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Abstract

Background: Chronic obstructive pulmonary disease, characterized by chronic airway inflammation and progressive airflow limitation, 
and is considered as common, preventable and treatable disease. The defining standard values for diaphragm thickness and thickening 
ratio using B-mode ultrasound may provide a simpler, safer means of evaluating diaphragmatic function in chronic obstructive 
pulmonary disease patients. Objective: to assess the diaphragmatic structure and function using B-mode ultrasonography studying the 
diaphragm muscle inspiratory and expiratory thickness and thickening fraction in patients with COPD compared to healthy controls, 
and to study their sensitivity and specificity as well as their correlation with certain pathophysiologic parameters namely (peripheral 
capillary oxygen saturation, body mass index and C-reactive protein) to establish possible relation with the pathophysiology of the 
disease. Materials and Methods: The present study is a case control study was conducted in Al-Imamein Al-Kadhimein Medical City, 
Baghdad, Iraq in the period extended from November 2019 to October 2021. Forty patients with the diagnosis of COPD underwent 
B-mode ultrasound analysis. Three images were captured both at end expiration (Tmin) and at maximal inspiration (Tmax). The 
thickening fraction was calculated as (Tmax-Tmin/Tmin), and each set of values was averaged. Findings were compared with a 
database of 40 healthy control subjects. Results: Diaphragm thickness and thickening fraction were significantly higher in COPD 
patients compared to control subjects with the mean of the Rt. inspiratory diaphragmatic thickness equals (3.23 ± 0.68mm versus 
2.8 ± 0.55mm; respectively, p=0.006) compared to control, and (2.44 ± 0.71 versus 1.96 ± 0.6; respectively, p=0.004) for the mean 
Rt. diaphragmatic thickening fraction, while the mean of the Lt. inspiratory diaphragmatic thickness was (3.22 ± 0.63mm versus 
2.79 ± 0.51mm; respectively, p=0.003) compared to control, and (2.45 ± 0.63 versus 1.95 ± 0.54; respectively, p=0.003) for the mean 
Lt. diaphragmatic thickening fraction, ROC analysis shows that the right and left diaphragmatic fractions had the highest sensitivity 
and specificity parameter for COPD. No correlations were found between body mass index, SpO2 with diaphragmatic parameters. 
Conclusion: the current study found diaphragmatic ultrasonographic characteristics in patients with COPD show significant increase 
in inspiratory thickness and thickening fraction compared to control group, yet they were of low diagnostic accuracy.
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Introduction
Diaphragmatic dysfunction is not uncommon in patients 
with chronic obstructive pulmonary disease (COPD).[1] 
The commonest and oldest known cause for diaphragmatic 
dysfunction in patients with COPD is mechanical 
disadvantage owing to over inflation of the lungs.[2] 
More recently recognized reasons for the diaphragmatic 
weakness are remodelling,[3] exposure to oxidative stress,[4] 
and a reduction of myosin filaments owing to reduced 
protein production and increased apoptosis of muscle 
cells.[4,5]

Electromyographic evaluation of diaphragmatic 
neuromuscular disease in patients with COPD is 
technically difficult and potentially high risk. Ultrasound 
imaging of the diaphragm has been broadly applied 
in some chronic respiratory diseases, such as COPD, 
diaphragmatic paralysis, as well as during weaning from 
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mechanical ventilation.[6,7] The B-mode ultrasound may 
provide a simpler, safer means of evaluating diaphragmatic 
function in COPD patients. In comparison with other 
imaging methods, this technique has many advantages, 
such as absence of radiation, portability, repeatability, low 
price, real-time imaging, and non-invasivenes.[8-11]

The aims of the present study is to assess the diaphragmatic 
structure and function using B-mode ultrasonography to 
measure the diaphragm muscle inspiratory and expiratory 
thickness and thickening fraction in patients with COPD 
compared to healthy controls, and to study their sensitivity 
and specificity in diagnosing diaphragmatic dysfunction 
ion COPD; as well as their correlation with certain 
pathophysiologic parameters namely peripheral capillary 
oxygen saturation (SpO2), body mass index (BMI) and 
C-reactive protein to establish possible relation with the 
pathophysiology of the disease.

Materials and Methods
This case control study was conducted in Al-Imamein 
Al-Kadhimein Medical City, Baghdad, Iraq in the period 
extended from November 2019 to October 2021. All the 
selected subjects were enlightened about the examination 
and informed consent for participation in the study was 
provided. The study was approved by the Institute Review 
Board of the College of Medicine, Al-Nahrain University.

Forty patients with clinically documented COPD, being 
diagnosed and referred by a pulmonologist. History and 
information are taken from the patients which include the 
patient’s name, age, sex, weight, height, occupation, past 
medical history, disease duration. Those were compared 
with 40 age and sex matched healthy controls with no 
history of any medical disease. All participants would be 
subjected to O2 saturation analysis by oxymeter, C-reactive 
protein analysis and perform pulmonary function test 
(PFT) before commencement of ultrasonographic 
analysis.

All subjects underwent B-mode ultrasound examination 
using a LOGIO P6 PRO –GE ultrasound Korea serial 
no.137540SU1, with the patient in the supine position, the 
transducer was placed on the chest wall at approximately 
the anterior axillary line, just cephalad to the lower costal 
margin. With the transducer spanning/perpendicular to 
two ribs, the diaphragm can be visualized as a hypoechoic 
layer of muscle encased in two hyperechoic layers of 
connective tissue (the parietal pleura and the peritoneum), 
deep to the intercostal muscles connecting the two ribs. 
Diaphragm thickness was measured by placing electronic 
callipers just inside the hyperechoic connective tissue 
layers. Measurements were taken on three different images 
to find the average thickness of the diaphragm at maximal 
inspiration or total lung capacity as well as at end 
expiration or functional residual capacity. A  thickening 
fraction was derived by dividing the average thickness of 

the diaphragm at maximal inspiration minus thickness 
of diaphragm at end expiration divided by the average 
thickness of the diaphragm at end expiration.

Most of data were continuous and expressed as mean 
± standard deviation. Comparison of these data was 
done by using unpaired Student t-test. Only gender ratio 
and C-reactive protein was expressed as frequency and 
percentage, comparison of these data was done using 
Fisher exact test. P value less than 0.5 was considered as 
significant.

The sensitivity and specificity of all studied diaphragmatic 
ultrasonographic parameters were evaluated by using 
receiver operating characteristics curve (ROC) test. 
Pearson correlation was studied between abovementioned 
parameters and certain pathophysiologic parameters 
namely (SpO2, BMI and C-reactive protein). The software 
used were Microsoft excel 2016 and SPSS (statistical 
package for social sciences) version 23.

Ethical approval
The study was conducted in accordance with the ethical 
principles that have their origin in the Declaration of 
Helsinki. It was carried out with patients verbal and 
analytical approval before sample was taken. The study 
protocol and the subject information and consent form 
were reviewed and approved by a local ethics committee 
according to the document number (268) in 15/10/2019.

Results
Eighty subjects were enrolled in this study; 40 
patients diagnosed with COPD and 40 apparently 
healthy volunteers. The mean age of patients was 
(60.83 ± 9.34  years) comprising (30) males and (10) 
females, as compared to (62.9 ± 5.98 years) of apparently 
healthy volunteers comprising (30) males and (10) females, 
too. No significant difference was noticed regarding age, 
gender, weight, height or BMI between COPD patients 
and control group [Table 1].

Seven out of forty patients had CRP positive results, as 
compared to none in the control group and the difference 

Table  1: Comparison of demographic parameters, SpO2 
between COPD patients and control group

Parameter Patients  
N=40  

mean±SD

Control  
N=40  

mean±SD

P value

Age (yr) 60.83 ± 9.34 62.9 ± 5.98 0.241*

Weight (kg) 80.3 ± 17.51 83.58 ± 12.63 0.340*

Height (cm) 165.83 ± 9.22 168.43 ± 10.58 0.245*

BMI (kg/m2) 29.03 ± 5.17 29.46 ± 3.52 0.669*

SpO2 (%) 95.0 ± 5.48 98.68 ± 0.53 <0.001*
BMI= Body mass index, CRP= C-reactive protein, * p value by 
unpaired t-test
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was significant (p value = 0.012). Finally, results of SpO2 
were significantly lower in COPD patients as compared to 
control group (p value <0.001) [Tables 1, 2].

Diaphragm thickness and thickness ratio were significantly 
higher in COPD patients compared to control subjects, with 
the mean of the Rt. inspiratory diaphragmatic thickness 
equals (3.23 ± 0.68mm versus 2.8 ± 0.55mm; respectively, 
p=0.006) compared to control, and (2.44 ± 0.71 versus 
1.96 ± 0.6; respectively, p=0.004) for the mean Rt. 
diaphragmatic thickening ratio; while the mean of the Lt. 
inspiratory diaphragmatic thickness was (3.22 ± 0.63mm 
versus 2.79 ± 0.51mm; respectively, p=0.003) compared to 
control, and (2.45 ± 0.63 versus 1.95 ± 0.54; respectively, 
p=0.003) for the mean Lt. diaphragmatic thickening ratio. 
Although the expiratory diaphragmatic thickness was also 
higher in these patients, the difference was not significant 
[Table 3]. ROC analysis was done for diaphragmatic 
thickness and thickening fraction [Figures 1 and 2]. The 
Rt. and Lt. diaphragmatic fractions showed the highest 
sensitivity and specificity parameter for COPD, with 
both sensitivity and specificity equals (70.0% versus 
74.3% at cutoff  value 2.31 and 73.3% versus 74.3% at 
cutoff  value 2.20 for the Rt. and Lt. diaphragmatic ratios; 
respectively). The Lt. diaphragmatic expiratory thickness 
showed a lesser sensitivity and specificity percentages 
(70.0% versus 71.4% at cutoff  value 3.05 mm). However, 
other studied parameters were of lower sensitivity and 
specificity percentages [Tables 4]. No correlations were 
found between body mass index, SpO2 with diaphragmatic 

ultrasound parameters in COPD patients and control 
groups apart from positive correlation between Rt. and 
Lt. diaphragmatic expiratory thickness and BMI [Tables 5 
and 6]. Finally, patients with positive C-reactive protein 
level had significantly lower diaphragmatic expiratory 
thickness compared to those with negative results for both 
Rt. and Lt. diaphragms [Table 7].

Discussion
In the current study, no significant differences were noticed 
regarding gender, height or age between the two studied 
groups, which would exclude any possible source of error 
which might be anticipated if  any significant differences 
were present and this is important to exclude their effects 
as co-factors that would compromise study results. 
In addition, no significant differences were observed 
regarding weight and hence, BMI results between patients 
and control group. This can be explained that all of the 
patient included in the study were not in the advanced 
severe stages of the disease, and most of them were 
overweight, thus, malnutrition was not found in all of the 
studied patients and therefore, no statistical significant 
differences were found regarding weight and BMI as 
compared to control subjects. However, the significant 
decrease in SpO2 percentages observed in COPD patients 
as compared to control subjects, can be explained by the 
effects of hypoxemia which is a major complication of 
COPD compared to controls. Gas exchange abnormalities 
in COPD result in hypoxemia and hypercapnia, and 
have several mechanisms.[12] Finally, C-reactive protein 
was positive in seven patients compared to none in the 
control group, which is statistically significant and might 
ring a bell about the possible effect of inflammation in 
the pathophysiology of the disease. A study by Agarwal 
R and his colleagues revealed the circulating levels of the 
inflammatory marker hs-CRP are significantly elevated in 
patients with COPD, supporting the view that COPD is in 
part an inflammatory disorder.[13]

In the current study, the COPD patients showed a 
significant increment in inspiratory diaphragmatic 
thickness and diaphragmatic ratio in comparison to 
control people, and although the expiratory diaphragmatic 

Table  2: Comparison of gender and C-reactive protein 
between COPD patients and control group

Parameter Patients  
N=40  

mean±SD

Control  
N=40  

mean±SD

P value

N (%) N (%)
Gender Male 30 (75.0) 30 (75.0) 1.000**

 Female 10 (25.0) 10 (25.0)  

CRP Negative 33 (82.5) 40 (100) 0.012**
 Positive 7 (17.5) 0 (0.0)  
CRP= C-reactive protein, ** p value by Fisher Exact test

Table 3: Comparison of the Diaphragmatic Ultrasound Parameters between COPD patients and control

Ultrasound Parameter Patients  
N=30  

mean±SD

Control  
N=35  

mean±SD

P value

Rt. diaphragmatic inspiratory thickness (mm) 3.23 ± 0.68 2.8 ± 0.55 0.006

Rt. diaphragmatic expiratory thickness (mm) 2.53 ± 0.53 2.32 ± 0.44 0.089

Rt. Diaphragmatic thickening fraction 2.44 ± 0.71 1.96 ± 0.6 0.004

Lt. diaphragmatic inspiratory thickness (mm) 3.22 ± 0.63 2.79 ± 0.51 0.003

Lt. diaphragmatic expiratory thickness (mm) 2.5 ± 0.54 2.3 ± 0.43 0.103

Lt. diaphragmatic thickening fraction 2.45 ± 0.63 1.95 ± 0.54 0.001
P value by unpaired t-test
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thickness was also higher in these patients, the difference 
was not significant. These findings are in harmony with 
the results of several studies[7,14] Jane and his associates 
have found that in severe COPD, an increase in movement, 
diaphragm thickness, zone of apposition were observed, 
perhaps due to increased transpulmonary pressure 
variations and adaptive diaphragmatic changes like 
collagen accumulation.[15] The progressive limitation of the 
airflow in COPD patients causes a pathological adaptation 
of the diaphragm, the dome of the diaphragm is lowered, 
in inspiratory position. The muscle thickness is increased, 
especially with decreased mechanical excursion, probably 
due to fibers’ shortening. A  decrease of anaerobic type 
fibers (type II) and an increase in aerobic fibers (type I) 
are observed; this process progressively increases with the 
pathology worsening. The increase in the oxidative process, 
however, does not correspond to an improvement of the 
diaphragmatic function. The rate of detectable myosin 
decreases, resulting in altered sarcomeric organization 
and further decreasing of the contractile strength.[16]

Contrary to these results, Eryüksel and his colleagues 
reported a normal diaphragm structure, diaphragm 

function, and respiratory drive in patients with COPD, 
explaining their results that in patients with COPD, 
the diaphragm is overburdened against an increased 
mechanical load because of airway obstruction. It has 
been suggested that the resulting mechanical load may 
lead to a chronic endurance training-type effect on the 
diaphragmatic muscle.[17]

Therefore, it is possible that pathological adaptation of 
the diaphragm during inspiration, and the transformation 
of muscle fiber type into the aerobic high endurance 
fatigue resistant type I  fiber with decreased fiber length 
and increased thickness are of the possible explanation for 
increased inspiratory thickness and thickening ratio; not 
to mention the accumulation of non-contractile proteins 
like collagen and the altered sarcomeric organization.

Receiver Operating Characteristic (ROC) analysis of 
different ultra-sonographic parameters in COPD, were of 
low sensitivity and specificity, with the highest sensitivity 
and specificity were in the thickening fraction (70.0% 
versus 74.3% at cutoff  value 2.31 and 73.3% versus 74.3% 
at cutoff  value 2.20 for the Rt. and Lt. diaphragmatic 
ratios; respectively)). These findings point to the lower 

Figure 1: ROC Curve of Rt. Diaphragmatic Ultrasound Parameters in Patients with COPD
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Figure 2: ROC Curve of Lt. Diaphragmatic Ultrasound Parameters in Patients with COPD

Table 4: Area under Curve, Sensitivity, Specificity and Cutoff Value of the Rt. Diaphragmatic Ultrasound Parameters in COPD 
Patients

Parameter Area under curve Sensitivity Specificity Cutoff value
Rt. diaphragmatic inspiratory thickness 0.721 66.7% 74.3% 3.15

Rt. diaphragmatic expiratory thickness 0.627 56.7% 65.7% 2.45

Rt. diaphragmatic thickening fraction 0.731 70.0% 74.3% 2.31

Table  5: Correlation of body mass index with ultrasound 
parameters in patients and control groups

Parameter
  

BMI (kg/m2)

Patients Control
Rt. diaphragmatic inspiratory thickness (mm) R 0.232 -0.210

 P 0.217 0.227

Rt. diaphragmatic expiratory thickness (mm) R 0.383 -0.152

 P 0.037 0.383

Rt. Diaphragmatic thickening fraction R 0.195 -0.199

 P 0.301 0.252

Lt. diaphragmatic inspiratory thickness (mm) R 0.249 -0.218

 P 0.184 0.208

Lt. diaphragmatic expiratory thickness (mm) R 0.383 -0.153

 P 0.037 0.381

Lt. diaphragmatic thickening fraction R 0.213 -0.208

 P 0.258 0.231

Table 6: Correlation of SPO2% with ultrasound parameters in 
patients and control groups

Parameter
  

SPO2%

Patients Control
Rt. diaphragmatic inspiratory thickness (mm) R -0.152 0.025

 P 0.421 0.885

Rt. diaphragmatic expiratory thickness (mm) R -0.007 -0.125

 P 0.971 0.476

Rt. Diaphragmatic thickening fraction R -0.183 0.050

 P 0.334 0.777

Lt. diaphragmatic inspiratory thickness (mm) R -0.163 0.005

 P 0.388 0.979

Lt. diaphragmatic expiratory thickness (mm) R -0.067 -0.161

 P 0.724 0.355

Lt. diaphragmatic thickening fraction R -0.184 0.040

 P 0.331 0.817

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 12/08/2024



Kareem, et al.: Diaphragmatic thickness in COPD

         432� 432    Medical Journal of Babylon  ¦ Volume 19 ¦ Issue 3 ¦ July-September 2022

diagnostic ability of the diaphragmatic ultrasonographic 
thickness characteristics in COPD, probably because 
these changes were minor changes or similar changes can 
occur in several respiratory diseases. These results are in 
agreement with several study groups.[17-19]

Essawy and his co-worker found the cut-off  point to 
differentiate between COPD group and control group as 
regard to thickness fraction was 0.927 cm with sensitivity 
75% and specificity 80%, they concluded that measuring 
diaphragmatic thickness fraction is more accurate than 
measuring diaphragmatic thickness alone for evaluation 
of diaphragm in COPD patients.[18] While, Eryüksel 
and his group reported that diaphragmatic thickness 
ratio represents a more sensitive measurement than 
diaphragmatic thickness measurements. An analogy 
between cardiac ejection and increased diaphragmatic 
thickness during inspiration as an indirect measure of 
muscle fiber contractions has been proposed. Similar to the 
cardiac ejection fraction, this reflects the diaphragmatic 
functions and magnitude of effort.[17]

Findings of the present study showed no correlations 
between body mass index, SpO2 with diaphragmatic 
parameters in COPD patients and control groups 
apart from positive correlation between Rt. and Lt. 
diaphragmatic expiratory thickness and BMI. However, 
no significant changes were observed in the current study 
in the expiratory diaphragmatic thickness between patients 
and control groups, and the fact that all of the patients 
included in this study were not in the advanced severe 
stages of the disease, and most of them were overweight, 
thus, not malnourished and therefore, these factors could 
affect the findings of positive correlations between BMI 
and the expiratory diaphragmatic thickness.

Finally, patients in the current study with positive 
C-reactive protein level had significantly lower 
diaphragmatic expiratory thickness compared to those 
with negative results for both Rt. and Lt. diaphragms. 
The presence of  negative relations between diaphragmatic 
expiratory thickness and the inflammatory marker 
C-reactive protein level might elucidate a point that 
the structural changes in the diaphragm found in the 

current study and the significant increased thickness in 
COPD patients affect mainly inspiratory diaphragmatic 
thickness, more than the expiratory thickness, which is 
measured at the functional residual capacity representing 
the dual effect of  the active expiratory reserve volume and 
the passive residual volume. It is worth mentioning that 
Jane and his associates have found that the diaphragm 
thickness, movement, and zone of  apposition were 
significantly reduced, and not increased, in mild to 
moderate COPD due to overall reduced muscle mass in 
COPD because of  systemic inflammation, but in severe 
COPD, an increase in movement, diaphragm thickness, 
zone of  apposition were observed.[15] All patients included 
in the study were not in the advanced severe stages of  the 
disease, which might give another explanation for the 
presence of  negative relations between diaphragmatic 
expiratory thickness and the inflammatory marker 
C-reactive protein level.

Conclusion
Diaphragmatic ultrasonographic characteristics in patients 
with COPD show significantly increase in inspiratory 
thickness and thickening ratio compared to control; yet 
of low diagnostic accuracy. There was no correlations 
between body mass index, SpO2 with diaphragmatic 
parameters in COPD patients and control groups.
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