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Letters  to  the  Editor

Telematic Multi-physician Decision-making for

Improving CPAP Prescription in Sleep Apnoea

Toma de decisiones compartida por vía telemática para mejorar
la prescripción de la CPAP en la apnea del sueño

Dear Editor:

Continuous positive airway pressure (CPAP) is  the most com-

mon therapeutic modality for obstructive sleep apnoea (OSA).

However, deciding whether a patient should be treated with CPAP

is not a simple process, in  light that a large number of complex

clinical variables need to be considered in the decision process.1

This difficulty is  particularly apparent among mild–moderate OSA

patients, since quality of life is  scarcely affected, CPAP compliance is

relatively low, and treatment effectiveness is unclear.2–4 Although

setting a threshold in  the apnea–hypopnea index (AHI) is  the most

usual criterion for CPAP prescription in OSA, current clinical guide-

lines do not provide the treating physician with unambiguous rules.

Consequently, virtually universal disagreement in decision mak-

ing about implementation of CPAP therapy5 has been considered

as inevitable. In fact, a  conventional consultation process among

physicians evaluating OSA patients is viewed as impractical and

not routinely implementable considering the high prevalence of

OSA,6 therefore resulting in  a considerable number of patients

being then referred for initiation of CPAP therapy.7 However, con-

sultation among colleagues can be  markedly facilitated and become

cost-effective using telematics.8 Nevertheless, this approach has

not been used until now to improve decision-making in CPAP pre-

scription.

We herein describe a  novel model of telematic physician con-

sultation (TPC) in  the context of decision making regarding the

need for CPAP therapy, and use real-world data to provide a

proof of concept of its feasibility and potential benefits. In TPC,

the physician who treats a  patient has the external support of 2

independent specialists to decide on CPAP treatment. While this

approach seems straightforward and reasonable, whether it is  fea-

sible and improves decision-making in routine OSA patients has

not been assessed. To this effect, we randomly selected 40 patients

with mild–moderate OSA (AHI < 40 events/h) from the database of

a clinical trial (NCT02779894; ClinicalTrials.gov) that  included a

general population of patients with OSA.9 All the clinical and sleep

study variables (≈60) of each patient were placed anonymously on

a specially designed website that was only accessible to 6 experi-

enced sleep physicians from different Spanish hospitals, who were

then asked to provide their recommendations about CPAP prescrip-

tion: ‘yes’ or ‘no’ (‘no’ could be both a  clear negative to CPAP or no

prescription until additional patient evaluation). For each possible

combination of ‘yes’–‘no’ recommendations we  first theoretically

calculated the probability of correct decision when the latter was

made by 1 or 3 physicians; second, we  experimentally determined

how the ‘yes’–‘no’ recommendations were distributed among the

patients, and finally we computed the expected value of  correct

decision corresponding to 1- or  3-physician decision on CPAP ini-

tiation.

As the correct decision for each patient is  unknown, we assumed

that it was  better estimated by the majority of the recommen-

dations of the 6 physicians. Consequently, among the 7 possible

‘yes’–‘no’ recommendations (0–6, 1–5, 2–4, 3–3, 4–2, 5–1 and 6–0),

the decision on CPAP treatment was considered correct only for rec-

ommendations 4–2, 5–1 and 6–0. For each of the 7 combinations

‘yes’–‘no’, the probability that a  single physician would recommend

the correct decision is  6/6, 5/6, 4/6, 3/6, 4/6,  5/6 and 6/6 (i.e. 100%,

83.3%, 66.7%, 50%, 66.7%, 83.3% and 100%), respectively (Fig. 1A).

To calculate the probability of a correct CPAP prescription deci-

sion when taken by the majority of 3 physicians, we  considered

that among the 20 different possible combinations of 3 recommen-

dations from 6 physicians (C(6,3) =  6!/(3!(6 − 3)!), the number of

combinations that yields a  positive result (2 or 3 physicians rec-

ommending CPAP) are 0, 0,  4,  10,  16, 20 and 20 for the above 7

‘yes’–‘no’ recommendations, respectively. Therefore, the probabil-

ity of correct decision is: 100%, 100%, 80%, 50%, 80%, 100% and 100%,

respectively (Fig. 1A). As expected, only when the 6-physician rec-

ommendation is unanimous (0–6 or  6–0) or when it is  a tie (3–3)

there is  no statistical advantage when the decision is made by  3  or 1

physicians. Otherwise, decision-making by 3 physicians instead of  1

physician alone increases the correct decision probability (Fig. 1A).

To calculate the real-life impact in the decision-making of  1  or

3 physicians, the theoretical probability analysis in  Fig. 1A  was

combined with the actual distribution of the spectrum of real-

data recommendations of the 6 external physicians on the 40

mild–moderate OSA  patients (a total of 240 decisions), shown in

Fig.  1B. The left panel in  this figure reflects the variability in physi-

cian agreement as regards therapeutic decision on CPAP.9 In 42.5%

of the patients, the 6-physician recommendation was one for which

using the 3-physician decision approach reduces the prescription

error versus the 1-physician approach (Fig. 1A). When considering

the actual distribution of the recommendations (Fig.  1B)  and the

corresponding probability of correct decisions (Fig. 1A), the error

frequency in  CPAP prescription decision would be considerably

reduced from 12.9% to  6.2% of the patients (Fig. 1B). Interestingly,

when the analysis was  limited to the 24 patients with moderate OSA

(15 < AHI <  40 events/h), the decision-making error when switching

from 1-physician to 3-physician prescription was  also reduced by

≈50%: from 16.7% to 8.7% of patients (Fig. 1C).

This study provides a  solid proof of concept on the feasibility and

potential improvements achieved by our novel proposal of telem-

atic multi-physician decision-making approaches for improving

CPAP treatment decision in  OSA. If the attending physician is sup-

ported by the opinion of 2 independent colleagues, unnecessary

https://doi.org/
http://www.archbronconeumol.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arbres.2019.03.017&domain=pdf


Letters to  the Editor / Arch Bronconeumol. 2019;55(11):604–606 605

B

C

A

P
ro

b
a
b
ili

ty
 o

f 
c
o
rr

e
c
t 

d
e
c
is

io
n
 (

%
)

P
a
ti
e
n
ts

 w
it
h
 p

re
s
c
ri

p
ti
o
n
 e

rr
o
r 

(%
)

N
u
m

b
e
r 

o
f 

p
a
ti
e
n
ts

N
u
m

b
e
r 

o
f 
p
a
ti
e
n
ts

P
a
ti
e
n
ts

 w
it
h
 p

re
s
c
ri

p
ti
o
n
 e

rr
o
r 

(%
)

100

80

60

40

20

0

0-6 3-3 6-0 1-5 2-4 4-2 5-1

6 -physician CPAP recommendation (´yes`-´no`)

AHI < 40 events/h
20

15

10

5

0

6

5

4

3

2

1

0

0-6 3-3 6-0 1-5 2-4 4-2 5-1

0

18

16

14

10

8

6

4

2

0

12

2

4

6

8

10

12

14

16

18

0-6 3-3 6-0 1-5 2-4 4-2 5-1

57.5% patients

50% patients 50% patients

42.5% patients

6-physician CPAP recommendation (´yes `-´no `)

6-physician CPAP recommendation (´yes `-´no `)

3-
 p

hy
si
ci
an

1-
 p

hy
si
ci
an

1-
 p

hy
si
ci
an

3-
 p

hy
si
ci
an

15 < AHI <40 events/h

Fig. 1. (A) Probability of correct CPAP prescription when the  decision is  taken by

1  physician (brown columns) or by a  3-physician group (green columns), for the

different 7 possible (‘yes’–‘no’) recommendations from 6 physicians (0–6, 1–5, 2–4,

3–3,  4–2, 5–1 and 6–0). In case of unanimous (0–6 or 6–0) or draw (3–3) recom-

mendations there is  no statistical advantage when the decision is taken from 3 or

1  physicians. In the other cases, 3-physician decision is  advantageous as compared

with 1-physician decision. (B) Left: Distribution of 6-physician recommendations

for the 40 patients with mild–moderate OSA (AHI <  40 events/h). Gray: recommen-

dations resulting in no statistical advantage when the decision is made by 3 or 1

physicians; Black: recommendations for which decision-making by  3  instead of

1 physician increases correct decision probability. Right: Expected error in CPAP

prescription when the decision is  taken by 3 physicians (green column) instead 1

physician (brown column). (C) Same as in (B) but only for moderate OSA patients

(15 < AHI < 40 events/h).

CPAP prescription may  be  avoided in ≈8% of mild–moderate OSA

patients. Such changes in  clinical decision would have a consid-

erable impact both in  cases in  which CPAP was prescribed to

patients not requiring the treatment (patient inconvenience and

unnecessary treatment costs (≈320 US$/year10)  and in cases where

patients requiring CPAP would not be treated (reducing adverse

health consequences of untreated OSA and associated opportunity

costs (2700–5200 US$/year11). Considering that the incidence of

new CPAP prescriptions is ≈25 per 10,000 inhabitants per year,7

and that in ≈70% of OSA patients the disease is  mild–moderate,6

it can be estimated that TPC, if implemented as proposed here,

would avoid prescription errors in  ≈175,000 patients per year in  the

OCED countries (1.25 billion inhabitants), likely resulting in benefi-

cial reductions in healthcare costs, even after TPC implementation.

Indeed, the increases in  the effectiveness of CPAP prescription

would entail only very modest cost increments per patient, cor-

responding to ≈15 min  of off-line telematic assessment by 2  sleep

specialists.

In conclusion, the implementation of an updated telematic

version of the consultation among physicians could provide con-

siderable cost-effective improvements in the prescription of CPAP

in OSA, a  proposal that we believe should be substantiated in

the future by specifically designed clinical trials including a wide-

spectrum population to provide statistically powered conclusions.

Notably, the approach described here can be  readily transposed

to  other unresolved issues in  OSA diagnosis and treatment,12 in

which complex decision-making could benefit from a  straightfor-

ward approach of inter-physician consultation.

Financial

Supported in part by the Spanish Ministry of Economy and Com-

petitiveness (SAF2017-85574-R, DPI2017-83721-P; AEI/FEDER,

UE), and the CERCA Program of Generalitat de Catalunya. D.G. is

supported by NIH grant HL130984.

References

1. Epstein LJ,  Kristo D, Strollo PJ Jr, Friedman N, Malhotra A, Patil SP,  et al.
Adult Obstructive Sleep Apnea Task Force of the American Academy of Sleep
Medicine. Clinical guideline for the evaluation, management and long-term care
of obstructive sleep apnea in adults. J  Clin Sleep Med. 2009;5:263–76.

2. Janson C, Nöges E, Svedberg-Randt S,  Lindberg E.  What characterizes patients
who  are  unable to  tolerate continuous positive airway pressure (CPAP) treat-
ment?  Respir Med. 2000;94:145–9.

3. Bixler EO, Vgontzas AN, Gaines J, Fernandez-Mendoza J, Calhoun SL, Liao D. Mod-
erate sleep apnoea: a “silent” disorder, or not a disorder at all? Eur Respir J.
2016;47:23–6.

4. McNicholas WT.  Obstructive sleep apnoea of mild severity: should it be  treated?
Curr Opin Pulm Med. 2017;23:506–11.

5. Masa JF, Corral J,  Pereira R, Duran-Cantolla J,  Cabello M, Hernández-Blasco L,
et  al., Spanish Sleep Network. Therapeutic decision-making for sleep apnea and
hypopnea syndrome using home respiratory polygraphy: a  large multicentric
study. Am J Respir Crit  Care Med. 2011;184:964–71.

6. Heinzer R, Vat S, Marques-Vidal P, Marti-Soler H,  Andries D,  Tobback N, et al.
Prevalence of sleep-disordered breathing in the general population: the Hypno-
Laus study. Lancet Respir Med. 2015;3:310–8.

7. Povitz M,  Kendzerska T, Hanly PJ, Bray Jenkyn K,  Allen B,  George CFP, et al. Profile
of CPAP treated patients in Ontario, Canada, 2006–2013: a  population-based
cohort study. Sleep Med. 2018;51:22–8.

8. Baptista S, Teles Sampaio E, Heleno B, Azevedo LF, Martins C. Web-based ver-
sus usual care and other formats of decision aids to support prostate cancer
screening decisions: systematic review and meta-analysis. J  Med  Internet Res.
2018;20:e228.

9. Lugo VM,  Torres M, Garmendia O, Suarez-Giron MC,  Ruiz C, Carmona C, et al. Con-
cordancia intra e  inter-especialista en la decisión terapèutica para el  Síndrome
de Apneas del Sueño. Intra- and inter-physician agreement in  Therapeutic
Decision for Sleep Apnea Syndrome. Arch Bronconeumol. 2019  Apr 4;pii: S0300-
2896, 30097-3.

10. Català R, Villoro R, Merino M,  Sangenís S, Colomés L, Hernández Flix S, et al. Cost-
effectiveness of continuous positive airway pressure treatment in moderate-
severe obstructive sleep apnea syndrome. Arch Bronconeumol. 2016;52:
461–9.

11. Knauert M, Naik S, Gillespie MB, Kryger M.  Clinical consequences and economic
costs of untreated obstructive sleep apnea syndrome. World J  Otorhinolaryngol
Head Neck Surg. 2015;1:17–27.

12. Randerath W,  Bassetti CL, Bonsignore MR, Farre R, Ferini-Strambi L,  Grote L,  et  al.,
Challenges and perspectives in obstructive sleep apnoea: report by an ad hoc
working group of the Sleep Disordered Breathing Group of the European Respi-
ratory Society and the European Sleep Research Society. Eur Respir J. 2018;52,
pii:1702616.

Ramon Farré a,b,c,∗, Daniel Navajas a,b,d,  David Gozal e,

Josep M.  Montserrat b,c,f

http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30205-8/sbref0120


606 Letters to the Editor / Arch Bronconeumol. 2019;55(11):604–606

a Unitat de Biofísica i Bioenginyeria, Facultat de  Medicina i Ciències

de la Salut, Universitat de Barcelona, Barcelona, Spain
b CIBER de Enfermedades Respiratorias, Madrid, Spain
c Institut Investigacions Biomèdiques August Pi Sunyer, Barcelona,

Spain
d Institut for Bioengineering of Catalonia, The Barcelona Institute of

Science and Technology, Barcelona, Spain
e Department of Child Health, University of Missouri School of

Medicine, Columbia, MO 65201, USA

f Sleep Lab, Hospital Clínic-Universitat de  Barcelona, Barcelona, Spain

∗ Corresponding author.

E-mail address: rfarre@ub.edu (R. Farré).

https://doi.org/10.1016/j.arbres.2019.03.017

0300-2896/

© 2019 SEPAR. Published by Elsevier España, S.L.U. All  rights reserved.

Six-minute walk tests and the secret races�

Prueba de marcha de 6  minutos y las carreras secretas

Dear Editor:

Humans are competitive by  nature. They compete for food, for

shelter, for well-being. Sometimes they even compete for abstract

notions. Yet, are sports a  staple of life?

Many of us compete daily in what the Argentine writer Ale-

jandro Dolina called “secret races”1: “What you do is, you choose

someone in the street who is walking at a sprightly pace, and you

try to catch up with them, before they reach a  certain point. Run-

ning is strictly forbidden”, says Dolina in  his rules. Who  has never

thought “I’m going to overtake the person with the red bag before

they reach the corner”? The problems start when the tacit competi-

tor realizes what is  up  and speeds up, a situation that can result in

epic urban contests.

This behavior is inherent to human nature. Possibly with this in

mind, the first consensus on the 6-minute walk test stated specifi-

cally that the patient should not be accompanied.2 Surprisingly, the

most recent ERS/ATS consensus specifies that the “assessor should

not “pace” the patient during the test, but should walk behind

such that measures (.  . .)  can be recorded without influencing the

patient’s movement.”3

The standardization of tests should seek to eliminate all bias,

and if it cannot be avoided, it should at least be mentioned in the

final report. Should the physical characteristics of the assessor who

conducted the test be included in the report? Will the distance

and speed walked be the same if the patient is  followed or not fol-

lowed by a certain person? Will it be the same if the person doing

the following is a burly nurse 2 meters tall and weighing 120 kg

or a slender technician weighing 50 kg? And what will happen if

the assessor has an unfriendly manner or if  their voice does not

command respect?

All guidelines, even the most recent, emphasize that the 6-

minute walk test should be performed at the patient’s own  pace

(self-paced), and that the main variable is  the distance walked,

measured in absolute values. A  valid reason for accompanying the

patient may  be if the patient is  thought to  be in  danger of falling,

� Please cite this article as:  Arce SC. Prueba de marcha de 6 minutos y las carreras

secretas. Arch Bronconeumol. 2019;55:606.

in  which case the assessor should re-consider whether the patient

should perform the test at all.

Another possible reason is the need  to carry a  bulky oximeter

(weight >  1 kg), but in this case, setting a  secondary objective (min-

imum SpO2)  would skew the outcome of the primary objective

(walking distance), a  situation that is methodologically inappro-

priate.

Finally, patients with permanent oxygen therapy might not be

able to carry their own  source of oxygen, and this should be  trans-

ported by the assessor. In  this case, it would be  more reasonable

for the oxygen supply to  be carried by someone who habitually

accompanies the patient on their outings (family, physical thera-

pist, helper). The patient’s pace might not coincide with that  of the

assessor, and this would weaken the correlation of the test with

their activities of daily living. In this case, the accompanying per-

son must be identified, and attempts must be made to ensure that

the same person participates in  subsequent tests.
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