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Is the Diaphragm Worth Monitoring?
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Anatomy of the Diaphragm
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Action of the Diaphragm

Rib Cage ----- L ' sememssessannneenaeae | t@fcoStal /Accessory
Muscles

'ﬂ i T Costal Diaphragm

e Crural Diaphragm

De Troyer and Loring, Handbook of Physiology



Action of the Diaphragm

De Troyer and Loring, Handbook of Physiology



Inspiratory Diaphragm Thickening
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Imaging Diaphragm Thickness




Imaging Diaphragm Thickness
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Metrology: Diaphragm Thickness
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Metrology: Diaphragm Thickness

Values in Healthy Subjects Reproducibility
+/- 0.4 mm (R)
< < +/-1.9 mm (L)
(same obs) _

— — Site Marked

A +/- 0.2 mm (R)
F1.55.0mm
+/- 2.1 mm (R)
+/-1.4 mm (L)
D epea )
— (diff obs) — Site Marked

+/- 0.4 mm (R)
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Metrology: Diaphragm Thickening

100
80 +
60
R
po 40
=
20
l&‘ VENTILATION
A ﬁ‘ﬁ A Ps10
A Ps15
0 A A A PS5
O sB
tho=0.74, p<0.001
_20 -

I I I I ! I
0 5 10 15 20 25

PTPdi, cmH20.s/breath

Viver et al. ICM 2012

Thickening Fraction (%)

100 150 200 250

50

R? = 0.32, p<0.0001

80

AEA; (uV, % of maximum)

100

Goligher et al. ICM 2015




Metrology: Diaphragm Thickening

Values in Healthy Subjects

25-45% @ rest

>20% @ maximal
Inspiratory effort

Reproducibility

+/-19% (R)
+/-13% (L)

Site Marked

+/-17% (R)

+/-27% (R)
+/-39% (L)

Site Marked

+/- 16% (R)



Metrology: Diaphragm Thickening
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Thickening: Volume vs Pressure?
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Diaphragm Thickening Fraction
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Sources of Error

e Thickness
— Variability in diaphragm thickness across its surface
— Body habitus
— Changes in muscle echogenicity during MV
— Left side
— Failure to mark site
« Thickening
— Combines error of two thickness measurments
* Function
— Variability in volitional inspiratory effort



Clinical Insights 1: Inspiratory Effort During MV
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Clinical Insights 2:
Evolution of Diaphragm Thickness During MV
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Clinical Insights 3: Inspiratory Effort Matters

Change in Diaphragm Thickness Over Time (% of Baseline)
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Clinical Insights 4:
Predicting Successful Extubation
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Summary: Monitoring Diaphragm Thickness

Valid and reproducible measurements
— Right hemidiaphragm
— Mark site for repeated measurements
Permits evaluation of:
— Structural changes (thickness, echogenicity)
— Inspiratory effort (thickening fraction)
— Muscle function (maximal thickening fraction)

Yields important insights for clinical management
Potential intervention and/or outcome In future studies
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