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Rationale: Chronic obstructive pulmonary disease (COPD) is associated with changes in the

composition and function of peripheral and respiratory muscles, which can negatively impact

quality of life. Ultrasonography can provide a non-invasive evaluation of the integrity of both

peripheral muscles and diaphragm, but its use in patients with COPD is still being investigated.

We aimed at evaluating the relationship between quadriceps size, using ultrasonography and

symptoms, lung function and diaphragm contractility in a cohort of patients with COPD.

Methods: COPD patients were prospectively recruited and ultrasonography of the dominant

quadriceps and of the diaphragm was performed. Quadriceps size was evaluated using three

measurements: 1) cross-sectional area of the rectus femoris (Qcsa), 2) thickness (Qthick)

and 3) contractile index (Qci), defined as the ratio of quadriceps thickness/total anterior thigh

thickness. Diaphragm contractility was evaluated using thickening fraction (TFdi). Clinical

characteristics and number of moderate-to-severe exacerbations in the previous year were

retrieved from medical files. Dyspnea (mMRC scale) and disease impact on health status

(COPD Assessment Test (CAT)) were measured at inclusion. Fat-free mass index (FFMI)

was assessed using bioelectrical impedance.

Results: Forty patients were recruited (20 males, mean age and FEV1 66±6 years and 49

±17%predicted, respectively). Mean Qcsa, Qthick and Qci were 336±145 mm2, 1.55

±0.53 cm and 64±16%, respectively, and mean TFdi was 91±36%. Qci was significantly

correlated with FFMI (rho=0.59, p=0.001), TFdi (rho=0.41, p=0.008), FEV1 (rho=0.43,

p=0.001) but not with age (rho=0.18, p=0.28). Qci was significantly correlated to CAT

score (rho=−0.47, p=0.002), even when controlled for FEV1, and was lower in patients

with an mMRC score ≥2 (55±15 vs 70±14%, p=0.002). Qcsa and Qci were significantly

lower in patients with frequent exacerbations. In a multiple linear regression analysis that

included age, gender, FFMI, FEV1 and TFdi, only FFMI and TFdi were found to be

significantly related to lower Qci values.

Conclusion: In patients with COPD, ultrasound evaluation of the quadriceps contractile

index is feasible and related to disease severity, clinical symptoms, exacerbation history and

diaphragm contractility. As such, it may provide a novel tool for the evaluation of the

severity and burden of the disease in this population. Further studies are required to better

delineate its potential role as a prognostic marker in this population.
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Introduction
Chronic obstructive pulmonary disease (COPD) is the fourth

leading cause of death worldwide,1 and both its incidence and

its burden are bound to increase in the coming years. In the

last decades, the spectrum of comorbidities and non-

pulmonary complications arising from COPD has generated

growing interest. Numerous studies have addressed this aspect

of the disease, which is now recognized as a multifaceted

entity.2–4 Peripheral muscle dysfunction/weakness and sarco-

penia are well-recognized complications of COPD,5–9 and are

associated with disease severity, exercise (in)tolerance and

vital prognosis.6,10–13 As such, the evaluation of peripheral

muscle integrity is an attractive marker of disease severity in

patients with COPD. However, routine direct evaluation of

this marker is difficult because of the need to rely on imaging

techniques such as computed tomography12 or dual-energy

X-ray absorptiometry which are expensive, ionizing, time-

consuming and not readily available at the bedside.

In recent years, ultrasonography has emerged as

a point-of-care tool that allows access to a rapid, simple,

widely available and non-ionizing evaluation of many

physiological variables, including peripheral muscle and

diaphragm function and integrity.14–17 When considering

peripheral muscle strength, ultrasound-derived measure-

ment of rectus femoris cross-sectional area has been

shown to be a reliable estimator of muscle strength in

patients with COPD,18 and the ultrasound measurement

of a contractile index of the quadriceps muscle19 was

recently shown to be a reliable, reproducible and non-

volitional predictor of functional decline, hospitalization

and death in elderly subjects.20 As such, these markers

may prove a simple tool to assess disease severity and

prognosis in the COPD population. However, a formal

comparison of these techniques to other variables usually

associated with disease severity in COPD is lacking.

In this pilot study, we aimed at evaluating the feasi-

bility and potential clinical usefulness of ultrasound-

derived measurements of peripheral muscle integrity in

patients with COPD by comparing it to usual markers of

disease severity and respiratory muscle function.

Methods
Study Design and Participants
COPD patients were prospectively recruited from the

Centre Hospitalier de l’Université de Montréal (CHUM,

Montréal, Canada) on the day of the appointment for

pulmonary function testing. Included individuals had to

have a clinician-confirmed diagnosis of COPD (according

to GOLD criteria1) and be ≥18 years old. Individuals

suffering from asthma, known neurological, rheumatologi-

cal or musculoskeletal degenerative disease limiting phy-

sical capacity were excluded from the study, as were

subjects who reported an episode of acute exacerbation

(AE) in the last 6 weeks. The study received approval

from the ethics board of the CHUM and was conducted

in compliance with the Declaration of Helsinki. Informed

written consent was obtained from participants by

a member of the study team.

Data Collection
Data collection including age, gender, height, weight, smok-

ing history, medical comorbidities, inhaled medication, per-

ception of dyspnea (as evaluated by the mMRC score21) and

disease impact on health status (using the COPD Assessment

Test (CAT)) were obtained. The number of moderate to severe

AE [defined according to Global Initiative for COPD

(GOLD) guidelines22] in the year before inclusion in the

study was retrieved from medical files, as were pulmonary

function tests, including values of forced expiratory volume in

1 second (FEV1), forced vital capacity (FVC), residual

volume (RV) and diffusion capacity of the lung for carbon

monoxide (DLCO). All pulmonary function tests were per-

formed according to American Thoracic Society/European

Respiratory Society guidelines.23–25

Bioelectrical Impedance
Body composition was assessed using bioelectrical impe-

dance (Tanita TBF-300A, Arlington Heights, IL, USA).

Patients were asked to stand upright on the bioelectrical

scale for approximately 5 seconds to ensure valid measure-

ments by the device. Raw data including body fat (%),

total body weight (TBW), muscle mass (kg), basal meta-

bolic rate (BMR), bone mass (kg) and visceral fat (%)

were measured. Fat-free mass was calculated TBW*(1–

percentage body fat). The fat-free mass index (FFMI) was

calculated as fat-free mass/height squared.

Ultrasound Measurements
Ultrasonography of the dominant quadriceps (as defined by

the leg individuals usually use to go up a flight of stairs or

kick a ball20 and of the right hemidiaphragm) was per-

formed. All measurements were performed using a linear

4–12 MHz probe (Sparq, Phillips Healthcare, USA).
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Measurements of the rectus femoris were made by pla-

cing the transducer perpendicular to the long axis of the thigh

(precisely at 3/5 of the distance from the anterior superior

iliac spine to the superior patellar border), therefore isolating

the muscle (Figure 1). Individuals were placed in a supine

position with the rested leg in extension. Prior to image

acquisition, contraction-relaxation maneuvers were per-

formed in order to delineate the muscle septa separating the

vastus intermedius and rectus femoris muscles. Three com-

parative measurements were performed, all in the relaxation

state: 1) the cross-sectional area (Qcsa) of the rectus femoris

muscle (as acquired on frozen image using electronic cali-

pers, see Figure 4), 2) the total thickness of the quadriceps

muscle (Qthick, defined as the addition of the measurement

of the rectus femoris muscle and that of the vastus interme-

dius muscle), and 3) its contractile index (Qci).19,20 Qci was

obtained by dividing Qthick by the total anterior thigh thick-

ness (distance from the skin to the anterior border of the

femur). Therefore, Qci=[100*(Qthick/total anterior thigh

thickness)]. All measurements were performed at the level

of the most anterior, central part of the femur bone, in

perpendicular axis to the skin. To assess reliability, repeated

measurements on the frozen images were performed after an

interval of 3 weeks by the same operator.

Ultrasound assessment of diaphragm thickness and

thickening was performed by placing the probe perpendi-

cular to the right chest wall at the midaxillary line between

the 9th and 10th intercostal spaces, at the level at which

diaphragm fibers run parallel to the abdominal wall (zone of

apposition). The right diaphragm could be identified as the

three-layered structure comprising two hyperechoic (i.e.

more dense) lines representing the pleural and peritoneal

membranes and a middle hypoechoic (i.e. less dense) layer

representing the diaphragmatic muscle fibers (Figure 4).

Then, using M-mode at a sweep speed of 10mm/s, three

spontaneous quiet breathing cycles were recorded and saved

to a frozen image. Diaphragm thickness was measured at

end-expiration (TDE) and end-inspiration (TDI) using elec-

tronic calipers. The thickening fraction (TFdi) was then

calculated offline as [100*(TDI−TDE)/TDI].14

All ultrasound measurements were performed jointly

with the same two operators present (BPD and ACMP, one

with a thorough diaphragmatic ultrasound training and the

other also with an ultrasound training but with limited

practice). All evaluations made by the junior trainee were

directly supervised by the other operator. Although the

operators had limited experience with musculoskeletal

ultrasound, the technique described by Guerreiro et al20

was closely followed. Operators were blinded to diaphrag-

matic thickening fraction measurement (as calculations

were performed later on frozen images) and to pulmonary

function test results.

Statistical Analyses
Data are reported as mean (standard deviation) or

n (percent). Relationships between ultrasound variables

and the other clinical markers of disease severity (FFMI,

FEV1, CAT score, TFdi) were assessed using Spearman

correlation, in order to facilitate the identification of

a potentially non-linear relationship between variables.

To control for the potential effect of lung hyperinflation

on the measurement of TFdi in subjects with advanced

disease, partial correlation for RV was used when compar-

ing TFdi to quadriceps ultrasound values, and linear

regression was used to adjust the comparison of CAT

score and Qci for FEV1 value. Lung function test results

and quadriceps and diaphragm ultrasound measurements

were compared between groups with frequent (≥2/year) or
less frequent AE using independent t-tests (or Mann–

Whitney U-test for non-parametric data). Ultrasound vari-

ables were compared between patients with high and low

dyspnea score (≥2 units of mMRC scale) using indepen-

dent t-tests. Univariate analyses of the relationship

between Qci and its potential predictors (age, gender,

FFMI, FEV1, RV and TFdi) were performed using linear

regression. A multiple linear regression analysis (“enter”

model) that included all aforementioned variables with

a p<0.05 in univariate analysis, in addition to age and

gender was then performed to identify independent

Figure 1 Ultrasound of the dominant quadriceps. Qci was defined as the ratio of

total quadriceps thickness [rectus femoris thickness (1) + vastus intermedius

thicknesses (2)] divided by total anterior thigh thickness (3). All measurements

were performed on a single imaginary line connecting the skin and most anterior

part of the femur.
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predictors of Qci. Due to the high correlation between RV

and FEV1 (r=0.68, p<0.001) and FFMI (r=0.78, p<0.001),

RV was excluded from the final multiple variable model.

Intra-observer agreement for Qcsa, Qthick and Qci was

assessed with the intraclass correlation coefficient for

absolute concordance of unique measurements, using

a two-way mixed model. An ICC <0.40 implies poor

agreement; 0.40–0.59, fair agreement; 0.60–0.74, good

agreement and 0.75–1.00, excellent agreement.26

All analyses were performed using SPSS (version 21,

IBM, Armonk, NY, USA). P-values <0.05 were considered

statistically significant.

Results
Forty subjects (20 males) were included in the study.

Subject characteristics are shown in Table 1. The majority

of patients had moderate to severe airflow obstruction and

mean dyspnea and CAT scores showed a moderate to

severe symptom burden. Valid ultrasound images could

be obtained in all subjects, for all measurements, and

image acquisition lasted less than 5 mins in all cases.

Measures of FFMI for the first 11 individuals undergoing

assessment could not be obtained because of unavailability

of the bioimpedance scale at the time of patient visit.

Relationship Between Peripheral Muscle

Measurements and Markers of Disease

Severity
Mean values of Qcsa, Qthick and Qci are reported in Table 2.

Patients with frequent AE had significantly lower values of

FEV1, RV, diffusion capacity, FFMI, mMRC score, CAT

score, Qcsa, Qci and TFdi (Table 2).

Statistically significant correlations were found between

Qci and FFMI (rho=0.59, p=0.001), FEV1 (rho=0.43,

p=0.001), RV (rho=−0.54, p=0.005) and CAT score (rho=

−0.47, p=0.002), but not age (rho=−0.18, p=0.28) (Figure 2).
The relationship between Qci and CAT score remained sig-

nificant even when adjusting for FEV1 [B=−0.75 (95% CI

−1.43 to −0.06), p=0.03]. Qci was not significantly correlated
to BMI (rho=0.25, p=0.12).

Qthick was significantly related to FFMI (rho=0.57,

p=0.001), FEV1 (rho=0.41, p=0.01), RV (rho=−0.39,
p=0.048), DLCO (rho=0.58, p=0.002) and CAT score

(rho=−0.38, p=0.02).
In contrast, Qcsa was only significantly correlated to

FFMI (rho=0.46, p=0.01) and to RV (rho=−0.47, p=0.02),
but not to FEV1 or CAT score (both p>0.05).

Relationship Between Peripheral Muscle

Measurements and Respiratory Muscle

Activity
Qcsa andQciwere statistically correlatedwithTFdi (rho=0.35,

p=0.03 and rho=0.41, p=0.008, respectively, see Figure 2), but

Qthick was not (rho=0.14, p=0.39). When controlling for RV,

only Qci remained significantly correlated to TFdi (r=0.46,

p=0.02). There were no significant correlations between TDE

and either Qcsa, Qthick or Qci (all p>0.05).

Table 1 Patient Characteristics

n 40

Male gender, n 20 (50)

Age, years 66 (6)

Body mass index, kg/m2 26 (6)

Smoking Status

Current 10 (25)

Smoking history, pack-years 41 (20)

COPD Severity

GOLD 1 4 (10)

GOLD 2 12 (30)

GOLD 3 19 (48)

GOLD 4 5 (12)

Exacerbations in past year, n 0 (0–1)

≥2 Exacerbations in past year, n 9 (23)

Medication (Current)

Chronic oral corticoid therapy 0 (0)

Use of Inhaled Corticosteroids

Any ICS, n 23 (58)

No ICS, n 17 (42)

Statin 8 (20)

Lung Function Testing

FEV1/FVC 48 (13)

FEV1, %pred 48 (17)

RV, %pred 150 (35)

DLCO, %pred 59 (14)

Fat-free mass index, kg/m2a 18.6 (3.9)

mMRC score, units 2 (1–4)

CAT score, units 20 (8)

Notes: Data presented as mean (standard deviation), n (%) or median (Q1 – Q3).
aData available for 29 subjects.

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global

Initiative for COPD; ICS, inhaled corticosteroid; FEV1, forced expiratory volume

in 1 second; FVC, forced vital capacity; RV, residual volume; DLCO, diffusion

capacity of the lung for carbon monoxide; mMRC, modified medical research

scale; CAT, COPD assessment test.

Maynard-Paquette et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
International Journal of Chronic Obstructive Pulmonary Disease 2020:1582

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Relationship Between Peripheral Muscle

Measurements and Dyspnea
Subjects with higher dyspnea scores had significantly

lower values of Qcsa, Qthick and Qci (2.76±1.32 vs 3.85

±1.39 cm2, p=0.02, 1.29±0.50 vs 1.77±0.46 cm, p=0.003

and 55±15 vs 71±14%, p=0.002, respectively) (Figure 3).

Predictors of Lower Qci Values
Based on the results of univariate analysis (Table 4),

a multiple linear regression analysis was performed,

which included age, gender, FFMI, FEV1 and TFdi. Only

FFMI and TFdi were found to be significantly related to

worse Qci values (Table 5).

Reliability
Intra-observer reliability was high for all ultrasound mea-

surements, but Qcsa had slightly lower ICC values than

Qthick and Qci (Table 3).

Discussion
While the evaluation of the quadriceps muscle using Qcsa

or Qthick in patients with COPD has already been

reported,18,27–35 this is the first study to evaluate the use

of ultrasonography to assess the quadriceps contractile

index (Qci) in this population. Our main results could be

summarized as follows: 1) the measurement of Qthick,

Qcsa and Qci is feasible, simple, rapid and reliable in

this population, 2) although all three indices showed

some degree of relationship to other clinically significant

markers of disease severity, Qci performed best with

regards to its correlation to airflow obstruction, hyperin-

flation, dyspnea and CAT score/quality of life and 3) Qci

was independently related not only to FFMI but also to

diaphragm contractile activity.

Taken together, these results further strengthen the

notion that peripheral muscle integrity is an important

marker of disease severity in patients with COPD, and

support a role for ultrasonography as a clinical tool for

its evaluation.

When comparing the various ultrasound measurements,

Qci seemed to present stronger and more prominent correla-

tions to the physiological and clinical variables studied. In

the study by Guerreiro et al,20 Qci also outperformed Qthick

as a marker of functional decline in elderly subjects (defined

as a decrease in basic activities of daily living at 3-months

follow-up). This advantage may relate to the fact that Qci

intrinsically reports Qthick as a fraction of total thigh

Table 2 Patients Characteristics and Ultrasound Quadriceps and Diaphragm Measurements According to Exacerbation Frequency

All Subjects <2 Exacerbations in

Last Year

≥2 Exacerbations in

Last Year

p-value

n 40 31 9 –

FEV1, %pred 48 (17) 52 (16) 37 (17) 0.02

RV, %pred 150 (35) 142 (27) 195 (38) 0.003

DLCO, %pred 59 (14) 62 (14) 46 (7) 0.04

Fat-free mass index, kg/m2a 18.6 (3.9) 19.9 (3.3) 14.9 (3.0) 0.001

mMRC score, units 2.4 (1.3) 2.1 (1.2) 3.4 (1.0) 0.005

CAT score, units 20 (8) 18 (7) 25 (8) 0.04

Quadriceps Muscle Ultrasound

Rectus femoris cross-sectional area (Qcsa), cm2 3.36 (1.45) 3.61 (1.37) 2.48 (1.44) 0.04

Quadriceps thickness (Qthick), cm 1.55 (0.53) 1.64 (0.52) 1.26 (0.45) 0.06

Contractile index (Qci), % 64 (16) 44 (10) 69 (13) <0.001

Right Hemidiaphragm

End-expiratory thickness (TDE), mm 2.21 (0.49) 2.22 (0.48) 2.18 (0.53) 0.81

TFdi, % 91 (36) 100 (34) 69 (39) 0.03

Notes: Data presented as mean (standard deviation). p-value is for comparison between subgroups. aData available for 29 subjects (8 in frequent exacerbator group, 21 in

infrequent exacerbator group).

Abbreviations: FEV1, forced expiratory volume in 1 second; RV, residual volume; DLCO, diffusion capacity of the lung for carbon monoxide; mMRC, modified medical

research scale; CAT, COPD assessment test; TFdi, diaphragm thickening fraction.
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Figure 2 There were statistically significant correlations between quadriceps contractile index (Qci) and fat-free mass index (A), FEV1 (B), CAT score (C) and TFdi (D). See

text for correlation values.

Figure 3 Comparison between dyspnea levels (n=22 for mMRC ≤2 and n=18 for mMRC >2) and Qci (A) and Qthick and Qcsa (B).
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thickness, instead of relying only on the measurement of the

muscle’s thickness. As such, Qci may provide a better esti-

mation of the muscle’s contractile capacity than Qthick,

which in itself is possibly more dependent on other factors

such as body weight and height.

Our findings that Qci is significantly related to FFMI

was expected, and the absence of relationship between

Qci and BMI echoes the findings of Marquis et al,12

which also reported on the poor predictive value of

BMI for midthigh muscle size. Similarly, we observed

significant relationships between Qci and the severity of

airflow obstruction and static hyperinflation, which con-

firms previous findings on the higher prevalence of per-

ipheral muscle weakness and wasting in patients with

more severe airflow obstruction.36–39

Although exploratory in nature, our finding that Qci was

significantly related to diaphragm activity is thought-

provoking. This relationship remained significant even

after adjusting for the severity of airflow obstruction and

gas trapping, suggesting that factors other than the mechan-

ical effect of prominent hyperinflation on diaphragm con-

tractility may be implicated. It must be noted, however, that

TFdi values in our subjects remained largely in the normal

range, with no patients displaying overt diaphragm

dysfunction.16 Whether the pathophysiological mechanisms

responsible for peripheral muscle wasting in COPD also

affect the respiratory muscles in a similar manner remains

unclear,40 and should be the target of future research.

Finally, we also observed that patients with lower Qci

values had higher dyspnea levels, higher CAT scores and

that patients who had been frequent exacerbators in the

previous year had statistically lower values of both Qcsa

and Qci. Whether quadriceps wasting is the cause or the

consequence of repeated AEs cannot be ascertained from

our data, but this finding echoes that of others who have

reported on a higher prevalence of AEs in COPD patients

with sarcopenia and muscle weakness.5,38,41,42 Taken

together, these findings highlight the potential clinical

Figure 4 The diaphragm (D) can be identified as the structure comprised between

two hyperechoic lines representing the pleural and peritoneal membranes and

a middle hypoechoic layer representing the diaphragmatic muscle fibers.

In M-mode (left panel), diaphragm thickness is measured at end-expiration (full

arrow) and at end of maximal inspiration (dotted arrow) to derive TFdi (see text).

B-mode (right panel) is used for anatomical localization of the zone of apposition of

the diaphragm.

Table 3 Intra-Observer Reliability of Quadriceps Ultrasound

Measurements

Intra-Class

Correlation

95%

Confidence

Interval

Quadriceps cross-sectional

area (Qcsa)

0.92 0.86–0.96

Quadriceps thickness

(Qthick)

0.98 0.97–0.99

Quadriceps contractile

index (Qci)

0.96 0.94–0.98

Table 4 Univariate Analyses of the Relationship Between Qci

and Markers of Disease Severity

B 95% CI R2 p-value

Age, years −0.28 −1.10 to 0.54 0.01 0.49

Male gender 3.86 −6.47 to 14.18 0.02 0.45

BMI, kg/m2 0.63 −0.17 to 1.42 0.06 0.12

FFMI, kg/m2 2.80 1.41 to 4.18 0.39 <0.001

FEV1, %predicted 0.32 −0.04 to 0.61 0.12 0.03

RV, %predicted −0.24 −0.43 to 0.56 0.23 0.01

DLCO, %predicted 0.22 −0.29 to 0.73 0.03 0.38

TFdi, % 0.22 0.09 to 0.34 0.24 0.001

Abbreviations: Qci, quadriceps contractile index; BMI, body mass index; FFMI,

fat-free mass index; FEV1, forced expiratory volume in 1 second; RV, residual

volume; DLCO, diffusion capacity of the lung for carbon monoxide; TFdi, diaphragm

thickening fraction.

Table 5 Multiple Regression Analysis of the Predictors of Qci (R2

of Model = 0.65)

B 95% CI p-value

Age, years −0.09 −0.83 to 0.65 0.81

Male gender 2.12 −6.83 to 11.08 0.63

FFMI, kg/m2 2.13 0.76 to 3.51 0.004

FEV1, %predicted 0.16 −0.20 to 0.52 0.36

TFdi, % 0.20 0.08 to 0.32 0.002

Abbreviations: Qci, quadriceps contractile index; FFMI, fat-free mass index; FEV1,

forced expiratory volume in 1 second; TFdi, diaphragm thickening fraction.
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usefulness of Qci as a global marker of disease severity,

and as a potential prognostic tool.

Our study has several limitations that need to be acknowl-

edged. First, we did not formally compare our ultrasound

measurements to gold standard assessments of muscle size

(assessed using CT scan or magnetic resonance imaging) or

strength (assessed using one-repetition maximum strength).

This limits the physiological exploration of the relationship

between the different ultrasound variables that we measured

and direct measurement of muscle function and composition.

Such a comparison would be desirable to further delimit the

applicability and physiological determinants of quadriceps

ultrasound, and others have already reported on the signifi-

cant relationship between rectus femoris area and muscle

strength in patients with COPD, albeit on a small number

of subjects.28 Our findings still signal a true clinically rele-

vant value to ultrasound markers in the context of COPD, as

evidenced by the relationship we observed between these

markers and other relevant markers of disease severity.

Second, although our finding of a high intra-observer

reliability is reassuring, a thorough analysis of the inter-

observer in the COPD population would be desirable

before clinical implementation can be considered. The

pilot nature of our study limited this aspect of our evalua-

tion, but high intra- and inter-observer reliability for the

measurement of Qci has already been described in the

elderly population,20 while Qcsa has been shown to be

reproducible in patients with COPD.31,43

Third, the cross-sectional design of our pilot study did

not allow for a validation of the potential prognostic value

of quadriceps ultrasound in our population. Our results,

coupled to the strong prognostic value of quadriceps cross-

sectional area assessed using CT scan in COPD patients12

and the validated ability of quadriceps ultrasound to act as

a marker of functional decline and hospitalisations in

elderly patients20 highlight the need for a formal long-

itudinal evaluation of the potential of quadriceps ultra-

sound to predict clinically relevant outcomes in COPD

patients. Future studies aiming at predicting or quantifying

the response to interventions such as pulmonary rehabili-

tation-based ultrasound measurements of peripheral mus-

cles should be encouraged. Lastly, the measurement of

FFMI was not possible in a number of subjects for tech-

nical reasons and, while other studies have applied dis-

ease-specific equations on bioelectrical impedance studies

in order to obtain more reliable results, our bioelectrical

impedance scale did not include this function.

Conclusion
In patients with COPD, ultrasound evaluation of the quad-

riceps contractile index (Qci) is feasible, rapid, simple and

reliable. It is related to disease severity, clinical symptoms

and respiratory muscle activity. It could prove a novel and

promising tool for the evaluation of the severity and bur-

den of the disease in this population. Further studies

should aim at better delineating inter-rater reliability of

the technique, further validate its use against objective

measurements of muscle strength and, eventually, at quan-

tifying the role of quadriceps ultrasound as a marker of

prognosis and response to interventions in this population.
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