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Key Points 

 The practice of cardiovascular perfusion has a wide scope with focus on safety, 
unexpected events, and strategic planning of open-heart surgery. 

 A perfusionist has singular training. 
 Logic suggests the use of a boarded perfusionist in veterinary open-heart cases would 

reduce morbidity and mortality. 
 
Brief overview of performance: 

There are just under 4000 perfusionists certified by the American Board of 
Cardiovascular Perfusion in the US. There are a half a million open-heart operations performed 
in the US annually. A perfusionist will typically arrive in the operating room from 30 to 90 
minutes prior to both patient and surgeon. After reading the medical record and noting pertinent 
items such as previous surgery, co-morbidities, blood work, blood type, availability of blood 
products, past history, allergies, current medications etc the perfusionist will assemble a custom 
made bypass circuit. Being part of the surgeon’s team regardless of how they are paid a 
perfusionist will know based on the history, the procedure posted and the surgeon attending what 
specific circuit components will be required for cannulation, bypass, myocardial protection, anti-
coagulation, blood product administration, and contingency.  

The circuit assembly, QA of coagulation monitoring equipment, calculation of dosages, 
and procurement of pharmaceuticals is nearly finished when the patient and the anesthesiologist 
arrive in the room. In a well run OR the perfusionist will then have just under 30 minutes before 
the chest is opened. As the sternal saw is tested a perfusionist is ready to “crash on” if there is a 
complication. Rarely is this necessary but sawing open the right ventricle is known to occur in 
re-do operations. Heparin is usually given shortly thereafter (depending on procedure) and 
cannulation commences. It is the perfusionists responsibility to stop the surgeon if adequate anti-
coagulation has not been achieved.  

From the initiation of bypass to weaning there is constant but often unspoken 
communication between surgeon and perfusionist. Most perfusionists will verify drug 
administration with the surgeon at key points in the operation. The surgeon depends on the 
perfusionist’s timing and knowledge. There is some voodoo involved in each surgeon’s preferred 
drug regimen but it is usually the perfusionists responsibility to know when to administer the 
chosen drugs. 

The perfusionist knows when to raise or lower flow based on the specific procedure being 
performed. Often the surgeon is focused on work at hand and the perfusionist suggests helpful 
steps such as placing the patient in Trendelenburg position prior to cross clamp removal, or 
suggesting a last dose of myocardial protection prior to ending the ischemic period.  
Cardiac surgery is demanding and it is far too distracting to expect the surgeon to keep an eye on 
the perfusionist. In practice (good practice) it is often the other way around. Having performed 
both at the pump and as lead surgeon the image of working without a perfusionist is not pretty. 
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Scope of Practice: 
A perfusionist works under orders of a physician or according to hospital policy.  The 

areas of practice and responsibility include: 
 Extracorporeal circulation/cardiopulmonary support 
 Counterpulsation 
 Circulatory support/ventricular assistance 
 Extracorporeal membrane oxygenation (ECMO) 
 Blood conservation techniques/autotransfusion 
 Myocardial preservation 
 Anticoagulation and hemotalogic monitoring/analysis 
 Physiological monitoring/analysis 
 Blood gas and blood chemistry monitoring/analysis 
 Induction of hypothermia/hyperthermia with reversal 
 Hemodilution 
 Hemofiltration 
 Administration of medications, blood components, and anesthetic agents via the 

extracorporeal circuit 
 Documentation associated with described duties 
 Data Management and Quality Control associated with described duties  
 Isolated limb/organ perfusion 
 Electrophysiological analysis 
 Surgical assistance 
 Organ preservation 
 Dialysis 

 
Highlights of Scope of Practice: 

Much of the scope of practice is familiar to veterinarians but some is esoteric. Often the 
perfusionist is the most knowledgeable person in the room as regards ECG, coagulation status, 
acid-base balance, and need of blood products. It is common to have the anesthesiologist leave a 
nurse anesthetist in attendance. Or, during bypass is when they catch up on email.  
We have a fundamental understanding of the process of cardiopulmonary bypass. The blood 
flowing into the right atria is diverted to a reservoir and pumping system and then redirected to 
the arterial tree thus bypassing the heart and lungs. It is the training and experience to understand 
the patient, their condition, and the appropriate techniques to use that a perfusionist carries such 
value.  

Counterpulsation is also known as a “balloon pump” or IABP (intra-aortic balloon 
pump). The patient may require the assistance of such a device to wean off of bypass with 
suffering poor ventricular function (usually an EF of <20%). Most often the perfusionist has 
placed the device in the back of the room prior to surgery, having anticipated a difficult weaning. 
Not having used these devices in veterinary medicine does not preclude them from consideration. 
When optimum volume and inotropic support fail to provide adequate forward flow the deflated 
balloon is placed percutaneously through the femoral artery to a position just distal to the take off 
of the left subclavian artery. The concept is twofold (and requires a competent aortic valve). First 
there is a peak workload at the initiation of ventricular contraction (building pressure to 
overcome the diastolic pressure in the aorta and “pop” open the aortic valve. Secondly, coronary 
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flow occurs during diastole and anything that can enhance that flow would benefit the cardiac 
muscle. The balloon (typically 50cc in volume) is timed by the perfusionist to open rapidly 
(almost instantaneously) just milliseconds after the aortic valve is closed – thus creating a 
marked increase in local diastolic pressure. The timing is further adjusted to have the balloon 
rapidly collapse just prior to the normal opening of the aortic valve. This allows the ventricle to 
eject fully against a much lower (but brief) afterload. Improper timing can be fatal.  

ECMO or extracorporeal membrane oxygenation is a broad category of treatments for 
temporary lung dysfunction. Blood may be taken from a vein or artery and returned to either. 
Commonly it is done veno-venous. The lungs are not functional. The blood is oxygenated only 
and no pressure support is provided. This may go on for weeks. A very low volume silicone or 
covalently bonded heparin based circuit is utilized to provide oxygenation of the blood. This is a 
simple circuit with many complex problems. Anti-coagulation minimization is possible because 
the apparatus has very short lines. Oxygenator change-out is necessary at varying intervals 
(ideally days but in some cases hours). The acid-base balance, wound care, coagulation status 
and oxygenation are often very labile. Indications vary from infants with meconium aspiration to 
adults with ARDS.    

Autotransfusion is the process of taking operative blood and washing it with saline to 
remove both anti-coagulant and plasma (activated coagulation factors). This is done 
perioperatively in both bypass and other cases that have high blood loss. The remaining blood in 
the bypass circuit is often washed and returned as well. The return product is autologous packed 
red cells with little or no anticoagulant or plasma. In wet patients the chest tube drainage can also 
be retrieved and washed. This is a cost effective way to minimize red cell use.  

Hypothermia is often utilized and can be minor or major. Cases involving the aortic arch 
(arch dissections or iatrogenic damage to arch vessels or aortic arch) cannot be repaired while 
there is flow in the vessel. Metabolic rate is decreased 50% for each 7 degrees centigrade of body 
temperature lost. The femoral artery and right atrium are cannulated and the perfusionist cools 
the patient to 15-18 degrees centigrade. The heart usually fibrillates when it hits the mid 20s. 
After attaining target temperature the pump is shut off and the patient is exsanguinated. The 
surgeon then has 40-60 minutes to repair the aortic root enough to clamp it, cannulate the 
repaired portion and start bypass again. If the arch vessels are involved more time will be needed 
to repair that area and the perfusionist may slowly pump oxygenated cold blood up the superior 
cava to supply the neurons with oxygen during the extended period of ischemia.  

Hemofiltration or ultrafiltration is an interesting technique with applicability to 
veterinary cases. It addresses the overabundance of crystalloid that may have been used during 
bypass. Following weaning the perfusionist manipulates the circuit so that blood is drawn from 
the arterial side and pumped through a semi-permeable membrane that pulls off everything 
smaller than 60-80K Daltons. Attention to drug molecule size is necessary to prevent lowering 
blood levels of drugs (particularly mixed molecular weight heparin). A number of mediators 
such as eicosanoids, cytokines as well as platelet activating factor will pass through the 
membrane thereby reducing some of the proinflammatory mediators while reducing crystalloid 
volume load.  

Myocardial preservation is a general term relating to techniques of limiting effects of 
ischemia and reperfusion on the myocardium. Perfusionists are a wealth of knowledge covering 
both depolarizing arrest with high potassium solutions as well as techniques of administering 
oxygen containing blood mixtures either continuously or intermittently during the ischemic 
period. Common techniques involve either administration of cardiplegic solutions antegrade or 
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retrograde. Continuous low potassium retrograde (cannula placed in the coronary sinus) blood 
cardioplegia can minimize reperfusion injury. Our initial arrest solution is crystalloid in nature 
and given in the aortic root following cross clamping. Initial dose is 15mL/kg given via a 
pressure line at 150mmHg. Continuous retrograde administration of blood with 7mEq/liter of 
potassium added is standard for our institution. Our crystalloid cardioplegia recipe per liter is: 

 
MgSo4   1 gm 
KCl   30 mEq 
Mannitol  3.4 G 
NaHCO3  ~20 mEq (Final solution between pH 7.35-7.45) 
CaCl (10%)  1.5 mL  
Lidocaine  10 mg 
 

Veterinary open-heart programs are difficult to start and maintain. Most programs begin 
with an MD surgeon acting as teacher and lead. In most cases they will bring/provide or insist on 
a perfusionist. A successful cardiovascular surgeon will have a key role in a beginning program 
but eventually their schedule will conflict with their ability to be available. After assembling a 
team and having a patient ready and waiting only to reschedule at the last minute is no way to 
provide a service. A perfusionist can often be easier to schedule and when you finally fly solo it 
is invaluable to keep the perfusionist on the team. A veterinary surgeon that is fortunate enough 
to have established a program measures their experience in dozens of cases. CV surgeons 
measure their experience in thousands of cases. In their residencies alone they will have been 
involved in 10-15 cases a week. A perfusionist is no surgeon but they too have been in 
attendance at thousands of cases. Their general experience is valuable and a well-trained 
perfusionist would be an asset to any team.  
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