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BACKGROUND: Ultrasound-based diaphragmatic thickness fraction is a reflection of the size and
function of the diaphragm. This study aimed to examine the value of this measurement in identi-
fying patients with COPD who are at high risk for the development of symptoms and exacerbations.
METHODS: This cross-sectional study included 53 subjects with COPD. Respiratory function test
results, ultrasonography-based diaphragmatic thickness, symptom scores (modified Medical Re-
search Council dyspnea scale); COPD Assessment Test results, and number of previous exacerba-
tions and admissions were recorded. RESULTS: Only age showed an inverse and weak relation
with percent thickness fraction (r � �0.37, P � .006). None of the other variables tested correlated
significantly with percent thickness fraction. No association was found between percent thickness
fraction and exacerbation frequency, modified Medical Research Council dyspnea scale and COPD
Assessment Test symptom scores, or Global Initiative for Chronic Obstructive Lung Disease ABCD
risk/symptom assessments. CONCLUSIONS: Diaphragmatic thickness fraction measurements based
on diaphragmatic ultrasound assessment in subjects with COPD seemed to be unable to identify
subjects at high risk of symptoms and exacerbations as defined by the Global Initiative for Chronic
Obstructive Lung Disease ABCD composite disease index. Key words: COPD; muscles; respiratory;
diaphragm; work of breathing; imaging; radiology. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

COPD represents a major cause of morbidity and mor-
tality globally that is associated with an enormous and
ever-increasing social and economic burden to societies.1

One objective of patient assessment in COPD is to deter-
mine the severity of the disease and the potential associ-
ated risks. The severity of the disease cannot be gauged on

the basis of FEV1 alone in COPD, which represents a
clinically heterogeneous disorder.2 It is increasingly rec-
ognized that clinical end points other than FEV1 also carry
prognostic significance, including the severity of dyspnea,
exercise capacity, and body mass index.3 Accordingly, there
has been a recent interest in the use of composite indices
for predicting prognosis in COPD, such as the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines, which have incorporated the combined use of
symptoms and the risk of disease exacerbation as a means
for improving COPD management (ABCD).1 However,
this approach, originally introduced in 2011 by GOLD,
has been criticized for inadequate evidence. Further as-
sessment tools using a variety of multiple parameters also
have been proposed, such as the BODE,3 ADO,4 and DOSE
indexes.5

Increased end-expiratory lung volume is associated with
a significant burden on inspiratory muscles, and particu-
larly on the major inspiratory muscle, that is, the dia-
phragm.6 Ultrasound examination of the diaphragm for
structural and functional assessments is increasingly used,
allowing the measurement of the muscular thickness and
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excursions of the diaphragm.7 However, diaphragmatic
thickness measurements may be misleading despite nor-
mal functionality in individuals with lower body weight.
Therefore, diaphragmatic thickness fraction has been pro-
posed to avoid such misinterpretation. similar to the case
with cardiac ejection fraction, diaphragmatic thickness frac-
tion is a reflection of the size and functions of the dia-
phragm.8,9 Diaphragmatic thickness fraction measurements
have been reported to be useful in determination of lung
hyperinflation in subjects with COPD.10,11 Ultrasound-
based diaphragmatic thickness fraction measurements have
been reported to be useful in determination of lung hyper-
inflation in subjects with COPD.10,11 In addition, diaphrag-
matic thickness fraction has been successfully used for
predicting the outcome of weaning and extubation in sub-
jects admitted to the ICU as well as in determining the
respiratory effort and the contractile activity of the dia-
phragm.9,12-15 Therefore, it may be a potential tool for the
assessment of disease status and outcomes in patients with
COPD.

This study was undertaken to determine the value of
ultrasound-based diaphragmatic thickness fraction mea-
surements in identifying the subjects at high risk of devel-
oping symptoms and exacerbations based on GOLD ABCD
grading system.

Methods

Subjects

The protocol for this cross-sectional study was ap-
proved by the institutional ethics committee (approval
09.2013.0204). A total of 53 subjects with COPD were
included after providing written informed consent. The
diagnosis of COPD was based on GOLD guidelines cri-
teria.1 Subjects included in the study were already receiv-
ing appropriate medical treatment for COPD and had a
stable clinical course for at least 60 d before inclusion (ie,
they had no exacerbations or hospital admission during
that period). No subjects had a history of oral steroid or
theophylline use. Exclusion criteria were as follows: sig-
nificant reactivity after bronchodilator use (increase in
FEV1 � 12% of the baseline value and � 200 mL), in-
ability to comply with study procedures, oxygen depen-
dence, or history of abdominal/thoracic surgery.16

Respiratory function test results, ultrasonography-based
diaphragmatic thickness, symptom scores (modified Med-
ical Research Council dyspnea scale); COPD Assessment
Test results, and number of previous exacerbations and
admissions were recorded. All study tests were performed
on the same day for each subject. Also, subjects were
assessed clinically on the test day.

Pulmonary Function Tests

The pulmonary function tests were performed in the
pulmonary function laboratory of Marmara University Hos-
pital (Istanbul, Turkey) using a whole-body plethysmo-
graph (Collins GS II, Collins, Braintree, Massachusetts).
The FVC volume exhaled in 1 s during this maneuver
and FEV1/FVC were calculated, and the results were com-
pared with reference values based on age, height, sex, and
race.1,17 A post-bronchodilator FEV1/FVC of � 70% was
considered to show air-flow obstruction.

Diaphragmatic Ultrasound

All subjects underwent B-mode ultrasound examinations
in supine position. The examination was performed using
a Logiq E9 (GE Healthcare, Milwaukee, Wisconsin) ul-
trasound system equipped with a 9–15 MHz linear trans-
ducer. The diaphragm was visualized by placing the trans-
ducer over the ninth intercostal space perpendicular to 2
ribs (eighth-tenth), between the anterior and the midaxil-
lary lines where the zone of apposition can be observed
optimally 0.5–2 cm below the costophrenic sinus. The
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Current knowledge

Increased end-expiratory lung volume is associated with
a significant burden on inspiratory muscles, and partic-
ularly on the diaphragm. Ultrasound-based diaphrag-
matic thickness fraction measurements have been re-
ported to be useful in the determination of lung
hyperinflation in subjects with COPD. In addition, di-
aphragmatic thickness fraction has been successfully
used for predicting the outcome of weaning and extu-
bation in subjects admitted to an ICU, as well as in
determining the respiratory effort and the contractile
activity of the diaphragm.

What this paper contributes to our knowledge

Diaphragmatic thickness fraction measurements based
on diaphragmatic ultrasound assessment in subjects with
COPD seemed to be unable to identify those at high
risk for symptoms and exacerbations as defined by
GOLD ABCD composite disease index, which may be
explained by the chronic adaptive processes occurring
in the diaphragms of patients with COPD. Although
diaphragmatic thickness fraction has the potential to
predict disease course or future risks in patients with
COPD, findings of this study do not support its use for
this purpose.
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hypoechoic diaphragm muscle was identified between 2
parallel echoic lines, namely the diaphragmatic pleura and
the peritoneal membrane. Thickness was measured by plac-
ing the calipers inside the hyperechoic lines. The subject
was instructed to breathe spontaneously. At least 3 images
of the diaphragm thickness were recorded at end-expira-
tion and were averaged for thickness evaluation. Averaged
end-inspiration and end-expiration values were put into
the following formula for calculation of percentage thick-
ness fraction: % thickness fraction � [(thickness at end-
inspiration) � (thickness at end-expiration)]/(thickness at
end-expiration) � 100%.

Symptomatic Assessment

The symptom severity in study participants was assessed
using the modified Medical Research Council dyspnea
scale18 and COPD Assessment Test.19 The validity and
reliability of the Turkish version of the latter scale has
been shown previously.20

Composite Disease Grading Based on ABCD

Symptoms and/or the risk of exacerbations were as-
sessed as proposed by the GOLD composite assessment
system.1 According to this composite index, a COPD As-
sessment Test score � 10 is considered to signify the pres-
ence of high burden of symptoms. Although the COPD
Assessment Test was preferentially used for symptomatic
assessment, modified Medical Research Council dyspnea
scale scores were used to determine the level of dyspnea
(ie, a score � 2 showing high burden of symptoms) when
a COPD Assessment Test score was unavailable.

The risk of exacerbation was determined as follows: A
high-risk category was assigned with a history of � 2
exacerbations or hospital admission due to exacerbation
within the past year. Based on this assessment, Group A
consisted of subjects with low-risk, low-symptom burden;
Group B, low-risk, high-symptom burden; Group C, high-
risk, low-symptom burden; and Group D, high-risk, high-
symptom burden. For statistical assessments, subjects in
Groups C and D were considered high risk for exacerba-
tions, and subjects in Groups B and D were considered
high risk for symptoms.1

Statistical Analyses

SPSS (SPSS 21, Chicago, Illinois) was used for statis-
tical analysis. Normality was tested using Shapiro-Wilk
test and graphical methods. Data are presented in
mean � SD or n (%), where appropriate. Correlations be-
tween continuous variables were tested using Spearman’s
rho. Mann-Whitney U test was used to test the differences
between 2 groups in terms of percent thickness fraction,

and Kruskal-Wallis test was used to test the differences
among more than 2 groups. A P � .05 was considered an
indication of statistical significance.

Results

Table 1 shows subject characteristics. The majority of
subjects were male (88.7%). Table 2 shows correlations of
percent thickness fraction with demographical and clinical
data. Only age showed an inverse and weak relation with
percent thickness fraction (r � �0.37, P � .006). None of
the other variables tested correlated significantly with per-
cent thickness fraction (Table 2).

Table 3 shows percent thickness fraction by exacerba-
tion risk and symptom levels according to different indi-
ces. Based on ABCD risk assessments for symptoms and
exacerbations, around two thirds of subjects were at

Table 1. Subject Characteristics

Characteristics Values

Age, mean � SD y 62.6 � 10.1
Male sex, n (%) 47 (88.7)
Smoking, mean � SD pack-years 41.3 � 26.7
Body mass index, mean � SD kg/m2 27.8 � 5.1
No. of exacerbations within the last year, mean � SD 1.5 � 1.5
FEV1/FVC, mean � SD 58.1 � 9.3
FEV1, mean � SD % predicted 67.0 � 22.2
mMRC score, mean � SD 1.7 � 1.1
CAT score, mean � SD 12.1 � 7.7
Percent thickness fraction, mean � SD 20.8 � 12.3
ABCD distribution, n (%)

A 13 (24.5)
B 19 (35.8)
C 4 (7.5)
D 17 (32.1)

N � 53.
mMRC � Modified Medical Research Council dyspnea scale
CAT � COPD Assessment Test

Table 2. Correlations of Percentage Thickness Fraction With
Demographic and Clinical Data

Characteristics r P

Age �0.37 .006
Body mass index �0.22 .12
Smoking 0.10 .94
No. of attacks �0.05 .72
FEV1 0.18 .20
mMRC score �0.14 .29
CAT score �0.15 .26

mMRC � Modified Medical Research Council
CAT � COPD Assessment Test
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high risk for each of these parameters. High- and low-
risk/symptom groups for frequency of exacerbations, mod-
ified Medical Research Council dyspnea scale and COPD
Assessment Test symptom scores, or ABCD risk/symptom
groups did not differ with regard to percent thickness frac-
tion. In addition, ABCD groups did not differ with regard
to percent thickness fraction: 21.5 � 12.4, 22.1 � 13.3,
20.0 � 4.5, and 19.1 � 12.9, respectively, P � .60.

Discussion

The results of our study show that diaphragmatic thick-
ness fraction measurements based on diaphragmatic ultra-
sound assessment in COPD subjects were unable to iden-
tify those at high risk for symptoms and exacerbations as
defined by GOLD ABCD composite disease index. To our
knowledge, this is the first study that assessed the associ-
ation between diaphragmatic thickness fraction and dis-
ease severity, symptoms, and exacerbation frequency.

Recently, there has been a surge in the number of ul-
trasound examinations of the diaphragm because of the
widespread availability of this practical and noninvasive
assessment tool. Using this imaging modality, studies ex-
amining the diaphragm in subjects with asthma,21 Duch-
enne muscular dystrophy22 or cystic fibrosis23 have been
carried out. Also, the utility of diaphragmatic function
assessment has been examined in ICU subjects and in
subjects experiencing weaning difficulties.9,12 The respi-
ratory effort and the diaphragmatic contractile activity was

successfully assessed using diaphragmatic thickness frac-
tion, with additional findings suggesting that this measure-
ment may also be used for the determination of respiratory
workload.13-15

Diaphragmatic thickness fraction represents a more sen-
sitive measurement than diaphragmatic thickness measure-
ments. An analogy between cardiac ejection and increased
diaphragmatic thickness during inspiration as an indirect
measure of muscle fiber contractions also has been pro-
posed. Similar to the cardiac ejection fraction, this reflects
the diaphragmatic functions and magnitude of effort.8,9

In a study by Baria et al,24 diaphragmatic thickness and
thickening ratio were examined using B-mode ultrasound
in 50 subjects with COPD and 150 healthy control sub-
jects. These investigators found no difference in diaphrag-
matic thickness or thickening ratio between subjects with
COPD and control subjects. In that study, diaphragmatic
thickness was measured during end-expiration and maxi-
mum inspiration, and thickening ratio was calculated as
the ratio between end-expiration and maximum inspira-
tion. On the other hand, in our study diaphragmatic thick-
ness fraction was used for the structural and functional
assessment of the diaphragm as proposed by Gottesman
and McCool.25 In addition, Baria et al did not examine the
clinical correlates of the diaphragmatic measurements.

Davachi et al,26 in their study comparing 25 subjects
with COPD and 25 healthy control subjects, detected sta-
tistically significant differences in terms of diaphragmatic
motility between the 2 groups. Also in that study, dia-
phragmatic motility was associated with airway obstruc-
tion, but not with hyperinflation. Paulin et al,27 on the
other hand, observed decreased diaphragmatic motility in
subjects with COPD as compared with healthy control
subjects, which was associated with distance covered in
the 6-min walk test. In a subgroup analysis based on the
diaphragmatic motility distance, those with lower diaphrag-
matic motility had more dyspnea. Interestingly, in contrast
with observations reported by Davachi et al,26 diaphrag-
matic motility was associated with hyperinflation in that
study.

Our study is at variance with those above-mentioned
studies, because diaphragmatic thickness fraction reflect-
ing the functional capacity of the diaphragm was mea-
sured. There may be some potential explanations for the
absence of an observed association between diaphragmatic
thickness fraction determined by diaphragmatic ultrasound
in subjects with COPD and high-risk status for symptoms
and exacerbations based on GOLD ABCD composite in-
dex. First, in most of the studies examining inspiratory
muscular dysfunction in COPD, the main focus of interest
was the diaphragmatic muscle, because the diaphragm is
not only the major inspiratory muscle, but also represents
the muscular structure that is most intensely affected by
hyperinflation, the characteristic feature of COPD. In pa-

Table 3. Percentage Thickness Fraction by Exacerbation Risk and
Symptom Levels According to Different Indices

Index n
Percent Thickness

Fraction
(mean � SD)

P

Frequency of exacerbations .46
High* 22 19.6 � 11.5
Low 31 21.7 � 13.0

mMRC score .35
High symptom (�2) 24 19.3 � 10.6
Low symptom (�2) 29 22.2 � 13.6

CAT score .33
High symptom (�10) 30 20.8 � 14.1
Low symptom (�10) 23 20.9 � 9.8

ABCD symptom evaluation .51
High symptom (B � D) 36 20.7 � 13.0
Low symptom (A � C) 17 21.1 � 10.9

ABCD exacerbation evaluation .30
High risk (C � D) 32 19.3 � 11.7
Low risk (A � B) 21 21.9 � 12.8

* �2 exacerbations or at least 1 hospitalization for exacerbation during the last year.
mMRC � Modified Medical Research Council
CAT � COPD Assessment Test
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tients with COPD, the diaphragm is overburdened against
an increased mechanical load because of airway obstruc-
tion. It has been suggested that the resulting mechanical
load may lead to a chronic endurance training-type effect
on the diaphragmatic muscle. In a previous study,28 sub-
jects with COPD and chronic hyperinflation were able to
produce higher maximal transdiaphragmatic pressures
when compared with normal individuals. Diaphragmatic
myofibrils exhibit an increased level of activity against an
increased mechanical load, and undergo structural remod-
eling because of chronic adaptation.29 In our study, this
chronic adaptive process may be responsible for the ab-
sence of an association between this index and symptoms
as well as exacerbations in this stable group of subjects.
However, further studies focusing on the most severe COPD
patients and/or on the prediction of severe exacerbations
may help clarify the issue. In addition, the course of the
respiratory muscle function over time using spirometry or
arterial blood gas studies together with its association with
diaphragmatic thickness fraction seems to merit further
investigation.

Inability to account for the significant variations in
the clinical course of COPD by FEV1 alone has led to
inclusion of exacerbations and comorbid conditions in
GOLD guidelines as a result of their effect on the dis-
ease severity. Although this new assessment system rep-
resents a significant step in the assessment of the dis-
ease, studies have suggested that the GOLD-defined
categories of ABCD do not necessarily have to reflect a
linear increase in disease severity.30 Furthermore, pa-
tients in Group D also were shown to exhibit a certain
degree of heterogeneity.31 In our study, subjects cate-
gorized according to GOLD ABCD scoring systems did
not differ significantly with regard to diaphragmatic
thickness fraction, which may result from this within-
group heterogeneity.

Limitations of our study include the relatively small
sample size as well as the absence of controls. Another
limitation relates to the absence of transdiaphragmatic
pressure measurements via esophageal or gastric trans-
ducer, which are considered the accepted standards for
the assessment of diaphragmatic functions. However, a
correlation between ultrasound-based diaphragmatic
function, lung volume, and inspiratory pressure values
was found.25,32

Considering the importance of risk prediction and
treatment planning in patients with COPD, the ABCD
system represents a large step forward; however, its
reliability is questionable. Nevertheless, exacerbation
frequency and symptom severity have been incorpo-
rated in the ABCD system and are both valuable in
treatment planning. Novel methods with potential to
predict disease course or future risks, or which may
provide additional information, would be helpful in this

regard, and diaphragmatic thickness fraction has such a
potential. However, current findings of this study do not
support its use for this purpose.

Conclusions

Diaphragmatic thickness fraction measurements based
on diaphragmatic ultrasound assessment in subjects with
COPD seemed to be unable to identify those at high risk
for symptoms and exacerbations as defined by GOLD
ABCD composite disease index. Chronic adaptive pro-
cesses occurring in subjects with COPD and the hetero-
geneity within GOLD ABCD risk assessment system may
be responsible for our failure to identify an association
between diaphragmatic function and symptoms/exacerba-
tion risk in this stable group of subjects.
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