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Descriptive Study of the Effect of Methodology

in the Measurement of Sniff Nasal Inspiratory

Pressure (SNIP) in a  Healthy Population�

Estudio descriptivo sobre la influencia de la metodología en la
medición de la fuerza inspiratoria máxima en nariz (SNIP) en
población sana

To the Editor,

Inspiratory muscle dysfunction is associated with many

diseases,1–4 and leads to a  loss of quality of life and a  worse prog-

nosis for patients.5–8 In clinical practice, several tests are used to

quantify inspiratory muscle function.1 Current recommendations

advise measuring muscle strength during maximum inspiration

at the mouth (maximum inspiratory pressure [MIP]) and the nose

(sniff nasal inspiratory pressure [SNIP]).1,2,9 The methodology for

determining MIP  is well defined,1 but methodological variations

appear in the maneuver for determining SNIP. One of the variations

is the lung volume from which point the maximum inspiratory

force maneuver is initiated. Some authors perform it from func-

tional residual capacity (FRC),1,2,9,10 while others do  it from residual

volume (RV).11,12 There are  also methodological differences with

respect to leaving the contralateral nostril open or  occluding it.9–11

The aim of this study, then, was to analyze the effect of 3 dif-

ferent methodological factors (occlusion/opening of the opposite

nostril, lung volume from which the maneuver is  performed, and

graphical incentive) on SNIP values.

This was a cross-sectional, blinded study in  healthy volunteers

(health workers). The study was conducted with the approval of the

ethics committee of the hospital, and all subjects signed informed

consent. Individuals with symptoms of nasal obstruction or his-

tory of smoking, any chronic drug use, and alterations in forced

spirometry were excluded. SNIP was measured with the subject

seated and using a  modified device inserted into the nostril and

connected to a pressure gauge (TSD 104, Biopac Systems, Goleta,

CA, USA), the signal of which was recorded by  a  digital polygraph

(Biopac Systems).12 Ten SNIP measurements were made with each

of the methodological variants, and the best value was  selected.10

First, the influence of opening or occlusion of the nostril contralat-

eral  to the one being measured was studied. The influence of the

expiratory lung volume from which the maneuver was performed

was then studied, first from RV and then from FRC. Finally, the influ-

ence of the graphical incentive was studied, first without and then

with visual stimulus (graphics on the computer screen). Each sub-

ject performed the same complete assessment twice at intervals

of 24 h between each procedure. Results are presented as mean

value±standard deviation. Variables were compared using the Stu-
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dent’s t test. Data were analyzed using SPSS version 25.0 (IBM,

Armonk, NY, USA), setting statistical significance at a  P  value ≤.05.

A  total of 35 volunteers (24 women/11 men), aged 28±11 years,

were included, giving 70 assessments overall. The effect on SNIP

values of the 3 methodological factors analyzed is shown in  Table 1.

SNIP performed with occlusion of the contralateral nostril produced

better values than those performed with the opposite nostril open

(P=.01). There were no statistically significant differences between

SNIPs performed from FRC or RV (P=.1). SNIP performed with visual

stimulus showed better values than SNIP performed without visual

stimulus (P=.04).

This study shows that, in healthy subjects, some of the varia-

tions in  the SNIP maneuver technique influence the values obtained

and therefore would not  provide a  true picture of the strength of

the inspiratory muscles. SNIP normal values have been defined by

performing inspiration from FRC, without occlusion of the con-

tralateral nostril or graphical incentive.9

Some authors, mainly when assessing patients with neuro-

muscular diseases, perform SNIP measurements by beginning the

maneuver from RV.11,12 We did not  find that  this alternative SNIP

maneuver influenced SNIP values. However, the ease of  performing

the forced inspiratory maneuver when starting from FRC or from

RV should also be evaluated. Although this was not assessed in  our

study, logically the maneuver would be easier to  perform from FRC.

Another of the methodological modifications is  occlusion of  the

nostril contralateral to the one in which SNIP is  measured.10,11

Studies in  patients with neuromuscular diseases have reported that

the determination of SNIP with the opposite nostril occluded pro-

duces higher values.12,13 Indeed, an improvement in  SNIP values

when performed with the occlusion of the other nostril was also

detected in our study. This improvement in SNIP values in  patients

with neuromuscular diseases following occlusion of the opposite

nostril might fail to correctly show the strength of the inspiratory

muscles,12,13 which is a  prognostic factor for these patients.3

Finally, in  some pulmonary function tests, mainly spirometry,

graphical incentives have been used for several years to facilitate

the performance of the maneuver.14 The use of graphical incen-

tives impacts on SNIP by helping the subject achieve higher values.

Therefore, use of this methodological modification during the mea-

surement of SNIP should be reported.

Table 1

Description of the Variation in SNIP Values Based on  the 3 Factors in Healthy

Subjects.

SNIP, cmH2O Expiration to residual

volume

Expiration to

functional residual

capacity

P

95±25 91±23 n.s.

Open nostril Closed nostril P

83±15 90±19 **

No graphical incentive Graphical incentive P

83±22 91±24 *

n.s.: not significant; SNIP: nasal pressure during maximum inhalation.
* P<.05.

** P<.01.

https://doi.org/
http://www.archbronconeumol.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arbr.2019.12.005&domain=pdf
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0115
http://www.ginasthma.org/
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0130
http://www.gemasma.com/
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0140
mailto:mpausin@psmar.cat
https://doi.org/10.1016/j.arbr.2019.12.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arbr.2019.12.004&domain=pdf
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0015
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30090-2/sbref0075
mailto:saulojfg@gmail.com
https://doi.org/10.1016/j.arbr.2019.12.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arbr.2019.12.005&domain=pdf


Scientific Letter /  Arch Bronconeumol. 2020;56(6):395–408 399

In conclusion, changes in  the methodology of measuring the

strength of inspiratory muscles by SNIP have an effect on the values

obtained. Therefore, the values obtained using these variations in

the  accepted methodology would not correctly reflect the strength

of the inspiratory muscles, causing problems for patient control.

The SNIP measurement should be systematic, standardized, and

as described, and if modifications are introduced, normal values

should be found.
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Foreign Body in the Airways. A Clinical Case and

Review of the Literature�

Cuerpo extraño en vía  aérea. Caso clínico y revisión de la
literatura

To the Editor,

Tracheostomy is a  procedure performed in  several areas of

medicine such as difficult weaning or laryngeal cancer. It  is a

safe process, although early complications can include obstruc-

tion of the tracheostomy tube, hemorrhage and pneumothorax,

while late complications include granuloma formation, secondary

stenosis, and tracheoesophageal fistula formation.1 In this clini-

cal case report, we describe a  very late and unusual complication

involving breakage and aspiration of a  tracheostomy tube. We  also

include a literature review and recommendations for tracheostomy

care.

Our patient was a 68-year-old man, former smoker with sig-

nificant tobacco use, consumption of 3 liters of beer/day, multiple

traumas including fractures of the olecranon, tibia and fibula,

multiple ribs, etc., poorly differentiated squamous carcinoma of

� Please cite this  article as: Revuelta-Salgado F, García-Luján R, Pina-Maiquez I,

Margallo-Iribarnegaray J, Verdejo-Gómez MA,  de Miguel-Campo B, et  al. Cuerpo

extraño en vía aérea. Caso clínico y revisión de  la literatura. Arch Bronconeumol.

2020;56:399–401.

the  larynx, for which total laryngectomy and bilateral node dis-

section was performed, with subsequent tracheostomy at the

age of 54, and probable COPD unconfirmed by respiratory func-

tion tests, with multiple exacerbations starting in  November

2017.

He was  admitted to the internal medicine department for a

new episode of exacerbation and possible osteomyelitis of  the first

right toe, due to a  cutaneous superinfection. An interdepartmental

consultation with the pulmonology unit was  requested to assess

the possibility of performing an MRI  with a  bronchial prosthesis.

We evaluated the patient, who was conscious during the exam-

ination, showing no  work of breathing or stridor. His vital signs

were normal, and his tracheostoma had a  good appearance. We

observed a normally positioned silver cannula in perfect condi-

tion, which the patient reported to  be the second pair, since he

had lost the first. No wheezing or hypophonesis was auscultated

in  pulmonary fields. The chest X-ray performed on admission was

reviewed, and a  radiopaque foreign body intubating the right main

bronchus was  observed (Fig.  1A). This foreign body could be seen

in  X-rays from at least 2 years previously, coinciding with the time

that the patient began to present more frequent exacerbations,

and changes in the location of the tube over time were also seen

(Fig.  1A).

Knowing that the foreign body was  not a bronchial prosthesis, a

flexible bronchoscopy was performed in the respiratory endoscopy
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