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RESEARCH LETTERS

Peak cough flow measurement
with  a pneumotacograph and a
portable peak  flow meter in
patients with neuromuscular
diseases

To  the  Editor:

Patients  with  neuromuscular  diseases  (NMD) have weak
respiratory  muscles  that  may  affect  their  ability  to  cough
and  the  effectiveness  of  mucus  clearance.1 Peak  cough
flow  (PCF)  values  can  be  measured,  through  a  peak  flow
meter  (PCFm)  or  through  a pneumotachograph  (PCFp),
and  have  been  proposed  to  assess  cough  capacity,1 esti-
mate  glottic  function2,3 and  predict  the  risk  for  respiratory
complications  in patients  with  neuromuscular  diseases.4

Flows  of  160  L/min  have been reported  to  be  the mini-
mum  needed  to  cough  effectively  and are associated  with
successful  extubation  or  tracheostomy  tube  decannulation
rates.5 Low  values  of  PCF  are used  as  indication  crite-
ria  for  Mechanical  Insufflation---Exsufflation  (MI-E).  It  has
been  shown  that  MI-E  can  be  useful  when  PCFs  are  below
270  L/min  in  patients  with  Duchenne  muscular  dystrophy
with  a  high  risk  of  pulmonary  complications  during  respi-
ratory  tract  infections.6,7

Despite  the  absence  of precise  threshold  values,  the  mea-
surements  of  PCF  are very  important  in clinical  practice.  As
NMD  patients  usually  perform  pulmonary  function  evalua-
tion  in  a  laboratory  on  a regular  basis,  it  seems  useful  to  take
advantage  of  the  very  sensitive  flow  sensor of  the spirometer
(pneumotachograph).  Therefore,  the  authors  aimed  to com-
pare  non-assisted  PCF values  obtained  with  both  methods
(PCFp  and  PCFm)  in  a group  of  patients  with  NMD followed
and  accessed  in  an outpatient  clinic  between  2009  and  2013.

Measurements  through  PCFp  and  PCFm  were performed
in  the  same  order  on  the same  day,  after  a  resting
period  of  three  to five  minutes  without  fatigue  between
them.  All  patients  that  presented  swallowing  and  speech
impairment  and  therefore  severe  bulbar  muscle  dysfunction
were  excluded.  The  cough  evaluation  was  performed  in 25
patients  with  several  types  of  muscular  dystrophies  (MD),  21
patients  with Amyotrophic  lateral  sclerosis  (ALS), 6  patients
with  spinal  muscular  atrophy  (SMA)  type  II,  3  patients  with
metabolic  myopathies  and  one patient  with  multiple  sclero-
sis.

Mean  values  of  non-assisted  PCFm  and  PCFp
were  160.91  ±  94.84  L/min  and  248.49  ±  113.63  L/min
(p  < 0.0001),  respectively.  Bland---Altman  analysis  was  used
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Figure  1 Coughs  by  patient:  Bland---Altman  plot  of  the

agreement  in  measuring  peak  cough  flow  (L/min)  between

the pneumotochograph  measurement  system  and  the  peak

flow  meter.  The  difference  between  two  measurements

(pneumotachograph-peak  flow  meter)  is  plotted  against  the

mean of  two  measurements.  Solid  line indicates  the  line  of

equality  (no  difference  between  measurements).  Three  dashed

lines  indicate  the difference  between  measurements  (bias)  and

the upper  and lower  95%  limits  of  agreement  (bias  ± 1.96SD).

The  bias  (95%  limits  of  agreement)  was  87.11  L/min  (−82.29  to

256.50  L/min).

to compare  peak  flow  measurements  obtained  from  the
pneumotachograph  and  a  peak  flow  meter.  Fixed  bias  was
analyzed  by  describing  mean  bias  across  the  range  and
calculating  95%  limits  of  agreement  from  the standard
deviation  (SD)  of  differences.  Bland---Altman  analysis  of  our
neuromuscular  patients’  PCF  measurements  indicated  that
the  PCFm  measurements  were  markedly  lower  than  the
pneumotachograph  system  (mean  95%  limits  of  agreement)
bias  87.11  L/min  (−82.29 to  256.50  L/min)  (Fig.  1).

The  results  obtained  in this  study  were different  from  the
findings by  Sancho  et  al.2 which  compared  both  measures
in  a  population  of  healthy  subjects  and  patients  with  neu-
romuscular  disease.  The  mean  of  the differences  between
the  values  obtained  using  both  instruments  ±  limits  of  agree-
ment  (+2  SD)  was  0.20  ±  109.78  l/min  (not significant).
When  the  agreement  was  tested  over three  ranges  of flows
(<270  l/min,  270---480  l/min,  and >480  l/min)  no  statistically
significant  differences  were  obtained  for  the  population  as
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a  whole  in  any  range;  although,  in the lower  flow  range,  14
patients  had  PCFm  significantly  greater  than  PCFp.

Kulnik  et  al.,8 performed  a similar  comparison  of
non-assisted  PCF  measurements  in healthy  subjects  and
Bland---Altman  analyses  of  volunteers’  PCF  measurements
indicated  that  all portable  devices  under test  returned  lower
readings  than  the  pneumotachograph  system,  regardless
of  whether  measurements  were  taken  when  connected  in
series  or  in  isolation.  The  differences  in measured  peak  flow
between  the pneumotachograph  and  alternative  devices
were  smaller  when  the instruments  were connected  in
series;  and  larger  when  the  instruments  were  used  in iso-
lation.

We  conclude  that it is relevant  to obtain  a  correct  and
accurate  measurement  of  PCFs,  since  these  values  of  cough
efficacy  have  important  clinical  implications  on  the risk
of  respiratory  infections  and on  the criteria  for manual
and  mechanical  assisted  coughing  techniques.9,10 Our  results
suggest  that  the PCF  measured  through  a pneumotachograph
is  more  sensitive  and  accurate  in patients  with  predicted
cough  impairment.  Although  the  values  through  PCFm  can
be  useful,  until  further  studies,  it seems  reasonable  to  use
the  measurement  of  PCF-p  in the  cough  evaluation  of  NMD
patients.
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1. Bach JR, Gonçalves MR, Páez S, Winck JC,  Leitão S, Abreu P.
Expiratory flow maneuvers in patients with neuromuscular dis-
eases. Am J  Phys Med Rehabil. 2006;85:105---11.

2. Sancho J, Servera E, Díaz J,  Marín J.  Comparison of  peak cough
flows measured by pneumotachograph and a portable peak flow
meter. Am  J  Phys Med Rehabil. 2004;83:608---12.

3. Suarez AA, Pessolano FA, Monteiro S,  Ferreyra G, Capria ME,
Mesa L, et al. Peak flow and peak cough flow  in the evalua-
tion of expiratory muscle weakness and bulbar impairment in

patients with neuromuscular disease. Am J  Phys Med Rehabil.
2002;81:506---11.

4. Tzeng AC, Bach JR. Prevention of  pulmonary morbidity
for patients with neuromuscular disease. Chest. 2000;118:
1390---6.

5. Bach JR, Saporito LR. Criteria for extubation and tracheostomy
tube removal for patients with ventilatory failure. A different
approach to weaning. Chest. 1996;110:1566---71.

6. Birnkrant DJ, Bushby KM, Amin RS, Bach JR, Benditt JO,
Eagle M,  et al. The respiratory management of  patients with
duchenne muscular dystrophy: a DMD care considerations
working group specialty article. Pediatr Pulmonol. 2010;45:
739---48.

7. Gomez-Merino E, Bach JR. Duchenne muscular dystrophy:
prolongation of  life by noninvasive ventilation and mechan-
ically assisted coughing. Am J Phys Med Rehabil. 2002;81:
411---5.

8. Kulnik ST, MacBean V,  Birring SS, Moxham J, Rafferty GF, Kalra
L.  Accuracy of  portable devices in measuring peak cough flow.
Physiol Meas. 2015;36:243---57.

9. Bach JR. Mechanical insufflation---exsufflation. Comparison of
peak expiratory flows with manually assisted and unassisted
coughing techniques. Chest. 1993;104:1553---62.

10. Bach JR, Goncalves MR, Hon A, Ishikawa Y, De Vito EL, Prado
F, et  al. Changing trends in the management of end-stage
neuromuscular respiratory muscle failure: recommendations
of an international consensus. Am J Phys Med Rehabil.
2013;92:267---77.

P.R.  Rodrigues ∗,  P.U. Brito,  L.  Fernandes,  C.  Rodrigues,
A.  Reis,  J.  Moita

Centro  Hospitalar  e  Universitário  de  Coimbra,  Porto,

Portugal

∗ Corresponding  author.
E-mail  address:  pjrrodrigues@gmail.com  (P.R.  Rodrigues).

http://dx.doi.org/10.1016/j.rppnen.2016.08.003

2173-5115/

©  2016 Sociedade Portuguesa de Pneumologia. Published by  Elsevier

España, S.L.U. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Comparison of predictive
equations of resting energy
expenditure in older adults
with  chronic obstructive
pulmonary disease

Dear  Editor,

Chronic  obstructive  pulmonary  disease  (COPD)  increases
resting  energy  expenditure  (REE)1 due  to  chronic  inflam-
mation  and  greater  effort  for  breathing.2 REE  is  the  major
component  of  total  energy  expenditure  and  the correct  mea-
surement  of  REE  is  essential  to offer  a  proper  nutritional
management  and consequently  prevent  or  treat  malnu-
trition.  Up  till  now,  there  has been  no  consensus  about
which  REE  equation  is  the  best  to  use  in clinical  practice
to  match  the  energy  intake  of  older  adults  with  COPD.

Therefore,  we  aimed  to  compare  predictive  equations  of
REE  with  indirect  calorimetry  (IC)  in older  adults  with
COPD.

We  evaluated  20  older  adults  with  COPD  (16  men  and  4
women)  and  all subjects were  selected  from  a  pulmonary
rehabilitation  program  of  a  private  health  service.  The
details  of  sample  selection  and  recruitment  have  been  pre-
viously  described.1

Demographic  and  anthropometric  data  were used  to  cal-
culate  the REE  using  gender-specific  predictive  equations3:
Mifflin  St.  Jeor  equation,  Harris & Benedict,  World Health
Organization  (WHO)1,  WHO2,  Owen  et  al.,  and  de  Oliveira
et  al.

Indirect  calorimetry  (Metalyzer  3B  ---  R2  (Cortex),  breath
by  breath)  was  used for determining  REE  after  calibra-
tion  of barometric  pressure  (960  mbar)  and  room  air  (O2:
20.93/CO2:  0.03  vol%)  using  a known  gas  mixture  (White
Martins,  O2:  15.94/CO2:  5.01  vol%)  and  volume  (3-L  Hans
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