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Evaluation of LAP in critically ill

O V E R V I E W

• Which patients to assess


• How to assess  

• What influences LV filling pressure

find the ‘inflection point’



74yo man with pneumonia 
MET call on ward vs respiratory distress => ICU => intubation 

PMHx: DM, HTN, CRF, HFPEF.   Old echo = normal EF on old echo
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Thoughts …
• Severe LV diastolic function + raised LAP + fluid overload 

• Management = 

• Diuresis (LV preload reduction) 

• PEEP (LV preload reduction + LV afterload reduction) 

• Keep in SR.  Avoid tachycardia 

• Don’t miss other pathology (eg: pneumonia etc…)



Which critically ill patients to assess LAP?

• Patients with heart failure eg: chronic (HFPEF, HFREF) & acute


• Patients ‘at risk’ of +ve fluid balance & pulmonary oedema:


• Respiratory failure / ARDS 


• RV failure (esp: post capillary pulmonary hypertension)


• Weaning from ventilation
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Physiological principles to individualise therapy 
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How to assess if there is raised LAP

NB: don’t forget the echo measures we use are load dependent



How to assess LAP… conventional measures
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ALL echo measures of LV filling pressures are load dependent



<140msec>240msec

Normal LAP Raised LAP

L wave IVRT

… others

IAS bowed to right
B lines

Pulmonary vein flow

Increased LAPNormal LAP



Not validated in critically ill



Critical Care Medicine (2020)

2 French ICUs

98 patients


Mechanically ventilated

Echo + PAC



Critical Care Medicine (2020)



Mercado … Slama CCM 2020 





What influences LAP



LV function

Mechanical ventilation Left valve diseases

Heart rhythm

Fluid status
RV dilation

What influences LAP



Case example 

Precarious fluid balance

Fluid status



80yo female
PC: n/v, fever => MET call
PMH: Severe AS awaiting TAVI

Urosepsis 

(Proteus mirabilis bacteraemia)

Frail


Fluid management key …  
•Avoid hypovolaemia (can => increased AV gradients)

•Avoid fluid overload (can => pulmonary oedema)
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Admission 
echo

E wave 
Vmax 0.95

E:A 0.96

E:e’ 
average 9

Decel time 
(msec) 360
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Admission 
echo

Post 750ml 
fluid

E wave 
Vmax 0.95 1.5

E:A 0.96 4.1

E:e’ 
average 9 21

Decel time 
(msec) 360 160

Increased: 
• E:A ratio 
• E wave Vmax 
• E:e’ 

Decreased: 
• Decel time

+750ml fluid resuscitation
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LAP assessment in fluid management

• If ‘significant’ rise in LAP parameters with fluid administration


• … stop giving fluids


• … give catecholamines to increase after load (eg: Noradrenaline)
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67yo male, immunosuppressed vs ILD, “ex”-smoker, Flu A +ve


Pre-admission echo 

Mild LV dysfunction 

Mild RV dilation

LV function



36hours later … worsening shortness of breath and hypotension 

=> ICU & Noradrenaline 6mcg/min

Differential: Fluid overload / worsening pneumonitis / bacterial superinfection / fungal infection /  acute ILD flair

ED admission

Day 1

in ICU

67yo male, immunosuppressed, ILD, “ex”-smoker, Flu A +ve








e’ lat 9cm/se’ sept 6cm/s

E:e’ = 13



Admission

echo

250 ml fluid bolus

Post fluid

1st 
echo

Post 
250ml 
fluid

E wave 
Vmax ?1.02 0.6

E:A ?<1 1

E:e’ 
average 13 10

Decel 
time 

(msec)
? 204





LAP assessment in acute LV dysfunction

• Risk high with these patients to get raised LAP / resp failure


• ‘POCUS” using Doppler repeat LAP review


• Judicious fluid bolus and repeat


• Balance fluids vs catecholamines
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Mechanical ventilation Left valve diseases

Heart rhythm

Fluid status
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What influences LAP



Laplace’s law 
= P x r / T

Mechanical ventilation



• ED = Mg2+, Amiodarone => SR => CCU


• 24hr later MET call = HTN, desaturation, agitation = APO


• Agitation / intolerance of CPAP => ICU for intubation


• Few days down track CXR better, -ve 4L , mild ARF, ‘difficulty’ weaning

PC: Conscious VT, HR 180 and hypotension
61yo male (truck driver)
PMH: HTN, DM, BMI 40, smoker





PEEP 10

E Vmax 1.15

Decel Time 190

E:A 3.0

E:e’ 14

S:D 0.34

MR PISA 
radius (cm) 0.6

Figure 5
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PEEP 10 PEEP 5

E Vmax 1.15 1.31

Decel Time 190 164

E:A 3.0 3.8

E:e’ 14 23

S:D 0.34 0.25

MR PISA 
radius (cm) 0.6 0.8

Figure 5
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LAP assessment in weaning from mechanical ventilation

• Significant raised LAP remains despite improved CXR 


• Ongoing diuresis essential


• Repeat ‘spontaneous breathing trial’ till non-significant change



LV function

Mechanical ventilation Left valve diseases

Heart rhythm

Fluid status
RV dilation

What influences LAP



45yo Pneumocystis jirovecii pneumonia after renal transplant. 
•  Failed HFNP => intubation
•  Max conventional MV                                          …. ? start iNO 

RV dilation











E:e’ 20

E 1.0 m/s

E:A 1.4





E 1.0 m/s

E:A 1.4

E 0.7

E:A 1.0

E:e’ 20 E:e’ 11 

Diuresis



RV dysfunction in ARDS patient

• Significant “post capillary pulmonary hypertension”


• Diuresis and negative fluid balance before starting iNO


• Keep heart rate low and in sinus


• Inotropes … maybe Levo with lusitropy effect?



Summary : Evaluation of LAP
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Low Moderate High

LV systolic dysfunction or hypertrophy

AbnormalNormal

Low Moderate High

Probability  
raised LAP 

Risk if further 
escalation in LAP

Reassessment after change in preload, contractility or afterload  

Initial assessment

Parameter Value

Echocardiography 
assessment

E:A >1

e' lateral * < 10cm/s

E:e’ >15

Decelleration time <160msec

Interatrial septal bowing Towards right

Pulmonary vein flow S<D

Lung ultrasound B-lines ** >3 in dependent areas

Consideration of position of end-diastolic pressure volume relationship

Clinical context: respiratory failure, ARDS, ‘at risk’ fluid overload (eg: heart failure), 
 difficult to wean from mechanical ventilation 

E:A >1 & 
e’ lateral >10 

Yes

No

1

2

3

4

5



Thank you very much for listening 

=  Echo at Nepean

sam.orde@health.nsw.gov.au


