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Friends-

This week’s FMEA has a high RPN.  It is a problem that perfusionists constantly deal with; the unpredictability of anticoagulation.  Controlling anticoagulation is a highly complex process because it involves so many factors, both human and physiologic.  Our methods normally work so well that our own complacency is often the real failure.  I have dealt with scores of partially clotted circuits in ECMO, which is the norm. But not that many CPB circuits.
Many years ago when I was still using pumps with SS+glass oxygenators, SS+glass filters and SS+glass cardiotomy/venous reservoirs, the surgeon had just gotten his first pneumatic chest saw.  Up until then he always had to use a gigli saw or Lebsche sternal knife.  This particular case was a redo (s/p Veinberg coronary implant).  The surgeon ripped up the sternum with the pneumatic saw and cut both of the IMAs.  Blood began flooding out of the chest.  He ordered the suckers to be turned on to clear the field.  The anesthesiologist was behind the ether screen eating a donut and drinking coffee.  He wasn’t paying attention and did not give the heparin before the suckers started working.  The cardiotomy/venous reservoir began filling with unheparinized blood. Soon the surgeon was able to groin cannulate and we went on CPB. To my horror, as I watched the level drop in the reservoir, I noticed that much of the space was occupied by a large, black, consolidated clot. It looked like a monster rising out of a creepy swamp of blood.  I further noticed that the disc oxygenator was partially clotted on the bottom of the glass cylinder and many of the spaces between the discs were clotting.  I re-dosed the pump with heparin and prayed that the system would work till the end of the surgery (there were no back-up circuits then). That was in 1969.  Since then I have always tried to have back-up pumps and circuits available if the hospital would buy them for me. I have also seen seasoned heart teams forget to give heparin prior to initiating CPB several times. This mostly occurs when the routine process immediately before CPB is deviated from during a minor emergency (like cardiac fibrillation during cannulation or sudden, uncontrolled bleeding) which steals the focus of team members responsible for initiating heparinization. Sometimes the surgeon is just too busy to order the heparin to be given and nobody notices. I have seen a perfusionist put CaCl2 into a blood prime before adding the heparin (a checklist faux pas). The circuit clotted solid before going on CPB.  The procedure was delayed, but not by much. We always had another dry circuit set-up as a back-up. Then there are always the mystery patients who seemed to be either under or over anticoagulated and no time to find the cause during the case.
This is a very complex problem that can be caused by either a procedural failure or patient physiology aberration, or both.  There are many perfusionists smarter than me who are experts in the area of blood coagulation and anticoagulation who could add a lot to this FMEA. However my job is to simply provide a credible but not necessarily comprehensive management plan.  Individual programs should take this FMEA and modify it as they see fit if they feel it lacks some important aspects.  I and the review team are simply trying to comply with the Gritten Report and JC mandate to show that this risk is universally recognized by perfusionists who are making some attempt to prevent or mitigate it.   

-Gary Grist

This week’s Failure Mode is below:

I. Failure Mode: Clotted CPB circuit; in whole or in part. 

II. Potential Effects of Failure:
1. Thrombus emboli shed from the circuit.

2. Clotted oxygenator.

3. Forced discontinuance of CPB.

4. Inability to re-institute CPB.

5. Hemodynamic instability

6. Profound shock

7. Stroke and/or organ failure.

8. Death

(Can you suggest other problems that can occur?)

III. Potential Cause of Failure: 
1.
Procedural: 

a.
Failure to administer heparin before going on CPB

b.
Mislabeled syringe

c.
Wrong drug given

d.
Heparin not injected intravenously

e.
Low drug activity (old medication or heat exposure).

2. Heparin resistance: see Practice of Cardiac Anesthesia, ed. Little, Brown & Co., Boston., ©1990,Hensley & Martin, p. 218, Table 6-7and p. 553.

a. Previous heparin use or ongoing infusion.

b. Pregnancy or oral contraceptive use.

c. Intra-aortic balloon pump.

d. Shock.

e. Streptokinase use.

f. Antithrombin III deficiency.

g. Disseminated intravascular coagulation.

h. Infective endocarditis

i. Intracardiac thrombus

j. Elderly patient.

3. Platelet fibrination of oxygenator or CP heat exchanger.

4.  Inadvertent protamine administration into the pump circuit.

5. Returning shed blood to the extracorporeal circuit after the administration of protamine.

6. Recalcification of a blood prime before adding heparin.

7. Perioperative use of aprotinin or Factor VII.

(What other things can cause this particular failure?)
IV. Interventions to Prevent or Negate the Failure: 
PRE EMPTIVE MANAGEMENT:

1.
Circuit prime should contain at least 1 unit heparin per ml of patient circulating blood volume.

2.
Routinely check ACT before and after the administration of heparin.

3. If heparin resistance is suspected based on post-heparin ACT, give fresh frozen plasma or ATIII. Then re-check ACT prior to initiating CBP. (Heparin dose response testing may detect heparin resistance prior to CPB. If this testing is done the Occurrence and Detectability scores would be lower: 4*1*3*3 = 36 RPN.)

4. Monitor inflow pressure to the oxygenator and CP heat exchanger to evaluate for high pressure excursion from platelet fibrination.

5. Have replacement components and/or an entire replacement circuit immediately available as back-up. 

6. Personnel administering heparin (or protamine) should communicate to the perfusionist and surgeon the time, type and amount of drug being given.  Type and amount should be confirmed for proper dosage by a second person. Use closed-loop communication format for all crucial procedure steps.

7. If heparinized ACT is less than three times the baseline ACT inform surgeon and do not initiate CPB.

8. Give more heparin; re-check ACT.

9. Check ACT equipment prior to testing for proper operation or use different equipment.

10. Administer from a new heparin lot; re-check ACT.

11. Re-check ACT immediately after the initiation of CPB. 

12. Re-test frequently for proper anticoagulation to detect the degradation of heparin effect.

13. Increase ACT testing frequency with hemoconcentration due to circulating heparin removal by ultrafiltration.

14. Use heightened vigilance when aprotinin or Factor VII used prior to, during or immediately after CPB, particularly on REDO cases and when re-heparinization is needed to re-establish CPB.

15. Terminate CPB and the use of cardiotomy suckers before the administration of protamine.

MANAGEMENT:

1. If circuit clotting is noticed during CPB consider change out of components or entire circuit before catastrophic failure occurs.

2. If catastrophic failure does occur, the anesthesiologist, surgeon and surgical team should begin resuscitative efforts while the perfusionist prepares back-up circuit for use.

3. Post-traumatic stress disorder (PTSD) therapy should be available if needed for the perfusionist and/or other surgery team members, particularly if the patient experiences an adverse outcome.
V. Risk Priority Number (RPN): (select the number from each category that you feel best categorizes the risk).
A. Severity (Harmfulness) Rating Scale: how detrimental can the failure be:

 1) Slight, 2) Low, 3) Moderate, 4) High, 5) Critical

(The problems that this failure causes are 4) high.)
B. Occurrence Rating Scale: how frequently does the failure occur:

1) Remote, 2) Low, 3) Moderate, 4) Frequent, 5) Very High 

(Occurrence is usually 2) low.)
C. Detection Rating Scale: how easily the potential failure can be detected before it occurs:

1) Very High, 2) High, 3) Moderate, 4) Low, 5) Uncertain
(This problem may not become immediately obvious until late in CPB. So the ability to detect it is 4) low.)
D. Patient Frequency Scale: 

1) Only a small number of patients would be susceptible to this failure, 2) Many patients but not all would be susceptible to this failure, 3) All patients would be susceptible to this failure.
(This could happen to any patient. So the Patient Frequency RPN should be a 3.)
Multiply A*B*C*D = RPN.  The higher the RPN the more dangerous the Failure Mode.
The lowest risk would be 1*1*1*1* = 1. The highest risk would be 5*5*5*3 = 375. RPNs allow the perfusionist to prioritize the risk. Resources should be used to reduce the RPNs of higher risk failures first, if possible.

(The total RPN for this failure is 4*2*4*3 = 96. Heparin dose response testing may detect heparin resistance prior to CPB. If this testing is done the Occurrence and Detectability scores would be lower: 4*1*3*3 = 36 RPN.)
