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Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation
2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction
Left and right outflow tract obstruction
Pulmonary emboli
Hypoxia and hypercapnia

3-↑ Rrv: intrinsic obstruction and compartment
syndrome (pericardial, mediastinal, thoracic, 
abdominal) 
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Évaluation de la volémie

• Réponse dépends: Pvs, Pra et Rvr
• En ventilation spontanée ou assistée?
• Réponse au volume = plus important
• Par ordre de fiabilité: réponse au volume• Par ordre de fiabilité: réponse au volume

– Wedge < TVC < aires échographiques < 
variation respiratoires artérielles < variations 
respiratoires veineuses < élévation des jambes
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150 fluid challenges were performed in 96 septic patients 
(73 men, 23 women; mean age, 62  14 yrs).
65/150 (43%) = positive response to fluid

CCM 2007
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150 fluid challenges were performed in 96 septic patients 
(73 men, 23 women; mean age, 62  14 yrs).
65/150 (43%) = positive response to fluid

Crit Care Med 2007
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Transgastric mid-papillary view





Limitation des mesures statiques d’aire ventriculaire
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The 90°subcostal view



Normal or ↓ Pms







Mid-esophagienne aorte 
ascendante





Patient de 76 ans SI HSL: 
per-dialyse: coupe TG



Patient de 76 ans SI HSL: 
per-dialyse: VCS



Zoom VCS



Venous return
(cardiac output)

(l/min) 10

Normal

Effet de l’inspiration
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Anormal Donc si TVC inchangée,RV et DC idem

Adapated from: Jacobsohn et al Can J Anesth 1997 44:8 849-67

Right atrial pressure (mmHg)

0 10-5



Pa

Pod

1982 JCCM



Pa

Pod

1982 JCCM



Si Pms réduit, et il réponds au 
volume: pourquoi?

Hémothorax

Péritonite 

Pneumonie

Cholécystite aigue



Saignement abdominal



Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation

2-↑ Pra: Left and right systolic dysfunction
Left and right diastolic dysfunction
Left and right outflow tract obstruction
Pulmonary emboli
Hypoxia and hypercapnia

3-↑ Rrv: intrinsic obstruction and compartment
syndrome (pericardial, mediastinal, thoracic, 
abdominal) 





MontageMontage

A-Intraveineuse
B-Connecteur en Y
C-Tubulure vers le capteur à pression où sera mesuré la PVP
D-Accès pour le soluté
E-Robinet pour alterner entre la mesure de PVP et le soluté



Exemple d’un tracé

Dans cet exemple, la valeur de la 
pression veineuse périphérique 
(PVP) en fin de diastole et en (PVP) en fin de diastole et en 
systole est similaire à la pression 
de l’oreillette droite (POD).

On observe un gradient en début 
de diastole entre les 2 valeurs.

POD
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Dysfonction systolique
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Patients instable: pourquoi?





Mid-esophageal four-chamber view







Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation
2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction
Left and right outflow tract obstruction
Pulmonary emboli
Hypoxia and hypercapnia

3-↑ Rrv: intrinsic obstruction and compartment
syndrome (pericardial, mediastinal, thoracic, 
abdominal) 



Dysfonction diastolique



Dysfonction diastolique
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Wedge = 5 mmHg



Adapté de Khoury et al JASE 2004





Diagnosis of RV dysfunction



ElectrocardiogramElectrocardiogram

Arterial pressureArterial pressure

Pulmonary artery pressurePulmonary artery pressure

Right ventricular pressureRight ventricular pressure



Visual and hemodynamic assessment



Before CPB

56 yo ♂ RV dysfunction after AVR

After CPB: unstable



Severe RV dysfunction

Hemodynamic instability



Septal interaction = consequence 
of RV dysfunction
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Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation
2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction

Left and right outflow tract obstructionLeft and right outflow tract obstruction
Pulmonary emboli
Hypoxia and hypercapnia

3-↑ Rrv: intrinsic obstruction and compartment
syndrome (pericardial, mediastinal, thoracic, 
abdominal) 



If right atrial pressure is present



Régurgitation mitrale en sortie de 
CEC?



Mitral regurgitation after CPB?



LVOT obstruction

Courtoisie de Gaudiani



LVOT obstruction

Courtoisie de Gaudiani





Obstruction de la chambre de chasse 
du ventricule gauche
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Régurgitation tricuspidienneRégurgitation tricuspidienne Doppler continuDoppler continu

Gradient de 48 mmg avec une Pod de 20 mmHg
PAP systolique de 68 mmHg
PAP systolique mesurée de 34 mmHg ???



Obstruction de la chambre de Obstruction de la chambre de 
chasse du VDchasse du VD











RVOTORVOTO

• Systolic RV to Pap > 6 mmHg (18%)

• Systolic RV to Pap > 25 mmHg (4%)• Systolic RV to Pap > 25 mmHg (4%)

– N = 11 patients
– 50% with AVR
– 73% on milrinone
– 91% with hemodynamic instability

JTCVS 2006(n = 800)



Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation
2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction
Left and right outflow tract obstructionLeft and right outflow tract obstruction

Pulmonary emboli
Hypoxia and hypercapnia

3-↑ Rrv: intrinsic obstruction and compartment
syndrome (pericardial, mediastinal, thoracic, 
abdominal) 



68 yo ♀ hypotensive at the ER 
3 weeks after removal of a meningioma 

Noradrenalin at 0.15 µg/kg/min 
(40 ml/h de 4mg/250ml)



Peaked P waves

Reduced ETCO2

68 yo ♀ hypotensive at the ER 
3 weeks after removal of a meningioma

Noradrenalin at 0.15 µg/kg/min 
(40 ml/h of 4mg/250ml)

Reduced ETCO2

Systemic arterial pressure



68 yo ♀ hypotensive at the ER 
3 weeks after removal of a meningioma



Patient instable après remplacement 
valve aortique









Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation
2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction
Left and right outflow tract obstructionLeft and right outflow tract obstruction
Pulmonary emboli

Hypoxia and hypercapnia
3-↑ Rrv: intrinsic obstruction and compartment

syndrome (pericardial, mediastinal, thoracic, 
abdominal) 



Hemodynamic effect of hypoxia 

• 48 yo ♂ with ischemic 
cardiomyopathy

• Systemic desaturation post-CPB 
with pulmonary hypertension 

• Rx: PEEP and nitroglycerine 

During hypoxia After hypoxia

NIRS brain oximetry



Beginning of apnea 10 minutes after

10 minutes after Ventilation restarted10 minutes after Ventilation restarted
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Pression de l’oreillette droite

↓Fonction cardiaque
↑ Pod

Adapated from: Jacobsohn et al Can J Anesth 1997 44:8 849-67
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Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation
2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction
Left and right outflow tract obstructionLeft and right outflow tract obstruction
Pulmonary emboli
Hypoxia and hypercapnia

3-↑ Rrv: intrinsic obstruction and 
compartment syndrome (pericardial, 
mediastinal, thoracic, abdominal)  
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Most common condition associated 
with hemodynamic instability
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2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction
Left and right outflow tract obstructionLeft and right outflow tract obstruction
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3-↑ Rrv: intrinsic obstruction and compartment

syndrome (pericardial, mediastinal, thoracic, 
abdominal) 



Unstable patient after CABG

After drainage



Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation
2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction
Left and right outflow tract obstructionLeft and right outflow tract obstruction
Pulmonary emboli
Hypoxia and hypercapnia

3-↑ Rrv: intrinsic obstruction and compartment

syndrome (pericardial, mediastinal, thoracic, 
abdominal) 



RV failure post-CPB
Before CPB After CPB



↑ Peak pressure upon chest closure
Before CPB After CPB

Simultaneously



Chest reopened and sent to ICU



Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation
2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction
Left and right outflow tract obstructionLeft and right outflow tract obstruction
Pulmonary emboli
Hypoxia and hypercapnia

3-↑ Rrv: intrinsic obstruction and compartment

syndrome (pericardial, mediastinal, thoracic, 
abdominal) 



19 yo ♂ polytrauma transferred to 
our ICU: organ donation

HR 84 beats/min
Pa (radial) 89/48 63 mmHg
PAP 22/16 18 mmHg
Pra 5 mmHgPra 5 mmHg
ETCO2 31 mmHg

Noradrenaline 5.3 ug/min + 

vaso 2.4 units/h  unchanged since transfer



Cardiac donor candidate?



ME inflow-outflow view



M-Mode: diastolic right ventricular 
outflow tract obstruction



Chest radiograph
Before chest tube After chest tube on





Lung ultrasound:
Content of the lung

Pleural effusion

Interstitial oedema

Pneumothorax

SenSen//SpeSpe: 100% 100%: 100% 100%

Pleural effusion

Pneumonia

Pneumothorax

Sen/Spe: 97% 94%
Sen/Spe: 90% 98%

Sen/Spe: 79% 100%



♂ de 42 ans post-greffe de foie: 
désaturation



Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation
2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction
Left and right outflow tract obstructionLeft and right outflow tract obstruction
Pulmonary emboli
Hypoxia and hypercapnia

3-↑ Rrv: intrinsic obstruction and compartment
syndrome (pericardial, mediastinal, thoracic, 

abdominal) 



65 yo ♀ unstable after induction:
difficult intubation. Treatment?







63 yo ♂ ans with cirrhosis in shock 
after UGI endoscopy

Noradrenaline (8 mg/250 at 100 ml/h) = 53 µg/min

IAPCVP



Noradrenalin (8mg/250 at 10 ml/h)  =  ↓5.3 µg/min





42 yo ♀ HR 155, acidosis, 
hypoxic and abdominal pressure 

of 31 mmHg: removal of 2.5 L



Most common condition associated 
with hemodynamic instability

1-↓ Pms: hypovolemia, vasodilatation
2-↑ Pra: Left and right systolic dysfunction

Left and right diastolic dysfunction
Left and right outflow tract obstructionLeft and right outflow tract obstruction
Pulmonary emboli
Hypoxia and hypercapnia

3-↑ Rrv: intrinsic obstruction and compartment
syndrome (pericardial, mediastinal, thoracic, 
abdominal) 



75 yo ♂ complex re-operation
(AVR, MVR): unstable +++++

Hepatic venous flow



Similar case in 
Toronto General Hospital

Courtesy Dr. A. Vegas



Fontan surgery: IVC to LPA 
anastomosis



Hemodynamically unstable from 
iatrogenic IVC stenosis

Before After correction



HVF before CPB HVF after CPB

Hemodynamically unstable from 
iatrogenic IVC stenosis



Résistance au retour veineux



↓ taille de 
l’ouverture

Obstruction
de l’ouverture

Résistance au RVRésistance au RV

Adapté de: Jacobsohn et al Can J Anesth 1997 44:8 849-67

l’ouverture


