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This week’s FMEA is about sickle cell disease (SCD) patients on CPB.  I am sure that many of you have your own stories about sicklers. But please indulge me while I convey my story; mea culpa.  Many, many years ago the hospital I worked for had a large SCD clinic. They wanted to start an exchange transfusion program. I was selected to perform the exchange procedure. Because I had a lot of previous experience with venipuncture in hemodialysis patients and my experience with blood transfusions as a perfusionist, I was ‘volunteered’ for the project.  The exchange program was set-up for SCD kids who had a prior crisis that resulted in a stroke.  Most of these kids were from about 8 y/o to 14 y/o and had hemiparesis. Lowering the hemoglobin S levels by exchange transfusion was a priority to reduce the potential for another, possibly fatal crisis and stroke. The actual procedure was the easy part.  The hard part was talking to the kids during the procedure.  Most of the kids were exuberant about life.  They talked about school and their teachers and what they wanted to be when they grew up.  One patient wanted to play baseball professionally. Another wanted to join the Marines since his dad was a Viet Nam veteran.  Others wanted to be in the Olympics or be firemen.  I realized that they did not realize that they would never achieve these dreams due to their disease.  Back then, as still today, sick children are often told that they can overcome their disability and be whatever they want to be.  No one had ever told these kids that since they had already suffered a CV accident in the form of a stroke with hemiparesis, many of them would not live past young adulthood, let alone become a soldier or an Olympian. Those truths would become obvious as they grew older. But I was not going to be the one who spoiled their dreams. So I encouraged them as well, crying on the inside as I spoke to them.  Even now, as I write this, I still become emotional at the thought.

Today, sicklers have better treatment and more options than they did back then, at least I hope so.  But I am still plagued to know that I was performing multiple exchange transfusions before the hazards of transfusion acquired disease were as well understood as they are today.  This was even before AIDS and before the risks of hepatitis C were well known.  Many of the children I transfused probably suffered consequences later in life from those transfusions.  I will never know for sure. The method I describe in this FMEA for sicklers on CPB still involves a lot of transfused blood.  If any of you guys know of a better way to do it without transfusion, let’s put it in this FMEA and discard my method. I would sleep better at night.  Is it better not to transfuse or make any special accommodation for sicklers and risk a severe post-CPB crisis? Or is it better to perform exchange transfusion to reduce the risk of crisis but run the transfusion related risks? I don’t know! This SCD FMEA does include exchange transfusion, simply because I am too much of a coward to recommend anything else, given my experience with sickle cell stroke patients.  But there are certainly some perfusionists who pump SCD patients without any special management.  As I said earlier, which is riskier; not transfusing and risking a post-CPB SCD complication or doing exchange transfusion and risking a transfusion complication?  I still don't know the answer to that one, particularly when published studies support both positions.

This week’s Failure Mode is below:

I.  Failure Mode: Failure to take proper precautions for the sickle cell disease (SCD), sickle cell trait (SCT) or thalassemia patient undergoing CPB to prevent post-op sickle cell crisis.
II. Potential Effects of Failure:
1. The presence of a significant fraction of hemoglobin S (Hgb S) before CPB poses an increased risk for:

a.  Hemolysis

b.  Sickling

c.  Capillary obstruction

d.  Shortened RBC life

e.  Reduced oxygen-carrying capacity.

2.  Common postoperative complications include:

a.  Hemorrhage

b.  Stroke

c.  Renal failure

d.  Death
III. Potential Cause of Failure: 
1.  SCD/SCT patients who require cardiac surgery are at risk of a potentially fatal sickling crisis, which may be induced by hypothermia, hypoxia, acidosis, or low-flow states.

2.  Hemoglobinopathies (mainly sickle cell anemia and thalassemia) are autosomal-recessive inherited disorders.

3.  Approximately 5% of the whole world population carries a potentially pathological gene.

4.  Erythrocytes containing high amounts of Hgb S undergo multiple sickling and de-sickling events, eventually resulting in hemolysis and anemia.

5.  These deformed cells have an increased tendency to adhere to the vascular endothelium, leading to occlusion of small vessels and causing organ damage.

6.  Anticipate pulmonary complications upon weaning due to sickling of residual Hgb S RBCs within the pulmonary vasculature that was under perfused during CPB.

7.  There is no consensus on absolute safe values of Hgb S in patients undergoing surgery.

8.  Preoperative Hgb S may be as high as 45%.

9.  The literature suggests that the level of Hgb S should be reduced to <30% for major surgical procedures or even to 5% for cardiac surgery before or at the time of surgery.

10.  The classic precipitating factors for sickling include:

a.  Stress

b.  Exposure to cold

c.  Dehydration

d.  Infections

e.  Hypoxia

f.  Inflammatory cascades

g.  Acidosis.

11.  SCD/SCT is frequently seen among Africans, Afro-Caribbeans, east Indians, and the Middle East and Southern Europe Mediterranean populations.

12.  SCD/SCT patients requiring CPB are rare; between 0.29% and 0.41%, or 1 out of every 300-400 CPB patients.

IV. Interventions to Prevent or Negate the Failure: 
PRE-EMPTIVE MANAGEMENT:
1.  Consider the early initiation of hydroxyurea, erythropoietin, folic acid, pentoxifylline and oral antibiotic administration in workup prior to non-emergent surgery as part of a comprehensive perioperative blood management program and infection prevention.

2.  Modify the routine perioperative management strategies for SCD/SCT cardiac surgery patients: 

a.  Keep warm in the cool OR environment.

b.  Sedate ASAP to avoid anxiety and stress.

c.  Hydrate ASAP with IV solution to make-up for NPO deficit.

d.  Provide supplemental O2 ASAP.

3.  CPB setup should be designed to perform exchange transfusion at the initiation of CPB.

4.  If practical, the CPB circuit volume should be at least equal to the patient's blood volume plus the circuit prime volume in known SCD patients to facilitate exchange transfusion. This may be difficult to accomplish in a large patient with upwards of 3 L blood volume.

5.  The goal is to reduce Hgb S levels to below 30%.

6.  Prime the pump with donor RBC and plasma in the volume necessary to replace as much of the patient's own blood volume as is practical. Add enough heparin to the prime to make up for the heparin removed in the exchange transfusion.
7.  The blood prime should be normalized as much as possible for pH, HCO3, base balance, Na+, K+ and glucose.

8.  Upon the initiation of CPB, collect the patient's venous return blood into a collection bag system or separate cardiotomy reservoir.

9.  Salvage the plasma from the collected patient blood using intraoperative plasmapheresis by an autotransfusion device.

10.  Transfuse the salvaged plasma into the pump and hemoconcentrate it to an appropriate volume.

11.  Discard the collected patient RBCs.

12.  Maintain 100% oxygen sweep gas FiO2.

13.  Normalize the both the arterial and venous pH.

14.  Minimize the need for hypothermia as much as possible.

15.  Consider diuresis to treat potential excessive hemolysis.

16.  Monitor for Hgb S as needed.

MANAGEMENT:

If CPB is to be initiated without exchange transfusion:

1. Hemodilute the patient to the hematocrit of 25%.

2. Immediately begin exchange transfusion.

3. Maintain 100% oxygen sweep gas FiO2.

4. Normalize the both the arterial and venous pH.

8. Minimize the need for hypothermia as much as possible.

9. Monitor for Hgb S as needed.
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 

(This is a rare problem. So occurrence should be 1, Remote.)
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. So the detection RPN should be 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 happens in a small number of patients in North America and Northern Europe. So the Patient Frequency RPN should be a 1. However in Africa, the Mid-East, Mediterranean Europe and the Caribbean the frequency would 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 4*1*4*1 = 16.)

