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Abstract

Background. Pathological changes of the respiratory muscles (RM) during the development of chronic obstructive
pulmonary disease (COPD) have not yet been studied in detail.

Objectives. The aim of the research was to assess RM status in COPD and the relationship between echodensito-
metric and morphological changes in the RM.

Material and Methods. The participants — 152 male COPD patients — were divided into three groups according to the
severity of the disease: COPD, (mild), COPD, (moderate) and COPD; (severe). The status of the accessory RM in these
groups was investigated using echodensitometry indices (echogenicity: IE; homogeneity: IH; and structural density: ISD)
and the morphological material of the abdominal internal oblique muscle in 25 patients with COPD, and COPD,,
Results. Considerable differences among the COPD groups were revealed. In mild COPD a tendency toward
increased homogeneity was detected (due to RM hypertrophy), while echogenicity results varied. IH and ISD
decreased in moderate COPD, while IE was increased due to RM fatty infiltration and sclerosis (according to the
morphological data). In severe COPD, IH and ISD rose again against a background of IE decrease. The presence
of myolysis, sclerotic changes and contractures of myofibrils in the RM was significantly more frequently observed
in COPD, and COPD, compared with the controls (where these features were rare). The sensitivity and specificity
of the morphological and ultrasonic methods were similar in assessing atrophic and sclerotic RM changes, while
their accuracy was lower in analyzing other morphological signs.

Conclusions. The echodensitometric parameters investigated reflect, in a complex way, different dynamics of
degenerative RM processes during the progression of COPD (Adv Clin Exp Med 2014, 23, 3, 381-394).
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Sarcopenia (loss of muscular mass) is one of incidence of fatty infiltration in satellite cells in

the processes accompanying advanced age. Sar-
copenia is divided into two types: primary, when
there are no other reasons for the decrease in mus-
cle mass, and secondary, which is the loss of mus-
cle mass as a result of some disease [1]. The inci-
dence of primary sarcopenia fluctuates from 5% to
13% in persons aged 60-70 years [2]. A decrease
in muscle mass is not an isolated process, because
it develops simultaneously with fatty mass accu-
mulation [3, 4]. There is a tendency to a higher

sarcopenia, the consequence of which is fatty mus-
cle infiltration [5].

Currently, increasing attention is being paid
to disorders of the skeletal muscles and respira-
tory muscles (RM) among other extrapulmonary
complications in COPD, which is characterized
by the progressing atrophy of these muscles, with
loss of muscular strength and mass, as well as sub-
sequent development of physical exercise intoler-
ance and chronic respiratory insufficiency [6-8].
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The latter depends not only on the degree of se-
verity of the pulmonary pathology [9, 10] but al-
so on extrapulmonary disorders [11, 12]. Decreas-
es in RM strength by 15-30% in 20-50% of COPD
patients (depending on the severity of the disease
and RM type) have been detected [13]. The loss of
muscle strength results predominantly from RM
atrophy and rather than a loss of RM contractile
properties [14]. In addition, the functioning of the
intercostal and sternocleidomastoid muscles is be-
lieved to have fewer disadvantages than the dia-
phragm in the presence of severe lung hyperinfla-
tion [15]. Insufficient RM inspiratory activity leads
to hypoventilation, while expiratory RM weakness
favors the development of dynamic hyperinflation
which increases during exercise [16-18]. These in-
creases in RM fatigability and atrophy are con-
nected (in a complex manner) with the develop-
ment of breathlessness on exertion and limitation
of exercise.

Prolonged bronchial obstruction (which in-
creases RM workload and oxygen demand) in
COPD has been shown to lead to RM overload and
reduction in RM ability to generate maximum re-
spiratory effort [19, 20]. RM hypertrophy develops
in response to increased RM functional load even
in the initial stages of COPD [19]. Then, during
the course of COPD development, RM strength
decreases against the background increase of atro-
phic changes. The atrophy of muscles is only par-
tially reversible in COPD patients [13].

The insidious development of flow limitation
and hyperinflation in prolonged COPD enables
several structural adaptive mechanisms of muscles
to come into play in response to chronic mechan-
ical loading to preserve the functional strength of
overloaded RM [21-24]. These include a reduc-
tion in sarcomere length, an increase in the rela-
tive proportion of fatigue resistant fiber types and
an increase in mitochondrial concentration, which
improves oxidative capacity. Differences in mor-
phological changes in damaged myofibrils have
been detected in COPD patients [25]. One of the
most common forms of muscular dystrophy is the
formation of contractures when myofilaments be-
come deregulated and displaced, while myofibrils
lose cross-section striation [26]. In addition, re-
duced numbers of capillaries per unit of area have
also been found in the muscular tissue of COPD
patients [27].

Decreased body weight in COPD patients is
commonly observed with age, primarily at the ex-
pense of muscles; the loss of muscle mass is aggra-
vated by fatty mass accumulation. Fatty muscle in-
filtration leads to decreased muscle strength and
inadequate functioning. Increasing hypodynam-
ia, in turn, stimulates the growth of sarcopenia.

Another mechanism of the decrease in muscle
mass is an imbalance (tending toward catabolism)
between synthesis and protein degradation. This is
caused by suppressed formation of humoral factors
that stimulate protein synthesis, with the simulta-
neous expression of subclinical inflammation fac-
tors (TNF-a, IL-6) and a decline in myocyte apop-
tosis [28, 29].

Compared with other muscles, RM have rath-
er particular characteristics, due to the necessity of
overcoming the elastic properties of the chest. The
most important feature of RM is peak effort, in
which type II muscle fibers play a more impotent
role, whereas the endurance and relative strength
are of greater importance for skeletal muscles. The
peak expiratory flow rate is a basic RM charac-
teristic, but its relationship to sarcopenia has not
yet been fully established. In COPD patients, in-
spiratory RM have to generate more negative in-
tra-thoracic pressure than is generally required for
adequate alveolar ventilation. This is due to the
presence of internal positive pressure at the end of
the expiration phase as well as static and dynamic
hyperinflation [17, 18].

The development of RM dysfunction in COPD
occurs due to the complex interplay of several fac-
tors [7, 27, 30-34]: an increase in pro-inflammato-
ry mediators (which plays a key role in the patho-
genesis of these changes); decreased nutritional
status and anabolic hormone levels; tissue hypox-
ia; oxidative stress; reduced capillarity and propor-
tion of type II fibers; muscle apoptosis; and the use
of oral or inhaled corticoids in high doses. RM are
involved in this pathological process with some de-
lay [25]. An increase in proinflammatory cytokine
levels (IL-1, IL-2, IL-6; TNF-aq, interferon-j) circu-
lating in the blood flow leads to decreased muscu-
lar fiber synthesis. Indeed, TNF-a directly or in-
directly promotes the development of a systemic
inflammatory process and the proteolysis of myo-
sin as well as an increase in catecholamin synthe-
sis [35]. In addition, pathological changes in mus-
cular fibers combined with decreased transverse
section areas of muscle fibers are observed [36].
These RM changes decrease the efficacy of me-
chanical muscular effort.

The ultrasonic method provides direct detec-
tion of separate structures and early pathological
changes in the RM of COPD patients, and their
timely correction afterwards. Unfortunately, on-
ly the area of RM cross sections and their ampli-
tude of movement are currently being analyzed
by this method [37]. At present, investigations of
morphometric changes in RM are scarce [38]. The
relationship between these RM changes and oth-
er pathological processes occurring in COPD has
not been studied in detail yet. Usually RM biopsies
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with subsequent morphological and histochemical
analysis are used only for scientific purposes. All
this emphasizes the importance of developing new
noninvasive methods for the dynamic assessment
of functional and structural pathological changes
of RM in COPD patients.

The aim of this study was to assess accesso-
ry RM status (dystrophic changes) by ultrasonic
scanner and to compare them with the histological
data from muscle biopsy material from males with
different stages of COPD according to the Glob-
al Initiative for Obstructive Lung Disease (GOLD)
grading system.

Material and Methods

The study was undertaken at the Pulmonolo-
gy Department of the 10th Minsk clinical hospi-
tal in the years 2009 to 2012. All participants gave
their written informed consent. The study proto-
col was approved by the Human Studies Commit-
tee on Research Ethics at the Belarusian State Med-
ical University. The inclusion criteria for the study
were established before the trial and were strict-
ly followed: Males aged 50-67 years with differ-
ent degrees of severity of COPD, with FEV, in-
crease < 15% during bronchodilation tests were
qualified for the study. Exclusion criteria included
substantial uncontrolled comorbidity.

The following accessory RM were studied:

- muscles of inspiration: sternocleidomastoid
(SCM), scalenus anterior (SA), and external
intercostals (ExI);

- muscles of expiration: abdominal internal
oblique (AIO), abdominal external oblique
(AEO), rectus abdominis (RA), transver-
sus abdominis (TA) and internal intercostals
(InI).

A HONDA Electronics HS-2000 ultrason-
ic scanner with 7.5 MHz/50 mm and 256 shades
of grey color, providing high-quality histograms,
was used in the study. The following quantita-
tive indices of RM were investigated: homogene-
ity (IH, which characterizes the degree of muscle
homogeneity); echogenicity (IE, the level of the
shade of the grey scale that most often emerged in
the outlined zone); structural density (ISD, which
permitted a quantitative assessment of muscles of
different size) and standard deviation (SD). The
technical features of this scanner did not permit in-
vestigation of structural changes in the diaphragm
(the main respiratory muscle), because of its sub-
tlety and deep arrangement.

The study group consisted of 152 COPD pa-
tients (aged 51-67 years) with acute exacerbation
(increased wheezing, dyspnea, sputum volume or

sputum purulence one week prior to admission)
of varying severity. These patients and a control
group consisting of 34 healthy persons of compa-
rable age, sex, smoking status and body mass in-
dex (BMI) were examined. Special emphasis was
placed on the participants’ history of chronic, pro-
gressive symptoms such as dyspnea, coughing and
wheezing, and on their smoking history. Most of
the patients were current smokers or ex-smokers
(who had stopped smoking at least 12 months be-
fore evaluation); some of them were nonsmokers.
The diagnosis of COPD and its severity was based
on the GOLD guidelines. The expressiveness of
dyspnea (as an indirect indicator of decreased ex-
ercise tolerance) in these COPD patients was de-
fined according to a modified Medical Research
Council (MRC) questionnaire [39].

The patients were divided into three groups
according to the severity of their COPD, which re-
flected the evolution of disease (Table 1). The first
group (COPD)) consisted of 42 patients with mild
COPD (median age and duration of disease: 55 and
4 years respectively; FEV,: 83%; BMI: 27 kg/m?%
current smokers: 79%, ex-smokers 6%, and non-
smokers: 15%). The second group, with mod-
erate COPD (COPD,), was composed of 80 pa-
tients (median age and duration of disease: 57 and
10 years respectively; FEV,: 55%; BMI: 30 kg/m?
current, ex- and nonsmokers: 78%, 10% and 12%
respectively). The third group, with severe COPD
(COPD:;), was made up of 30 patients (median age
and duration of disease: 60 and 13 years respec-
tively; FEV: 33%; BMI: 25 kg/m? current, ex- and
nonsmokers: 86%, 10% and 4% respectively).

As shown in Table 1, the control group (with
normal pulmonary function) did not differ from
COPD, patients in terms of median age, the percent
of patients under 60 years, BMI and intensity of
smoking. Compared with the controls, COPD, pa-
tients only had decreased ventilation parameters.
COPD; patients a had significantly higher median
age, disease duration, MRC breathlessness index
and number of current smokers than the control
group and COPD,, patients, while their BMI was
significantly lower than in the COPD, group. As
Table 1 shows, a significant increase in the num-
ber of exacerbations (which are an important com-
ponent of the clinical development of disease) over
the past year was found in severe COPD compared
with mild to moderate COPD.

A progressive decrease in ventilation param-
eters was noted as the disease developed: FVC
dropped from 86% in COPD, to 38 % in COPD;;
FEV, dropped from 80% to 33%; and blood oxy-
gen saturation dropped from 97% to 93%. The pa-
tients (mostly COPD, ;) were treated in the hos-
pital with a combination of inhaled long-acting
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anticholinergic or p,-agonists; inhaled and system-
ic steroids (5 days of dexametasone intravenous-
ly, 4 mg a day); and antibiotics if there was clinical
evidence of Type 1 or 2 exacerbation according to
Anthoninsen criteria.

Additionally, morphological examinations of
AIO biopsy material from 25 stable COPD,, pa-
tients were carried out (Table 2). The biopsies
were taken during inguinal herniotomies in order
to assess the accuracy of the proposed ultrasonic
method in the diagnosis of dystrophic RM chang-
es. Hematoxylin-eosin staining and the one by Van
Gieson’s method were the histological methods
used. The following morphological signs in RM
were assessed: atrophic and sclerotic changes, my-
olysis, fragmentations and contractures of myofi-
brils, the presence of granules in sarcoplasm, the
proliferation of perimysium cells and fibroblasts,
as well as the growth of fatty tissue into the mus-
cular tissue.

The statistical analysis was performed using
Statistica 8.0 software (2007, Statsoft Inc., USA).
The preliminary analysis of the variables under
consideration was a Shapiro-Wilk test of corre-
spondence to normal distribution. The results
of the analysis were shown as median and inter-
quartile range (25-75%) because all the parameters
differed from normal distribution. The comparison
of non-parametric parameters in two independent
groups was carried out using a Mann-Whitney
test, while in three or more independent groups it
was performed using the Kruskal-Wallis rank sum
test. Fisher’s exact test was used to detect statisti-
cally significant differences between independent

HONDA ELECTRONICS HS-2000

groups according to the frequency characteristic of
the investigated parameter. Spearman’s rank cor-
relation coefficient (r,) was used to describe the re-
lationship between the two quantitative variables
that differed from normal distribution. The level of
statistical significance was set at p < 0.05.

Results

The ultrasonic images of accessory RM in
the control group and in all the patient groups
were significantly different. RM tissue in COPD
patients was represented as more echogenic and
less homogenic compared with the control group.
The peak histogram of the abdominal external
and internal oblique muscles showed that echo-
genicity was more common in the initial part of
the grey color scale (Fig. 1). Additionally, the low
standard deviation value and the narrow basis of
the graph denoting the uniformity of muscle tis-
sue was due to a narrower spectrum of grey col-
or gradation.

Various ultrasonic images denoting increased
echogenicity and heterogeneity in the muscular tis-
sue of COPD, ,; patients were found. Increases in
the basis of the peak histogram and value as well as
changes in structural density, echogenicity and ho-
mogeneity were observed. Figure 2 shows a typical
amplitude histogram of abdominal oblique mus-
cles in mild to moderate COPD patients.

It was determined that the changes in structur-
al density, echogenicity and homogeneity in RM
on inspiration varied in a complex way during the
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Fig. 2. Echodensitometric data of external (1) and internal (2) oblique abdominal muscles in patients with COPD,,
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Fig. 3. Dynamics of echogenicity index in Fig. 4. Dynamics of structural density index
RM in the groups of patients with different changes in RM in the groups of patients with
severity of airflow limitation (GOLD spiro- different severity of airflow limitation (GOLD
metric levels) and the control group. spirometric level) and the control group.
* — compared with the control group, * — compared with the control group,
p < 0.05; ** — compared with patients of p < 0.05; ** — compared with patients of
COPD, group, p < 0.05; *** — compared with COPD, group, p < 0.05; *** — compared with
patients of COPD, group, p < 0.05 patients of COPD, group, p < 0.05
course of COPD development (Table 3; Fig. 3, 4). compared to the control group), while it decreased
A significant increase in homogeneity and struc- in COPD, (by 14% compared to the controls).
tural density against a background decrease of Echogenicity decreased in COPD, and increased
echogenicity was revealed. The structural density in COPD, (both by 18% in comparison to the con-

of SCM significantly increased in COPD, (by 9% trol group). The opposite was that case with the
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Table 1. Baseline characteristics and the results of comparisons between the control group and the groups of patients with
different degrees of severity of airflow limitation (GOLD spirometric level) on admission

Parameters Control COPD, COPD, COPD;

n=15 n=42 n =80 n =230
Median age (years): 56 (54; 59) 55 (51; 59) 57 (53; 60)* 60 (55; 67)%, 0 )%x
< 60/ > 60 years (%) 73127 79/21 66/34 50/50
Body mass index (kg/m?) 26.0 (23.5; 30) 27.0 (24; 30) 29.7%(24.8;33) | 25.1%** (20.8; 32.1)
Present smokers (%) 60 79 78 86*
Smoking history index packs/years 17 (10; 30) 20 (10; 30) 20 (10; 30) 28 (15; 40)
Median duration of COPD (years) - 4(2;6) 10 (4; 14) 13046%% (8 19)
Number of exacerbations in the last - 1(0.1;2) 2(1;3) 3HRxx (2; 4)
year
MRC index dyspnea (score) 0 0(0;1) 2(1; 3) o0t (2:3)
EVC (% pred.) 102 (98; 112) 86 (75; 90)* 55 (48; 66)%,** 38 (28; 46)*, ¥ ¥+
FEV, (% pred) 88 (77; 94) 80 (75; 87)* 55 (50; 64)*,** 33 (22; 40)*,** 0
FEV/EVC (%) 98 (89; 104) 70 (66; 71)* 67 (57; 70)* 51 (39; 57)*,%*
psO;, (%) 97 (965 97) 97 (96; 97) 96 (95; 98) 93 (90; 95)*+*4**
C-reactive protein (mg/dL) 0.4 (0.1; 2.0) 0.6 (0.1; 2.8) 3.3%** (1; 5.6) 2.9 %% (0.9; 5.4)
Home treatment:
corticoids (%); -
inhaled/intermittently systemic; - 35/2 43/13***
with inhaled long active anticholin-
ergic (%); 20 7
with inhaled long active ,-agonists
(%) 1 17%%¢

Data are presented as n (%) or median (ranges), unless otherwise stated. GOLD - global initiative for chronic obstructive
lung disease; COPD - chronic obstructive pulmonary disease; MRC - modified medical research council questionnaire for
assessing the severity of breathlessness; FVC - forced vital capacity; % pred.: % predicted; FEV, - forced expiratory volume
in one second; FEV,/FVC - ratio of these two measurements; psO, — % blood oxygen saturation by pulse oximetry; * — com-
pared with the control group, p < 0.05; ** — compared with the COPD, group, p < 0.05; *** — compared with patients of
COPD, group, p < 0.05

Table 2. Characteristics and the results of comparisons between the control group and the groups of patients who under-
went morphological examinations

Parameters Control COPD, COPD, Kruskal-Wallis
n=11 n=12 n=13 ANOVA, p

Age in years 55 (48; 60) 56 (51; 60) 57 (565 59) > 0.05

BMI (kg/m?) 24 (23; 28) 24 (22; 26) 24 (24; 26) > 0.05

FEV, (% pred.) 94 (85; 98) 79 (75; 87) 54 (49; 64) < 0.05

Present smokers (%) 6 (55) 8 (66) 10 (77) <0.05

Index packs/years 12 (4; 20) 14 (5; 20) 29 (22; 40) <0.05

Data are presented as n (%) or median (ranges), unless otherwise stated. COPD - chronic obstructive pulmonary disease;
BMI - body mass index; FEV, - forced expiratory volume in one second; % pred. - % predicted; p < 0.05 - significant differ-
ence between these groups

homogeneity of SCM, which increased in COPD,
(by 6% as compared to the controls) and decreased
in COPD, (by 13% compared to the controls).

An 8% increase in the homogeneity of SCM was
observed in COPD; in comparison with COPD,
(p < 0.05), but this parameter remained below that
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Table 3. Echodensitometric parameters of respiratory muscles and the results of comparisons between the control group and
the groups of patients with different degrees of severity of airflow limitation (GOLD spirometric level)

Parameters Control COPD, COPD, COPD;
n=43 n=42 n=_380 n=30
RM of inspiration: sternocleidomastoid
IH 41 (30.8; 45.9) 43.4% (38.1; 52.1) 35.7+%* (27.6; 43.4) 38.5%* (33; 41.9)
1IE 1.7 (1.4; 2.1) 1.4% (1.0; 1.7) 2.0%% (1.3;2.8) 1.8%% (1.4; 2.3)
ISD 1965 (1620; 2183) 2133* (1794; 2638) 1688*** (1327; 2204) | 1823** (1613; 2058)

External intercostals

IH 24.5 (21.2; 25.1) 23.4 (19.6; 29.1) 21.4%%* (18.8; 24.2) 20.8*** (16.7; 23.6)
IE 3.8 (3.1;4.8) 3.9 (3.0;5.1) 4.9 (4.0; 5.6) 4.8%** (3.4; 5.3)
ISD 1100 (980; 1221) 1120 (940; 1380) 986 (780; 1120) 1020 (816; 1290)

Scalenus anterior

IH 37.9 (27.8; 45) 38.8 (34.5; 46.6) 33.4%%¢ (27.2; 40.9) 37.4 (25.4; 45)
IE 1.7 (1.3; 2.5) 1.6 (1.2; 1.9) 2,14 (1.4; 3.0) 2.0 (1.2; 2.9)
ISD 1490 (1175; 1975) 1637 (1280; 2180) 1497 (1105; 2065) 1470 (1190; 1770)

RM of expiration: abdominal external oblique

IH 19.1 (16.1; 28.6) 22.9 (18.8; 27.9) 18.0 (15.7; 20.4) 19.2 (16.7; 22.3)
IE 4.5 (2.6;5.4) 3.8 (2.5;4.2) 4.7 (4.1;5.9) 4.4 (3.7;5.3)
ISD 958 (805; 1331) 1139 (901; 1400) 860*,** (722; 976) 936 (821; 1032)

Rectus abdominis

IH 19.6 (15.6; 25.1) 18.4 (14.8 26.8) 16.1%** (13.6; 19.0) 15.7%4%* (14.5; 17.9)
IE 3.8 (2.9; 4.8) 44 (2.6;5.2) 5.0 (4.0; 6.3) 5.4 (4.3; 5.9)
ISD 981 (778; 1221) 890 (761; 1180) 787%*% (669; 917) 792%%* (716; 897)

Internal intercos

tals

IH 30.1 (23;31) 27.8 (23.7; 30.9) 24.4%%% (20.5; 29.4) 24.54%% (20.4; 27.3)
IE 3.3 (2.5;4.5) 3.5 (2.8; 4.6) 4.4%%% (3.7, 5.4) 4.3%%* (3.3; 5.8)
ISD 1262 (1015; 1403) 1267 (930; 1555) 1000*** (770; 1310) 1095 (910; 1380)

Abdominal internal oblique

IH 20.9 (18.2; 27.5) 20.9 (18.3; 23.3) 19.3%%* (17.4; 22) 19.3%%* (17.3; 22.7)
IE 4.2 (3.0; 5.4) 3.7 (3.4;4.7) 4.8% % (4.1; 5.8) 4.6 (3.7; 5.5)
ISD 1013 (893; 1325) 1012 (872; 1195) 941% ** (836; 1085) 972 (826; 1171)

Transversus abdominis

IH 29.5 (26.5; 36.4) 26.7 (22.3; 33.3) 24.0%** (18.9; 27.6) 25.1* (20.8; 29.6)
IE 3.0 (2.5;3.7) 3.3(2.6;4.2) 4.3%% (3.4;5.2) 4.30%% (3.5; 4.7)
ISD 1350 (1163; 1695) 1263 (1015; 1660) 1170* (937; 1335) 1179* (1013; 1395)

Data are presented as median (ranges), unless otherwise stated. GOLD - global initiative for chronic Obstructive lung dis-
ease; COPD - chronic obstructive pulmonary disease; RM - respiratory muscles; IH - index of homogeneity, which charac-
terized the degree of muscle homogeneity; IE - index of echogenicity (the level of the shade of the grey scale that most often
emerged in the outlined zone); ISD - index of structural density, which permitted a quantitative assessment of muscles of
different size; * - compared with the control group, p < 0.05; ** — compared with the COPD, group, p < 0.05; *** - com-

pared with the CO

PD, group, p < 0.05.
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Table 4. Comparison of echogenicity index values in RM between groups of patients with different degrees of severity of

breathlessness

RM MRC, MRC, MRC, MRC;

n=26 n=20 n=383 n=24
AEO 3.0 (2.1;3.5) 4.3*(3.0; 5.3) 4.7 *** (4.155.6) 4347 (3.6; 5.6)
AIO 3.5 (3.3; 4.5) 42 (3.6;5.2) 4.84%% (4.1; 5.8) 4.84%* (3.6; 5.5)
TA 32 (2.4;3.7) 3.7 (2.7;4.7) 4.3*(3.4;5.1) 4.1% (3.4, 4.7)
ExI 3.8 (2.9;5.2) 42 (3.5;5.2) 4.8*(3.8;5,5) 4.6* (4.0; 5.6)
InT 3.4 (2.4; 4,0) 3.9%(3.1;5.5) 4.4%(3.6;5.3) 4.2%(3.4;5.9)
SCM 1.4 (0.9; 1.7) 1.5 (1.2;2.5) 1.9 (1.3; 2.6) 2.0*(1.6; 2.3)
SA 1.4 (1.1; 1.8) 1.9 (1.7; 3.0) 1.9 (1.3;2.8) 2.3*(1.4;3.2)
RA 3.4 (25 5.1) 5.1% (4.5 5.6) 5.3% (4.0; 6.5) 4.9%(4.2;5.7)

Data are presented as median (ranges), unless otherwise stated. RM - respiratory muscles; MRC - modified Medical
Research Council questionnaire for assessing the severity of breathlessness; AEO — abdominal external oblique muscle; AIO
- abdominal internal oblique muscle; TA - transversus abdominis muscle; ExI — external intercostal muscle; InI - inter-
nal intercostal muscle; SCM - sternocleidomastoid muscle; SA — scalenus anterior muscle; RA: rectus abdominis muscle;

* — compared with patients with MRC,, p < 0.05; ** — compared with patients with MRC, p < 0.05; *** — compared with
patients with MRC,, p < 0.05; Y- compared with patients with MRC;, p < 0.05

of the control group. A similar picture was detect-
ed in the structural density, which increased by
21% in COPD; compared with COPD, (p < 0.05)
and almost reached the control value. The dynam-
ics of these indices for SA were similar to SCM,
but were less pronounced during the progression
of COPD. The homogeneity of ExI was significant-
ly decreased in COPD,; (by 13% and 15% as com-
pared to the control group), while the echogenicity
of ExI was increased in COPD,; (by 29% and 21%
compared to the controls). The structural density
of ExI did not significantly differ from the control
value. The changes in the echogenicity index in de-
veloping COPD are quite evident in Fig. 3.

The changes in the echodensitometric param-
eters of expiratory RM were similar to those in the
inspiratory RM. The homogeneity and structural
density of AIO were significantly lower in COPD,
(both by 7% in comparison with the controls) and
in COPD; (by 7% and 5% in comparison with the
controls), while increased echogenicity was ob-
served in COPD,; (by 14% and 10% as compared
with the controls). The homogeneity and echoge-
nicity of AEO did not differ from the control group
in COPD, 3, while the structural density was low-
er only in COPD, (by 10% in comparison with the
control group). Decreased homogeneity and struc-
tural density of RA were also noted in COPD, (by
18% and 20% in comparison with the controls) and

COPD; (by 20% and 13% in comparison with the
controls), while significantly increased echogenic-
ity was registered in COPD,; (by 31% and 42% in
comparison with the controls). The dynamics of
the changes in structural density in RM were no-
ticeably different from the dynamics of echogenici-
ty during the progression of COPD (Fig. 4).

Additionally, the study investigated the re-
lationship between the patients’ physical activi-
ty (approximately, in accordance with the severity
of breathlessness) and the echodensitometric pa-
rameters of RM. All the patients were divided in-
to four subgroups according to the degree of dys-
pnea expressiveness on the MRC scale. In these
subgroups, significant differences in homogenei-
ty were revealed for AEO, ExI, Inl, SCM, SA and
RA. Changes in echogenicity were expressed to
a greater extent than changes in homogeneity in
these COPD subgroups. Significant echogenicity
differences between the MRC, subgroup and the
MRC,,; subgroups were revealed for all the stud-
ied RM (Table 4).

The morphological study of RM in COPD, , pa-
tients provided the following picture (Table 5):
Structural abnormalities — atrophic changes — were
found in 25 % of the COPD, patients compared
with 69% of COPD, patients, and in 45% of sub-
jects from the control group (x*= 4.91; p = 0.085).
Additionally, in the COPD, group, the proportion
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Table 5. Distribution of COPD, , patients according to the presence of some morphological signs in RM

Morphological sign Control COPD, COPD,
n=11 n=12 n=13
Atrophy of myofibrils 5 (45) 3(25) 9 (69)**
Myolysis 1(9) 11 (92)* 12 (92)*
Proliferation of perimysium cells 4 (36) 8 (67) 8 (62)
Proliferation of fibroblasts 0 3 (25) 9 (69)***
Intergrowth of fatty tissue into muscular tissue 4 (36) 3 (25) 9 (69)**
Sclerotic changes: moderate 1(9) 7 (58) 3 (23)*
pronounced 0 2(17) 10 (77)++
Contractures of myofibrils 0 8 (67)* 11 (85)*

Data are presented as n (%), unless otherwise stated. COPD - chronic obstructive pulmonary disease; RM - respiratory
muscles; * — compared with the control group, p < 0.05; ** - compared with patients of COPD, group, p < 0.05.

of patients with atrophic changes in muscle tissue
was higher than in the COPD, group (69% and
25% respectively; x> = 4.89; p = 0.047). It is neces-
sary to note that this morphological sign was not
specific to COPD patients, because it was often de-
tected in the control group as well.

As it can be seen from Table 5, the presence of
myolysis in RM (Fig. 5A) was observed in 92% of
the COPD,, patients), but in only 9% of subjects
from the control group (x*= 23.6; p = 0.00001).
In some cases the presence of myolysis zones with
a proliferation of perimysium cells arranged into
a continuous series was detected in these COPD
patients. Additionally, the presence of granules
in sarcoplasm (a sign of severe dystrophic chang-
es) was revealed. Deep dystrophic albuminous

Fig. 5A. Fragmentation and destruction of sarcoplasm
in the center of myofibrils and proliferation of perimy-
sium cells and fibroblasts

granules of various sizes were also noted in rela-
tively unaffected muscular fibers. The fragmenta-
tion of myofibrils was also present in all the groups:
82% in the control group; 83% and 85% in COPD,
and COPD, respectively (x*= 0.01; p = 0.99).

No significant differences were detected be-
tween the control group and the COPD,, groups
regarding the presence of perimysium cell prolif-
eration (36%, 67% and 72% respectively; x> = 2.43;
p = 0.29); nor were significant differences observed
between the COPD, , groups (Fig. 5B). Round-cell
infiltrates around microcirculation vessels, peri-
vascular and intramuscular fatty tissue along the
myofibrils were found, with no significant differ-
ences between the control group and COPD,, pa-
tients (x*= 6.08; p = 0.06). Deposits of lymphocytes

Fig. 5B. The presence of contractures in COPD,
patients
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Fig. 6A. Intergrowth of fatty tissue into the muscular
tissue and proliferation of peremysium cells

Fig. 6B. The presence of zones with interstitial
scleroses and a large number of collagen fibers in
COPD, patients

Fig. 7A. Foci of sclerosis in intramuscular regions (1),
increase in adipose cells (2) and destruction of myofi-
brils (3) in COPD, patient

in separate fibers with fusion of sarcolemma and
bordering sarcoplasm were noted in COPD,, pa-
tients; there were no significant differences be-
tween these groups (x*= 0.99; p = 0.43). No pro-
liferation of fibroblasts was detected in the control
group, but it was observed in 25% and 69% of the
COPD, and COPD, patients respectively. There
were significant differences between the control
group and the study groups (x*= 13.4; p = 0.0012)
as well as between COPD, and COPD, (y*= 4.89;
p = 0.047). Intergrowth of fatty tissue into muscle
tissue (Fig. 6A) was observed in 25% of COPD, pa-
tients and in 69% of COPD, patients, as well as in
36% of the control group. This shows the nonspe-
cific character of these changes, although there was
a significant difference between the COPD groups
and the controls (x> = 12.3; p = 0.002) as well as

Fig. 7B. Contractures of myofibrils in COPD, patient

between the COPD, and COPD, groups (x*= 11.54;
p =0.0012). Marked focal growth of fatty tissue be-
tween muscular fibers and in damaged muscle fi-
bers may be considered a sign of “false hypertro-
phy” of muscle tissue.

Sclerotic changes in RM muscle tissue were
observed in 75% of the COPD, patients and in all
COPD, patients (Fig. 6B, 7A) compared with on-
ly 9% of the healthy controls. This also indicates
nonspecificity of these changes, although there was
a significant difference between these three groups
(x* = 20.6; p = 0.00038) as well as between the
COPD, and COPD, groups (x*= 5.16; p = 0.039)
in the combination of expressed and insignificant
sclerotic manifestations. Expressed interstitial scle-
rosis that extended to certain areas of the damaged
muscle fibers was revealed.
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Fig. 8. Comparisons of echodensitometry parameters: indices of echogenicity (A) and homogeneity (B) of the external
intercostals muscle in the groups of patients with different degrees of severity of airflow limitation (GOLD spirometric
level) and the control group (results of the Kruskal-Wallis test)
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Fig. 9. Correlations between FEV, and the echodensitometric parameters: indices of echogenicity (A) and homogene-
ity (B) of the external intercostals muscle (-) with 95% confidence intervals (--). FEV, - forced expiratory volume in
one second

Contractures of myofibrils (Fig. 7B) were ob- phase changes, the cause of which may be multi-
served in 67% of the COPD, patients and in 85% of factorial. A relationship between the severity of
the COPD, patients, while these changes were not COPD and the dystrophic changes in RM accord-
found in the control group. There was a significant ing to the data from the ultrasonic densitometry
difference between these COPD groups and the con- was established. This is illustrated in Fig. 8.
trol group, but no significant difference was noted be- It was determined that the changes in the ech-
tween the COPD groups (x*= 1.1; p = 0.37). A com- odensitometry parameters in isolated RM correlate
bination of contracture foci and interstitial sclerosis with decreased FEV, and increased breathlessness
around separate muscular fibers was found. expressiveness in COPD patients. The correla-

tion between the echodensitometric parameters
of external intercostal muscle and FEV, as well as

Discussion breathlessness can be seen in Fig. 9 and Fig. 10.
Additionally, a simultaneous increase in the se-
Muscular dysfunction often occurs in COPD verity of dyspnoea and the echogenicity of isolated
and may involve both respiratory and peripheral RM in the course of COPD development was de-
muscles. Decreased strength and endurance in RM tected against a background of decreasing homo-
can lead to clinical symptoms and ventilatory insuf- geneity and structural density due to the expressed
ficiency, whereas in the peripheral muscles it limits atrophy of muscular fibers and the expansion of
exercise capacity and daily activities. The structur- connective and fatty tissue.
al changes of accessory RM that were revealed by The dynamics of these ultrasonic parame-

ultrasonic densitometry consisted of echogenicity ters precisely reflects the course of the dystrophic
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Fig. 10. Correlations between severity of breathless-
ness (MRC) and index of echogenicity of the external
intercostal muscle. MRC - modified medical research
council questionnaire for assessing the severity of
breathlessness

process in RM during the progression of COPD:
from compensatory hypertrophy of RM in re-
sponse to the increase in RM functional load,
through their dystrophy in the phase of substitut-
ing muscle growth with fatty and connective tis-
sue, to severe RM atrophy in severe COPD_ Thus,
each subsequent stage of COPD severity leads to
increasing atrophic and degenerative RM changes.
This fact provides the basis for a conclusion about
a relationship between RM structural changes (re-
vealed during ultrasonic examination) and func-
tional changes of the respiratory system (mani-
fested by decreased FEV, and increased dyspnea
expressiveness) in severe COPD. The significance
of these phase changes in RM echodensitometric
parameters is not fully understood. This dynamics
of echodensitometric parameters in COPD, could
be explained to a certain degree by the increase in
echogenicity due to substituting muscle growth
with fatty and connective tissue. Thus, a significant
positive correlation was determined between scle-
rotic manifestations of RM and their echogenicity
index (Fig. 11) in COPD patients.

Homogeneity and structural density increased
slightly in COPD; compared with COPD,, while
echogenicity decreased slightly. It can be assumed
that the development of RM fatigability in severe
COPD was caused by several factors (a decrease
in their mass, sclerotic changes and a loss of fatty
mass) that reduced the echogenicity of RM. These
morphological changes could be primarily due to
the expressed systemic inflammation, as well as (to
a lesser extent) changes in the hormonal status and
the high sensitivity of patients who had received

20 o 00 6 0000 . o
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Fig. 11. Correlations between sclerosis manifesta-
tions and index of echogenicity of abdominal internal
oblique muscle

long-term high doses of glucocorticoids during
COPD exacerbation.

The study has demonstrated the advantages of
the ultrasonic method in the diagnosis of sclerotic
changes, the detection of intergrowth of fatty tis-
sue into the muscle tissue and atrophic changes.
The method is a major source of information for
assessing structural RM changes. This was proba-
bly connected with the use of the ultrasonic meth-
od to examine the muscles throughout their full
thickness. These morphological data suggest that
the alternating increases and decreases in the ul-
trasonic parameters could be caused by changes in
the fatty tissue volume in the muscle tissue in dif-
ferent stages of COPD development.

The morphological method of studying RM is
invasive and inconvenient, as it is associated with
possible complications, whereas the proposed ul-
trasonic method for examining RM is simple and
safe. In light of this, the authors compared the pos-
sibilities of these 2 diagnostic methods for the as-
sessment of RM status in COPD patients with
different degrees of severity. The sensitivity and
specificity of the ultrasonic method were con-
firmed in 55% and 59% of cases for the estimation
of sclerotic changes in RM, which was compara-
ble to the results of morphological study. Both the
prognostic positive and prognostic negative results
of the ultrasonic method approached 57%. Thus,
the likelihood ratio for a positive result was 1.34.
No significant differences between the ultrasonic
and morphometric methods were detected while
evaluating sclerotic changes in COPD patients
(= 0.82; p = 0.37).
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The sensitivity and specificity of the ultrasonic
method of determining the expressiveness of fatty
tissue intergrowth into the muscle tissue were con-
firmed in 55% of the cases, including both prognos-
tic positive and prognostic negative results. Thus,
the likelihood ratio for a positive result was 1.20.
No significant differences between the ultrasonic
and morphological methods were found in rela-
tion to these morphological phenomena (x*= 0.36;
p =0.55).

The sensitivity and specificity of the ultrason-
ic method for estimating atrophic muscular tissue
expressiveness were confirmed in 55% and 59%
of cases. The prognostic importance of both pos-
itive and negative results was 57%. Thus, the like-
lihood ratio for a positive result was 1.33. No sig-
nificant differences were detected comparing the
results from COPD patients who underwent ex-
aminations by both the ultrasonic and morpholog-
ical methods to evaluate atrophic muscular tissue
expressiveness (x*>= 0.82; p = 0.37). The accuracy
of the ultrasonic method was lower than that of the
morphological method in diagnosing RM dystro-
phic changes in relation to other morphological
signs analyzed.

The authors concluded that the proposed
method of assessing echodensitometric parame-
ters showed the heterogeneity of RM pathological
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