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The Role of Lung and Diaphragm Ultrasound in Pulmonary Rehabilitation
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Patient-tailored treatment is required in pulmonary rehabilitation (PR), For this reason, a comprehensive
evaluation of lung and adjacent organ, such as diaphragm, is necessary, The lung ultrasound (LUS) and
diaphragm ultrasound (DUS) are emerging diagnostic techniques that the usefulness of those is proved in
the various chronic pulmonary diseases. The LUS is a revalued tool which evaluate the status of lung and
pleura efficiently without any harm, The DUS is a well-known tool for measuring the factors of diaphragm
muscle, such as muscle mass, mobility, contractility, and strength of the diaphragm, Therefore, LUS and
DUS are used in PR in various ways, We used LUS to detect comorbid status such as pleural effusion
or pneumothorax which are hindrance of exercise, We distinguish the status of exacerbation of underlying
diseases by LUS or DUS, These are helpful for determining the proper start timing of PR, Factors which
are measured by DUS, such as thickness, thickening fraction, and excursion of diaphragm, are used for
assessment and follow-up of outcomes of PR, These are markers of diaphragm dysfunction and atrophy
also, We can make plan for exercise such as inspiratory muscle training and we recommend the proper
nutritional support to enhance the recovery of muscles, Briefly, LUS and DUS are outstanding tools for

performing the PR as patient-tailored way.
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Table 1, Findings of lung ultrasound”®"

Findings Description

Artifacts
A-line - Long-path reverberation artifacts
- Horizontal hyperechoic lines below the pleural line
- Repeated with a constant distance (probe~pleural ling)
- Corresponds to presence of air (e.g. normal aeration, pneumothorax, COPD, or asthma)

B-line - Short-path reverberation artifact
- Reverberation between thickened interlobular septa or between fluid-filled alveoli
- Vertical hyperechoic artifacts which are originated from the pleural line
- Moving synchronously with lung sliding
- B-pattern: =3 B-lines per scan area
- Corresponds to interstitial sign (e.g. pumonary edema, ARDS, or ILD)

Pleura
Pleural line - Presence of the pleuropulmonary interface: about 2mm-hyperechoic band
Lung sliding - Shimmering effects of opposite movement of the parietal and visceral pleural line
- Presence: rules out pneumothorax
- Absence: suggests the presence of pneumothorax
- Reduced: suggests the reduced regional ventilation such as emphysematous bullae, hyperinflation,
or early ARDS
Lung point - Alteration of normal and abolished lung sliding during breathing
- Confirms the pneumothorax
- M-mode: barcode or stratosphere sign
Real image
Consolidation - Shred sign: subpleural hypoechoic lesion (subpleural consolidation)
- Tissue-like pattern: lobar homogenous texture similar with that of liver, Meaning complete loss of
aeration of lung.
- Static air bronchogram: potentially trapped air
- Dynamic air bronchogram: patent airway, rule out atelectasis
Pleural effusion - Hypoechoic or anechoic lesion in pleural space

COPD: chronic obstructive pulmonary disease; ARDS: acute respiratory distress syndrome; ILD: interstitial lung disease,
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Table 2, Findings of diaphragm ultrasound®®

Findings Description

Diaphragm thickness (Thg)  Probe: High frequency (Linear)
(mm) Position: Intercostal view (Zone of apposition)
Meaning: diaphragm muscle mass

Thickening fraction of Probe: High frequency (Linear)
diaphragm (%) Position: Intercostal view (Zone of apposition)
Meaning: diaphragm function
Thg at peak inspiratory muscle contraction — Thy at end-expiration
Thg at end-expiration

*Equation = x 100 (%)
Diaphragm excursion (mm)  Probe: Low frequency (Convex or phased array)

Position: Anterior subcostal view at mid-clavicle line

Meaning: diaphragm mobility, amplitude at posterior third of the right hemidiaphragm dome

Peak sniff inspiratory Probe: Low frequency (Convex or phased array)
velocity (cnmy/s) Position: Anterior subcostal view at mid-clavicle line
Meaning: diaphragm contractile strength, short and sharp inspiratory effort through the nose during
maximal sniff
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LUS/DUS LUS/DUS
| Course of pulmonary rehabilitation }—}

Pre-Assessment Follow-up
Patient selection Check comorbid condition
- Rule out other cause of dyspnea Check diaphragm muscle
Check patient & disease status - Diaphragm mobility
- Comorbid condition - Diaphragm thickness
- Disease severity or exacerbation status - Thickening fraction of diaphragm
Check diaphragm muscle

- Diaphragm mobility
- Diaphragm thickness
- Thickening fraction of diaphragm

Figure 1. The role of lung and diaphragm ultrasound in pulmonary rehabilitation, LUS: lung ultrasound; DUS: diaphragm ultrasound,
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