ung 
auscultat ion.  Peripheral O2 saturat ion was 86 %. Blood gas 
analysis showed normocapnia. A nasopharyngeal swab was 
posit ive for pH1N1. Chest  radiographs did not  explain the 
clinical picture and chest  CT scan was urgent ly performed. 
Bilat eral  pulmonary at elect asis was observed,  similar t o 
the other boy (fi g. 2A). He was started on assisted pressure 
cont rol led vent i lat ion (Idea Ult ra SAIME) wit h a pressure 
support  of  16 cm H2O and 4 cm H2O of  PEEP.  The same 
sequent ial  prot ocol  wi t h HFCWO fol lowed by MI-E was 
prescribed and administ ered wit h t he same set t ing unt i l 
clinical and radiological improvement  (fi g. 2B). Oseltamivir 
and broad-spect rum ant ibiot ics were also administ ered. 
Despit e t he severe scol iosis,  t he prot ocol  was very wel l 
t olerat ed,  ef fect ive and easy t o apply.  The pat ient  was 

Table 1 Respiratory funct ion in Case 1 before and after t reatment

FVC

(ml)

MIP

(cmH2O)

MEP

(cmH2O)

PCF

(L/ min)

pH PaO2

(mmHg)

PaCO2

(mmHg)

HCO3
—

(mmol/ L)

BEb

(mmol/ L)

SaO2

(%)

Baseline 1.68 43 39 150 7.44 40 40 27 3.1 80

1st week 7.43 62 41 27 2.8 92

2nd week 1.58 40 37 148 7.42 87 44 33 8.0 97

FVC: forced vital capacity; MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; PCF: peak cough fl ow (unassisted); 

PaO2: arterial part ial pressure of oxygen; PaCO2:  arterial part ial pressure of carbon dioxide in blood; HCO3
—:  bicarbonate;  BEb: base 

excess; SaO2:  arterial oxygen saturat ion.

Figure 2 Panel A:  Case 2:  Atelectasis of  lef t  lower lobe and l ingula;  lower right  lobe is also part ial ly involved.  Panel B:  Same 

pat ient : almost  complete resolut ion after t reatment .
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discharged cl inical ly recovered on noct urnal mechanical 
vent i lat ion af t er  t wo weeks.  Table 2 shows f unct ional 
respirat ory t est s and blood gas analysis before and af t er 
t reatment .

Discussion

Inf luenza can have devast at ing ef fect s in neuromuscular 
pat ient s.  Dyst rophic children are highly l ikely t o develop 
severe complicat ions with infl uenza, including atelectasis, 4 
as a resul t  of  acut e ret ent ion of  secret ions.  A di rect  
consequence of atelectasis may be acute hypoxemia.

Int ervent ions f or  clear ing t he ai rway and improving 
vent i lat ion in DMD are vi t al .  Pharmacological  measures 
are of t en insuffi cient  t o improve healt h status.  Similarly, 
mechanical  in-exsuf f lat ors alone can be insuf f icient  i f  
secret ions are very tenacious or diffi cult  to mobilize. Chest  
physiot herapy wit h post ural  drainage is now obsolet e.  It  
can be uncomfortable and often impract ical for individuals 
wit h l imit ed mobil i t y and signifi cant  skelet al  deformit y,  5 
as i t  requi res assuming a post ure t hat  pat ient s wi t h 
severe scol iosis can hardly maint ain.  Moreover i t  may 
have side ef fects that  reduce it s ef fect iveness. Fiberopt ic 
bronchoscopy has been used i n t he management  of 
proximal  airway obst ruct ion t o aspirat e secret ions and 
has successful ly resolved at elect asis in some paediat ric 
i nt ensi ve care pat i ent s.  6 However,  i n a randomised 
cont rol led t r ial  on adul t  pat ient s wi t h at elect asis t his 
method did not  improve t he rate of  resolut ion of  volume 
loss bet ter than chest  physiotherapy and was occasionally 
fol lowed by adverse ef fect s on int racranial  pressure.  7 In 
neuromuscular pat ient s it  has not  been of  proven benefi t  
and should be considered only after all  non-invasive airway 
clearance techniques have proven unsuccessful.  4 Nebulised 
bronchodi lat ors are t radi t ional ly recommended for t he 
management  of  at elect asis,  but  t here is no experience 
wi t h t hei r  use in dyst rophic pat ient s.  In pat ient s wi t h 
acute bronchoconst rict ion,  a bronchodilator may improve 
secret ion clearance,  but  t here are no publ ished st udies 
evaluat ing i t s use in t he management  of  at elect asis in 
non-asthmat ic pat ient s.  8 HFCWO is becoming the method 
of  choice for individuals wit h many t ypes of  disabil i t ies.  9 
It  is appl ied t hrough an infl atable vest  at t ached by hoses 
t o an ai r -pul se generat or.  Smal l  vol umes of  gas are 
rapidly inj ected into and withdrawn f rom the vest ,  which 
pressurizes and releases t he chest  at  f requencies f rom 
5 to 25 Hz.  This brings the pat ient  t o cough gent ly and to 

clear loosened secret ions. Treatment  generally lasts up to 
30 minutes.  This t echnique was designed for in-home use 
and can t reat  al l  lung segment s simul t aneously.  Special 
posi t ioning and breat hing t echniques are not  required. 
However,  mobi l isat ion of  secret ions when cough is not  
ef fect ive may be dangerous,  10 because increased volume 
of  mucus can quickly overwhelm t he abi l i t y t o clear t he 
secret ions and cause dangerous vent i l at ion-per f usion 
mismatch. Therefore, it  is imperat ive to help pat ients clear 
increased airway burden as quickly as possible with assisted 
coughing manoeuvres. For the expiratory phase of assisted 
cough, manual cough-assist ing techniques are simple,  but  
they require t rained personnel. MI-E has been demonst rated 
to be safe, well-tolerated and effect ive, 11 and it  has gained 
widespread acceptance in several inst itut ions as well as in 
our cent re.

In conclusion t his report  suggest s t hat  HFCWO is safe 
and ef f ect ive when used in an int egrat ed respi rat ory 
t reat ment -prot ocol  in associat ion wi t h MI-E t o t reat  
pul monary at el ect asi s i n scol i ot i c and non scol i ot i c 
neuromuscular pat ient s.  Furt her st udies are needed t o 
bet ter defi ne the role of this equipment  in the t reatment  of 
acute respiratory failure.

Acknowledgment

The Authors wish to thank Mr Salvatore Arrisicato who was 
of great  help in assist ing the pat ients during the respiratory 
physiotherapy sessions.

References

 1. Poponick JM, Jacobs I,  Supinski G, Di Marco AF. Effect  of upper 

respirat ory t ract  infect ion in pat ient s wit h neuromuscular 

disease. Am J Respir Crit  Care Med. 1997;156:659-64.

 2. Rot hberg MB,  Haessler SD.  Compl icat ions of  seasonal  and 

pandemic infl uenza. Crit  Care Med. 2010;38:91-7.

 3. Vianello A,  Corrado A, Arcaro G, Gallan F,  Ori C,  Minuzzo M, 

Bevilacqua M. Mechanical insuffl at ion-exsuffl at ion improves 

outcomes for neuromuscular disease pat ients with respiratory 

t ract  infect ions. Am J Phys Med Rehabil.  2005;84:83-8.

 4. Finder JD, Birnkrant  D, Carl J, Farber HJ, Gozal D, Iannaccone 

ST, Kovesi T,  Kravit z RM, Panit ch H,  Schramm C, Schroth M, 

Sharma G, Sievers L, Silvest ri JM, Sterni L; American Thoracic 

Society. Respiratory care of the pat ient  with Duchenne muscular 

dyst rophy: ATS consensus statement . Am J Respir Crit  Care Med. 

2004;170:456-65.

Table 2 Respiratory funct ion in Case 2 before and after t reatment

FVC

(ml)

MIP

(cmH2O)

MEP

(cmH2O)

PCF

(L/ min)

pH PaO2

(mmHg)

PaCO2

(mmHg)

HCO3
—

(mmol/ L)

BEb

(mmol/ L)

SaO2

(%)

Baseline 0.79 43 17 120 7.45 55 41 28 4.2 86

1st week 7.48 76 40 30 6.6 96

2nd week 0.70 40 18 125 7.46 82 40 28.4 4.2 97

FVC: forced vital capacity; MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; PCF: cough expiratory peak 

(unassisted); PaO2: arterial part ial pressure of oxygen; PaCO2:  arterial part ial pressure of carbon dioxide in blood; HCO3
-: bicarbonate;  

BEb: base excess; SaO2:  arterial oxygen saturat ion.



916 G. Crescimanno, O. Marrone

 5. Hess DR. The evidence for secret ion clearance t echniques. 

Respir Care. 2001;46:1276-93.

 6. Bar-Zohar D,  Sivan Y.  The yield of  f l exible f iberopt ic 

bronchoscopy in paediat ric int ensive care pat ient s.  Chest . 

2004;126:1353-9.

 7. Marini JJ,  Pierson DJ,  Hudson LD.  Acut e lobar at elect asis: 

a prospect ive comparison of  f iberopt ic bronchoscopy and 

respiratory therapy. Am Rev Respir Dis.  1979;119:971-8.

 8. Schindler MB. Treatment  of atelectasis: where is the evidence? 

Crit  Care. 2005;9:341-2.

 9. Jackson CE, Moore DH, Kit t rel l  P,  Ensrud E.  high-f requency 

chest  wall oscillat ion therapy in amyotrophic lateral sclerosis. J 

Clin Neuromusc Dis. 2006;8:60-4.

10. Wi l l is LD,  Warren RH.  Acut e hypoxemia in a chi ld wi t h 

neurologic impai rment  associat ed wi t h high-f requency 

chest -wall compression. Respir Care. 2007;52:1027-9.

11. Winck JC,  Gonçalves MR,  Lourenço C,  Viana P,  Almeida J, 

Bach JR.  Ef fect s of  mechanical insuf f lat ion-exsuf f lat ion on 

respirat ory paramet ers for pat ient s wi t h chronic airway 

secret ion encumbrance. Chest . 2004;126:774-80.


