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OVERVIEW

Evaluation of LAP In critically ill

e \Which patients to assess

e How to assess

e \What influences LV filling pressure

find the ‘Iinflection point’

. MR Group, Lund, Sweden
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/4yo man with pneumonia
MET call on ward vs respiratory distress => [CU => intubation

PMHx: DM, HTN, CRF, HFPEF. Old echo = normal EF on old echo
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Thougnts ...

* 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

ESPVR

7
=
=
[
-
¢
Q.

S0 75 100
Volume (ml) LV EDV (ml)

harvi.online



http://harvionline.com
http://harvi.online

The EDPVR is nonlinear
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How to assess if there iIs raised LAP

NB: don’t forget the echo measures we use are load dependent
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How to assess LAP... conventional measures
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... others
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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-L A volume index >34ml/m?

<50%
positive

Diastolic

Normal Diastolic Indeterminate Dysfunction

function

|
E/AsO0B8+E>50cm/s

EIAS08+E<50cmis E/A> oors .- <2

3 criteria to be evaluated*

1-Average Efe’' > 14
2-TR velocity > 28 mis || °fp3 02_3 of 3
3-LA Vol. index>34ml/m? osiive

2o0f30r3o0f3
Negative

When only 2 criteria are available

| negative

Cannot determine
' LAP and Diastolic
Dysfunction Dysfunction Dysfunction
| Grade*
If Symptomatic o
|
Consider CAD, or
proceed to diastolic
stress test

ASFE/FACVI GUIDELINES AND STANDARDS

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

Sherif . Nagueh, Chair, MD, FASE," Oto A. Smiseth, Co-Chair, MD, PhD .~ Christopher P. Appleton, MD,
Benjamin F, Byred, 111, MDD, FASE," Hisham Dokaimish, MD, FASE," Thor Edvardsen, MD, PhD.*
Frank A. Flachskampf, MD, PhD, FESC,” Thictry C. Gillebert, MD, I'hD, FESC,” Allan L. Klcin, MD, FASE,
Pawrizio Lancellotd, MDD, PhlD, FESC, Paolo Masino, MD, FESC, Jac K. Oh, MD,
Bogdan Akxandru Popescu, MDD, PhD, FESC, FASE " and Alan D. Waggoner, MHS, RDCS' | Honston, Texas;
Oslo, Norway; Phornix, Arizona; Nashville, Tenressee; Hamilron, Ontario, Cavada; Uppsala, Sweden: Ghent and
Licpe, Belgumom; Cleveland, Olio; Novara, Italy; Rochester, Minnesota; Buchavess, Romania; and St. Lowis, Misouri




TABLE 2. Categorical Data and the Level of Agreement Between the 2016 American

2 French ICUs Society of Echocardiography and the European Association of Cardiovascular Imaging
_ Guidelines and Pulmonary Artery Catheterization Measurements for the Assessment of
98 patients Pulmonary Artery Occlusion Pressure
Mechanically ventilated arraiies el sox e

EChO + PAC Normal predicted PAOP (grade | 20

echocardiography diastolic dysfunction)

Elevated predicted PAOP (grade 11/111
echocardiography diastolic dysfunction)

Total

Sensitivity 0.74
Specificity 0.74
Positive predictive value 0.71
Negative predictive value Q.77
Paositive likelihoad ratio 2.85
Negative likelihoad ratio 0.35

Kappa agreement (95% ClI) 0.478
(0.235-0.722)

Estimation of Pulmonary Artery Occlusion Pressure
Using Doppler Echocardiography in Mechanically
Ventilated Patients

Clément Brault, MD!: Julien Marc, MD% Pablo Mercado, MD';: Momar Diouf, PhD*%

Christophe Tribouilloy, MD, PhD’; Yoann Zerbib, MD)'; Julien Maizel, MD, PhD"’;

Philippe Vignon, MD, PhD)* %; Michel Slama, MD, PhD Critical Care Medicine (2020)




20 (83%) . { Y 10 (83%
29 {100%)

n=12 n=29

Normal predicted PAOP Elevated predicted PAOP Normal predicted PAQP

I:I Normal measured PAOP - Elevated measured PAQP

Estimation of Pulmonary Artery Occlusion Pressure
Using Doppler Echocardiography in Mechanically
Ventilated Patients

Clément Brault, MD*: Julien Marg, MDY Pablo Mercado, MD';: Momar Diouf, PhD*%

Christophe Tribouilloy, MD, PhD’; Yoann Zerbib, MD)'; Julien Maizel, MD, PhD’;

Philippe Vignon, MD, PhD)* ¢; Michel Slama, MD, PhD Critical Care Medicine (2020)
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ONLINE CLINICAL INVESTIGATIONS

Doppler Echocardiographic Indices Are Specific

But Not Sensitive to Predict Pulmonary Artery
Occlusion Pressure in Critically Ill Patients
Under Mechanical Ventilation

ook ettt - 4 0
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PAOP, mmHg PAOP, mmHg PAPO, mmHg

100-Specificity

Mercado ... Slama CCM 2020

PAOP<18

PAOP=18




REVIEW Open Access
° > f'")
Bedside assessment of left atrial pressure

in critical care: a multifaceted gem

Emma Maria Bowcock™ and Anthony Mclean

Clinical scenario Respiratory failure and bilateral lung infiltrates or ventilatory weaning failure
Screening assessment Rule of 8's : Lateral E/e’ > 8 and/ or lateral &' < 8

LV systolic dysfunction
| Grade 2 or 3 diastolic dysfunction*
TTE (or TOE) | E/A > 1.5 (if LVEF <45%)**
| Lateral e’ < 8 (if LVEF = 45%)**

Multimodal assessment Ele'215 |
Fixed bowing of IAS to right

Total Blines > 15
Coalesced B lines

Lung US

}' JUBLUSSASSe [epoLuynu Jeaday

PAOP >15mmHg

Consider PA CAHEtel | m———— Cardiacindex < 2.5Umin/m?
: : SV02 < 70%

Possible phenotypes

Possible interventions | Treat underlying cause e.g., cardiacischaemia Inotrope orinodilator  Increase PEEP

Diuretics or dialysis if diuretic refractory Avoid / treat arrhythmias

* ASE/EACVI algorithm ** use if ASE/EACVI grading indeteiminate

Fig. 6 Proposed multimodal algorithm for a patient presenting with acute hypoyic respiratory failure or failing to wean from mechanical
ventilation. Methods for assessment of LAP and its upstream consequence of cardiogenic pulmonary oedema as well as targeted treatment opzions
suggested. * [24], **[29]




What influences LAP




Heart rhythm

Mechanical ventilation Left valve diseases

N\ | /

What influences LAP

LV function RV dllatlon
Fluid status




Fluid status

Case example

Precarious fluid balance



80yo female

PC: n/v, fever => MET call |
PMH: Severe AS awaiting TAVI..

Urosepsis 151
(Proteus mirabilis bacteraemia) S
Frall

d

Fluid management key ...
 Avoid hypovolaemia (can => increased AV gradients)
» Avoid fluid overload (can => pulmonary oedema)
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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)




Heart rhythm

Mechanical ventilation Left valve diseases
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What influences LAP

LV function RV dllatlon
Fluid status




LV function 67yo male, immunosuppressed vs ILD, “ex”-smoker, Flu A +ve
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6/7yo male, iImmunosuppressed, ILD, “ex”-smoker, Flu A +ve

36hours later ... worsening shortness of breath and hypotension
=> |CU & Noradrenaline 6mcg/min

ED admission

DEVA
in ICU

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




Heart rhythm

Mechanical ventilation Left valve diseases
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What influences LAP

LV function RV dllatlon
Fluid status




The cardiovascular effects of positive pressure

ventilation

A, Corp’, C. Thomas and M. Adlam

St James University Hospital, Leeds, UK

BJA Education, 21(6): 202—209 (2021)

doi: 10.1016/j.bjae.2021.01.002
Advance Access Publication Date: 15 March 2021

Mechanical ventilation

I Venous return

'

| RV preload

| Venous and lymphatic
drainage of extra-
tharacic organs

I Intrathoracic pressure

T Pulmonary vascular resistance

l

T RV work

l

! RV stroke volume

'

L LV stroke volume

. Cardiac output

|

} LV work

Laplace’s law

=Pxr/T




61yo male (truck driver)

PC: Conscious VT, HR 180 and hypotension
PMH: HTN, DM, BMI 40, smoker

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
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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




Heart rhythm

Mechanical ventilation Left valve diseases

N\ | /

What influences LAP

LV function RV dllatlon
Fluid status




45y0 Pneumocystis jirovecii pneumonia after renal transplant.

e Failed HFNP => intubation

e Max conventional MV

l Point of Care Testing (POCT)

|ISpecimen Type POCT

! Device Facility

;Instrument D
|Blood Gas
Inspired Oxygen

Hood O2 Saturation
Hood HCO3

Hood Base Excess

Hood Potasstum

Hood Glucose

iood Lactate
od Calcium Ionised
Hood Total Haemoglobin
od Oxyhaemoglobin
od Carboxyhaemoglobin

od Deoxyhaemoglobin

|
|
|
|
|
|
|
|
|
| Hood Chloride
|
|
|
|
|
|
|
|

Hood Methaemoglobin

Arterial
Nepean

ABL

ICUA
D210ICUAABOL

80.0 %

.23 L

78 mmHg

al mmHg H
94 % L

33 mmol

4 mmol/L A
145 mmol/L H
54 mmol/L
108 mmol/L H
13.3 mmol/L
0.9 mmol/L
1.22 mmol/L
103 g/L L
9186 %t

1.1 %

0.9 %

Arterial
Nepean

ABL

I[CUA
D210ICUAABOL

90.0 %
7.221

63 mmHg L
81 mmHg H
800 % L

32 mmol/L H
3 mmol/L
150 mmol/L H
5.3 mmol/L
107 mmol/L
13.7 mmol/L
1.1 mmol/L
1.25 mmol/L
111 g/L L

.2 start INO
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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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Initial assessment

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

LV systolic dysfunction or hypertrophy

~ I

Normal Abnormal
l Parameter Value
E:A>1& No » E:A >1
e’ lateral >10 e' lateral * < 10cm/s
Echocardiography E:e’ >15
assessment Decelleration time <160msec
Yes Interatrial septal bowing Towards right
Pulmonary vein flow S<D
! Lung ultrasound B-lines ** >3 in dependent areas
Probability
raised LAP Low Moderate High

Consideration of position of end-diastolic pressure volume relationship

Reassessment after change in preload, contractility or afterload

Risk if further
E escalation in LAP
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