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Ultrasound utilization in the diagnosis of diaphragm 
dysfunction compared to other modalities: A retrospective 
study

Introduction

Diaphragm is a dome shaped fibro-muscular assembly 
lies at the bottom of thoracic cavity and composed of an 
aponeurotic tendinous central ligament surrounded by 
peripheral muscle fibers. Diaphragm is divided into left and 
right hemi-diaphragms, each with different vascular and nerve 
supplies.[1-5] It is innervated by two phrenic nerves originating 
from cervical nerve roots C3 to C5. It is a physical barrier that 
separates the thoracic cavity from the abdominal cavity and 
functions primarily involuntarily with additional voluntary 
control when needed. It, therefore, is considered as principal 
muscle of ventilation. During inspiration, it contracts along 
with the accessory respiratory muscles resulting in expanding 
thoracic cavity, decreasing intrathoracic pressure and drawing 
air into the lungs. With relaxation of diaphragm, predominates 

elastic recoiling of lungs, causes exhalation. In addition, the 
diaphragm also assists in emesis, urination, and defecation 
by increasing intra-abdominal pressure and helps prevent 
gastroesophageal reflux by exerting external pressure at the 
esophageal hiatus.[6,7]

In young children, especially in neonates, the accessory 
respiratory muscles are often inadequate to compensate for a 
failing diaphragm. This leads to respiratory muscle fatigue with 
poor lung expansion and variable degree of potential atelectasis 
and ultimately result in respiratory failure. However, in adults 
and older children, the accessory respiratory muscles can often 
compensate for the paretic or paralyzed diaphragm.[8,9] Cardiac 
surgery done for underlying congenital heart diseases is the 
most common cause of abnormal diaphragmatic motion with 
a prevalence ranging from 0.3 to 12.8%.[10]
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Based on symptoms like unexplained dyspnea, limitation to 
exercise and pain in shoulder, the primary utilized diagnostic 
tools include physical examination, laboratory investigation, 
and imaging modalities. Physical examination include 
diaphragm excursion, which involves percussion along 
the posterior chest to determine the displacement range of 
diaphragm during deep inspiration and deep expiration. Normal 
diaphragmatic excursion is 5–6 cm. Diminished diaphragmatic 
excursion is often associated with weakness of diaphragm or 
its paralysis.[7,11] Laboratory investigations of arterial/venous 
blood gases (BG’s) measure dissolved gases in and other 
properties of blood (pH, pCO2, pO2, base excess, O2 saturation, 
etc.) and are most often performed on patients in critical care 
settings. BG’s are an indication of ventilation, gas exchange 
and acid-base status of blood, where blood is collected either 
from an arterial or venous blood supply.[12-16]

Chest radiographic X-ray provides an image, which allows 
physicians to perceive structure and morphology of diaphragm. 
It clearly demonstrates the elevation of diaphragm. In normal 
individuals, the left hemi-diaphragm is usually located one 
intercostal space lower than the right hemi-diaphragm. Slight 
elevation of right hemi-diaphragm is associated with the 
presence of liver under it. If a hemi-diaphragm is weak, then 
the normal negative intra-pleural pressure pulls the diaphragm 
cranially into the thoracic cavity. Consequently, the paralyzed 
diaphragm appears at a higher level. If the right side is 
paralyzed, the distance between the right and left diaphragm 
will be more than two intercostal spaces, and if the left side 
is paralyzed, both the hemi-diaphragms will appear on the 
same level [Figure 1].[17] In bilateral weakness, both hemi-
diaphragms will appear at a higher level and might be missed 
on routine chest radiographs.[5]

Diaphragm ultrasonography is a non-invasive, portable mode 
of imaging that eliminates the exposure to radiation and risk of 
transportation. It is widely used particularly in intensive care 
unit (ICU) where intense patient cooperation is not essential. 
Two ultrasound methods are characteristically used to assess 
diaphragmatic functions. First, the analysis of the dome 
excursion with M-mode approach which is well-tolerated test 
with a linear relationship between diaphragmatic movement 
and inspired volume and allows quantitative and qualitative 

assessment of diaphragmatic movement [Figure 2]. Second 
is the evaluation of diaphragmatic thickness and thickening 
during inspiration by analyzing the apposition zone.[1,18]

The aim of this paper was to retrospectively study and to 
evaluate the accuracy of departmental ultrasound in assessment 
of diaphragm motion and to compare its results with other 
institutional parameter, namely, physical examination, 
laboratory investigation, and chest radiograph findings. 
Although, other institution parameters provide sufficient 
information to diagnose impaired diaphragm motion, 
ultrasonography is considered relatively sensitive tool. The 
final objective of this study was to support the diagnostic 
superiority and reliable of ultrasonography.

Materials and Methods

Study population
Study population included pediatric patients admitted to King 
Abdullah Specialized Children Hospital, a tertiary hospital 
for pediatric patients, Ministry of National Guard Health 
Affairs, Riyadh, Saudi Arabia. The study was bioethically 
approved by the local institutional review board of King 
Abdullah International Medical Research Center (approval 
# RC19/307/R). In this study, patients were retrospectively 
selected in two years and half long sampling period from 
January 1, 2017, to June 30, 2019. Pediatric patients under 
14 years from both genders having respiratory symptoms 
(such as dyspnea, intolerance to exercise, sleep disturbances, 
hypersomnia, and with a potential impact on survival) 
associated with clinical suspicion of diaphragm dysfunction 
were considered for study as per institutional criteria (for 
pediatric age). Data of total 133 cardiac and non-cardiac 
pediatric patients were selected for the study. Demographic 
and baseline characteristics of the study population were 
collected. Pediatric patients having neuromuscular blockers, 
surgical plication and phrenic nerve pacing were excluded from 
the study. Neuromuscular blocker drugs block neuromuscular 
transmission at neuromuscular junction, causing paralysis 
of the affected muscle exhibiting false positive results. 
Diaphragmatic plication is traditionally performed by 
gathering weak and flaccid diaphragm muscle and central 

Figure 1: Chest radiograph showing: (a) Normal diaphragm appearance, (b and c) elevation of left and right hemi-diaphragm; respectively, 
following phrenic nerve paralysis in patients with post-cardiac surgery
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tendon into pleats and sutured, lowering and tightening the 
hemi-diaphragm and increasing intrathoracic volume. In case 
of phrenic nerve pacing, the nerves are electrically stimulated 
using implanted electrodes to restore physiological functions 
of diaphragm. Diaphragmatic plication and phrenic nerve 
pacing often interfere in diaphragm movement assessment by 
exhibiting false negative results.[19-25]

As per organization structure, pediatric patients having 
respiratory symptoms associated with clinical suspicion of 
diaphragm dysfunction were diagnosed based on review of 
patient clinical history, physical examination with emphasis 
on the diaphragm excursion and laboratory investigation by 
arterial/venous BGs test. On suspicion of either unilateral 
or bilateral diaphragmatic dysfunction, the patients were 
subjected to imaging modalities including chest radiograph and 
diaphragmatic ultrasound. Results of diaphragm dysfunction 
diagnosis on both right and left hemi-diaphragms are presented.

Statistical analysis

Raw data were processed by following the best practices 
for raw data management to identify any inaccuracies or 
incompleteness in advance of the statistical analysis. To 
accomplish this task, all interval variables were checked and 
summarized in terms of maximum and minimum values. 
Minimum and maximum values were checked and compared 
against the nominal maximum and minimum value of each 
variable, and variables with implausible values were flagged. 
All variables were summarized and reported for the study 
using descriptive statistics. Interval variables were summarized 
and reported in terms of n, %, mean, and standard deviation. 
Categorical variables were summarized and reported in terms 
of frequency distribution. Sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), and 
95% confidence interval (CI) were calculated to assess the 
predictive accuracy. About 95% CI was calculated to assess 
the predictive accuracy of the diagnostic ultrasounds, chest 
radiograph, clinical suspicion, and laboratory investigation, 
relative to the clinical diagnosis results (with clinical diagnosis 
representing the gold standard measurement for the unknown 
true outcome status).

For all analyses, ultrasound reports, clinical suspicion, and 
chest radiograph reports were classified into two levels namely 
“Abnormal” and “Normal.” The findings such as paralysis 
and paresis from ultrasound and clinical suspicion results 
were categorized as “Abnormal.” However, the low and 
high findings from chest radiograph report were considered 
“Abnormal.” All statistical analyses were done using SAS 
software version 9.4 or higher (SAS Institute, Cary, NC, USA).

Table 1: Demographic and baseline characteristics of patients 
investigated for diaphragmatic dysfunction (n=131). Data shown 
are frequencies; n (%) or mean±SD
Variables n (%) or 

Mean±SD

Gender

Female 58 (44.3)

Male 73 (55.7)

Age in years 1.6±2.6

Background

Cardiac 97 (74.0 )

Non-cardiac 34 (26.0 )

pH (Normal range 7.35–7.45) 7.4±0.1

PaCO2 (Normal range 35.0–45.0 mmHg) 48.0±12.2

PaO2 (Normal range 75–100 mmHg) 58.5±29.9

Bicarbonate (HCO3-; Normal range 22–26 mmol/L) 29.3±5.5

O2 Sat. (Normal range 95–100%) 83.4±17.5

Lab. Result

Acute metabolic acidosis 1 (0.8)

Acute metabolic alkalosis 13 (9.9)

Acute respiratory acidosis 3 (2.3)

Acute respiratory alkalosis 4 (3.1)

Compensated metabolic alkalosis 14 (10.7)

Compensated respiratory acidosis 41 (31.3)

Compensated respiratory alkalosis 1 (0.8)

Mixed disorders 9 (6.9)

Normal 26 (19.8)

Partly compensated metabolic alkalosis 6 (4.6)

Partly compensated respiratory acidosis 9 (6.9)
Partly compensated respiratory alkalosis 4 (3.1)

Figure 2: M-mode ultrasound showing initial and follow-up ultrasound in a 4-month-old infant having post-cardiac surgery with left 
diaphragmatic paralysis. (a) Normal right hemi-diaphragm with inspiratory peak above the baseline. (b) First ultrasound shows a flat line 
indicative of absent motion of the left hemi-diaphragm. (c) Follow-up ultrasound shows some movement of the left hemi-diaphragm during 
inspiration. (d) Complete recovery of left diaphragmatic paralysis is seen with return of normal inspiratory peak
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Results

From a total of 163 pediatric patients under the age of 14 years 
having clinical suspicion of diaphragmatic dysfunction, a total 
of 131 met clinical inclusion criteria for our study. The mean 
age was 1.6 (SD 2.6) years and there were 44.3% of male and 
55.7% of female patients. A summary of demographic and 
baseline characteristics detailed in Table 1.

Table 2 summarizes the results of ultrasound, clinical suspicion, 
laboratory investigation and chest radiograph of right side 
hemi-diaphragm. There were 102 reports classified as normal 
by clinical diagnosis, out of which 45.1% of reports were 
correctly identified as normal by clinical suspicion, 9.8% were 
identified as paresis by clinical suspicion, and 45.1% were 
classified as paralysis. Out of 11 identified paralysis cases by 
clinical diagnosis, only one report (9.1%) was classified as 
paresis, whereas 10 (90.9%) reports were correctly classified as 
paralysis by clinical suspicion. Out of 18 clinically diagnosed 
paresis cases, 15 (83.3%) were identified as paralysis by clinical 
suspicion, whereas 3 (16.7%) reports were correctly identified as 
paresis. The results identified by clinical suspicion and clinical 
diagnosis were significantly different (P < 0.0001). Similar 
trend was seen for ultrasound and clinical diagnosis reports. The 
chest radiograph and laboratory investigation reports were not 
significantly different with clinical diagnosis reports.

Table 3 summarizes results of ultrasound, clinical suspicion, 
laboratory investigation, and chest radiograph of the left 
side hemi-diaphragm. Out of 90 clinically diagnosed normal 
reports, 35 (38.9%) reports were correctly classified as normal 
by clinical suspicion, 84 (93.3%) by ultrasound, and only 
26 (28.9%) by X-ray. 45 (50.0%) reports were identified as 
paralysis by clinical suspicion and X-ray, and only one (1.1%) 
by ultrasound. The results obtained by clinical suspicion and 
ultrasounds were significantly different from clinical diagnosis. 
The chest radiograph and laboratory investigation reports were 
not significantly different with clinical diagnosis.

Table 4 summarizes the classification results of ultrasound, 
clinical suspicion, and X-ray in predicting clinical diagnosis 
on the right hemi-diaphragm. The ultrasound yielded 96.6% 
sensitivity and 90.3% PPVs, 99% NPV, and 97.1% specificity. 
The ultrasound results produced perfect classification for 
discriminating between clinical diagnosis results with accuracy 
of 96.95% and precision of 90.32%. The sensitivity and PPV 
for clinical suspicion were 100% and 34.1%, whereas, only 
27.6% of sensitivity and 29.6% of PPV achieved by chest 
radiograph. The specificity and NPV were 45.1% and 100% 
for clinical suspicion, 81.4% and 79.8% for chest radiograph, 
respectively. The clinical suspicion and chest radiograph 
results produced poor classification for discriminating between 
clinical diagnosis results with accuracy of 57.25% and 69.47% 
and precision of 34.12% and 29.63%, respectively.

Table 2: Results of comparing right hemi-diaphragm dysfunction diagnosis by clinical suspicion, laboratory investigation, ultrasound, and 
X-ray. Data shown are frequencies; n (%) and Fisher’s exact test calculated P-values
Parameters Category Clinical diagnosis P‑value

Normal n=102 Paralysis n=11 Paresis n=18 Overall n=131

Clinical 
Suspicion

Normal 46 (45.1) - - 46 (35.1) <0.0001

Paralysis 46 (45.1) 10 (90.9) 15 (83.3) 71 (54.2)

Paresis 10 (9.8) 1 (9.1) 3 (16.7) 14 (10.7)

Lab. Result Normal 18 (17.6) 4 (36.4) 4 (22.2) 26 (19.8) 0.505

Acute respiratory acidosis 2 (2.0) 1 (9.1) - 3 (2.3)

Acute respiratory alkalosis 4 (3.9) - - 4 (3.1)

Acute metabolic acidosis - 1 (9.1) - 1 (0.8)

Acute metabolic alkalosis 10 (9.8) 1 (9.1) 2 (11.1) 13 (9.9)

Partly compensated respiratory acidosis 6 (5.9) 1 (9.1) 2 (11.1) 9 (6.9)

Partly compensated respiratory alkalosis 4 (3.9) - - 4 (3.1)

Partly compensated metabolic alkalosis 4 (3.9) - 2 (11.1) 6 (4.6)

Compensated respiratory acidosis 33 (32.4) 2 (18.2) 6 (33.3) 41 (31.3)

Compensated respiratory alkalosis 1 (1.0) - - 1 (0.8)

Compensated metabolic alkalosis 13 (12.7) 1 (9.1) - 14 (10.7)

Mixed disorders 7 (6.9) - 2 (11.1) 9 (6.9)

Ultrasound Normal 99 (97.1) - 1 (5.6) 100 (76.3) <0.0001

Paralysis 1 (1.0) 8 (72.7) - 9 (6.9)

Paresis 2 (2.0) 3 (27.3) 17 (94.4) 22 (16.8)

X-Ray Normal 83 (81.4) 7 (63.6) 14 (77.8) 104 (79.4) 0.359

Paralysis 14 (13.7) 4 (36.4) 3 (16.7) 21 (16.0)

Paresis 5 (4.9) - 1 (5.6) 6 (4.6)
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Table 5 depicts the classification results of ultrasound, clinical 
suspicion, and chest radiograph in predicting clinical diagnosis 
on the left hemi-diaphragm. The ultrasound showed 90.2% 
sensitivity and 86.0% PPV, 95.5% NPV, and 93.3% specificity. 
Results showed little high variability in comparison to 

classification results obtained for the right hemi-diaphragm. 
The ultrasound results produced good classification for 
discriminating between clinical diagnosis results with accuracy 
of 92.37% and precision of 86.05%. The sensitivity and PPV 
for clinical suspicion were 95.1% and 41.5%, whereas 73.2% of 

Table 4: Comparative results of the right hemi-diaphragm dysfunction diagnosis by clinical suspicion, ultrasound, and X-ray
Tests TP FP FN TN Sen (95%CI) Spec (95%CI) PPV (95%CI) NPV (95%CI) Accu Prec

Clinical suspicion Report 
versus Clinical Diagnosis 

29 56 0 46 100.0 (99.91, 100) 45.1 (54.29, 98.55) 34.1 (43.98, 97.84) 100.0 (99.94, 100) 57.25 34.12

Ultrasound Report versus 
Clinical Diagnosis 

28 3 1 99 96.6 (99.15, 99.91) 97.1 (98.92, 99.80) 90.3 (96.37, 99.31) 99.0 (99.76, 99.97) 96.95 90.32

X-ray Report versus 
Clinical Diagnosis 

8 19 21 83 27.6 (43.54, 94.68) 81.4 (87.59, 99.31) 29.6 (46.28, 94.77) 79.8 (86.24, 99.29) 69.47 29.63

TP: True positive, FP: False positive, FN: False negative, TN: True negative, Sen: Sensitivity, Spec: Specificity, CI: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value, 
Accu: Accuracy, Prec: Precision

Table 5: Comparative results of the left hemi-diaphragm dysfunction diagnosis by clinical suspicion, ultrasound, and X-ray
Tests TP FP FN TN Sen (95%CI) Spec (95%CI) PPV (95%CI) NPV (95%CI) Accu Prec

Clinical suspicion Report 
versus Clinical Diagnosis

39 55 2 35 95.1 (98.46, 99.70) 38.9 (48.62, 98.16) 41.5 (51.05, 98.33) 94.6 (98.30, 99.67) 56.49 41.49

Ultrasound Report 
versus Clinical Diagnosis

37 6 4 84 90.2 (95.92, 99.30) 93.3 (96.82, 99.58) 86.0 (93.19, 99.07) 95.5 (98.13, 99.68) 92.37 86.05

X-ray report versus 
clinical diagnosis

30 64 11 26 73.2 (83.87, 98.49) 28.9 (38.22, 97.60) 31.9 (41.22, 97.87) 70.3 (81.99, 98.28) 42.75 31.91

TP: True positive, FP: False positive, FN: False negative, TN: True negative, Sen: Sensitivity, Spec: Specificity, CI: Confidence interval, PPV: positive predictive value, NPV: Negative predictive value, 
Accu: Accuracy, Prec: Precision

Table 3: Results of comparing left hemi-diaphragm dysfunction diagnosis by clinical suspicion, laboratory investigation, ultrasound, and 
X-ray. Data shown are frequencies; n (%) and Fisher’s exact test calculated P-values
Parameters Category Clinical Diagnosis P‑value

Normal n=90 Paralysis n=14 Paresis n=27 Overall n=131

Clinical Suspicion Normal 35 (38.9) 1 (7.1) 1 (3.7) 37 (28.2) <0.0001

Paralysis 45 (50.0) 12 (85.7) 17 (63.0) 74 (56.5)

Paresis 10 (11.1) 1 (7.1) 9 (33.3) 20 (15.3)

Lab. Result Normal 21 (23.3) - 5 (18.5) 26 (19.8) 0.517

Acute respiratory acidosis 3 (3.3) - - 3 (2.3)

Acute respiratory alkalosis 3 (3.3) 1 (7.1) - 4 (3.1)

Acute metabolic acidosis 1 (1.1) - - 1 (0.8)

Acute metabolic alkalosis 6 (6.7) 2 (14.3) 5 (18.5) 13 (9.9)

Partly compensated respiratory acidosis 5 (5.6) 2 (14.3) 2 (7.4) 9 (6.9)

Partly compensated respiratory alkalosis 4 (4.4) - - 4 (3.1)

Partly compensated metabolic alkalosis 6 (6.7) - - 6 (4.6)

Compensated respiratory acidosis 26 (28.9) 7 (50.0 ) 8 (29.6) 41 (31.3)

Compensated respiratory alkalosis 1 (1.1) - - 1 (0.8)

Compensated metabolic alkalosis 9 (10.0) 1 (7.1) 4 (14.8) 14 (10.7)

Mixed disorders 5 (5.6) 1 (7.1) 3 (11.1) 9 (6.9)

Ultrasound Report Normal 84 (93.3) 1 (7.1) 3 (11.1) 88 (67.2) <0.0001

Paralysis 1 (1.1) 12 (85.7 ) - 13 (9.9)

Paresis 5 (5.6) 1 (7.1) 24 (88.9) 30 (22.9)

X-Ray Normal 26 (28.9) 3 (21.4) 8 (29.6) 37 (28.2) 0.278

Paralysis 45 (50.0) 11 (78.6) 14 (51.9) 70 (53.4)

Paresis 19 (21.1) - 5 (18.5) 24 (18.3)
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sensitivity and 31.9% of PPV were achieved by chest radiograph. 
The specificity and NPV were 38.9% and 94.6% for clinical 
suspicion, and only 28.9% and 70.3% for chest radiograph, 
respectively. The clinical suspicion and chest radiograph results 
produced poor classification for discriminating between clinical 
diagnosis results with accuracy of 56.49% and 42.75% and 
precision of 41.49% and 31.91%, respectively.

Figure 3 summarizes the accuracy results of clinical 
suspicion, ultrasound, and chest radiograph with clinical 
diagnosis performed on the left and right side hemi-
diaphragm.

Discussion

The term, diaphragmatic dysfunction includes eventration, 
paresis and paralysis.[6] Eventration is a permanent elevation of 
entire or part of the hemi-diaphragm caused by thinning.[6,7,26,27] 
Diaphragmatic paresis would be the partial loss of muscle strength 
to generate necessary pressure for adequate ventilation.[26,28] 
While paralysis means the total absence of this capacity. 
Diaphragmatic paralysis can arise from either weakness of the 
muscle itself or damage to its nerve supply. Depending on the 
severity of the paralysis and whether it is unilateral or bilateral, 
patients can have varied clinical manifestations such as dyspnea, 
intolerance to exercise, sleep disturbances, hypersomnia, 
and with a potential impact on survival.[4,5] A patient may 
be asymptomatic, often diagnosed during investigation of 
unexplained dyspnea or, occasionally, after the casual finding of 
a diaphragmatic elevation in an imaging radiograph performed 
for another purpose for unrelated aliment, while another may 
be ventilator dependent.[5,29]

Diaphragmatic dysfunction is still a matter of concern after 
cardiothoracic surgery, especially among young children 
and neonates. The prevalence of diaphragmatic dysfunction 
after cardiothoracic surgery in children varies from 0.3 to 
12.8%.[10] Timely diagnosis of abnormal diaphragmatic motion 

is essential for patient in immediate post-operative period to 
minimize potential risk and to ascertain appropriate therapeutic 
approach. The diagnosis of diaphragm dysfunction can be done 
by laboratory investigation, diaphragmatic ultrasonography 
and chest radiograph.

Our retrospective study demonstrates the accuracy of 
ultrasonography as 96.95% on right side and 92.37% on the left 
side in diagnosing diaphragmatic dysfunction. Ultrasonography 
proved to be highly sensitive and specific diagnostic tool over 
chest radiograph and clinical suspicion approach. The second-
best results were obtained by chest radiograph and prove 
to be more efficient in diagnosis of right hemi-diaphragm 
dysfunction. Slightly less accurate results were obtained by 
clinical suspicion as compared to chest radiograph.

Diaphragmatic ultrasound has some limitations. First, 
ultrasound systems have inherent resolution limits (usually 
0.1 mm). In addition, the assessment of the left hemidiaphragm 
can be problematic. However, taking extra precautions during 
the diaphragmatic ultrasound examination (e.g., placing the 
patient in the supine position and rotating the transducer) 
can help overcome these limitations. Furthermore, because 
ultrasound is an operator-dependent examination, repeated 
training can improve accuracy. Moreover, although 
diaphragmatic ultrasound has been shown to have a steep 
learning curve when applied in healthy subjects, few studies 
have evaluated how to develop the appropriate skills. One 
study, involving a pediatric population, found that 4 h of 
hands-on diaphragmatic ultrasound training focused on the 
recognition of normal and abnormal diaphragmatic motion 
resulted in high concordance between the diaphragmatic 
ultrasound findings reported by a trainee and those reported 
by a pediatric intensivist.[30,31]

Conclusion

Diaphragmatic ultrasound appears to be a valid and reliable 
diagnostic tool for diagnosis of abnormal diaphragmatic 
motion. At present, the more emphasis should be given to use 
of ultrasonography due to its non-invasive and non-radiating 
characteristics, and convenient portability that eliminates risk 
of transportation. Thus, ultrasound assessment should be part 
of the diagnostic checklist, particularly in ICU where patient’s 
cooperation is not essential. Diaphragm ultrasound may act as 
an imaging tool guiding rehabilitation success in diaphragmatic 
dysfunction cases.

Authors Declaration Statements

Ethical approval and patients consent
All procedures performed in the studies involving human 
participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with 
the 1964 Helsinki Declaration and its later amendments or 

Figure 3: Summary of accuracy results of clinical suspicion, 
ultrasound, and chest radiograph with clinical diagnosis performed 
on the left and right side hemi-diaphragm.



Aljibali: Ultrasound and diaphragm dysfunction

17 International Journal of Health Sciences 
Vol. 17, Issue 3 (May - June 2023)

comparable ethical standards. Informed consent was obtained 
from all individual participants included in the study.

Availability of data and materials
The data used in this study are available and will be provided 
by the corresponding author on a reasonable request.

Competing interests
The author declared no conflict of interests.

Funding statement
This study is self-funded.

Author contribution
A.S.J. designed the study, prepared the manuscript, the 
statistical analysis, and the interpretation of results.

Acknowledgments

The author would like to thank all the patients who participated 
in this study.

References

1. Fayssoil A, Behin A, Ogna A, Mompoint D, Amthor H, Clair B, et al. 
Diaphragm: Pathophysiology and ultrasound imaging in neuromuscular 
disorders. J Neuromuscul Dis 2018;5:1-10.

2. Panicek DM, Benson CB, Gottlieb RH, Heitzman ER. The diaphragm: 
Anatomic, pathologic, and radiologic considerations. Radiographics 
1988;8:385-425.

3. Dubé BP, Dres M. Diaphragm dysfunction: Diagnostic approaches and 
management strategies. J Clin Med 2016;5:113.

4. Ricoy J, Rodríguez-Núñez N, Álvarez-Dobaño JM, Toubes ME, 
Riveiro V, Valdés L. Diaphragmatic dysfunction. Pulmonology 
2019;25:223-35.

5. Kokatnur L, Vashisht R, Rudrappa M. Diaphragm Disorders. Treasure 
Island: StatPearls Publishing; 2022.

6. Nason LK, Walker CM, McNeeley MF, Burivong W, Fligner CL, 
Godwin JD. Imaging of the diaphragm: Anatomy and function. 
Radiographics 2012;32:E51-70.

7. Diaphragmatic Excursion. Medical Dictionary; 2009. Available 
from: https://www.medical-dictionary.thefreedictionary.com/
diaphragmatic+excursion [Last accessed on 2022 Dec 19].

8. Qureshi A. Diaphragm paralysis. Semin Respir Crit Care Med 
2009;30:315-20.

9. Katagiri M, Young RN, Platt RS, Kieser TM, Easton PA. Respiratory 
muscle compensation for unilateral or bilateral hemidiaphragm 
paralysis in awake canines. J Appl Physiol (1985) 1994;77:1972-82.

10. De Toledo JS, Munoz R, Landsittel D, Shiderly D, Yoshida M, 
Komarlu K, et al. Diagnosis of abnormal diaphragm motion after 
cardiothoracic surgery: Ultrasound performed by a cardiac intensivist 
vs. fluoroscopy. Congenit Heart Dis 2010;5:565-72.

11. Caleffi-Pereira M, Pletsch-Assunção R, Cardenas LZ, Santana PV, 
Ferreira JG, Iamonti VC, et al. Unilateral diaphragm paralysis: 
A dysfunction restricted not just to one hemidiaphragm. BMC Pulm 
Med 2018;18:126.

12. Hough A. Physiotherapy in Respiratory Care. An Evidence 
Based-approach to Respiratory and Cardiac Management. 3rd ed. 
United Kingdom: Nelson Thomas Ltd.; 2001.

13. Pruitt WC, Jacobs M. Interpreting arterial blood gases: Easy as ABC. 
Nursing 2004;34:50-3.

14. Sood P, Paul G, Puri S. Interpretation of arterial blood gas. Indian J Crit 
Care Med 2010;14:57-64.

15. Naeraa N, Petersen ES, Boye E, Severinghaus JW. pH and molecular 
CO2 components of the Bohr effect in human blood. Scand J Clin Lab 
Invest 1966;18:96-102.

16. Cardenas LZ, Santana PV, Caruso P, de Carvalho CR, de 
Albuquerque AL. Diaphragmatic ultrasound correlates with inspiratory 
muscle strength and pulmonary function in healthy subjects. Ultrasound 
Med Biol 2018;44:786-93.

17. Chetta A, Rehman AK, Moxham J, Carr DH, Polkey MI. Chest 
radiography cannot predict diaphragm function. Respir Med 
2005;99:39-44.

18. Boussuges A, Brégeon F, Blanc P, Gil JM, Poirette L. Characteristics 
of the paralysed diaphragm studied by M-mode ultrasonography. Clin 
Physiol Funct Imaging 2019;39:143-9.

19. Dubé BP, Dres M, Mayaux J, Demiri S, Similowski T, Demoule A. 
Ultrasound evaluation of diaphragm function in mechanically 
ventilated patients: Comparison to phrenic stimulation and prognostic 
implications. Thorax 2017;72:811-8.

20. Zambon M, Greco M, Bocchino S, Cabrini L, Beccaria PF, Zangrillo A. 
Assessment of diaphragmatic dysfunction in the critically ill patient with 
ultrasound: A systematic review. Intensive Care Med 2017;43:29-38.

21. Qian Z, Yang M, Li L, Chen Y. Ultrasound assessment of diaphragmatic 
dysfunction as a predictor of weaning outcome from mechanical 
ventilation: A systematic review and meta-analysis. BMJ Open 
2018;8:e021189.

22. Turton P, ALAidarous S, Welters I. A narrative review of diaphragm 
ultrasound to predict weaning from mechanical ventilation: Where are 
we and where are we heading? Ultrasound J 2019;11:2.

23. Vivier E, Muller M, Putegnat JB, Steyer J, Barrau S, Boissier F, 
et al. Inability of diaphragm ultrasound to predict extubation failure: 
A multicenter study. Chest 2019;155:1131-9.

24. Fayssoil A, Nguyen LS, Ogna A, Stojkovic T, Meng P, Mompoint D, 
et al. Diaphragm sniff ultrasound: Normal values, relationship with sniff 
nasal pressure and accuracy for predicting respiratory involvement in 
patients with neuromuscular disorders. PLoS One 2019;14:e0214288.

25. O’Gorman CM, O’brien TG, Boon AJ. Utility of diaphragm ultrasound 
in myopathy. Muscle Nerve 2017;55:427-9.

26. Roberts HC. Imaging the diaphragm. Thorac Surg Clin 2009;19:431-50, v.
27. Santana AF, Caruso P, Santana PV, Porto GC, Kowalski LP, 

Vartanian JG. Inspiratory muscle weakness, diaphragm immobility and 
diaphragm atrophy after neck dissection. Eur Arch Otorhinolaryngol 
2018;275:1227-34.

28. McCool FD, Tzelepis GE. Dysfunction of the diaphragm. N Engl J 
Med 2012;366:2138. N Engl J Med 2012;366:932-42.

29. Santana PV, Cardenas LZ, de Albuquerque AL, de Carvalho CR, Caruso P. 
Diaphragmatic ultrasound findings correlate with dyspnea, exercise 
tolerance, health-related quality of life and lung function in patients with 
fibrotic interstitial lung disease. BMC Pulm Med 2019;19:183.

30. Garofalo E, Bruni A, Pelaia C, Landoni G, Zangrillo A, Antonelli M, 
et al. Comparisons of two diaphragm ultrasound-teaching programs: 
A multicenter randomized controlled educational study. Ultrasound J 
2019;11:21.

31. Santana PV, Cardenas LZ, de Albuquerque AL, de Carvalho CR, 
Caruso P. Diaphragmatic ultrasound: A review of its methodological 
aspects and clinical uses. J Bras Pneumol 2020;46:e20200064.


