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WHY PULSATILE FLOW?? 

 

–MORE PHYSIOLOGIC….. WHEN COMPARED WITH CONTINUOUS 
FLOW. 

 

 

 

 

 



Windkessel Principle 

 



Video 



THEORIES OF PULSATILE FLOW 

•  Energy Equivalent Pressure 

 

• Capillary Critical Closing Pressure 

 

• Neuro Endocrine Reflex Mechanism 

 

 

 

 



Energy Equivalent Pressure 

• Introduced by Shepard to quantify the pulsatile energy and waveform. 

•  definition: the energy per unit of volume pumped. 

•Using this formula it was determined that the energy 
needed to deliver pulsatile flow was up to 3.4 x that 
required to produce non-pulsatile flow for the same levels 
of mean pressure and flow.  
 



Surplus Hemodynamic Energy 

Thought to be available to the tissues by capillary patency, 

increased lymph flow, oscillatory movements at the cell level. 



 

 

Release of 

barorecept

ors in aorta 

and carotid 

artery 

Critical Closing Pressure 

Neuroendro

crine reflex 

mechanism 



Effect on Hemodynamics 

• Pulsatile perfusion is associated with 

significantly lower levels of vascular resistance 

in all regional vascular beds. 

–Benefits: 

•Improved tissue perfusion 

•Lower afterload for ventricle at 

the end of the perfusion period  

 



Effect on Microcirculation , lymph flow and Metabolism 

• Improves microcirculation and tissue metabolism 

• Inhibits edema formation by increasing lymph flow 

• Lactate production is reduced as a result of aerobic metabolism. 

 



• CrCl is higher in pulsatile group  

 

Effect on Renal System  

• Improved kidney function is the result of better gas exchange 
at the capillary level together with the maintenance of normal 
lymph flow. 

 



Effect on Brain  

 
• Better preservation of regional cerebral blood flow causing reduction 

in cerebral acidosis  

• Pulsatile flow reduces cerebral vascular resistance by as much as 

25%. The improvement in regional blood flow distribution causes 

reduced cerebral lactate production . 

• Anaerobic metabolism is suppressed with pulsatile blood flow, 

particularly during the critical cooling and rewarming phases. 

 



• No difference in cerebral oxygen saturation. 



Effect on Pancreas & Liver 

• Preserves pancreatic function better than nonpulsatile CPB. 

•  Reduced incidence of elevated amylase levels in patients undergoing CPB with pulsatile 

flow. 

• Hepatic function is also preserved as reflected in postoperative SGOT level. Hepatic blood 

flow shows a vasoconstrictive response to nonpulsatile CPB with decrease in hepatic oxygen 

consumption. 

 



Pulsatile blood flow and the gut  

 

• Postoperative gastrointestinal morbidity occurs in undergoing CPB. The cause is 

mesenteric hypoperfusion leading to ischemia  CPB associated with endotoxemia which in 

turn cause increase in gut permeability. 

•  Pulsatile blood flow results in improved blood flow to the gut ,reducing mucosal ischemia 

by increasing oxygen delivery. 

 





SYSTEMS FOR DELIVERING PULSATILE FLOW 

• ROLLER PUMP 

• SIMPLE RELIABLE 

STOCKERT 

S5 MAQUET HL 

20 



VENTRICULAR PUMPS 

Physiologic method for 

generating pulsatile blood flow 

Operate in a similar manner to 

the ventricle of the heart.  

Consist of compressible sac and 

two one-way valves permitting 

blood to flow into and out of the 

ventricle in only one direction. 

 



Compression plate pumps 

 
A length of tubing of known diameter is placed on a rigid back plate and compressed by 

a moving plate that descends for a preselected stroke length, thereby ejecting a volume 

of perfusate from the tube .The direction of blood flow is ensured by valves positioned 

at the inlet and outlet of the ventricle or sac. 

 



Pulsatile Assist Device 

 

 Is an intermittent occlusive device that employs an intraaortic balloon 

pump apparatus to produce pulsatile blood flow in the arterial line of 

the CPB circuit. 

 The pulse is generated by occluding the arterial line of the circuit under 

flowing conditions, thereby creating a large pressure and volume delay 

within the arterial side of the circuit. On deflation of the balloon in the 

arterial line, the pressure and volume are released in the aorta to the 

patient as a pulse. 

 





Centrifugal Pump 

–EEP and SHE is very minimum. 

–Heat generation is more 

–Afterload dependance makes them unreliable for this purpose. 

 



PULSATILE PUMPING CURVE 

 



• BASE FLOW– CONTINUOUS FLOW WITHOUT THE PULSATILE COMPONENT 

• START TIME--- TIME WHEN THE PUMP FLOW STARTS FROM THE BASE FLOW 

• STOP TIME --- THE TIME WHEN THE FLOW RETURNS TO BASE FLOW. 

• START AND STOP TIME POINTS REFLECT THE TIME BETWEEN THE TWO R WAVES 

OF ECG, MUST BE ATLEAST 20% OF CYCLE. 

• INTERNAL FREQUENCY- 70 TO 80 



• BASE FLOW 

• FREQUENCY 

• WIDTH 

SETTINGS OF HLM 



For cardiac surgery during 

pregnancy – increases 

placental blood flow and 

preserves the feotus. 



Benefits  

Attenuation of the systemic 

inflammatory response during CPB. 

Reduced markers of endothelial 

damage  

Decrease release of 

baroreceptor reflex hormones, 

limiting vasoconstriction 

Decreased need for inotropic support, 

shortened hospital stay, and superior 

organ preservation 

Attenuation of hormonal 

responses : Catacolamines, 

Renin Angiotensin Aldosterone, 

Antidiuretic hormone, Cortisol, 

Thromboxane, Prostacyclin. 

Increase in Lymphatic 

function 

Increase blood flow in 

microcirculation 

Increases renal, cerebral, 

pancreatic flow 

Changes in blood flow distribution 

facilitate aerobic metabolism due 

to increase microcirculation. 

Increase capillary perfusion 

Increase RBC transit 

Improved gastric mucosal 

oxygenation 



Release of GME 

Comfort level with 

non pulsatile flow 

Difficult to understand the 

pressure curves and 

energy generated 

Fear of shear stress/ 

hemolysis/intimal damage 

Diminished 

pulsatility 



Conclusion  

• Beneficial in elderly patients,high risk group and patients with pre 

existing renal disease. 

• Cardiac surgery in pregnancy 
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