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Abstract

Purpose:  Evidence  supporting  the  utilization  of  surface  EMG  (sEMG)  of  extra-diaphragmatic

muscles  for  monitoring  of  mechanical  ventilation  (MV)  assistance  is unclear.  The  purpose  of  this

review was  to  assess  the  quality  of  literature  available  on using  extra-diaphragmatic  sEMG  as

an assessment  technique  of  respiratory  responses  during  MV.

Methods:  Studies  using  sEMG  of  extra-diaphragmatic  respiratory  muscles  during  MV  were

selected by  two  independent  researchers  after  performing  a  database  search  of  PubMed,

CINAHL, GOOGLE  SCHOLAR.  Exclusion  criteria  were  studies  of  patients  with  neuromuscular  dis-

orders, receiving  neuromuscular  blocking  agents,  receiving  non-invasive  MV,  using  needle  EMG,

and studies  written  in languages  other  than  English.  Quality  of identified  studies  was  assessed

with the  Quality  Assessment  of  Diagnostic  Accuracy  Studies  (QUADAS-2).  This  study  is  registered

with PROSPERO,  number  (CRD42018081341).

Abbreviations: ASV, Adaptive Support Ventilation; Edi, Electrical activity of the diaphragm; EMG, Electromyography; EMGMAX,  Maximum

electrical activity; EMGMEAN, Mean electrical activity; EMGMIN,  EMG activity in one minute; EMGTi,  Duration of  electrical activity; sEMG,

Surface electromyography; ICU, Intensive Care Unit; MV, Mechanical ventilation; NAVA, Neural Assisted Ventilation; NRD, Neuro-respiratory

drive; P0.1, Occlusion pressure at 1 milliseconds; Pdi, Trans-diaphragmatic pressure; Pes,  Esophageal pressure; PETCO2
, End tidal CO2;  PRISMA-

DTA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses of Diagnostic Test Accuracy; PSV, Pressure Support Ventilation;

PTP, Pressure-time product; QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies; SCM, Sternocleidomastoid; SIMV, Synchronized

Intermittent Mandatory Ventilation; TIe, Mechanical duration of inspiratory effort; VAS, Visual Analog Scale; V̇E,  Minute ventilation; WOB,

Work of Breathing.
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Results:  596  references  were  identified.  Of  the identified  studies,  7  studies  were  included  in  the

review. Findings  demonstrate  that  sEMG  of  extra-diaphragmatic  muscle  activity  is a  valid  and

applicable  tool  to  evaluate  mechanical  loading/unloading  of  respiratory  muscles  and  respiratory

drive or  sensation.  However,  the  quality  of  literature  supporting  sEMG  as  monitoring  tool of

respiratory  responses  were  characterized  by  a  high  and  unclear  risk  of  bias.

Conclusions:  Although  it  appears  to  be a  valid  and  applicable  tool,  there  is a  scarcity  of litera-

ture that  directly  demonstrates  the diagnostic  accuracy  of  sEMG  of  extra-diaphragmatic  muscles

in monitoring  respiratory  mechanics  and  respiratory  drive  or  sensation  during  MV  assistance

across wide  populations  and  conditions.

©  2020  Published  by  Elsevier  España,  S.L.U.  on behalf  of  Sociedade  Portuguesa  de  Pneumologia.

This is an  open  access  article  under  the  CC BY-NC-ND  license  (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Although  mechanical  ventilation  (MV)  is an  essential  life-

saving  therapy,  it may  result  in a  rapid  diaphragmatic

weakness  due  to  its  reduced  activity.1 Diaphragmatic  dis-

use  atrophy  and protein  proteolysis  can  occur  rapidly  during

MV,  resulting  in a  progressive  diaphragmatic  dysfunction.1,2

Hence,  tailoring  MV  assistance  to  the patients’  needs  is

an  important  objective  to maintain  adequate  diaphrag-

matic  function  and,  thus,  accelerating  the  MV liberation

process.3,4 This  objective  increases  the  need  for  rigorous

assessment  of  patient-ventilator  interaction.5

Increased  work  of  breathing  (WOB)  is  manifested  by

the  use  of  respiratory  extra-diaphragmatic  muscles  (e.g.,

external  intercostal,  parasternal  intercostal,  sternocleido-

mastoid,  scalene)  to  compensate  for the overload  imposed

on  diaphragmatic  capacity.6---10 This  sign  becomes  prominent

as  neuro-respiratory  drive  (NRD)  increases  in  patients  dur-

ing  MV  liberation  failure.10---12 In other  words,  the increased

activation  of  respiratory  extra-diaphragmatic  muscles  is

an  attempt  to achieve  balance  between  mechanical  load

(demand)  and  respiratory  muscle  capacity  (supply).13

NRD  can  be  evaluated  invasively  via  an esophageal  EMG

catheter  placed  at  the level  of  the diaphragm14; this tech-

nique  is  associated  with  technical  complexity  and potential

risks.15,16 In contrast,  the use  of  surface  EMG  (sEMG)  of  extra-

diaphragmatic  muscles  is another  method  for  assessing  NRD

which  has  been  introduced  as  a  promising  assessment  tool

to  evaluate  respiratory  loading/unloading  and  respiratory

sensation  during  MV.17---19

The  rationale  behind  using sEMG  stems  from  its  non-

invasiveness  and  easy  practical  use.20,21 These  advantages

are  highlighted,  as  patients  in  the intensive  care  unit

(ICU)  are  vulnerable  to  infections  and at an increased  risk

of  complications.16,22 In addition,  the  activation  of  extra-

diaphragmatic  muscles  when  ventilatory  demand  outweighs

ventilatory  capacity  makes  these  muscles  a practical  choice

for  the  detection  of  increased  loading  and neural  drive.17

Also,  the  diaphragm  moves  significantly  during  inspiration,

making  it  difficult  to  obtain  accurate  EMG  signal  from

surface  electrodes,  whereas  this  is  not an issue  for  extra-

diaphragmatic  muscles.23

Although  sEMG  has  been  used to  detect  clinical  deteri-

oration,  inspiratory  muscle  fatigue, and  respiratory  muscle

endurance,24,25 the  quality  of  evidence  supporting  its utiliza-

tion  with  extra-diaphragmatic  muscles  during  MV  assistance

is  unclear.  Therefore,  the aim  of  this  non-comparative  sys-

tematic  review  is to  assess  the  evidence  supporting  the

use  of  extra-diaphragmatic  sEMG  to  evaluate  respiratory

responses  during  MV assistance.

Methods

Given  the  novelty of  using  sEMG  to  assess  respiratory

mechanics  with  patients  receiving  MV,  the database  search

was  performed  with  no  date  restrictions  (last  search  was

completed  October  2019).  This  review  was  prospectively

registered  with  PROSPERO  (CRD42018081341).  A  medical

librarian  was  consulted  and  helped  select  appropriate

databases  and search  terms.  A comprehensive  search  was

performed  using  the  following  databases:  PubMed,  CINAHL,

and  GOOGLE  SCHOLAR.  For  example,  in PubMed,  the  search

strategy  resulted  in the following  string:  ‘‘(respiratory  mus-

cles  OR  inspiratory  muscles  OR  accessory  muscles  OR  scalene

OR  sternocleidomastoid  OR  parasternal  OR  intercostal)  AND

(electromyography  OR  EMG)  AND  (mechanical  ventilation  OR

artificial  respiration)  AND  (muscle  activity  OR  respiratory

mechanics  OR  evaluation  OR  assessment).’’  Medical  Subject

Headings (MeSH) were  used  to  facilitate  records  identifica-

tion.  The  same  search  terms  were  used in all  databases,

respecting  the differences  in search  strategy  for  each one.

The  inclusion  criteria  were  (1)  studies  using  sEMG  (2)

of  extra-diaphragmatic  muscles  (3)  during  invasive  MV,  (4)

in  adolescent  and  adult  patients  (≥13 years  old).  Studies

were  excluded  based  on  the following  exclusion  criteria:  (1)

patients  with  neuromuscular  disorders,  (2)  patients  receiv-

ing  neuromuscular  blocking  agents,  (3)  use  of  needle  EMG,

and (4)  studies  written  in  languages  other  than  English.

Following  the  comprehensive  search  of databases,  two

independent  reviewers  screened  titles  and abstracts  accord-

ing  to  the inclusion  criteria.  Then, the selected  studies  went

through  full  text screening  to  determine  their  eligibility  for

the  review  and  therefore,  data  extraction.  The  studies  were

selected  based on  the consensus  of  the  two  reviewers  (HYA

and  JDL);  there  were no  disagreements  necessitating  a  third

reviewer.  The  main  results  of  each of  the selected  articles

were  summarized  and  tabulated.  Methodological  quality  of

selected  studies  was  assessed  with  the Quality  Assessment

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


380  H.Y.  AbuNurah  et al.

Records identified

(n = 596)

Records screened

by title and abstract

(n = 499)

97 duplicates removed

484 irrelevant studies excluded

Full-text articles

assessed for

eligibility

(n= 15)

Total records

analyzed

(n = 7)In
c
lu

d
e

d
E

lig
ib

ili
ty

S
c
re

e
n

in
g

Id
e

n
ti
fi
c
a

ti
o

n

8 studies excluded:

• Not sEMG of accessory

muscles (n = 5)

• Not on invasive mechanical

ventilation (n = 2)

• Population under 13 years old

(n = 1)

Figure  1  PRISMA  Flow  Diagram  of  the  Selection  Process  and  The  Study  Search  Results.

of  Diagnostic  Accuracy  Studies  (QUADAS-2)  tool,  which is

recommended  for  use  in systematic  reviews  by  Cochrane

Collaboration.22

Results

The  literature  search  yielded  a total  of  596  studies  which

were  identified  based on their  titles  and  abstracts.  The

final  included  studies  were  defined  by  consensus  of  the

two  reviewers,  and  7 studies  were  included  in  the  present

review  (Fig.  1). The  7 studies  were  written  by  6  different

author  groups.  A  single  group  of  3 researchers  collaborated

on  2  different  studies  that  met  the  inclusion  criteria  of

this  review.17,26 Three  of the  studies  were conducted  in

France,  2  studies  in Switzerland,  1  study in Germany,  and

1  in  Italy.

Heterogeneity  of  the methods  used  in the  included

studies  and results  presented  precluded  our  planned  meta-

analysis.  Hence,  we  described  the studies  qualitatively

according  to  the  first  author and  publication  year, sample

size,  study  design  and population,  type of intervention  or  MV

settings,  index  tests,  reference  tests,  and  target  conditions

or  responses.  A  summary  of  the results  is  described  in the

Table  1 provided  following  the guidelines  of  the Preferred

Reporting  Items  for  Systematic  Reviews  and  Meta-Analyses

of  Diagnostic  Test  Accuracy  (PRISMA-DTA).27

Maximum  EMG  activity  (EMGMAX or  EMGMAX%)  was  a com-

monly  used  parameter  to  assess  muscle  activity  (n  =  5);  this

value  represents  EMG  activity  relative  to the  peak  EMG  sig-

nal  obtained  during  any  inspiratory  effort.17,28---31 EMG  area

under  the  curve  (EMGAUC) was  used in 3  studies17,26,32;  this

is  the  mathematical  integral  of  the  absolute  value  of  raw

EMG  signals,  expressed  as  a  proportion  of  the maximum

value.  Duration  of  EMG  activation  (EMGTi) was  reported  in

1  study  for  SCM.30 EMG  activity  per  minute  (EMG/min),  was

calculated  as  EMGAUC x (total  respiratory  rate).17 Mean  EMG

activity  (EMGMEAN;  average  EMG  activity  during  40  respiratory

cycles),  and  EMGMAX-EMGMIN (EMGMAX-MIN; during  40  respira-

tory  cycles) were  reported  in  1  study.28

Extra-diaphragmatic  muscles  tested  were:  stern-

ocleidomastoid  (SCM)  (n = 4  studies),28,30---32 parasternal

(n  = 3),17,28,29 scalene  (n  =  2),17,26 and  ala-nasi  (n  =  2).17,26 Of

the included  studies,  diaphragmatic  activity  was  assessed

via  invsavie  espohageal  catheter  (Edi) in 4  studies26,28,30,31

and  via sEMG  in 2 studies.28,29

All  of the included  studies  were  prospective  and  used

pressure  support  ventilation  (PSV)  as  a  spontaneous  mode  of

MV  for  weaning,  or  incorporated  PSV with  the  use  of  synchro-

nized  intermittent  mandatory  ventilation  (SIMV;  n  =  2),30,32

adaptive  support  ventilation  (ASV;  n  =  1),32 neurally  adjusted

ventilatory  assist  (NAVA;  n  =  1).26 Study  populations  mainly

included  subjects  with  respiratory  failure  due  to  various

cardiopulmonary  conditions  and/or  prolonged  MV.

sEMG  of extra-diaphragmatic  muscles  and
respiratory conditions

All  studies  used  sEMG  to  detect  respiratory  muscle  respon-

siveness  to  varying  levels  of MV  support,  modes,  or  body

positions.  We  found  that  sEMG  of extra-diaphragmatic

muscles  was  used as  a surrogate  tool  to  monitor  two

main  respiratory  responses  or  target  conditions:  mechani-
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Table  1  Overview  of  sEMG  Index  Tests  and  Its  Assessment  Ability  of  Respiratory  Mechanics  and  Respiratory  Sensation.

Study  (Sample  Size)  &

Population

Intervention  &

Design

Muscle:  EMG

Index  Test

Reference

Standard

Target  Response

Respiratory

Mechanics

(Load-

ing/Unloading)

Respiratory

Sensation

(Dyspnea)

Brochard  et  al.

(1989)

(N  =  8)  subjects

with RF  &  PMV

4  levels  of  MV  support

(PSV  0  -  15  cmH2O),

prospective  cohort

SCM:

EMGMAX

RR,  VT,  VE, Pdi,

Edi,  �Pes  -  �V,

V̇O2
,  &

diaphragm  H/L

frequency  ratio

+  N/A

Imsand et  al.

(1994)

(N  =  5)  subjects

with RF

3  levels  of  MV  support

(During  SIMV-PSV

mode:  Low,  medium

& high),  prospective

cohort

SCM:

EMGMAX  &

EMGTi

RR,  VT, VE, PTP,

Edi,  �Pes  -  �V,

diaphragmatic

EMGTi and  TIe,

& P0.1

+  N/A

Tassaux et  al.

(2002)

(N  =  10)

subjects  with

RF

Equal  levels  of  MV

support  (during

SIMV-PS  &  ASV

modes),  prospective

cohort

SCM:

EMGAUC

RR,  VT,  VE, &

P0.1

+  N/A

Schmidt et  al.

(2013)

(N  =  12)

subjects  with

RF

2  low  &  2  high  levels

0f MV  support  (PSV

6-12 ml/kg),

prospective  cohort

Para,  scalene  &

ala-nasi:

EMGMAX  ,

EMG/min  &

EMGAUC

RR,  Vt,  PVA  &

VAS-dyspnea

+  +

Cecchini et  al.

(2014)

(N  =  12)

subjects  with

RF  &  PMV

7  levels  of  MV  support

(during  PSV  &  NAVA

7-20  cmH2O),

prospective  cohort

Scalene  &

ala-nasi:

EMGAUC

RR,  VT,  Edi  &

PETCO2

+  N/A

Walterspacher

et al.  (2016)

(N  =  9)  subjects

with RF  &  PMV

PCV  &  PSV  at

different  body

position,  prospective

cohort

Para:

EMGMAX

RR,  Borg  scale

&

diaphragmatic

sEMG

N/A  +

Bellani et  al.

(2018)

(N  =  14)

subjects  with

RF

3  levels  MV  support

(during  PSV  changing

by 4  cmH2O),

prospective  cohort

Para  &  SCM:

EMGMAX,

EMG/min  &

EMGMEAN

Pmus,  Edi  &

diaphragmatic

sEMG

N/A  N/A

N/A, data not available, +  responsive; PSV, pressure support ventilation; SIMV,  synchronized intermittent mandatory ventilation; ASV,

adaptive synchronized ventilation; NAVA, neurally adjusted ventilatory assist; PCV, pressure control ventilation; COPD, chronic obstructive

pulmonary disease; RF, respiratory failure; PMV, prolonged mechanical ventilation; SCM, sternocleidomastoid; para, parasternal; EMGMAX,

maximum EMG activity; EMGAUC,  EMG area under the curve; EMG/min, EMG activity per minute; EMGMIN, minimum EMG activity; EMGMEAN,

mean EMG activity; EMGMAX-MIN,  maximum-minimum EMG activity; Pdi, trans-diaphragmatic pressure; Edi, electrical activity of  the

diaphragm; RR, respiratory rate; VT, tidal volume; V̇E,minute ventilation; V̇O2
, oxygen uptake; P0.1, occlusion pressure at  1 milliseconds;

PTP, pressure time product; �Pes ---�V, esophageal pressure --- volume curve; EMGTi,  duration of electrical activity; TIe mechanical

duration of inspiratory effort; H/L, high/low; VAS, visual analogue scale; PVA, patient-ventilator asynchrony; Pmus, inspiratory muscle

pressure; PETCO2
, end tidal carbon dioxide.

cal  loading/unloading  of  respiratory  muscles  and respiratory

sensation  or  dyspnea.

Data  showed  that  extra-diaphragmatic  muscle  activity

was  responsive  to  mechanical  loading/unloading  and/or

respiratory  sensation  during  MV  assistance  (Table  1). Physi-

ological  measurements  referenced  to  the response  of  sEMG

activity  that  may  reflect  mechanical  loading/unloading  of

respiratory  muscles  include:  respiratory  rate  (RR),  tidal

volume  (VT), minute  ventilation  (V̇E),  oxygen consumption

(V̇O2
), WOB  (quantified  by  esophageal  pressure  (Pes)  plot-

ted  against  volume (V)  during  active  and passive  breathing),

end-tidal  CO2 (PETCO2
), diaphragmatic  activity  measured  via

Edi,  diaphragmatic  activity  measured  with  sEMG,  high/low

diaphragmatic  EMG  frequency  ratio (to  detect  diaphrag-

matic  fatigue),  pressure-time  product  (PTP)  (calculated  by

(Pes) plotted  against  Time  (T)),  and trans-diaphragmatic

pressure  (Pdi)  (calculated  by  gastric  pressure  ---  Pes),

mechanical  duration  of  inspiratory  effort  (TIe) and  EMG  dura-

tion  (EMGTi)  of  the diaphragm.  Physiological  measurements

referenced  to sEMG  in monitoring  respiratory  sensation

include:  visual  analog  scale  (VAS)  and Borg  scale.
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Broc ha rd 19 89 �� �� � ☺☺ ☺☺ ☺☺ ☺☺

Imsand 1994 �� �� � ☺☺ ☺☺ ☺☺ ☺☺

Tassau x 200 2 ☺☺ �� � ☺☺ ☺☺ ☺☺ ☺☺

Schmidt 20 1 3 �� �� � �� ☺☺ ☺☺ ☺☺

Cecc hini 201 4 �� �� � �� ☺☺ ☺☺ ☺☺

Waltepa che r 201 6 ☺☺ �� � �� ☺☺ ☺☺ ��

Bellan i 201 8 �� �� � ☺☺ ☺☺ � ☺☺

High risk or con cern    �� ; Lo w risk  or con cern    ☺☺ ; un clea r risk or con cern  �

Figure  2  Quality  Assessment  of  Risk  of  Bias  &  Applicability  Concerns.

Mechanical  loading/unloading  of respiratory
muscles

We  evaluated  the response  of  sEMG  activity  in  each  study

and  determined  its  responsiveness  to  of  MV assistance  based

on  changing  ventilatory,  mechanical,  and  neural  output

(increase,  decrease,  or  no change).  Of  note,  most  of  the

studies  did  not  report  statistical  correlation  between  sEMG

and  reference  tests.

Activity  of  SCM,31,32 parasternal,17 scalene,17,26 and  ala-

nasi,17,26 muscles  were  responsive  to  the level of  MV

assistance  reflected  by  the  loading/unloading  of  respira-

tory  muscles  and its effect  on  RR, VT,17,26,31,32 V̇E,  WOB

(�Pes  -�V),31 Pdi,  Edi,  H/L ratio  of  diaphragmatic  EMG

activity,31 PETCO2
,26 P0.1,32 and  the  prevalence  of ineffective

triggering  effort.17 One  study  showed  that  sEMG  activity  of

extra-diaphragmatic  muscles  was  directly  correlated  with

Edi  (r  =  0.49  to  0.71,  p < 0.0001).26

SCM  activity  was  similar  between  spontaneous  and

mandatory  breaths  during  SIMV  +  PSV  mode  in one study,

which  was  validated  by  constant  WOB, V̇E,  PTP and TIe,

P0.1,  EMGTi.
30 In contrast,  while  SCM  activity  matched  cons-

tant  ventilatory  output  during  spontaneous  and  controlled

breaths,  its  response  was  slow  to the  changes  in  ventila-

tory  output  across  MV  levels  of  assistance  during  PSV  +  SIMV

mode.30 However,  the aggregate  value  for  both  SCM  and Edi

activity  was responsive  to  change  in  WOB  during high  lev-

els  of  MV  assistance  (sEMG  activity  decreased  as  MV support

increased).30

Respiratory  sensation

Only  two  of  the  seven  included  studies  assessed  respiratory

sensation  in which  extra-diaphragmatic  muscle  activity  was

responsive  to  the  level  of  dyspnea.17,29 In one study,  dyspnea

was  evaluated  using  VAS,  which was  directly  correlated  with

EMGAUC and EMGMAX of  parasternal,  ala-nasi,  and  scalene

muscles  activity  (r = 0.72  to  0.98,  p  <  0.0001).5 The  other

study  found  that  neither  parasternal  activity  nor  dyspnea

level,  measured  using  Borg  scale  changed  with  varying  body

positions,  indicating  a  matched  response  between  dyspnea

and  parasternal  EMG  measurements.29

Quality  assessment

The QUADAS-2  tool  was  used  to  assess  the quality  of the

included  studies  in terms  of  risk  of  bias  and  applicability  con-

cerns.  Risk  of  bias  was  high  in all  7 studies  for the ‘‘index

test,’’  5  studies  for  ‘‘patient  selection,’’  3  for  ‘‘flow  and

timing,’’  and  the  risk  was  unclear  in all studies  for the

‘‘reference  standard.’’  Regarding  applicability  concerns,  1

study  had  unclear  risk  for  the  ‘‘index  test’’,  1  study  had high

concern  for the  ‘‘reference  standard’’,  and  all  studies  had

low concern  for  ‘‘patient  selection’’  (Fig.  2).

Discussion

This  review  was  conducted  to evaluate  the  quality  of

evidence  available  on  using  sEMG  of extra-diaphragmatic

muscles  to  assess  respiratory  responses  during  MV  assis-

tance.  Data  show  that  sEMG  of  extra-diaphragmatic  muscles

is  regarded  as  a  valid  and  applicable  tool  for  assessing

changes  in mechanical  loading/unloading  of respiratory

muscles  and respiratory  sensation  during  MV  assistance.

We  found that  the response  of extra-diaphragmatic  mus-

cle  activity  measured  via  sEMG  matched  at least one of

the respiratory  responses  summarized  in  this  review  (i.e.,

respiratory  mechanical  loading/unloading  or  respiratory
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sensation)  in  all  studies  except  for  one  study,  which  did

not  report  sufficient  data  of  extra-diaphragmatic  muscles

responses  in their  results.28 However,  the  included  studies

lack  the  evidence  of sEMG  accuracy  in assessing  MV clinical

outcomes  (i.e.,  respiratory  failure,  MV liberation  readiness,

or  success/failure).  This  is  partly  because  these  studies  did

not  primarily  use  sEMG  to  determine  its  diagnostic  accuracy

and  only  used  it as  a research  tool  to  show the effectiveness

of  various  MV  interventions.

The matching  response  of  extra-diaphragmatic  sEMG

activity  with  the ventilatory  output  is  due  to  the  activation

of  these  muscles  as  a  compensatory  response  for increased

ventilatory  load  and  NRD,  which are  associated  with  weak

diaphragm  or  under-assistance  in patients  with  MV.11,17,31

During  the  early  phase  of  a failed  MV  liberation  trial,

patients  display  an increased  mechanical  load  compared

with  those  who  had  successful  trial.10 Extra-diaphragmatic

muscle  activity  is  increased  to  offset  the declining  ventila-

tory  function,11 which  can  explain  the  strong  relationship

between  dyspnea  and  EMG  activity  of extra-diaphragmatic

muscles  in  one  of the included  studies  in this  review.17

In  light  of  this  review’s  findings,  the response  of  sEMG

of  extra-diaphragmatic  muscle activation  to  MV  assistance

should  be  interpreted  with  caution.  The  mode of  MV  can

be  a  confounding  factor  that  interferes  with  the  mechani-

cal  or  neural  output.  For  example,  in  one study  the use  of

V̇E was  a  weak  parameter  as  a  reference  standard  during

ASV  mode  because  it is  pre-set  to  deliver  a  constant  level

of  MV  assistance.32 Similarly,  inspiratory  neuromuscular  out-

put  is  pre-programmed  for  a  given  level of  assistance  and not

based  on  a  breath-by-breath  basis  during  SIMV  mode.30 This

explains  the  slow  response  of  ventilatory  parameters  and

SCM  re-programming  after  a sustained  change  in  ventilatory

load  in  one  study.30 In  addition,  ventilatory  compensation

can  be  achieved  by  both  RR  and  VT to  reach  a  constant V̇E

with  the  changing  level  of  MV  assistance.17,30,32 One  study

reported  an  increase  in RR  but  did  not  report  VT,29 giv-

ing  an  incomplete  picture  of  ventilatory  output,  since  it

could  be  interpreted  as  shallow  breathing  and  not  increased

ventilatory  efficiency  as  the study  implies.  Hence,  extra-

diaphragmatic  sEMG  activity  should be  considered  with  the

reporting  of  both  RR  and VT collectively  as  reference  stan-

dards.  Finally,  posture  should  be  taken  into  account as  it can

influence  respiratory  muscle  activation.33 Sitting  position

compared  to  supine  and  semi-recumbent  positions  reduced

NRD  to the  diaphragm  and  not  the parasternal  muscle or

dyspnea  level  during  MV liberation  trial.29 Similarly,  sitting

position  was  found to  require  less  activation  of  diaphragm

and  intercostal  muscles  compared  to  supine  position  with  no

effect  on ventilatory  output.34

The  high  risk  of  bias  reported  for  patient  selection  is

mainly  related  to  the design  of  the studies  in which random

sampling  was  not performed  or  not  reported  (n  =  4)17,26,30,31

and  for  the exclusion  of  patients  with  COPD  (n  =  1).28 The

high  risk  of  bias  found  in all  of  the studies  for the ‘‘index

test’’  is  due  to  the fact  that  these  studies  did  not use  blind-

ing  of  the  researcher  to the  reference  standards.  This  means

that  sEMG  was  interpreted  with  the  prior  knowledge  of the

reference  standard  results,  which mainly  represent  instanta-

neous  changes  in  ventilatory  output  during MV. Likewise,  not

blinding  the  researcher  to  the index test  affected  the  qual-

ity  of  evidence  for  the  ‘‘reference  standards.’’  However,

sEMG  results  often  take  time  for processing  which  makes

them  less  likely  to  generate  bias in the instant  results  of  the

reference  standards  (ventilatory  output).  Hence, in  addition

to the lack  of  reporting  of  blinding,  we  evaluated  the risk

of bias  for  the reference  standards  to  be unclear  in all  the

studies.

High  risk  of  bias  for  flow  and timing  in three  studies

was  due  to  the exclusion  of  a total  of  4 patients  from

the  analysis  in two  studies  due  to  the inability  to  record

scalene  sEMG17,26 and  one  patient  for  the  inability  of  mea-

suring  maximum  inspiratory  pressure  (MIP).29 Generally,

there  were few  applicability  concerns  as  the  included  stud-

ies  matched  most  of  the  quality  questions.  The  only high

applicability  concern  was  regarding  the reference  standard

due  to  the incomplete  information  reported  on  respira-

tory  mechanics  in  one  study.29 Also,  unclear  applicability

concern  of  the index  test  was  found  in one  study  for  the

lack  of  sufficient  reporting  of  sEMG  of extra-diaphragmatic

muscles.28

This  review  is  limited  by  couple  of  factors  that  affect  the

quality  of  evidence  of  using  sEMG  of  extra-diaphragmatic

muscles  as  an  assessment  tool  of  respiratory  responses  dur-

ing  MV.  The  included  studies  had small sample  sizes  and,

thus,  the evidence  of  usefulness  of  this tool  across  a  broad

population  of patients  on  MV is  limited.  Additionally,  there  is

a  lack  of  a  systematic  and  well-designed  approach  for  assess-

ing sEMG  diagnostic  performance,  which  mainly  includes:

random  sampling  of  patients,  blinding  to  index  test and  refe-

rence  standards,  and the use  of  gold  standard  reference

tests  for  assessing  MV  outcomes  (i.e.,  rapid  shallow  breath-

ing  index  (RSBI)  and  MIP).

Future  directions:  The  findings  of this  review  may  stim-

ulate  further  research  to test  the  accuracy  of sEMG  as  a

clinical  diagnostic  technique,  which  might  help  in the  deci-

sion  making  of  MV  liberation.  Further  studies  addressing

its diagnostic  accuracy  should  aim  to  examine  its  perfor-

mance  in predicting  MV  outcomes  such  as  MV  liberation

success/failure.  Additionally,  studies  should investigate  its

cost  and  complexity  in comparison  with  other  standard

methods  of  MV monitoring  used  in the critical  care  set-

tings.

Conclusion

The  use  of  sEMG  of  extra-diaphragmatic  muscles  appears  to

be  a valid  monitoring  tool  with  low applicability  concerns

for  assessing  respiratory  mechanical  loading/unloading  and

respiratory  sensation  during MV.  However,  high  risk  of  bias

was  associated  with  the identified  studies  in introducing

this  technique  as  an  assessment  tool.  This  quality  flaw was

mainly  attributed  to the  fact  that these  studies  were  not

primarily  designed  to  evaluate  sEMG  diagnostic  accuracy  of

MV  monitoring.
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