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Step 1: rule out pneumothorax
hemothorax, unilateral
pneumoniae
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The “lung point”’: an ultrasound sign
specific to pneumothorax
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Accuracy of transthoracic sonography in excluding post-interventional
pneumothorax and hydropneumothorax
Comparison to chest radiography
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Step 2: Is there a pulmonary
oedema?
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Step 3 : diagnose hemodynamic
pulmonary edema
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Pulmonary artery occlusion pressure



Pulmonary vascular resistance
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Evaluation of PAOP by using mitral
Doppler flow
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Pulmonary venous flow



Pulmonary venous wave form superimposed
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Pulmonary vem,owx wowe pallerns as o guide to- LAP
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Pulmonary venous wawve patterns as o guide to- LAP

DL Ly
1 Time 81.33 ms 4 v

& l Systolic fractiovw

pulmonary venous wave form — o VTI 5.)'\/51,._ Z,
8 = VTI systolic + diastolic - < 40%

— A = LAP > 18 mwmHg

';, j T et TN L '9‘2‘
4 £ / =% \ ol /i‘ HR Kuecherer H et al Circulation 1990;82:1127




 Atrial velocity & Atrial Reversal
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Pulmonary Vein atrial reversal velocity

Appendix 18 Bonita Anderson Echo 2016

Sensitivities and specificities of various Doppler parameters for identifying elevated LV filling pressures

A. PV, velocity
First Author (Year) | Pt. No. | Timing of Echo & LVFP Parameter Sensitivity Specificity
Catheterisation (mm Hg) R, s SOV la (%) (%)
Cecconi (1996) ) LVEDP = 15
LVEDP > 20 =35 cm/s 55 95
Rossvoll (1993) ! 60 <24 hr LVEDP> 15 > 35 cm/s 50 88

Abbreviations : hr = hour; LVEDP =left ventricular end-diastolic pressure; LVFP = left ventricular filling pressure; Pt. No. = patient number

Sources: [1] Cecconi M, Manfrin M, Zanoli R, Colonna P, Ruga O, Pangrazi A, Soro A. Doppler echocardiographic evaluation of left ventricular end-diastolic
pressure in patients with coronary artery disease. J Am Soc Echocardiogr. 1996 May-Jun;9(3):241-50. [2] Rossvoll O, Hatle LLK. Pulmonary venous flow
velocities recorded by transthoracic Doppler ultrasound: relation to left ventricular diastolic pressures. J Am Coll Cardiol. 1993 Jun;21(7):1687-96.

Pulmonary Vein AR duration - mitral A duration
B. PV, duration - Mitral A duration

Parameter
& Cut-off Value

First Author Timing of Echo & LVFP
(Year) Catheterisation (mm Hg)

Sensitivity
(‘!/';))

Specificity
(%)

Rossvoll (1993)1 60 24 hr LVEDP > 15 PV, dur > A dur ,
Cecconi (1996) 101 o LVEDP= 15 PV,, dur> A dur 79 96
LVEDP=> 20 | PV, dur> A dur 90 90
Ritzema (2011) [3] 5% A mLAP> 15 > 14 ms 80 82
mLAP = 20 > 19 ms 75 84
Appleton (1993) 65 <1hr LVEDP > 12 >20 ms 74 > 95
Yamamoto (1997) ! 83 <3hr LVEDP = 15 > 25 ms 46 97
LVEDP = 20 ms 71 93
Dini (2010) 178 <1 hr pCcWP>15 @€ >30ms 3 73 80

* % 4 serial studies, n=60



mitral reguwrgitont velocities to- measure LAP

LAP = systolicBP — MR peakpressire |
need mitral regurgitont signal
sBP in shock may not reflect'LV systolic pressure
inatccurate in aortic stenosis/HOCM

oftenv very wseful

Ref: GoawciawMJ et al 1997 JACC;29(2):448
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Michel Slama, Jwari Ahn, Marcel Peltier, Julien Maizel, Denis Chemla, Jasmina
Varagic, Dinko Susic, Christophe Tribouilloy and Edward D. Frohlich
Am J Physiol Heart Circ Physiol 289:1131-1136, 2005. First published Apr 29, 2005;
do1:10.1152/ajpheart. 00345 2004
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Figure 7 Color M\-mode Vp from a patient with depressed EF and impaired LV relaxation. The slope (arrow) was 39 cm/s.
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Figure 7 Color M-mode Vp from a patient with depressed EF and impaired LV relaxation. The slope (arrow) was 39 cm/s.
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Diagnostic Accuracy of Tissue Doppler Index E/é for Evaluating Left

Ventricular Filling Pressure and Diastolic Dysfunction/Heart Failure

With Preserved Ejection Fraction: A Systematic Review and Meta-  J Am Heart Assoc. 2016;
Analysis

Oleg F. Sharifov, MD, PhD; Chun G. Schiros, PhD; Inmaculada Aban, PhD; Thomas S. Denney, Jr, PhD; Himanshu Gupta, MD, FACC
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Diagnostic Accuracy of Tissue Doppler Index E/é for Evaluating Left

Ventricular Filling Pressure and Diastolic Dysfunction/Heart Failure

With Preserved Ejection Fraction: A Systematic Review and Meta-  J Am Heart Assoc. 2016;
Analysis

Oleg F. Sharifov, MD, PhD; Chun G. Schiros, PhD; Inmaculada Aban, PhD; Thomas S. Denney, Jr, PhD; Himanshu Gupta, MD, FACC
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Study flow chart

68 patients with PAC
during the study time

echocardiographic image

& patients with poor
l

B2 patients with good
echocardiographic image

Exclusion criteria

4 arrhythmia

3 monophasic mitral flux

2 severe mitral valvulopathy

53 patients Included in
the study

Mercado Slama CCM 2020



Classical indices fail to predict
PAOP In ICU patients
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@ European Heart Journal — Cardiovascular Imaging (2016) 17, 1321-1360
EUROPEAN doi:10.1093/ehjci/jew082

Recommendations for the Evaluation of

Left Ventricular Diastolic Function by
Echocardiography: An Update from the American
Society of Echocardiography and the European
Association of Cardiovascular Imaging

= |
E/A<0.8+E >50cm/s

or
E/A<0.8+ E<50cm/s \ E/A> 0.8 - <2 } E/AZ2

l 3 criteria to be evaluated* I
|

1-Average E/e’' > 14
2-TR velocity > 2.8 m/s
3-LA Vol. index>34ml/m?

20of3o0r3o0f3
Positive

20of3o0or30of3
Negative

When onVZ criteria are available

2 negative 1 F1>osmve'and 2 positive
negative
Normal LAP Cannot determine 1 LAP 1 LAP
Grade | Diastolic LAP and Diastolic Grade |l Diastolic Grade Il Diastolic
Dysfunction Dysfunction Dysfunction Dysfunction
| Grade* ‘

If Symptomatic

proceed to diastolic

|
Consider CAD, or ‘
stress test



@ European Heart Journal — Cardiovascular Imaging (2016) 17, 1321-1360
N doi:10.1093/ehjci/jew082
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Recommendations for the Evaluation of

Left Ventricular Diastolic Function by
Echocardiography: An Update from the American
Society of Echocardiography and the European
Association of Cardiovascular Imaging

In patients with normal LV EF

1-Average E/e’ > 14

2-Septal e’ velocity <7 cm/s or
Lateral e’ velocity <10 cm/s
3-TR velocity > 2.8 m/s

4-LA volume index >34ml/m?

50%
<50% positive
positive
Normal Diastolic Indeterminate

function

>50%
positive

Diastolic
Dysfunction




LVEF

<45%

E/A ratio
<15 >1.5

1 1
- 0.8 0.8

20 (83%) | 0.6 0.6

- 0.4 25 (76%) 0.4
- 0.2 0.2

0 0

n=24

Normal predicted PAOP

>45%

Lateral e’-wave

10 (83%)

n=12

0

<8 >8
1
- 0.8
- 0.6
29 (100%)
- 0.4
- 0.2
n=29

Elevated predicted PAOP

0.8

0.6

0.4

0.2

Normal predicted PAOP

|:| Normal measured PAOP

. Elevated measured PAOP

Brault Slama CCM 2021
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Step 4. find the cause of
hemodynamic pulmonary
edema



Cause of pulmonary edema

Left ventricular
systolic function

Normal Decreased

Valvular
regurgitation
or stenosis

Diastolic
dysfunction
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Cause of pulmonary edema

Left ventricular
systolic function

Normal Decreased
. . Valvular Ischemic or
Diastolic " . .
. regurgitation non ischemic
dysfunction

or stenosis cardiomyopathy
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Pressure support Spontaneous breathing trial
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Step 5: RV assessment in case of
bilateral pneumonia or ARDS




Step 6: with A-lines and black
chest X-Ray







Pulmonary embolism

* Echocardiography : ACP with RV dilation,
paradoxical septum mouvement and PAH.

* Venous Doppler
« CT Scan
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Contrast echocardiography

Principle : injection of liquid with microbubbles in suspension
Into peripheral vein and assess right to left cardiac shunt

AT: 37.0C _al™)
TO: 37.4C &




Semi quantitative
assessment of shunt

Grade 2

Moderate
Grade 3 Grade 4
Important Severe
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Distinction between PFO and intra
pulmonary shunt

 PFO : bubbles in LA during the 3 first
cardiac beats after contrast injection

* |[PS : usually after 3 cardiac beats



Lemaire, Anesthesiology 1982

crpv [20emMH0|
W ExG

PaO?2
PEP 10 67 mmHg
PEP O 293 mmHg
VS 335 mmHg
VS + 486 mmHg

FOP fermé
Closed PFO




Conclusion

Use critical care echocardiography and lung
ultrasound to solve the clinical problem

Rule out hemothorax and pneumothorax using
lung ultrasound

Use echocardiography and Doppler to assess
the cause of pulmonary edema.

In patient under mechanical ventilation with
refractory hypoxemia without obvious cause do
contrast examination.

The critical point in ICU is to do a follow-up




