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ABSTRACT
Background  Clinical and research utility of non-cardiac 
ultrasound (US) in chronic obstructive pulmonary disease 
(COPD) has been widely investigated. However, there is 
no systematic review assessing the clinical values of non-
cardiac US techniques in COPD.
Methods  We systematically searched electronic 
databases from inception to 24 June 2020. Two 
independent reviewers in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines extracted data. A narrative synthesis 
of the results was conducted considering non-cardiac US 
techniques that looked for diaphragm, muscles and bones 
in patients with COPD.
Results  In total, 2573 abstracts were screened, and 
94 full-text papers were reviewed. A total of 54 studies 
met the inclusion criteria. Thirty-five studies assessed 
the diaphragm, while 19 studies evaluated different 
muscles, including limb muscles and pulmonary lesions 
in COPD using US. Of the 54 included studies, 30% 
(16/54) evaluated the changes in either limb muscles 
or diaphragmatic features before and after physical 
interventions; 67% (36/54) assessed the correlations 
between sonographic features and COPD severity. Indeed, 
14/15 and 9/13 studies reported a significant reduction 
in diaphragm excursion and thickness in COPD compared 
with healthy subjects, respectively; this was correlated 
significantly with the severity and prognosis of COPD. 
Three studies reported links between diaphragm length 
and COPD, where lower diaphragm length correlated 
with poorer prognosis and outcomes. Quadriceps (rectus 
femoris), ankle dorsiflexor (tibialis anterior) and vastus 
lateralis were the most common muscles in COPD 
assessed by US. More than 70% (12/17) of the studies 
reported a significant reduction in the cross-sectional 
area (CSA) of the rectus femoris, rectus femoris and 
vastus lateralis thickness in COPD compared with healthy 
subjects. Quadriceps CSA and thickness correlated 
positively with COPD prognosis, in which patients with 
reduced quadriceps CSA and thickness have higher risk of 
exacerbation, readmission and death.
Conclusion  US measurements of diaphragm excursion 
and thickness, as well as lower limb muscles strength, 
size and thickness, may provide a safe, portable and 
effective alternative to radiation-based techniques in 
diagnosis and prognosis as well as tracking improvement 
postintervention in patients with COPD.

INTRODUCTION
Chronic obstructive pulmonary disease 
(COPD) is a progressive condition character-
ised by respiratory symptoms and airflow limi-
tation resulting from airways and lung paren-
chyma inflammation usually caused by signifi-
cant exposure to noxious particles and gases.1 
The WHO estimates that more than three 
million people die each year from obstructive 
lung diseases. Globally, COPD is the fourth 
leading cause of death and it is projected to 
be the third leading cause of death by 2030.2 
COPD is commonly associated with inevitable 
multimorbidities linked with frequent read-
missions to hospitals and poor outcomes.3 
While our understanding of COPD continues 
to increase, the contributions of comorbidity, 
such as muscle wasting to clinical outcome, 
remain a major challenge.

Muscle dysfunction is defined as the loss of 
muscle strength and endurance.4 Function-
ally, muscle mass and fibre size play a major 
role in muscle strength. Skeletal muscle 
dysfunction and mass loss are common 
systemic symptoms in individuals with 

Key messages

►► What are the clinical applications and values of non-
cardiac ultrasound (US) measurements in chronic 
obstructive pulmonary disease (COPD)?

►► US measurements of diaphragm excursion and 
thickness, as well as lower limb muscles strength, 
size and thickness, may provide a safe, portable and 
effective alternative to radiation-based techniques 
in diagnosis and prognosis as well as tracking im-
provement postintervention in patients with COPD.

►► This review presents a systematic and in-depth 
overview of the clinical use of non-cardiac US in 
COPD and provides evidence that this technique 
is precise and accurate, serving as a great tool for 
prognosis and in evaluating response to intervention.
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COPD.5 Moreover, skeletal muscle dysfunction in COPD 
is linked with morbidity, mortality, poor quality of life 
and increase hospital admissions.6 However, the variable 
and divergent features of different muscle groups, such 
as the diaphragm, the lower limbs, abdominal and upper 
extremity, imply that the mechanism of this dysfunction 
is non-systemic and need regular monitoring.7

A number of imaging technology tools have been used 
in clinical practice to evaluate skeletal muscle mass; these 
include ultrasound (US), CT, MRI and spectroscopy.8 In 
this context, we focused only on the US tool and its clin-
ical values. In 1942, US technology was first used in the 
diagnosis of brain tumour by Dr Karl Dussik.9 Further-
more, Ikai and Tetsuo conducted a study by using US tech-
nology to measure the cross-sectional area (CSA) of the 
muscle in living human participants.10 Since then, the US 
technology has been widely used in clinical settings for 
diagnosing and assessing different conditions, including 
COPD.11 While the use of CT and MRI in COPD popu-
lation have been explored and described,12 there is no 
dedicated systematic review on the clinical applications 
of US in COPD and its utility to assess COPD severity and 
prognosis. Therefore, this review aimed to describe the 
applications of non-cardiac US and to assess the clinical 
values in patients with COPD.

METHODS
This systematic review was conducted in accordance with 
the Preferred Reporting in Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. We prospectively regis-
tered this review to PROSPERO (registration number 
CRD42020166924). We searched MEDLINE, Embase 
and Scopus from inception date to 4 February 2020. The 
search was updated on 24 June 2020. We used an exten-
sive search strategy developed by a specialised librarian 
for retrieving this type of evidence, which included 
the reference list of eligible papers (see online supple-
mental table S1). All retrieved studies were exported 
into EndNote to remove duplicates. The remaining 
studies were exported to Rayyan software. Two inde-
pendent reviewers performed title, abstracts and full-text 
screening (table 1).

Patient and public involvement statement
There was no involvement of patient and public in this 
paper.

Inclusion and exclusion criteria
Studies examining patients with COPD using US and all 
types of studies were included, with no restrictions. US of 
the cardiac studies were excluded. We excluded studies 
looking at pulmonary conditions other than COPD; 
studies where participants have a primary diagnosis of 
asthma; studies published in any other language other 
than English; non-full text articles; conference abstracts, 
editorial reports, correspondence letters, theses and 
books reviews, or qualitative studies.

Data collection
Two authors (JSA and TO) independently screened 
titles and abstracts of potential studies and conflicts were 
resolved through discussion between the two. Full-text 
articles of potential studies were then independently read 
by two authors (JSA and TO) to identify studies meeting 
the inclusion criteria. The reference lists from all iden-
tified studies and reviews were scrutinised for eligible 
articles. Disagreement on selected papers was resolved 
through discussion with a third author (AA).

Quality assessment
Two authors independently evaluated the methodolog-
ical quality of included cohort studies using a modified 
version of the Newcastle-Ottawa Scale. Cochrane Risk 
of Bias Tool was used to assess randomised studies. Any 
disagreement in the quality assessment was resolved by 
discussion with a third author.

Data synthesis
A narrative synthesis of the results was conducted consid-
ering US techniques that looked for diaphragm, muscles 
including lower limb, parasternal intercostal lateral and 
abdominal muscles and bones in patients with COPD. We 
could not perform meta-analysis due to the heterogeneity 

Table 1  Summary of the outcome measures assessed by US in chronic obstructive pulmonary disease, ordered by the total 
number of studies

Outcome measures assessed by US Studies assessed in this outcome, n (references)

Diaphragm muscles 3513–26 28–32 34–41 43–46 74–76

Quadriceps (rectus femoris) 1039 47–55

Quadriceps (vastus lateralis) 453 57–59

Endobronchial ultrasonography 362–64

Ankle dorsiflexor muscle (tibialis anterior) 254 56

Abdominal muscle 161

Bone mineral density 165

Parasternal intercostal lateral muscle 160

COPD, chronic obstructive pulmonary disease; US, ultrasound.
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among the studies in terms of design, location and 
reported measurements.

RESULTS
An initial search generated 2573 potentially relevant 
papers, of which 1183 were immediately excluded due 
to duplication. After the first screening of titles and 
abstracts, 94 papers were potentially relevant according 
to the inclusion criteria. An additional 40 papers were 
excluded after full-text review, which resulted in 54 
studies that satisfied all criteria. The reference list of the 
relevant papers was also examined (figure  1, PRISMA 
flow diagram). A summary of the included studies is 
presented in table 1 (for details, see online supplemental 
tables 1 and 2). Out of 54 studies, 48 were observational 
and 6 were RCTs. These studies were conducted in 16 
countries across Europe, North and South America, Asia 
and Africa. Thirty-five studies assessed the diaphragm, 
while 20 studies evaluated skeletal and bronchial smooth 
muscles in COPD using US. In general, US has been 
used either to assess the effect of interventions or for 
diagnosis/prognosis in patients with COPD. Of the 54 
included studies, 30% (16/54) evaluated the changes in 
either skeletal muscle or diaphragmatic features because 
of physical intervention; the rest assessed the correlations 
between sonographic features and COPD clinical char-
acteristics. All papers were published between 2000 and 
2019 and included 2373 patients with COPD. Of the 48 
observational studies, 35% (17/48) had high risk of bias, 

while 67% (4/6) of the RCTs had high risk of bias in the 
quality assessment (online supplemental tables 1 and 2). 
Figure  2 summarises the non-cardiac US use in COPD 
and the emerging outcomes of use.

US AND DIAPHRAGM
Diaphragm mobility and length
Of the 35 studies assessing diaphragmatic changes in the 
COPD, 14 studies13–26 reported a significant reduction in 
diaphragm excursion compared with healthy subjects as 
assessed by ultrasonography. However, Jain et al reported 
higher diaphragmatic movement in COPD as opposed to 
other studies.27 Five studies involving physical intervention 
reported significant improvement in diaphragm excursion 
postintervention,14 15 28–30 while three studies reported that 
diaphragm excursion did not improve following interven-
tion.31–33 In addition, three studies reported links between 
diaphragm length and COPD where lower diaphragm 
length correlated with poorer prognosis and outcome.15 34 35 
Overall, clinical intervention targeting diaphragm function 
such as diaphragmatic breathing training programme 
and lung volume reduction surgery resulted in significant 
improvement in lung function.34 36

Figure 1  Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses flowchart.

Figure 2  Use of non-cardiac ultrasound in COPD. 
COPD, chronic obstructive pulmonary disease; CSA, 
cross-sectional area; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; RF, rectus femoris.
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Diaphragm thickness
Nine of the 35 diaphragm studies reported a significant reduc-
tion in US-measured diaphragmatic thickness in patients with 
COPD compared with healthy subjects.17 21 27 37–42 Wasting of 
diaphragm muscle was correlated with COPD severity and 
prognosis where a thinner diaphragm was linked with poorer 
prognosis and higher severity (online supplemental table S2). 
In contrast, Grosu et al reported increased diaphragm thick-
ness in patients with COPD compared with healthy subjects 
at baseline (0.22±0.07 (cm) vs 0.26±0.06 (cm), p=0.03) with 
no significant link between rate of diaphragmatic thinning 
and COPD diagnosis (p=0.36).43 Three studies reported 
no significant difference in diaphragm thickness between 
patients with COPD and healthy subjects.44–46

US ASSESSMENT OF MUSCLES AND BONES
Lower limb muscles
Out of the 14 studies assessing lower limb muscles, 
the most common muscles of the lower limb that have 
been assessed with US in COPD are quadriceps (rectus 
femoris), ankle dorsiflexor (tibialis anterior) and vastus 
lateralis. Features such as CSA (an assessment of the 
overall muscle size), echo intensity (assessment of the 
quality of muscle, whereby high echo intensity equals 
low muscle quality), thickness and strength have been 
assessed for diagnosis, prognosis and interventional 
purposes.

Quadriceps (rectus femoris)
Seven studies reported a significant reduction in the CSA 
of the rectus femoris (RFCSA) in patients with COPD 
compared with healthy subjects.39 47–52 While five studies 
reported a significant reduction of the rectus femoris 
thickness in patients with COPD compared with healthy 
subjects.13 48 51–54 In most cases, the CSA and thickness 
correlated significantly positively with prognosis and 
negatively with exacerbation, readmission and death of 
patients with COPD. Two studies reported a significant 
increase in the muscle echo intensity (poor quality) in 
COPD, which correlated significantly with severity.52 53 
Regarding the strength of rectus femoris, while Ramírez-
Fuentes et al and Maynard-Paquette et al reported a signif-
icant association, work by Seymour et al54 reported no link 
between strength of the quadricep and COPD severity. 
Moreover, the reduction in the thickness and RFCSA was 
reported to be significantly improved by physical inter-
vention (exercise training).55

Ankle dorsiflexor muscle (tibialis anterior)
Three studies assessed tibialis anterior in COPD using 
ultrasonography. Of these, two studies reported a signifi-
cant increase in the muscle echo intensity in patients with 
COPD compared with healthy subjects.52 56 Interestingly, 
they found no significant difference in the CSA of the 
tibialis anterior between patients with COPD and healthy 
subjects. In addition, while Maddocks et al reported a 
reduction in strength of the tibialis anterior, another 

study by Seymour et al54 found no significant difference 
between patients with COPD and healthy subjects.

Quadriceps (vastus lateralis)
Three studies assessed the features of the vastus later-
alis muscle in COPD using US. Two of them reported a 
significant reduction in vastus lateralis muscle thickness, 
strength and quality in patients with COPD compared 
with healthy subjects.57 58 However, following exercise 
training intervention, Alcazar et al59 reported an increase 
in the thickness (+11%) and pennation angle/strength 
(+19%) of the vastus lateralis in patients with COPD.

Parasternal intercostal lateral and abdominal muscle
Wallbridge et al assessed the thickness and echo intensity 
of parasternal intercostal muscle in patients with COPD 
using ultrasonography.60 Parasternal intercostal muscle 
thickness was reported to be significantly correlated with 
lung function (forced expiratory volume in one second 
(FEV1); r=0.33, p<0.05) and quadricep thickness (r=0.32, 
p<0.05) in patients with COPD. Parasternal intercostal 
muscle echo intensity was also reported to be correlated 
with FEV1 (r=0.32, p<0.05).

One of the studies included reported a significant 
reduction in lateral abdominal muscle thickness in 
COPD compared with healthy control (10.2%±4.4% vs 
20.7±5.4%, respectively; p<0.05). Interestingly, thick-
ness was not correlated with lung spirometry (FEV1) in 
patients with COPD and healthy control.61

Bronchial wall features and bone mineral density (BMD)
Górka et al measured bronchial wall thickness using 
endobronchial ultrasonography (EBUS) for the evalua-
tion of emphysema severity in patients with COPD. Bron-
chial mucosa, submucosa and smooth muscle thickness 
were not correlated with emphysema score in patients 
with COPD.62 Two studies had assessed peripheral lung 
lesions in patients with COPD using EBUS and showed 
that EBUS was safe procedure with an acceptable diag-
nostic accuracy.63 64 In addition, Vrieze et al assessed the 
relationship between BMD and COPD severity using US. 
Lung spirometry test (FEV1) was reported to be a strong 
predictor of abnormal BMD, where higher COPD GOLD 
score significantly increased the risk of abnormal BMD.65

DISCUSSION
To the best of our knowledge, this is the first systematic 
review about the use of non-cardiac US as a diagnostic, 
prognostic and research tool in patients with COPD. 
Our systematic review shows that US has been used effec-
tively to understand the relationship between COPD and 
muscle size, strength and activities. We report here that 
US is effective in the clinical assessment of the excursion, 
length and thickness of diaphragm in COPD. We also 
found that the measurement of skeletal muscle thickness 
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and strength using US provides a precise and accurate 
clinical assessment of muscle wasting in COPD.

Our review showed that most studies using US to 
assess the diaphragm reported a reduction in diaphragm 
excursion in patients with COPD compared with healthy 
matched subject, and this reduction was correlated 
significantly with severity and prognosis.13–26 The length 
of the diaphragm was also reported to be shortened in 
patients with COPD, where US-measured length was posi-
tively correlated with prognosis and negatively correlated 
with severity.15 34 35

The result of this review agrees with previous findings 
where reduced diaphragmatic mobility measured by X-ray 
was linked with dynamic hyperinflation and air trapping 
in the lung of patients with COPD compared with healthy 
subjects.62 The dynamic obstruction resulting from the 
mechanical stretching of the diaphragmatic muscle due 
to the air trapping and hyperinflation results in a short-
ened field of movement and reduced diaphragmatic 
excursion.66 67 In addition, following physical interven-
tion, US was able to detect improvement in diaphragm 
mobility in patients with COPD in most of the included 
studies.14 15 28–30

We also showed that US measurement of diaphragm 
thickness is another promising technique and has been 
accurately used to evaluate the clinical characteristics of 
COPD in many studies. For instance, reduced diaphragm 
thickness has been significantly correlated with severity 
and prognosis in patients with COPD.27 21 37–42 However, 
some studies found no significant difference in the 
thickness of the diaphragmatic muscle between patients 
with COPD and healthy subjects.44–46 Diaphragm muscle 
atrophy in COPD had been previously described to be 
mechanistically linked with systemic muscle wasting. 
This is in the form of chronic loss of type I and type II 
diaphragm fibres in response to COPD-related physiolog-
ical changes, such as increased energy expenditure and 
relative resistance to fatigue.68 69

While US has been used in the assessment of skeletal 
muscles of the lower limbs in some studies, the assess-
ment of the diaphragm using ultrasonography is still 
the most popular technique (67% vs 35%). In general, 
thickness, quality, size and strength of the quadriceps, 
ankle dorsiflexor and vastus lateralis have been studied in 
COPD using ultrasonography. In this review, most studies 
reported a significant reduction in CSA of the quadriceps 
in patients with COPD compared with healthy subjects. 
These studies also reported that quadriceps CSA and/
or thickness correlated positively with prognosis whereby 
patients with reduced CSA39 47–52 and thickness13 48 51–54 
have a higher risk of exacerbation, readmission and 
death. The result of this review agrees with previous 
studies that looked at the risk associated with loss of 
mid-thigh muscle in patients with COPD. For instance, 
Marquis et al reported an increased risk (50%) of 3-year 
mortality rate in patients with COPD, with a mid-thigh 
CSA of <70 cm2 compared with those with a CSA of >70 
cm2.70 Thigh muscle wasting in COPD is a well-established 

clinical presentation of COPD and has been associated 
with systemic inflammation, chronic hypoxia and lower 
testosterone level.71 Indeed, interventions that limit 
muscle atrophy or improve muscle regeneration and 
strength have been shown to improve COPD outcomes 
and lung function.55 72 Such interventions can be tailored 
to the local healthcare environment in order to reduce 
exacerbation, hospital readmissions and mortality.73

We report here that very few (3/18) studies assessed 
ankle dorsiflexor muscle using US in patients with COPD. 
However, of these studies, most reported a reduced muscle 
quality in the form of increased US echo intensity in 
patients with COPD compared with healthy subjects.52 56 
Similarly, the vastus lateralis was assessed using US in only 
three studies, two of which found a significant reduc-
tion in its thickness strength and quality in patients with 
COPD compared with adults.57 58 Interestingly, only one 
study assessed parasternal intercostal muscle using ultra-
sonography in COPD and they reported that thickness of 
parasternal intercostal muscle correlated with lung func-
tion and quadriceps thickness.60 Thus, US measurement 
of parasternal muscle thickness is a novel technique that 
may provide alternative assessment of COPD severity in 
cases where quadriceps is not assessable.

Furthermore, invasive ultrasonographic technique 
(EBUS) was applied in three studies. Górka et al found no 
significant relationship between bronchial wall thickness 
and emphysema score of patients with COPD.62 In two 
other studies, EBUS was used in the assessment of periph-
eral lung lesion, whereby the technique was found to be 
safe and have significant diagnostic yield.63 64 In another 
study, Vrieze et al reported a strong negative correlation 
between COPD severity as measured by GOLD (Global 
Initiative for Chronic Obstructive Lung Disease) score 
and BMD using US.65 Further studies are needed to fully 
understand the predictive values of these techniques in 
the context of COPD.

To our knowledge, this review is the first to systemati-
cally evaluate existing studies on the use of non-cardiac 
ultrasonography in patients with COPD. For the first time, 
we report that the most common uses of non-cardiac US 
in patients with COPD have been the measurement of 
diaphragm mobility, length and thickness followed by 
quadriceps (rectus femoris). In addition, the clinical 
use of non-cardiac US in COPD is precise and accurate, 
serving as a great tool for prognosis and in evaluating 
response to intervention.

This work has several clinical and research implications. 
First, it highlights the clinical use of US and its effectiveness 
in COPD—this is particularly important since US provides a 
safer alternative to X-ray and CT scan, both of which depend 
on ionising radiation. Also, because of the portability of most 
US equipment, the point-of-care use of US could provide an 
assessable, equally efficient method for diagnosis and prog-
nosis in respiratory clinics. The research implications of this 
review point out the need to have standardised protocols for 
the use of US in COPD. This could be in the form of global 
consortium of experts to establish guidelines on the use and 
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interpretation of ultrasonography techniques and measure-
ments. For future researchers, this review provided an over-
view of the US techniques available and their significance in 
answering research questions about COPD.

This study has limitations. Heterogeneity exists in study 
design and reported outcomes, which affects our overall 
synthesis since different equipment and protocols have been 
used. We could not perform meta-analysis due to the hetero-
geneity among the studies in terms of design, location and 
reported measurements.

In conclusion, US measurements of diaphragm excur-
sion and thickness, as well as lower limb muscles strength, 
size and thickness, may provide a safe, portable and effective 
alternative to radiation-based techniques in diagnosis and 
prognosis, as well as tracking improvement postintervention, 
in patients with COPD. Future studies are needed to estab-
lish the norms of US-based measurements for patients with 
COPD, other patients with chronic lung disease and healthy 
subjects.
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