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Maintaining the functional integrity of respiratory muscles is

rucial for critically ill patients to be weaned from mechanical

entilation and decannulated if tracheotomized. Dysfunction of

he diaphragm is frequent in patients under mechanical venti-

ation and has been associated with a longer duration of wean-

ng. [1,2] Studies on expiratory muscles are scarce. Two recent

tudies demonstrated the feasibility and reproducibility of ul-

rasound in measuring the thickness of abdominal muscles, [3,4] 

ith one study showing abdominal muscle atrophy in 22% of

echanically ventilated critically ill patients during the first

eek of mechanical ventilation. [4] 

We are unaware, however, of the modifications of trophicity

n patients with prolonged ventilation and their impact on wean-

ng. We report the case of a patient with coronavirus disease

019 (COVID-19) related acute respiratory distress syndrome

ARDS), which led to prolonged mechanical ventilation and de-

endence on tracheotomy and massive but reversible atrophy of

bdominal muscles. 

ase report 

A 25-year-old man was admitted with hypoxemic acute res-

iratory failure following a COVID-19 infection. After the fail-

re of high-flow nasal oxygen to correct hypoxemia, the patient

as intubated several hours after the admission. The initial days

ere characterized by severe ARDS, requiring neuromuscular

lockade, prone positioning, and inhaled nitric oxide. The thick-

ess of abdominal muscles at end-inspiration and diaphragm

t end-expiration measured by ultrasound on days 1 and 7 of

echanical ventilation are reported in Table 1 . On day 7, the pa-

ient developed life-threatening hypoxemia with a partial pres-
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ure of oxygen (PaO2 ) /fraction of inspired oxygen (FiO2 ) ratio

t 60 mmHg on 100% FIO2 , leading to implement extracorpo-

eal membrane oxygenation (ECMO). High-dose corticosteroid

reatment was added on day 12 due to poor compliance and

ifficulties in optimizing oxygenation despite ECMO. COVID-

ssociated pulmonary aspergillosis and plurimicrobial nosoco-

ial pneumonia were documented and treated. The condition

f the patient improved progressively, enabling the discontinu-

tion of sedation: revealing severe acquired weakness with tetra-

aresis. 

A tracheotomy was performed on day 40, the first sponta-

eous breathing separation was performed on day 46, and wean-

ng from mechanical ventilation was completed after 48 h. De-

annulation, however, was then impossible: cough effort was

bsent and immediate sputum retention have occurred when the

uff was deflated. Measuring thickness revealed a profound at-

ophy of all four abdominal muscles ( Table 1 ), notably of the

ectus abdominis ( Figure 1 ). Diaphragm thickness was also re-

uced. Concomitant severe limb weakness persisted with a Med-

cal Research Council (MRC) score of 24. 

The patient was discharged to a rehabilitation unit, where

rogressive improvement in limb muscular strength was ob-

erved. On day 89, the MRC score was 56, his cough was ef-

cient, and the decannulation was successful. Additionally, the

hickness of the abdominal muscles ( Figure 1 ) and diaphragm

ncreased —the cumulative thickness of the four abdominal mus-

les was similar to values on day 1 of admission ( Table 1 ). 

iscussion 

The efficiency of cough and airway clearance is crucial for

uccessful extubation, [5,6] especially after prolonged mechan-

cal ventilation. [7] In tracheotomized patients, the effective-
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Table 1 

Patient data of muscle thickness and MRC score. 

Measurement Day 1 Day 7 Day 48 Day 89 

Intubation Weaning from MV Decannulation 

Rectus abdominis (mm) 9.5 8.5 4.7 10.3 

External oblique (mm) 4.4 4.8 2.1 3.4 

Internal oblique (mm) 5.3 5.1 4 4 

Transversus abdominis (mm) 2.5 2.1 1 2.6 

CTAM (mm) 21.7 20.5 11.8 20.3 

Diaphragm (mm) 2.3 2.2 1.3 2 

MRC score NA NA 24 56 

CTAM: Cumulated thickness of abdominal muscles; MRC: Medical Research Council; MV: Mechanical ventilation; NA: Not available due to sedation. 

Figure 1. Ultrasound images of the rectus abdominis muscle. The muscle thickness (yellow diamond) was measured at the end-inspiration and perpendicular to 

the inner side of the muscle fasciae. A: on the first day of mechanical ventilation; B: on day 48, when the patient was weaned from mechanical ventilation but 

decannulation was unsuccessful; C: on day 89, when decannulation was successful. The probe is located approximately 2 cm above the umbilicus and 2–3 cm lateral 

from the midline. 
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ess of cough and swallowing function is usually required as

 prerequisite for decannulation in patients weaned from me-

hanical ventilation. [8,9] In this case, cough strength and the

bility to manage airway secretions seemed closely related to

he trophicity of respiratory muscles —diaphragm and abdom-

nal muscles —since efficient coughing that allowed success-

ul decannulation was only observed when trophicity had re-

overed. Abdominal muscles are crucial in generating expi-

atory pressures and flows required for an effective cough.

he link between abdominal muscle atrophy and cough weak-

ess is likely since the cumulated thickness of abdominal

uscles has been correlated with their ability to generate

trength, as measured by gastric pressure. [10] Diaphragm at-

ophy may have contributed to the weakness of the cough

ince maximal inspiratory pressure and capacity also correlate

ith cough strength by the magnitude of inspired volume. [11,12] 

owever, persistent diaphragm dysfunction is frequent at the

ime of extubation 

[13] and is not associated with extubation

ailure. [13,14] 

Abdominal muscle atrophy, defined by a decrease in muscle

hickness by at least 15%, was documented using ultrasound in

he first days of mechanical ventilation 

[4] and was moderate. In

his case, there was no significant reduction in abdominal mus-

le thickness on day 7. However, atrophy was profound on day
134
8, with a reduction in cumulative thickness of 50%. This de-

ree of atrophy was much more severe than atrophy observed in

hronic tetraplegic patients after cervical spinal cord injury. [10] 

evertheless, the atrophy presented in this report was reversible

o complete concomitant with the recovery of the trophicity

f the diaphragm and improvement in limb muscular strength.

his observation is likely exceptional due to the severity of the

isease. Moreover, we did not evaluate other factors involved in

ough strength and airway clearance, such as intercostal mus-

les and glottis function. 

Measuring abdominal muscle thickness using ultrasound may

e routinely performed at the bedside, the rectus abdominis be-

ng the easier to visualize ( Figure 1 ). When confronted with

 weak cough and difficult extubation or decannulation, ultra-

ound allows the detection of abdominal muscle atrophy, which

ay explain expiratory muscle weakness and impaired cough

trength. 

onclusions 

Patients under prolonged mechanical ventilation may exhibit

rofound atrophy of abdominal muscles. This may contribute to

evere impairment of cough strength, leading to delayed tra-

heostomy removal. 
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