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Electromyographic and sonographic 
assessment of diaphragm dysfunction in 
patients who recovered from the COVID-19 
pneumonia
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Dear Editor,

Diaphragm dysfunction may occur during the course of novel 
coronavirus disease (COVID-19) due to critical illness myopathy 
or ventilator-induced diaphragm damage in critically ill patients 
(1). Among the patients who admitted to the intensive care unit 
(ICU), diaphragm fibrosis tends to be more frequent in patients 
with COVID-19 in ICU (2). Ventilator-induced diaphragm dys-
function (1) and critical illness myopathy in a patient with 
COVID-19 pneumonia prior to intubation (3) have been reported 
so far. However, we are not aware of any reports of diaphragm 
dysfunction related to less severe COVID-19. In a recent post-
mortem study, severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) viral RNA was found in the diaphragm (2). 
Although this finding could be observed in patients who have 
died due to COVID-19, it is expected that diaphragm dysfunc-
tion would also occur in patients who experienced a less severe 
disease and would be a possible reason for persistent dyspnea in 
patients who recovered from COVID-19 without any lasting lung 
parenchymal damage.
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Between December 1, 2020 and January 1, 2021, 
612 patients who recovered from COVID-19 were 
admitted to our pandemic clinic. Of these, we sur-
veyed 243 patients with persistent dyspnea, no 
apparent lung parenchymal involvement, and were 
diagnosed with COVID-19 at least three months ago. 
Diaphragm elevation on chest radiography was 
detected in a total of 20 patients, on chest radiogra-
phy with an erect postero-anterior position, full inspi-
ration and without artefacts. We excluded eight 
patients who did not have a chest radiograph before 
COVID-19 diagnosis and six patients in whom dia-
phragm elevation was already present on the chest 
radiograph before COVID-19 diagnosis. Finally, we 
included six cases (2.4%) with de-novo diaphragm 
elevation after COVID-19 diagnosis and none of 
these cases had additional pathology on thorax com-
puted tomography (CT) and had other risk factors 
such as trauma, surgery, mechanical ventilation or 
high flow nasal oxygen (HFNO). All these six cases 
underwent diaphragm ultrasonography (USG) and 
electromyography in order to evaluate diaphragm 
function. The diaphragm thickness was measured 
using both USG and CT. CT measurements were 
obtained from the crura of the elevated hemidia-
phragm at the level of the origin of celiac artery origin 
on the axial section during inspirium (Figure 1A). 
Sonographic measurements were obtained at the 
zone of apposition in the right anterior axillary line 
between the 8th and 10th intercostal space (Figure 
1B). The excursion of the diaphragm during deep 
breathing was evaluated with the M-mode USG with 
anterior subcostal view (Figure 1C). A noninvasive 
electrophysiological method was used in patients 
with the stimulation of the transcutaneous phrenic 
nerve and superficial recording technique over the 
diaphragm muscle (Figure 1D). Distal motor latency 
(DML) and amplitude (peak to peak) in the com-
pound muscle action potential of the phrenic nerve 
(pCMAP) were determined. DML over 9 milliseconds 
(ms) or a DML difference of more than 1 ms com-
pared to the normal side was recorded as pathologi-
cal. Since the amplitude values may be variable, it 
was considered pathological if the value was not 
recorded at all or if there was a difference of 50% or 
more between the sides (4).

Among the six patients, the mean age was 52.6 ± 7 
years, three were female, all had right diaphragm 
involvement, and all were non-smokers. All but two 

patients had a comorbidity, four with hypertension, 
and two with asthma. All these patients had been 
treated with nasal oxygen during their hospitaliza-
tions and had had severe disease according to WHO 
criteria (5). An isolated diaphragmatic crus atrophy 
was detected by CT measurement in case 4 whose 
COVID-19 diagnosis was four months ago. In the 
remaining five patients, diaphragm thickness was 
within normal limits when measured by both imaging 
methods. Decreased diaphragm excursion was 
detected in cases 2, 4, 5, and 6. Regarding electro-
physiological measurements, severe prolongation in 
mean DML, decrease in mean amplitude, and tempo-
ral dispersion were detected in case 1. Prolongation 
in mean DML values was observed   in cases 4 and 5, 
decrease in mean amplitude and temporal dispersion 
in case 3, and no electrophysiological activity on the 
elevated diaphragm side in cases 2 and 6. In terms of 
respiratory capacities, forced vital capacity (FVC) was 
found to be decreased in cases 4 and 5, while it was 
preserved in the remaining four cases (Table 1). All 
these cases started to receive pulmonary rehabilita-
tion program.

Diaphragm excursion measured by M-mode USG 
and electromyographic findings were found to be 
compatible in four cases. However, low electrophys-
iologic activity was found in cases 1 and 3 despite a 
normal diaphragm excursion was observed. This find-
ing may be explained by patchy involvement of dia-
phragm muscles as observed in infectious myositis 
(6). Another possible explanation is the partial rein-
nervation of the phrenic nerve that develops in the 
subacute phase in these cases. We could not come to 
a conclusion as we did not perform needle electro-
myography. The absence of diaphragm muscle atro-
phy in 5/6 cases suggests that longer follow-up may 
be required to detect this finding. 

Among a considerable number of COVID-19 patients 
admitted to our clinic with persistent dyspnea, we 
detected six cases (2.4%) with de-novo diaphragm 
dysfunction. Our observation suggests that diaphragm 
dysfunction, although not common, may be a reason 
for persistent dyspnea in patients who have recovered 
from COVID-19. According to our case series, we 
recommend evaluation of diaphragm dysfunction in 
all COVID-19 patients with persistent dyspnea and 
pulmonary rehabilitation program should be consid-
ered in such patients. 
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Figure 1. The sonographic and electromyographic and CT measurements of case 2, A. Measurement of the thickness 
of both diaphragm on thorax CT. B. B mode USG image showing three layer structure: two echogenic layers of 
peritoneum and pleura (white arrows), hypoechoic layer of the diaphragm between arrows. Measurement of the 
elevated diaphragm thickness; 3.1 mm. C. Decreased right diaphragmatic excursion (DE) during deep inspirium; 
16.4 mm. D. Electromyography records showing no electrophysiological activity on the elevated diaphragm side.
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Table 1. Findings of sonographic. electromyographic measurements and spirometric parameters

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Sex Female Male Female Female Male Male

Age (years) 49 46 56 64 55 46

Time after initial diagnosis 
(months)

3 3 6 4 4 4 

FVC (lt) 3.55 5.66 2.33 1.91 2.70 3.32

FVC (%) 92 114 71 60 59 73

USG- diaphragm motion 
(visual)

Mobile Reduced 
mobility

Mobile Reduced 
mobility

Immobile Mobile

USG- diaphragm thickness 
(mm) (lower limit: 1.5 mm [7])

2.70 3.10 3.10 2.60 3.40 2.80

CT- diaphragm thickness (mm) 
[lower limit: 1.5 mm (7)]

2.64 4.31 2.06 1.17* 3.5 2.74

M mode USG- diaphragm 
excursion (mm) [lower limit: 
47 mm for male. 37 mm for 
female (7)]

46 16.4* 55 34* 0* 41.5*

EMG- mean DML in pCMAP
(right phrenic nerve) (ms) 

39.4 ± 1.74* NR* 4.08 ± 0.06 8.03 ± 1.33* 8.68 ± 0.19* NR*

EMG- mean DML in pCMAP 
(left phrenic nerve) (ms)

7.23 ± 0.73 3.88 ± 0.49 4.22 ± 0.19 6.42 ± 0.56 5.50 ± 0.31 5.43 ± 0.06

EMG- mean amplitude in 
pCMAP (right phrenic nerve) 
(µV)

150.60 ± 31.84* NR* 82.33 ± 9.21* 538.2 ± 98.09 178.73 ± 15.15 NR*

EMG- mean amplitude in 
pCMAP (left phrenic nerve) 
(µV) 

489.97 ± 45.64 78.33 ± 12.05 379.53 ± 67.12 622.5 ± 54.31 148.6 ± 19.38 403.63 ± 26.27

FVC: Forced vital capacity, USG: Ultrasonography, CT: Computed tomography, EMG: Electromyography, DML: Distal motor latency, pCMAP: Compound muscle 
action potential of the phrenic nerve, ms: Millisecond, µV: Microvolt, NR: No response.
*Stands for pathological values.


