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DEA: Uomo 55 anni

EGA in aria ambiente: pH=7.42; pO2=63 mmHg; pCO2=54 mmHg; HCO3-=40.9 
mmol/L; SaO2=88,2%; Lac=0.8 mmol/L



Controllo US per mancato miglioramento degli scambi 

«Severa ipomobilità del diaframma bilaterale (escursione inspiratoria stimata 1 cm), nelle 
immagini scansione destra <<<< lesione traumatica monolaterale delle radici del nervo 
frenico 



Background

• Metodica rapida e riproducibile
• Non invasiva
• Curva di apprendimento accessibile a tutti che si basa su due proiezioni 

addominali eseguibili con strumentazioni di medio-basso livello 

Exhibit E, Roriz D, Abreu I, Soares PB, Alves FC. Ultrasound in the evaluation of diaphragm. 2015:1-16. doi:10.1594/ecr2015/C-2402. 
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Anatomia Ecografica: escursione

M-Mode Ultrasound Imaging of the diaphragmatic excursion



• The cranio-caudal movement of the dome of the diaphragm during quiet breathing and during forceful inspiratory efforts such as sniff maneuvers or maximal 
inspirations can be monitored using curvilinear ultrasound probes. 

• Curvilinear probes use low frequency ultrasound waves (2–6 Hz)  that penetrate deeply in the body giving a wide depth of field. 
• On the right, operators position the probe longitudinally in the subcostal area between the mid-clavicular and anterior axillary lines using the liver as acoustic 

window. 
• The probe is directed medially, cephalad and dorsally so that the ultrasound beam reaches the right dome of the diaphragm perpendicularly.
• On the left side, operators use the spleen as an acoustic window. (Less often, operators may use the right or left lateral view (midaxillary lines) or the posterior 

subcostal view or the subxiphoid view). 
• Once a good quality B-mode image is obtained, operators adjust the M-mode interrogation line as to be perpendicular to the movement of the hemidiaphragm. 

With M-mode ultrasonography, the diaphragm appears as a single thick echogenic line. 
• During inhalation the contracting diaphragm moves towards the ultrasound probe. 
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Anatomia Ecografica: spessore

M-Mode Ultrasound Imaging of the diaphragmatic thickening



• Operators use linear ultrasound probes to measure diaphragm thickness. These probes use high frequency ultrasound waves (7–18 Hz) to 
create high resolution images of structures near the body surface .

• To measure diaphragm thickness, operators place the ultrasound probe longitudinally parallel to the long axis of the body, usually between 
the eighth to tenth intercostal space, at the anterior axillary line or midway between the anterior- and mid-axillary lines. 

• The costo-phrenic sinus is identified as the transition between lung and liver (right) or between lung and spleen (left). 
• The zone of apposition, where the diaphragm is opposed to the rib cage, is located caudal to the costo-phrenic sinus. 
• To identify the diaphragm, subjects are asked to inhale while operators select B-mode imaging. 
• The diaphragm is identified as a three-layer structure (two echogenic layers of peritoneum and pleura sandwiching a more hypoechoic layer 

of the muscle itself) underneath the intercostal muscles that reappear as lung artifact recedes



Boussuges A, Gole Y, Blanc P. Diaphragmatic motion studied by m-mode ultrasonography: methods, reproducibility, and normal 

values. Chest. 2009 Feb 1;135(2):391-400.

Anatomia Ecografica: valori normali
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1. Terapia Intensiva: disfunzione diaframmatica ed outcomes avversi come il fallimento dello 

svezzamento da ventilazione assistita, prolungamento della degenza in cure intensive e mortalità. 

CONCLUSIONS: Diaphragm atrophy occurs quickly in mechanically 
ventilated patients and can accurately be monitored using ultrasound. 
Length of MV, as opposed to other variables, is associated with the degree 
of atrophy.

SCHEPENS, Tom, et al. The course of diaphragm atrophy in ventilated patients assessed with ultrasound: a longitudinal cohort
study. Critical care, 2015, 19: 1-8.
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2. Pneumologia: spessore diaframmatico (TF < 20%) come fattore prognostico negativo associato a 

maggiore necessità di steroide-terapia e a fallimento di terapia con NIMV durante la 

riacutizzazione di BPCO. 
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1. Terapia Intensiva: disfunzione diaframmatica ed outcomes avversi come il fallimento dello 

svezzamento da ventilazione assistita, prolungamento della degenza in cure intensive e mortalità. 

2. Pneumologia: spessore diaframmatico (TF < 20%) come fattore prognostico negativo associato a 

maggiore necessità di steroido-terapia e a fallimento di terapia con NIMV durante la 

riacutizzazione di BPCO. 

E in Geriatria?





Figure 2. Diaphgram tickness in 
inspirium and expirium on apposition 
zone

Figure 1. Diaphragmatic excursion in 
M-Mode 

DIAPHRAGMATIC ULTRASOUND EVALUATION IN ACUTE HEART

FAILURE: CLINICAL AND FUNCTIONAL ASSOCIATIONS.
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• 72 patients (48% males) with HF showed a statistically significant diaphragmatic hypomotility versus controls at TLC 

(respectively 38.7 mm (SD 2.0) vs 60.9 mm (SD 14.4), p<0.001). 

• Diaphragmatic motion was inversely associated with NYHA score and inversely correlated with PAP with a 

beta score of  -0561 (p-value=0.02), still significant after adjustment for potential confounders (β=-0.499; p-

value=0.05) 
Total 
(n°=172)

No HF 
(n°=100)

HF
(n°= 72)

p-value

Diaphragmatic motion mean 
(SD) (mm)

Class NYHA I-II (n°= 41)
Class NYHA III (n°= 25)
Class NYHA IV (n°=6)

Diaphragm thickness at FRC 
(mm)
Diaphragm thickness at TLC 
(mm)
Diaphragmatic thickness ratio

51.4 (12.9)

2.2 (0.3)

3.1 (0.4)

1.5 (0.3)

60.9 (14.4)

1.8 (0.4)

2.6 (0.5)

1.5 (0.2)

38.7 (17.1)

41.5 (16.0)
35.4 (19.1)
33.4 (12.9)

2.7 (0.1)

4.1 (0.2)

1.5 (0.04)

<0.001

<0.001
<0.001
<0.001

<0.001

<0.001

--



Diagnostics 2025, 15, 87

Results: 

- All patients exhibited multifactorial causes of respiratory symptoms. 

- The LUS score on T0 predicted 3-month rehospitalization. 

- Frail patients exhibited higher LUS scores on T1. 

- Diaphragm excursion on T0 was reduced in patients with COPD and heart failure and in those developing delirium during 

hospitalization. 

- Diaphragm excursion on T1 was negatively associated with PC-FI. 

- Diaphragm thickness, RVL thickness, and CSA exhibited a positive association with obesity. 

- Right vastus lateralis CSA on T1, however, was also negatively associated with PC-FI.



Caratteristiche 

del campione

Variables All patients 
Diaphragmatic excursion Diaphragmatic thickening fraction 

Normal Pathological  Normal  Pathological  

N (n; %) n=127 n=78 n=49 n=75 n=52 

Age (mean; SD) 74.0 (10.9) 73.3 (9.7) 75.3 (12.6) 72.3 (10.8) 76.6 (10.7) 

Sex (F) (n; %) 68 (53.5) 35 (44.9)  33 (67.3) 34 (45.3) 34 (65.4) 

BMI (mean; SD) 28.7 (8.1) 29.6 (8.9) 27.2 (6.6) 29.5 (8.1) 27.6 (8.3) 

CCI (mean; SD) 5.5 (2.4) 5.4 (2.3) 5.5 (2.6) 5.4 (2.6) 5.6 (2.2) 

ADLs (mean; SD) 3.5 (2.2) 3.7 (2.1) 3.3 (2.2) 3.8 (2.1) 3.1 (2.2) 

IADLs (mean; SD) 3.4 (2.8) 3.8 (2.7) 2.8 (2.9) 3.8 (2.9) 2.9 (2.6) 

MNA (mean; SD) 16.9 (5.5) 17 (5.8) 16.8 (5.3) 17.5 (5.8) 16.1 (5.1) 

NRS (mean; SD) 2.6 (1.4) 2.4 (1.4) 2.8 (1.2) 2.4 (1.4) 2.7 (1.2) 

MUST (mean; SD) 2.5 (1.5) 2.3 (1.6) 2.7 (1.3) 2.4 (1.4) 2.6 (1.6) 

SNAQ (mean; SD) 13.6 (2.7) 13.8 (2.7) 13.2 (2.8) 13.7 (2.6) 13.4 (2.9) 

MST (mean; SD) 2 (1.7) 1.9 (1.7) 2.2 (1.7) 2.1 (1.7) 1.8 (1.7) 

HGS (Kg) (mean; SD) 19.7 (8.8) 21.4 (8.2) 17 (9.1) 22.3 (8.9) 15.9 (7.2) 

pO2/FiO2 (%) (mean; SD) 195.8 (77.5) 196 (76) 195 (80) 204.3 (79.1) 183.6 (74.3) 

NIMV (n; %) 75 (59.1) 45 (57.7) 30 (61.2) 45 (60) 30 (57.7) 

Malnutrition (n; %) 74 (59.7) 40 (53.3) 34 (69.4) 35 (47.3) 39 (78.0) 

Sarcopenia (n; %) 67 (52.8) 36 (46.2) 31 (63.3) 35 (46.7) 32 (61.5) 

 

Risultati preliminari
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