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Separation from CPB

• CPB -> Native circulation

• Protamine infusion

• Cannulas removal



Mechanism of Postop. LCO

• Cardioplegia induced myocardial dysfunction

• Precipitation of cardiac ischemia during aortic cross-clamping

• Reperfusion injury

• Activation of inflammatory and coagulation cascades

• The presence of nonrepaired preexisting cardiac disease.





Difficult separation from CPB

• Difficulty separation

- At least, 2 kinds of inotropes or vasopressor

• Very difficulty or complex separation

- Pump weaning fail or mechanical circulatory support

VIS value
10 : easy
10-30 : difficult
30 : complex



Hazards of complex separation

• 19 tertiary hospitals, Blood Conservation Using Antifibrinolytics in a 

Randomized Controlled Trial (BART) cohort

• 2331 patients undergoing cardiac surgery

• Easy, vs difficult, vs complex separation from CPB

Difficult and complex separation from cardiopulmonary bypass 

in high-risk cardiac surgical patients: a multicenter study

J Cardiothorac Vasc Anesth. 2012 Aug;26(4):608-16.



Hazards of difficult separation

35% 15%





INOTROPES AND VASOPRESSOR



Categories of inotropes











Dobutamine

• α1, β1, β2

• Dose dependent

• Inotropy and chronotropy

• Vasodilatation: SVR, PVR ↓ 

-> CO ↑

• High dose : low vasoconstriction

• First line drug for cardiogenic shock



Dopamine

• α1,  β1, dopaminergic

• Dose dependent

• Low dose – renal vasodilatation “renal dose”

• Intermediate - inotropy

• High dose - vasoconstriction

• Less effective than norepinephrine



Norepinephrine

• α, β1, β2

• Powerful vasoconstrictor

• Moderate inotropic properties

• CO ↑↓

• First line drug for various shock

• Effective for cardiogenic shock presenting hypotension



Epinephrine

• α, β

• Low dose : β dominant

• High dose: α1 

• Inotropic ↑ ↑, Vasoconstriction ↑ ↑

• Myocardial ischemia ↑ in cardiogenic shock

• Peripheral ischemia



Phenylephrine

• Only α agonist

• Increase peripheral vascular resistance

• Bolus injection

• Negative effect on CO



Milrinone

• Phosphodiesterase-3 inhibitor -> cAMP ↑

• Vasodilatation effect : > dobutamine

• Pulmonary capillary wedge pressure & SVR ↓

• Second line drug for cardiogenic shock

• If pul. HTN, milrinone is preferred. 



Vasopressin

• Antidiuretic hormone

• V1a receptor : vascular smooth muscle

• Strong vasoconstriction

• Effective for vasoplegic syndrome



Calcium-sensitizing agent

• Levosimendan

• Inodilator

• Binds to cardiac troponin C -> increase inotropy

• Relax smooth muscle -> decrease in PVR

• Good hemodynamic effect but no proved survival benefit

• Not available







LV dysfunction

• Suboptimal myocardial protection or prolonged aortic 

clamping time

• LV dysfunction -> CO ↓ (< 2.0 L/min/m2, low systolic 

blood pressure < 90 mmHg, and signs of tissue 

hypoperfusion)

• First line drug – dobutamine

• SVR low -> norepinephrine

• SVR high -> nitroprusside or milrinone



RV dysfunction

• Coronary ischemia, myocardial stunning, arrhythmia, air 

embolism, thromboembolism

• Frequently associated with Pul. HTN

• CVP ↑, RV distention(D-shape LV) during weaning

• Tx: optimizing preload, reduce the afterload, improve the 

contractility



Tx for RV dysfunction

• Reduce RV volume – drain to reservoir, use of diuretics

• Firstline drug – dobutamine

• Biventicular failure - epinephrine

• If linked to pul. resistance↑, inodilators(dobutamine or 

milrinone) or NO or iloprost inhalation 



Vasoplegic syndrome

• Incidence: 9% in cardiac surgery

• Mortality: 5-15%



Vasoplegia criteria

• Hypotension (mean arterial pressure <50 mmHg or systolic blood pressure <85 mmHg)

• Low systemic vascular resistance (<600-800 dynes s cm5, or systemic vascular 

resistancesindices <1800 dyne s cm5 m2),

• normal or high systemic flows (cardiac index >2.5 L min m2),

• normal or reduced central filling pressures (CVP < 10 mmHg and pulmonary wedge pressure 

<10 mmHg),

• by an increased need for vasopressors (0.2-0.5 mg/kg/min of norepinephrine with normal 

intravascular volume)

Vasoplegic syndrome: An update on perioperative
considerations. J Clin Anesth 2017;40:63–71.



Vasopressin vs. Norepinephrine for 

Vasoplegic shock

• 330 randomized, vasoplegic shock after cardiac surgery

• 149 vasopressin, 151 norepinephrine

Anesthesiology
. 2017 Jan;126(1):85-93



EVIDENCE 



Dobutamine vs milrinone

• Randomized 60 vs 60 after cardiac surgery

J Cardiothorac Vasc Anesth. 2001 Jun;15(3):306-15



Dobutamine Compared with Milrinone 

(DOREMI) trial



Dobutamine vs milrinone

• 1452 patients undergoing cardiac surgery

• Dobutamine versus milrinone

Intraoperative milrinone versus dobutamine in cardiac 
surgery patients: a retrospective cohort study on mortality
Crit Care. 2018 Feb 26;22(1):51



EACTS guideline for separation from CPB 

(2019)

2019 EACTS/EACTA/EBCP guidelines on cardiopulmonary bypass in adult cardiac surgery
European Journal of Cardio-Thoracic Surgery, Volume 57, Issue 2, February 2020, Pages 210–251



Prophylactic PDEi

• 234 patient undergoing cardiac surgery

• Amrinone versus placebo

Prophylactic amrinone for weaning 
from cardiopulmonary bypass

Anaesthesia. 
2000 Jul;55(7):627-33



Dopa vs. Norepi.

• Randomized 1679 patients

• Subgroup = cardiogenic shock, higher rate of arrhythmia

Comparison of dopamine and norepinephrine in the 
treatment of shock
N Engl J Med . 2010 Mar 4;362(9):779-89



Inhaled NO

• Meta-analysis of RCT

J Cardiothorac Vasc Anesth. 2018 Dec;32(6):2512-2519



Inhaled NO

• No difference in Mean PAP and survival

• Decrease in ICU stay, mechanical ventilation

• There is no strong evidence of survival benefit of inhaled 

NO compared to standard care or other vasodilator drug.



Early MCS support

• Consider MCS (IABP, ECMO, or VAD) to reduce cardiac 

stress derived from fail of CPB separation

• High VIS score, severe RV dysfunction, remnant cardiac 

disease



Summary

• Dobutamine is first line drug for cardiogenic shock after cardiac 

surgery. 

• Presenting pulmonary hypertension : dobutamine+nitroprusside, 

milrinone, inhaled NO or iloprost

• If vasopressor required: norepinephrine > dopa

• Vasoplegic syndrome : adding vasopressin reduce quantity of 

norepinephrine



Conclusion

• Careful assessments for hemodynamic and causes of LCO are 

important to choose and escalate inotropes or vasopressors. 

• High dose inotropes (VIS > 30) is associated with higher risk of 

complex CPB separation. 

• Early mechanical circulatory support in complex CPB separation 

patients is better option to reduce perioperative complications. 

(Bridge to recovery)
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