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This failure involves the over pressurization of a combined cardiotomy/venous reservoir.  Reservoirs remind me of Burmese tiger traps; hidden in plain sight, just waiting for the tiger (or perfusionist) to make one wrong step. Over pressurization can be caused by several things and, because the reservoir is connected directly to the patient's heart via the venous line, it can be as deadly as a bullet through the heart. The retired perfusionists who helped to review this FMEA cited many instances of pressurized reservoirs much more frequently than I would have guessed. My guess is that 25% of all perfusionists will have to deal with this failure. I have seen several instances of air being pushed up the venous line during CPB.  I have seen two reservoirs explode.  Fortunately both of these cases occurred after CPB. The suckers were left on too high and the air vent port was accidentally obstructed.  The lids blew off the reservoirs with a LOUD pop, like a shotgun going off.  The patients were not injured, but the room was a mess. And the option of quickly returning to CPB support if needed was removed. I am sure that many of you old timers can tell perfusion war stories about over pressurized reservoirs as well. There is even a Youtube video of one of these things exploding in a wet lab https://www.youtube.com/watch?v=uf5-H6ZI86k.
This is not an FMEA about the relative merits of using VAVD.  Let's save that discussion for another day. No doubt that this may also spark a discussion on the relative merits of hardshell versus bags.
I am sure that I have missed many things in this FMEA. So please fill in the gaps. Send me your comments.  Have a great week. Go Royals!

-Gary Grist

This week’s Failure Mode is below:

I. Failure Mode: Cardiotomy/venous reservoir over pressurization or explosion. 

II. Potential Effects of Failure:
1. Reservoir subject to excessive positive pressure can explode or cause infusion of air up the venous line to the patient causing air embolus.

2. Cracked reservoir can cause loss of volume and interruption of bypass.

3. Exploding reservoir can expose healthcare personnel to plastic shrapnel and gross blood splatter contamination.

4. Risk of patient hypoperfusion, contamination and increased transfusion.

5. Loss of circulating volume causing interruption of bypass.

6. Massive gaseous embolism backing up the venous line and potentially to arterial circuit.

7. Death

 (Can you suggest other problems that can occur?)

III. Potential Cause of Failure: 
1. Failure to properly vent reservoir.

2. Inattention to positive pressure levels both with and without VAVD.

3. Failure of vacuum control regulator or over pressurization by high speed operation of ventricular vent or cardiotomy sucker pumps.
4. Low level of vacuum during VAVD causing excessive pressure to develop.

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

1. Reservoir vent port is open and/or VAVD apparatus is safely applied, as confirmed by checklist item with action accompanied by conscious out loud verbal repetition before check-off.

2. Reservoir positive pressure is monitored by two separate pressure relief valves.

3. Pressure should also be monitored by transducer attached to the venous line or the top of the reservoir using a dedicated monitor. A dedicated monitor can be servo-regulated to control the sucker and vent pumps which are the two most likely to pressurize the reservoir. The RPN below is dependent on this configuration.  (With pressure monitoring only, the RPN would be 5*2*1*3 = 30. Without pressure monitoring or servo-regulation the RPN would be 5*3*5*3 = 225.)

4. The reservoir negative pressure is gauged by a separate vacuum monitor if VAVD is used.

5. The negative pressure is limited to -40 mmHg or less.

6. The normal vacuum or positive pressure can be instantaneously released by removing the safety clamp on vacuum line.

MANAGEMENT:

1. If an embolus is caused by air being pushed up the venous line by positive pressure on the reservoir, the venous return line should be immediately clamped and the patient removed from CPB, followed by treatment for air embolus if indicated.

2. If the reservoir should explode under pressure, emergently remove the patient from CPB and replace it.

3. Post-traumatic stress disorder (PTSD) therapy should be available if needed for the perfusionist 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 5.)
B. Occurrence Rating Scale: how frequently does the failure occur:

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

(This is a common/rare problem…. So occurrence should be 1.)
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/may not become immediately obvious…. So the detection RPN should be 1.)
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 5*1*1*3 = 15 with monitoring and servo-regulation of sucker and vent pumps. The RPN for this failure with monitoring only is 5*2*1*3 = 30. Without pressure monitoring or servo-regulation the RPN would be 5*3*5*3 = 225.)
A word about RPNs.  If the worst RPN is 375 and your program’s RPN for this failure is 225, does that mean that there is a 60% chance (225/375 X 100) that this failure is going to happen? No, it doesn’t.  RPNs are not statistical numbers, they are indicative numbers.  If your RPN is 225 when it could be 15, that means that “IF” this accident happens to your patient, it is likely to be more serious, i.e., the risk of a bad outcome is higher.

