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Friends-

Many of you had no experience with the last FMEA I posted (Perflist posting CPB FMEA #11: Failure to take proper precautions for the sickle cell disease. Sent By: garygrist@comcast.net   On: Sep 09/17/15 2:36 PM).  But I am sure that all of you have been blessed with working on redo sternotomies.  So that is what this FMEA is about. During a hemorrhaging redo sternotomy the surgeon is going to have his hands full.  So you need to help him by having your act together which means making all the right moves. I have already told you one story about my earliest experience with a hemorrhaging redo sternotomy (Perflist posting CPB FMEA #7: Clotted circuit. Sent By: garygrist@comcast.net   On:Aug 08/22/15 2:08 PM). Working in pediatrics I have since had many patients with as many as three previous redo sternotomies and having their fourth redo incision.  These can be very sticky cases.  I worked mainly with congenital patients with abnormal hearts. Accidental entry into a univentricular heart during redo sternotomy can not only result in uncontrollable hemorrhage, but when CPB is implemented by peripheral cannulation the venous line siphon can suck air into the heart causing an air embolus that could be pumped into the aorta by the ventricles with devastating effects. If you are not familiar with congenital patients, don't worry about it.  Patients with normal anatomy hearts can have redo sternotomy problems as well. This FMEA will focus on the redo sternotomy, the risks it presents, the preparations that are needed and the necessary interventions required should the worst happen. As always I am looking for your many words of wisdom that can be incorporated into this FMEA.
-Gary Grist

This week’s Failure Mode is below:

I. Failure Mode: Hemorrhage secondary to redo sternotomy. 
II. Potential Effects of Failure:
1. Uncontrollable exsanguination

2. Hypovolemic shock

3. Coronary ischemia

4. Irreversible arrhythmia

5. Cardiac arrest

6. Death
III. Potential Cause of Failure:
1. A redo sternotomy carries a great risk of massive hemorrhage.

2. This is because of adhesion of the heart and associated structures to the underside of the sternum.

3. The process of dissection through the sternum may disrupt vital structures that can lead to sudden and excessive hemorrhage.

4. Excessive scarring may prevent rapid entry into the chest to control the hemorrhage. Radiographic evidence of this scaring may be obvious on a lateral CXR.

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

1. The perfusionist should be in the room during sternotomy as a standard of practice.

2. Read the cardiac catheterization report to confirm that there is no problem with entering the femoral vessels and that the inferior vena cava is continuous from the femoral vein to the right atrium.

3. Hand off the pump lines before opening the sternum for redo cases.

4. If available, have a heparin dose response test performed pre-CPB to estimate the heparin dose if there is no time for ACT confirmation should rapid exsanguination occur. Expect some redo patients to have heparin resistance or other blood dyscrasia.

5. Be prepared for fem-fem or right neck CPB by selecting appropriate arterial and venous cannulae capable of carrying as great a blood flow as vessel size will allow.  Have cannulae and any associated accessories in the room before the sternotomy incision is started. In addition to the desired size cannula, a smaller size cannula should also be in the room should the desired sizes not accommodate the vessels. Extra tubing should be in the room to modify the AV loop as needed to accommodate cannula placement. Extra straight and Y-connectors should be in the room.

6. A dedicated autotransfusionist should be prepared to supply two aspiration/anticoagulation lines with two cardiotomy reservoirs. The autotransfusion equipment should be modified to collect any rapid blood loss and quickly pump it to the open heart pump.  The processing mode should be changed from a Quality Wash mode or High Wash mode to the Emergent mode to expedite blood return to the patient, should exsanguination occur from the field.

7. A second scrub nurse should remain at the field until the sternum is safely opened and the aortic and venous cannulation stitches are in place or until fem-fem or right neck CPB is initiated.  The second scrub nurse should also standby to change cannulae or reconfigure the tubing at the direction of the surgeon. (Second assist personnel like a medical student or resident should not displace a knowledgeable scrub nurse who can quickly make the necessary circuit modifications until the danger of uncontrollable hemorrhage has passed.) 
8. The perfusionist should be aware if any danger of over distention of the heart exists due to aortic valve insufficiency, sudden fibrillation or poor ejection fraction. Once started CPB should be conducted appropriately to each situation until the chest is opened and the surgeon is in control of the over distention risk.

9. Extra 40 micron blood filters should be in the room. A 40 micron blood filter should not be used for more than four units of autotransfusion or donor blood. 

10. Additional vials of heparin should be available with additional heparin drawn up and ready to give into the pump in an emergency. This is in addition to the normal amount of heparin in the prime.

11. Prior to the chest being opened, the perfusionist should confirm that blood products are in the room and properly checked.
12. The perfusionist should have additional IV fluids, additional drugs, and extra tubing clamps on the pump.

13. Extra perfusion personnel should stand by during any redo sternotomy.

MANAGEMENT:
1. Should a sudden sternal hemorrhage occur, the patient should be heparinized immediately in preparation for CPB and to prevent clotting of blood collected by the autotransfusion equipment or the pump suckers.  The anticoagulant drip on the autotransfusion equipment should be opened completely to prevent the clotting of the rapidly shed blood. If a hemorrhage is large enough, the heparin given by the anesthesiologist might be lost to the field or to the autotransfusion system and not reach the entire blood volume. If the patient is exsanguinating, give extra heparin into the pump while going on CPB. If a hemorrhage occurs (or even before a hemorrhage can occur), the surgeon may place the patient on cardiopulmonary bypass (CPB) by cannulation of a femoral artery and femoral vein or the right carotid artery and right internal jugular vein if the patient weights less than 15 kg.

2. After the arterial cannula is placed, CPB can be initiated and any hemorrhage from the sternotomy can be suctioned into the CPB pump (sucker bypass) and returned to the patient. The hemodynamics can be partially or fully controlled in this way. However the high speed use of the suckers will generate excessive gaseous microemboli.  During this time, the sweep gas should be maintained at 100% oxygen to off-gas the nitrogen microemboli entering the patient’s circulation from the pump.
3. If the blood loss compromises the patient’s hemodynamics before CPB can be initiated, a large bore IV tubing extension should be passed from a bubble free site on open heart pump to a central line access in the patient.  The open heart pump can then be used to rapidly re-infuse fluid into the patient to restore hemodynamic stability through this line. (Ensure that the pressure servo-regulation system will prevent rupture of the circuit by a high infusion pressure.) As blood is collected by the sterile cardiotomy suction or autotransfusion equipment it should be pumped unprocessed into the open heart pump and re-infused through the large bore IV tubing to the patient until fem-fem or right neck CPB can be established. If the loss of patient blood volume is rapid and extensive, peripheral cannulation might be difficult due to circulatory collapse. Rapid re-infusion of shed blood may be necessary to aid in peripheral dilation and cannulation. Note how long the mean arterial pressure was decreased.

4. Vacuum assist needs to be available, but do not implement vacuum assist until authorized by the surgeon if neck or femoral cannulation is utilized.  If a major structure of the heart has been breached during sternal entry excessive bleeding may ensue.  But the implementation of vacuum assist venous drainage may decompress the heart to the point of sucking air in through the sternal breach.  If this occurs in patients with common atria or common ventricle, an air embolus could be pumped into the aorta by the heart. 

5. Save blood bags and mark them with the time of administration until charting can be caught up.

6. If you give more than four processed units of autotransfusion blood, consider giving FFP to restore clotting factors. 

7. Calcium levels should also be monitored and calcium given if large volumes of citrated donor blood are administered.

8. Monitor urine output.  If large quantities of blood products have been given, mannitol should be administered to flush out free hemoglobin in the kidneys.

9. Charting is second to patient care, but it is important to note times. Ask for assistance from nursing or other personnel to write or chart.

10. Coagulation factors should be measured prior to coming off CPB. If possible, draw a thromboelastography test to assess the clotting status of the patient. 

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, critical.)
B. Occurrence Rating Scale: how frequently does the failure occur:

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

(This is a low occurrence, but not remote. So occurrence should be 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
(When this problem occurs it is immediately obvious. So the detection RPN should be 1, very high.)
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.
(Sternotomy hemorrhages happen mainly in redo cases.  Redo cases are fairly frequent. So the Patient Frequency RPN should be a 2.)
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*2*1*2 = 20.)

