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Perioperative
Low output state and hypotension 

• Hypovolemia 

– Replacemement of fluids judiciously

• Right atrial hematoma/tamponade

• Vasodilatory hypotension:

– Protamine reaction

– Pitressin deficiency

• Risk factors for Vasod Hyp=Preop use of 
achetylchelinesterase inh and low EF



Low output syndrome post cardiac surgery
Pericardial Pathology

• Pericardial effusion: almost 50% at 8 day post surgery
– 30%  moderate
– 2% large

• Tamponade in 2% (more in valve surgery than CABG)

• Most effusion loculated (leak from right atrial cannulation)

• Post op tamonade: 60% localized posterior effusions
– Right atrial collapse in 35%, righr ventricular in 30% and left 

ventricular in 65%

• Fluids can be infused as temporal measure



DEFINITION OF
LOW CARDIAC OUTPUT SYNDROME

Need for:

– postoperative intraaortic balloon pump

– or inotropic support for longer than 30 minutes 
in the intensive care unit

• In order to maintain: 

• the systolic blood pressure greater than 90 mm Hg

• and the cardiac index greater than 2.2 L/min/m2.





Post cardiopulmonary bypass
cardiac function

• Postoperative myocardial stunning in ~50%

• 25% post CABG:  inotropic support due to 
myocardial dysfunction

• Vasodilatory shock

• Postcardiotomy cardiogenic shock : 2-6% 

– (adult cardiosurgery)

– 40% have RV dysfunction



Survival post ICU heart failure:
role of underlying pathophysioloy



PREDICTORS OF LOW CARDIAC OUTPUT SYNDROME AFTER 

CORONARY ARTERY BYPASS

• The overall prevalence of low cardiac output syndrome was 9.1% The 
operative mortality rate was higher in low cardiac output syndrome 
(16.9% versus 0.9%). 

• independent predictors of low output syndrome
• (1) left ventricular ejection fraction less than 20% (27%, odds ratio 5.7);
• (2) repeat operation (25%, odds ratio 4.4);
• (3) emergency operation (27%, odds ratio 3.7); 
• (4) female gender (16%, odds ratio 2.5); 
• (5) diabetes (13%, odds ratio 1.6);
• (6) age older than 70 years (13%, odds ratio 1.5);
• (7) left main coronary artery stenosis (12%, odds ratio 1.4);
• (8) recent myocardial infarction (16%, odds ratio 1.4); 
• (9) triple-vessel disease (10%, odds ratio 1.3).



Predictors of difficult weaning 
from CPB

• Prolonged aortic cross clamp time>60 minutes

• Prolonged bypass time

• Poor myocardial preservation during CPB

• Left ventricular ejection fraction (LVEF) <0.3

• Pre bypass delta PCO 2 >6 mmHg (veno-arterial 
and regional difference in the partial pressure of 
CO 2 )

• Pre operative diastolic dysfunction



High Risk groups for perioperative 
diastolic dysfunction 

LV/RV diastolic dysfunction  are associated to difficult 
discontinuation from cardiopulmonary bypass

(65.5% and 72% of patients with moderate/severe LVDD and RVDD 
respectively, in contrast to 40.9% and 48% of patients with normal/mild 
LVDD/RVDD). 





Inotropic support

• Patients likely to benefit from catecholamine support are those 
with low cardiac output (CI <2.0 L.min-1 .m -2 ), with optimized 
heart rate, rhythm, ventricular preload, and afterload, and 
without evidence of acute cardiac tamponade. 

• Dopamine and dobutamine enhance heart rate and cardiac output 
equally, but dobutamine produces greater reductions in left 
ventricular preload and afterload. 

• Dobutamine augments myocardial coronary blood flow more than 
dopamine. 

•









Management of perioperative
diastolic dysfunction

• Appropriate increase of volume load

• Phosphodiesterase inhibitors seem to be beneficial for diastolic 
dysfunction improvement, and should be used in 
perioperatively. 

• Levosimendan may be used in perioperative management of 
diastolic dysfunction.
– It increases cardiac output and decreases pulmonary 

capillary wedge pressures. This mode of enhanced contractile 
force generation is achieved without an increase in 
myocardial oxygen consumption, intracellular calcium 
concentrations, or an adverse effect on diastolic function. 









How to evalute volume status

• Volume estimates of preload seem more 
predictive of volume status 

– utility of LV volunes

• Changes in circulating volumes do not 
correlate with changes in LV enddiastolic 
volume and stroke volume

• Gold standard hemodynamic technique is yet 
to be determined



Difficult to estimate volume status 
using hemodynamic  measurements

• Pressure estimates (both central venous pressure 
and pulmonary capillary wedge pressure): 
insensitive indicators of volaemia

• Low values may reflect hypovolemia but high values 
do not necessarily indicate volume overload

– Uncoupling between PCWP can be the consquence of 
elevated pulmonary vascular resistance, pulmonary 
venoconstriction and reduction of transmural left 
ventricualr compliance



LOW OUPUT STATE

ROLE OF PERIOPERATIVE ECHO

Cine loops:

side by side comparison of different phases during surgery

=>Recognition of changes in:

LV cavity size (preload changes)

ejection indices

Hypovolemia:

=> LV area ------------- decreases

=> LV systolic function---increases



FLUID CHALLENGE:

2.5% change in blood volume (200 ml)=>

change in LV end-diastolic size:

=> 6.5% (normal LV function)

=> 3.5% (depressed LV function)

Both linear relationship for 6 times X 200 ml blood removal

EVALUATION OF PRELOAD
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ECHO RV VOLUME

semiquantitavely

ratio RV/LV

(normal <2/3)

RV=LV: moderate dilatation

RV>LV : severe dilatation

Maximum cross sectional 

diameter

(inlet- 4 ch apical view)

Area RV (4C) :

(automatic acoustic 

quantification, AQ)



Sa

Ejection fraction

RV

TDI

Sa<11,5 cm/sec

RVEF<45%

EHJ Feb 2001



Ventricular assist devices

HOW TO MANAGE



Ventricular assist devise
The role of right ventricle

• 9%–33% of patients have severe RV failure after LVAD 
insertion and may require an RVAD

• A LVAD can have on RV:
– beneficial effect by reducing afterload

– detrimental effect by increasing preload through 
leftward septal shift during LVAD support. 

• A preoperatively dilated RV with increased RV preload 
and afterload predisposes to RV dysfunction after 
LVAD implantation
– RV fractional area change <20% predispsoses RV failure after 

LVAD insertion.



Ventricular assist devices

HOW TO MANAGE







Contemporary workflow in 

clinical scenarios / How to 

do?

The Onassis Center 

Ex[erience



Dynamic obstruction of LV outflow
1. Small LV size

2. Mitral valve repair / ±10% 



Post Mitral valve repair 
dynamic LV outflow obstruction



Post AVR dynamic LV outflow obstruction



Rocking aortic bioprosthesis
post early post op endocarditis



Rocking aortic bioposthesis 
post endocarditis: more to see?

left to right communication



Dysfunction 

of the MVR, 

due to 

surgical 

suture over 

the valve’s 

strand



Rupture of the LV

MI post CABG 

/low output:

Initially perceived 

as tamponade 



CASE 1

Question for cannula position

CASE 2

LV unloading/volume added

CASE 3: LV collapsed: 

add fluids

+ reduction of VAD rate

POST VAD

LOW OUTPUT CASES



Post Transfemoral/Transapical AVR 
Low Output Cases







Patient in shock!!!!





AVR inside

the initial AVR

INITIAL AVR



The Odyssey of an AVR

LOW 

OUTPUT 

CASE??


