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Abstract 

Cardiac operations which require Cardiopulmonary bypass (CPB) are considered the most 
common procedures in cardiac surgery, performed for more than half a century, especially in 
Europe and North America. Despite that new technologies are being incorporated in CPB as long 
as the development of new techniques in CPB, some debates still remain. These debates regard the 
achievement of the needed optimal perfusion during CPB and the relation between perfusion 
pressures and the optimal blood flow during extracorporeal circulation. Blood flow and blood 
pressure during Cardiopulmonary bypass are very important factors. Although more studies are in 
favor of a minor superiority of the optimal blood flow requirements, compared to the 
corresponding optimal blood pressure needs, their role is quite interdependent. The usage of 
contemporary electronic Data Management Systems (DMS) led to a significant evolution of the 
perfusion science. Adequate perfusion can now be judged by its results in real time, while 
information from DMS, such as venous saturation, levels of haemoglobin and lactate, may be used 
as the markers of optimal perfusion and additionally for the development of the perfusion 
protocols in the future. 
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Introduction 
Cardiopulmonary bypass (CPB) has been used 

widely with success in cardiac surgery for more than 
half a century.[1] Despite the new technologies that 
are being incorporated in CBP involving new pumps, 
new blood gas exchange devices, new centrifugal 
heads, miniaturized CPB, and of course, the 
development of the perfusion training programs 

mainly during the past 30 years, which led to the 
scientific evolution of perfusionists and to the 
development of new techniques in CBP, some debates 
still remain. These debates are usually related with the 
ways of achieving the optimal perfusion during CPB 
and mainly with the relation between perfusion 
pressures and the optimal blood flow during 
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extracorporeal circulation. 

Blood Flow and Blood Pressure: An 
Interactive relationship 

The study of the two above factors is even more 
difficult because the changes in the conditions that 
one patient is submitted have as result changes in the 
need for perfusion flow or blood pressure. Perhaps 
the most obvious example is changes in body 
temperature. Low blood flow and low blood pressure 
during hypothermic CPB has been accomplished with 
good clinical outcome without mentioning that every 
patient corresponds differently to CBP (CPB).[1] This 
is a reason that can explain why cardiac centers differ 
their protocols regarding to what the optimal blood 
flow or blood pressure should be during CPB.[2] 
However, the optimal perfusion should be defined by 
the outcome on the patient and particularly in terms 
of brain, kidney, gut function along with optimum 
respiratory function.[1]  

The relationship between blood flow and blood 
pressure can be described by the relationship: 
F=ΔP/R, where F is the blood flow, ΔP is the 
perfusion pressure, which is the pressure difference 
between two points of a blood vessel or an organ, and 
R is the resistance to flow across this blood vessel or 
organ. This equation refers to laminar flow and 
indicates that there is a proportionate relationship 
between pressure and flow.[3] However, when 
conducting a CPB, perfusion pressure and blood flow 
are independent factors.[4]  

Blood Flow during CPB: Goals and 
Requirements 

One of the main goals, if not the greatest, when 
conducting CPB is the delivery of oxygen to the 
tissues. This is dependent on two individual 
parameters, the blood flow and the O2 content of the 
arterial blood (CaO2). Therefore, adequate blood flow 
must be delivered throughout the conduction of 
CPB.[5] The blood flow that is required in order to 
result in adequate perfusion of the tissues is 
determined by several factors such as the Body 
Surface Area (BSA) of the patient, the acid-base 
balance, the degree of hypothermia and the depth of 
anaesthesia.[1] A fixed arterial blood flow depending 
on BSA was proven to be safe but it resulted in 
hyperperfusion during hypothermia.[6] Thomassen 
and colleagues came to the conclusion that an 
extensive range of blood flows from 1.9 to 3.1 
L/min/m2 have the ability to preserve adequate 
systemic and cerebral oxygenation.[7] 

Global oxygen delivery (DO2), which is the 
amount of oxygen delivered to the body, has a 

proportionate relationship with cardiac output (CO), 
which actually is the blood flow, and with CaO2 and is 
given by the equation: 

DO2 = CO x CaO2. 

Furthermore, CaO2 also has a proportionate 
relationship with haemoglobin.[8] 

In a study that was published in 2013 which 
points the influence of the variations in blood flow 
and pressure on systemic and cerebral oxygen 
saturation during CPB found that the maintenance of 
flow and thus DO2 was more important than the 
maintenance of mean arterial pressure (MAP).[9] In 
the same study, a phenylephrine-induced increase in 
MAP led to the decrease of cerebral oxygen saturation 
(Sco2) and thus to the DO2 to the brain. Bennett and his 
colleagues came to the conclusion that in conventional 
CPB, the reason for cerebral desaturation was the 
failure to achieve the target of the blood flow rate.[10] 
In the same study, when using mini-CPB, the most 
important parameter was the haemoglobin 
concentration. Furthermore, a major complication that 
is associated with cerebral hypoperfusion is the 
postoperative cognitive decline (POCD) after CPB.[11] 
Using continuous transracial Doppler ultrasound 
Messerotti Benvenuti et al found that reduced cerebral 
blood flow (CBF) velocity in the left main cerebral 
artery was related with POCD three months after 
cardiac surgery and the results were independent of 
the EuroScore or the educational status of the patients. 
CBF velocity in the right MCA was not related to 
POCD.[12] Blood flow and blood velocity according 
to Poiseuille’s law have a proportionate relationship 
given by the equation: 

F = V x A 

F=flow, V=mean velocity and A= cross-sectional 
area of the vessel.[3]  

Adequate blood flow during CPB is also 
important for the kidney especially during rewarming 
phase when the medullar oxygen consumption is 
high. This is the phase when the kidney is more 
susceptible to hypoxic damage.[13] In a previous 
study renal blood flow was superiorly influenced by 
the pump blood flow while the arterial pressure was 
of inferior significance.[14] In addition to this study 
Azau and colleagues showed that an increased beset 
arterial pressure during CPB did not decrease the 
prevalence of acute kidney injury (AKI).[15]  

In a retrospective analysis that was published in 
2008 that analyzed risk factors of gastrointestinal 
complications after cardiac surgeries, found that the 
decrease in blood flow and thus DO2 results in a state 
that the GI tract is not capable to recompense, because 
it doesn’t have the ability of autoregulation.[16] 
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Furthermore this state of hypoperfusion might be 
continued even after the re-establishment of adequate 
flows and pressures. A study that compared the 
importance of flow versus pressure during CPB in 
rabbits using laser Doppler flowmetry showed that 
the low splanchnic perfusion during CPB in mainly 
reliant on the pump blood flow.[2] Perfusion pressure 
was of secondary importance. Furthermore, Adluri 
and his colleagues found that the reduced hepatic 
blood flow when commencing CPB can be balanced 
by an increase of the pump flow rate by 20%.[17] For 
their study they used the indocyanine green method 
which measured its percentage dye, and therefore 
overwhelmed the difficulty of the dual blood supply 
to the liver. In addition, reduction of blood flow 
through the splanchnic circulation cause to 
endotoxemia as it may end to the failure of the 
mucosal barrier in the GI tract.[18] 

Blood Pressure during CPB: Role and 
Particularities 

The definition of the ideal systemic blood 
pressure during CPB is yet to be defined. All the 
previous studies that pointed the importance of blood 
flow do not eliminate the importance of MAP.[9] In 
every study MAP was kept above the level of 
50mmHg excluding periods when there was a 
surgeon request or unwanted quick falls. 
Consequently, differences in MAP and the 
importance that those differences have, can only be 
compared between the range of 50 and 60mmHg, 
which is considered as the lower limit of a generally 
accepted of safe perfusion, and 70 and 80mmHg.[1]  

The role of a high MAP in the protection of the 
brain was described among others by Plestis and 
Gold. They found that a high MAP would be highly 
recommended for the protection of the brain and the 
abdominal organs especially for patients with high 
risk of embolization.[19] That would actually be and 
the most obvious practice during CPB. An increase in 
the MAP and the maintenance of a higher blood 
pressure would reimburse the drop of the pressure 
across the stenosis[20]. This is a common practice with 
patients with carotid stenosis. Furthermore a number 
of studies support that cerebral blood flow and thus 
cerebral oxygenation is mainly related to the 
perfusion pressure and not to the flow rate during 
CPB.[21] An increase in MAP doesn’t imply that it 
will lead to an increase in the cerebral arteries 
resistance as it is very susceptible to PaCO2 changes 
and vasoconstrictors that are largely used in CPB, 
such as phenylephrine, that increase MAP, do not 
pass the blood-brain barrier.[22, 23]  

Systemic blood pressure has also a major role in 
the maintenance of the renal function. When MAP 

drops below the optimal autoregulation threshold the 
renal blood flow is decreased.[24] Furthermore, the 
more time MAP is below 50mmHg or 60mmHg 
during CPB, the more likely is for acute renal injury 
(AKI) to arise.[25, 26] Kanji and colleagues also found 
that a drop in MAP bigger than 26mmHg during CPB 
compared to pre-bypass MAP was associated with 
AKI.[27]  

Blood Flow versus Blood Pressure: “Pros 
and Cons” 

The importance of blood flow is not a panacea. 
Hangrove and colleagues proved that the displayed 
pump flows differ than the actual flows that a heart 
lung machine generates when using a 
roller-pump.[28] In addition CPB shunts, such as 
arterial filter purge, oxygenator recirculation, blood 
cardioplegia can significantly decrease the blood flow 
that is delivered to the patient.[29] An advantage from 
lower flows would be a possible myocardial 
protection, clearer surgical field and less embolic 
delivery.[30] Low flows decrease the inflammatory 
response to extracorporeal circulation.[31] 
Conversely, high CBF velocities are associated with 
complement activation after CPB, higher 
micro-embolic load and less trauma to red cells. In 
addition, high flow velocities lead to turbulence flow 
(increase in Reynolds number) mainly post-stenotic 
when using pulsatile flow.[32, 33] Furthermore, 
microcirculatory blood flow seems to be also 
dependent on blood gases and temperature.[34]  

On the other hand, an increase (70-94mmHg) in 
MAP during CPB didn’t prove to be more beneficial 
for the renal function of patients undergoing CPB 
compared with groups of patients that had median 
(60-69) or relatively low (48-59mmHg).[35, 36] In 
addition, the role of MAP seems to be more important 
with the present of haemodilution and hypothermia 
which means the MAP should be evaluated with 
haemoglobin and temperature.[25]  

Another issue of great importance when 
comparing the importance of blood flow and pressure 
during CPB is organ autoregulation. Cerebral 
autoregulation provides satisfactory perfusion of the 
brain in a range of different MAPs between some 
limits. Kidneys have also their autoregulation system. 
However, blood pressure below the cerebral 
autoregulation limit is associated with AKI and 
higher morbidity.[37]  

The enquiry for the importance of those two 
factors can become even more complicated when 
other parameters are taken into account, such as 
pulsatile or non-pulsatile flow. Tovedal and 
colleagues found that there is no difference in cerebral 
oxygenation between these two techniques but MAP 
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was decreased during pulsatile flow.[19] Similar 
questions might be formed about the importance of 
blood flow and pressure when using a roller pump, 
where the output remains constant, or a centrifugal 
pump where the output fluctuates depending on the 
peripheral resistance of the vessels. Finally, how 
would the superiority or the inferiority of pressure 
towards flow would be proved in cases where the 
former is mainly generated by the latter and not by 
vasoconstrictors or vasodilators?  

Conclusion 
In conclusion, both blood flow and blood 

pressure are very important factors during CPB and 
their role is interdependent. Possibly there might be a 
minor superiority of blood flow as more studies are in 
favor of this opinion. Furthermore, studies that are in 
favor of the superiority of blood pressure are much 
older and the means of blood pressure measuring 
were not as accurate at that time (where not as much 
accurate at that time). Nowadays, electronic data 
management systems (DMS) opens a new era in 
perfusion science. Adequate perfusion can be judged 
by its results in real time. Information from DMS and 
mainly venous saturation and levels of haemoglobin 
and lactate and can be used as the markers of optimal 
perfusion and for the development of the perfusion 
protocols in the future.[38]  
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