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Abstract

The respiratory system is not the only organ system affected by chronic obstructive pulmonary
disease (COPD); muscle mass is also impacted. As skeletal and respiratory muscles deteriorate,
ventilation, the severity of the illness, and clinical symptoms are all negatively impacted.
According to recent studies, ultrasonography is a dependable and user-friendly method for
determining the quadriceps contractile index (Qci) in patients with COPD.

Objective: Evaluate the Qci by ultrasound in patients with COPD and correlate with different
clinical, 6-minute walk test (TM6), and ventilatory variables.

Methods: We conducted a prospective, observational study from 2021 to 2024. A total of sixty-
one consecutive patients with spirometry-confirmed stable COPD were included after obtaining
informed written consent. Demographic and clinical data, spirometric values, the modified
Medical Research Council (nMRC) dyspnea score, TM6, COPD assessment test (CAT), Global
Initiative for Chronic Obstructive Lung Disease (GOLD) classification 2023, and measurement
of Qci were collected for analysis. This is a prospective study conducted at Constantine Regional
Military University Hospital.

Results: The mean total quadriceps muscle thickness (Qthick) in our patients with COPD is 1.95
+ 0.85 cm. The mean Qci in our patients with COPD is 68 + 9%. A negative correlation has
been reported between Qci and the dyspnea mMRC, P = 0,010. Patients in group E according
to GOLD 2023 constitute more than half of our cohort, representing 54.1% of cases. A negative
correlation has been reported between Qci and the stage of GOLD 2023 classification, P =
0,010. In our study, a correlation between the Qci and spirometric data (FVC, FEV1) was
objectified with P < 0,001 and FEV1/FVC P = 0,008. The average distance travelled in the TM6
test was 470 129.37 m. Our study has shown that the more EXdi increases, the distance patients
travel increases (P = 0,001).

Conclusion: In patients with COPD, the Qci appears to be associated with airway obstruction,
TM6, CAT score, as well as perception of dyspnea.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major public health problem and is a leading cause of chronic
morbidity and mortality worldwide. Prevalence of COPD is difficult to assess because it requires patient cohorts
representative of the entire population using spirometric measurements [1].

According to estimates, 384 million individuals worldwide suffered with COPD in 2010, and in 2015, the frequency
was projected to be 11.7% (8.4-15.0%) [2].

According to the BOLD study, COPD is a significant public health issue and a primary cause of morbidity and
mortality globally: COPD affects 10.1% of those over 40, and it is thought to cause three million deaths annually. The
BREATHE study estimates that the prevalence of COPD in Algeria is 25% among smokers and 4% in the general
population [3, 4].

Skeletal muscle dysfunction is an extrapulmonary complication of COPD, with muscle loss identified as a key
determinant of disability [5] and an independent predictor of mortality [6]. In particular, the reduction of quadriceps
strength that is associated with reduced exercise capacity [7], a reduced quality of life [8], increased use of health care
[9], and mortality, regardless of airflow obstruction [10].

In patients with COPD, quadriceps strength is reduced by up to 30% compared to healthy peers of the same age [11].

Muscle atrophy of the thigh in COPD is a well-known clinical manifestation of COPD and is associated with systemic
inflammation, chronic hypoxia, and low testosterone levels [12].

Exogenous oxidative stress is brought on by exposure to air pollution, biomass, and cigarette smoke; endogenous
oxidative stress is brought on by inflammation and cell activation in the lungs, and a decrease in antioxidants causes
oxidative stress to rise in the lungs. This plays a major role in the pathophysiology of COPD, how it develops, and the
elevated risk of acute exacerbations. Chronic inflammation, a reduction in the anti-inflammatory effects of
corticosteroids, accelerated lung aging, peripheral respiratory tract fibrosis, and an excess of mucus are all
consequences of increased oxidative stress in the lungs of patients with COPD [13]. Oxidative stress plays an
important role in the pathophysiology of COPD [14, 15]. According to certain research, the severity of COPD is
correlated with oxidative stress, which can result in medical comorbidities and muscular dysfunction [16].

Although atrophy can affect all types of quadriceps fibers [17], type 1Ix fibers appear to be more frequently affected
[18] even in the absence of severe airflow obstruction in COPD [19].

Changes in muscle fiber typography observed in the quadriceps do not affect muscles of the upper limbs, such as the
bicep and deltoid [20, 21]. The idea that only some peripheral muscles have variations in the percentage of fiber types
suggests that local factors (inflammation, oxidative stress, etc.) are responsible for these variations. By contractility,
patients with COPD have a decrease in muscle strength due to quadriceps atrophy and decreased muscle fiber size [7,
22, 23]. In these patients, the decrease in quadriceps strength is proportional to muscle mass, suggesting that the
contractile device was preserved [23]. In addition, in vitro experiments on the contractility of isolated quadriceps
muscle bundles from patients with COPD and healthy controls confirm this hypothesis [24].
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A number of studies have confirmed the reliability of ultrasound to measure quadriceps muscle size for patients with
COPD [25, 26]. Ultrasound evaluation of the diaphragm and rectus femoris can be used as a marker to assess skeletal
muscle dysfunction in COPD. Indeed, the diaphragmatic function and total thickness of the quadriceps muscle are
reduced in patients with COPD [27, 28].

More recent studies have reported a significant reduction in the cross section of the rectus femoris (QCSA) in patients
with COPD compared to healthy subjects [29-33]. This reduction is about 25% compared to the average values
observed in healthy individuals [25]. In addition, a significant decrease of total quadriceps muscle thickness (Qthick)
was observed in COPD patients [31, 33-36].

Ultrasound assessment of the quadriceps contractile index (Qci) is also feasible in patients with COPD. This index
correlates with the severity of the disease, clinical symptoms, history of exacerbation, and contractility of
diaphragmatic muscles. Thus, the Qci could be a new tool to assess the severity of COPD in this population [29]. The
right femoral ultrasound can also predict impaired exercise tolerance in COPD patients [37]. Finally, in acute
exacerbation hospitalization, a smaller quadriceps muscle size measured by ultrasound is associated with an increased
risk of unplanned readmission or death [30].

Methods

This is a prospective descriptive observational study conducted in the HMRUC’s Department of Pulmonology, 61
patients participated in the study. According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
criteria:

Inclusion criteria: All patients with COPD over 40 years of age and in stable condition.

Exclusion criteria: Restrictive respiratory pathology, progressive cardiovascular disease, and recent surgery (less than
3 months).

A cross-sectional study design was used. All participants underwent ultrasonographic evaluation and other
measurements (pulmonary function). This study was approved by the medical ethics committee of Constantine
Regional Military University Hospital. The objective and content of the study were explained verbally as well as in
written documents to the participants. Written consent was obtained after the subjects were informed that they could
decide whether to participate based on their own free will and that their privacy would be reasonably protected.

The ultrasound examination was performed by a single specialized and trained professional using a TOSHIBA device,
model SSA-370A PowerVision 6000.

To assess the echographic parameters of the quadriceps in a patient in supination position with the leg reclined, the
linear probe is placed perpendicular to the longitudinal axis of the thigh at the most anterior central part of the femur
bone, in an axis perpendicular to the skin.

Before the acquisition of images, patients are asked to perform contraction-relaxation maneuvers to delimit the
muscular septa to separate the vastus intermedius and rectus femoris muscle. Three comparative measurements will
be made, all in the state of relaxation (Figure 1) [38, 39].

Total quadriceps muscle thickness (Qthick) (in mm) (Figure 2).

Total thickness of the anterior thigh (Atthick) (distance between the skin and the anterior border of the femur) (in mm)
(Figure 3).

The quadriceps contractile index (Qci)
Qci = Qthick/Atthick

All measurements will be made using a linear probe.
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Figure 1: Ultrasound measurements of the quadriceps.
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Figure 3: Total thickness of the anterior thigh (Atthick).
Other measurements

Spirometry was performed with a previously calibrated spirometer in accordance with the methods and criteria
recommended by the American Thoracic Society and the European Respiratory Society [40]. The following
parameters were measured: FVC, FEV1, and FEV1/FVC before and 15 min after inhalation of a bronchodilator
(albuterol, 400 pg).
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Dyspnea was measured with the modified Medical Research Council (nMRC) dyspnea scale [22], the degree of
dyspnea ranging from 0 (no dyspnea) to 4 (very severe dyspnea). Patients were instructed to select the number that
best represented their perception of dyspnea [41].

Height and weight were measured and the body mass index (BMI) was calculated. Obese patients (BMI 30 kg/m?)
were excluded from the study.

Statistics analysis

Data was captured and analyzed using IBM SPSS 24. Many procedures of control at the time of entry have been
established to avoid errors as much as possible. We have implemented the following statistical methods:

e Frequencies and percentages for qualitative data.

e The means, standard deviation, maximum, and minimum for quantitative data.

e The normality of quantitative variables was investigated by the Shapiro—Wilk test.

e Comparisons of summer averages performed by the Student’s t-test or ANOVA test according to the number
of modalities of the variable.

e Comparisons between categorical or nominal variables were made by the Chi2-test or, where appropriate, by
the Fisher's exact test.

e The study of relationships between quantitative variables was analyzed by the Pearson or Spearman’s
correlation coefficient as a function of the statistical distribution of variables.

The statistical tests used were considered significant when p = 0.05 (degree of significance).
Results

The population in our study is almost exclusively male, 1 female/60 male, sex-ratio = 0.017.

The majority of patients included in the study are in both age groups, 60-70 and 70-79, representing 73.8% of the
total population (Figure 4). The average BMI is 24.12 + 4.83 kg/m?, with extreme values ranging from 14.6-36.9
kg/m2.

Three groups of patients were identified according to smoking status:

o  Ex-smokers: They represent the majority of our cohort with 73.8% of patients (n = 45).
e  Active smokers: 22.9% of patients are active smokers (n = 14).
¢ Non-smokers: Only 3.3% of patients have never smoked (n = 2).

The majority of our patients were classified grade 1 and grade 2 according to mMRC (Figure 5). A negative correlation
has been reported between Qci and the dyspnea mMRC, ANOVA F = 3,640, P = 0,010 (Figure 6).

The mean Qthick in our patients with COPD is 1.95 + 0.85 cm. The mean Qci in our patients with COPD is 68 + 9%.

The median COPD assessment test (CAT) score of our population is 14 + 6.75 with extremes ranging from 4-30.
67.2% of our patients have a CAT score greater than or equal to 10, Qci was significantly correlated with CAT score
(P =0,001).

Patients in group E according to GOLD 2023 constitute more than half of our cohort, representing 54.1% of cases
(Figure 7). A negative correlation has been reported between Qci and the stage of GOLD 2023 classification, ANOVA
F = 5,03, P = 0,010 (Figure 8). In our study, a correlation between the Qci and spirometric data (FVC, FEV1) was
objectified with P < 0,001 and FEV1/FVC P = 0,008 (Tables 1 and 2).

A negative correlation has been reported between Qci and the stage of severity of FEV1, ANOVAF = 3,47, P =0,022
(Figure 9).
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The average distance travelled in this test was 470 129.37 m. Our study has shown that the more EXdi increases, the
distance patients travel increases (P = 0,001) (Figure 10).
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Figure 4: Distribution of patients by age group.
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Figure 5: Patient distribution according to mMRC scale.
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Figure 6: Mean of the Qci according to the severity of the dyspnea severity according to MMRC. ANOVA F = 3,640, P = 0,010.


https://seriesscience.com/clinbiomedical/

Series of Clinical and Biomedical Research

19.7%

A

54.1%
I
B E
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Figure 8: Mean of the Qci according to different stages of GOLD 2023 classification. ANOVA F = 5,03, P = 0,01.
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Average Standard
FvC
FVC pré (L) 3,52 0,92
FVC post (L) 3,63 0,90
FEV1
FEV1 pré (L/s) 1,91 0,69
FEV1 post (L/s) 2,00 0,71
FEV1/FVC (%)
FEV1/FVC pré (%) 53,57 10,56
FEV1/FVC post (%) 54,74 11,73
FEV1 post — FEV1 pré (L/s) 110 90
(FEV1 post — FEV1 pré) /FEV1 pré (%) 6,7 5
Table 1: Spirometric characteristics of the studied population.

Variable Qci (%)

Pearson correlation coefficient P value
FVC pré (1) 0,496 <0,001
FEV1 preé (I/s) 0,514 <0,001
FEV1/FVC pré (%) 0,334 0,008

Table 2: Correlation between Qci and spirometric results.
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Figure 9: Mean of the Qci as a function of severity of FEV1. ANOVA F = 3,471, P = 0,022.
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Figure 10: Correlation between Qci and distance travelled TM6 (m). Pearson correlation coefficient = 0,410, P = 0,001.
Discussion

In the present study, we found a significant positive correlation between Qci and spirometric data. These results are
in line with those reported by Maynard-Paquette et al. [29] who noted that Qci was significantly correlated with FEV1
(p = 0.001) but not with age.

In our cohort, we also observed a significant negative correlation between Qci and impact of COPD on life (CAT
score) (P = 0,001). These results corroborate those of Maynard-Paquette et al. [29] (p = 0,002).

Maynard-Paquette et al. [29] used this method in a prospective cohort study. They stated that in patients with COPD,
an ultrasound assessment of the Qci is possible and is related to the severity of the disease, clinical symptoms, and
history of exacerbations. The same findings were observed in our study, a negative correlation has been reported
between Qci and the stage of severity of FEV1, ANOVA F = 3,47, P =0,022.

However, further studies are needed to better determine its potential role as a prognostic marker in this population.
8
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Conclusion

The quadriceps ultrasound has proven to be a valuable tool for assessing lower limb morphology and function in
patients with COPD. It is therefore recommended to systematically integrate this examination in the management of
patients, especially those with dyspnea symptoms. Ultrasound, a non-invasive technique, could be used as an early
detection tool to identify patients at risk for muscle dysfunction even in the early stages of COPD.

In summary, this study shows that the lower the contractility of the quadriceps in patients with COPD, the lower the
quality of life and exercise capacity. A decreased Qci may be a factor in reduced exercise capacity in patients with
COPD. Quadriceps ultrasound can help physicians develop better treatment strategies, which requires more research
and applications.

Finally, it is recommended that investment be made in the acquisition and implementation of portable ultrasound
devices in health care facilities, particularly those receiving patients with COPD. The availability of these devices, as
well as training health care teams in their use, would facilitate access to this diagnostic tool and make it available in
intensive care units and rehabilitation centers.
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