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Friends-

This week’s FMEA goes to the heart (forgive the pun) of a common problem confronted by perfusionists every day; poor venous return not caused by an anatomical problem. The first pre-emptive management interventions are TEE and cerebral oximetry. For at least the last 15+ years at my program we have had TEE, for the last 7 years NIRS monitors. But for most of my career we did not have those and had to deal with VR problems on a trial-and-error basis.  I worked mostly in peds where we primarily used dual cannulation.  Knowing that the anatomy was normal helped to eliminated many possible causes of poor VR.  In other words: “It is the surgeon’s fault!”  There have been many times when VR is borderline and the surgeon says that there isn’t anything else he can do. So he says, “Just deal with it!” At some point, with the NIRS monitor dropping (if you are using one), with the flow less than acceptable, with a base deficit growing, someone other than you will have to intervene.  But until you reach that point, it may all be up to you.  I am sure that many of you have your “tricks” to deal with this problem before the patient passes an injury point (whenever that is), so give me some more ideas to add to this FMEA. We will be dealing at another time with poor VR being caused by an anatomical abnormality.  But that will be a separate FMEA.
P.S. Just had another thought.  Internal fluid sequestering can greatly reduce the reservoir fluid level and force a decrease in flow.  I forgot to mention that part.  So perhaps it isn't always the surgeon's fault. Dang it!!!
This week’s Failure Mode is below:

Failure Mode: Inadequate venous drainage caused by non- anatomical blood line obstruction
Potential Effects of Failure:
1. Decrease in venous return blood flow rate or failure to establish CPB.

2. Increase central venous pressure

3. Decreased arteriovenous pressure gradient to vital organs.

Potential Cause of Failure: 

1. Air lock in venous blood line

2. Manual lifting the heart

3. Too small venous cannulae

4. Kinked venous line

5. Misplaced vena caval tourniquet

6. Misplaced or entrapped venous cannula

a. Superior vena cava cannula misplaced in azygos vein

b. Inferior vena cava cannula misplaced in hepatic vein

IV. Interventions to Prevent or Negate the Failure: 
PRE-EMPTIVE MANAGEMENT:

1.
 Have trans-esophageal ECHO available on every case to examine cannula position, atrial and venous anatomy.

2.
 Monitor CVP to detect pressure build-up caused by physical obstruction to venous drainage.

3.
 Inspect inflow venous port for man-made debris during circuit set-up (a checklist item?).

4.
I f using hard shell venous reservoir, maintain vacuum assisted venous drainage capability to prevent air lock or to augment venous return if small cannulae are used.

5.
 Monitor cerebral oximetry.

6.
 Maintain the plasma K+ at the upper limit of normal to help prevent fluid sequestering. Low K+ is associated with splanchnic system fluid retention.
7.
 Train all table personnel to scan for venous line obstruction.

8.
 Incorporation of a venous flow probe may help to detect and correct venous return problems sooner and reduce the RPN;  2*4*2*3 = 48.

MANAGEMENT:

1.
 If internal sequestering of fluid is suspected of causing fluid loss, add additional fluid to the system to restore reservoir level.

a.
 Maintain high normal K+ levels.

b.
 Use 25% albumin or mannitol rather than crystalloid if hemodilution thought to be the cause of fluid loss.

c.
 If mannitol is used do not let the serum osmolality exceed 300 mosmoles/L.

2.
 Train all table personnel ahead of time in venous line obstruction and have them scan for obstruction problems, especially newer team members. The obstruction may be hidden under drapes, Mayo stand, other tubing, etc. Personnel may unknowingly be leaning on the tube.

3.
 With surgeon’s consent, tilt table in various ways to see if venous return improves.

4.
 If an undetermined obstruction is the cause, terminate CPB, if possible, investigate or recannulate and correct obstruction.

5.
 If obstruction cannot be resolved, open atrium and establish sucker bypass.

6.
 Consider initiating hypothermia so flow can be safely reduced.

7.
 Reconsider venous cannulae selection, venous line diameter and drop height.
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 severity problems that this failure causes are usually 2) low.)
B. Occurrence Rating Scale: how frequently does the failure occur:

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

(Occurrence is usually 4) frequent.)
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 develop immediately but develop anytime during CPB. So the ability to detect it is 3) moderate.)
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 2*4*3*3 = 72. Incorporation of a venous flow probe may help to detect and correct venous return problems sooner and reduce the RPN; 2*4*2*3 = 48.)
