[image: image1.jpg]@
.22 aspho
[ J ) o
Qe o’ ®
o ® ‘e The American Society of
® @ Pediatric Hematology/Oncology




Transfusion Medicine

2013

Cassandra Josephson, MD
1.   A 28 month old white female with precursor B-cell ALL is 7 days post IV methotrexate.

WBC = 0.7, Hgb = 6 g/dl, and platelets = < 10,000/µL.  She has a fever to 102 ºF, mild epistaxis, hypotension, and has just been transferred to the pediatric intensive care unit.After blood pressure restoration and antibiotic administration, which of the following is the best choice?

A.  Order type and crossmatch for pRBCs and platelets and administer immediately.

B.  Order  type  and  crossmatch  for  leukoreduced,  irradiated  pRBCs  and  platelets,  and administer immediately.

C.  Obtain consent, order type, and crossmatch for leukoreduced pRBCs and platelets, and administer immediately.

D.  Obtain  consent,  order type,  and  crossmatch for leukoreduced,  irradiated pRBCs  and platelets, and administer immediately.

E.  Obtain  consent,  order type,  and  crossmatch for leukoreduced,  irradiated pRBCs  and volume-reduced platelets, and administer immediately.

Answer: D

Explanation:  Consent  is  required  for the administration  of all  blood  products.    Risks  and benefits of blood administration should be explained to the patient and/or family at that time. Individual hospitals have varying guidelines for consent and these should be known to clinicians prior to writing orders for blood products.   As for leukoreduction, the units that are cellular (pRBC and platelets) contain white blood cells that can cause febrile, non-hemolytic transfusion reactions, HLA alloimmunization, and CMV transmission.  Thus, leukoreduction in this setting is appropriate and, in reality, ought to be done for all children despite their immune status. Irradiation is required due to the immunocompromised status of the patient as leukoreduction alone will not  prevent transfusion-associated graft versus host disease (TA-GVHD).  Irradiation sterilizes T-cells, inhibiting proliferation.  TA-GVHD is a rare transfusion complication with > 90% mortality.

2.   A 9 year old female fell off a horse and was rushed to the ER because of massive internal bleeding.  Her estimated weight is 25 kg. The patient’s estimated total blood volume (TBV) was 1,750 mls.  Initially, six units of pRBCs were given (~1,500 ml), followed by another 9 units (~2,250 ml) given over the next 2 hours.  Two doses of FFP (10 ml/kg) were also administered.  You are concerned the patient has developed dilutional coagulogpathy.  What is the next appropriate step? to monitor for

A.  Order PT, aPTT, platelet count, and fibrinogen level STAT and order more FFP (10 ml/kg), platelets (10 ml/kg), and 3 pooled units of cryoprecipitate.

B.  Order platelets (10 ml/kg) and more FFP (10 ml/kg) x 3 doses. C.  Order platelets only and then PT, aPTT, fibrinogen.

D.  Order more pRBCs (emergency release) and give platelets (10 ml/kg), then order more

FFP (10 ml/kg).

E.  Order PT, aPTT, platelet count, and fibrinogen level, wait for STAT results, then order more FFP (10 ml/kg), platelets (10 ml/kg), and 3 pooled units of cryoprecipitate.

Answer: A

Explanation: Massive transfusion with packed red blood cells (approximately 1-2x the total blood volume of the patient) can result in a dilutional thrombocytopenia and coagulopathy. Coagulation factors and platelets  decrease partially due to consumption, but mainly secondary to dilution by pRBCs that contain minimal amounts of plasma.  Laboratory tests play an important role in the treatment of this dynamic situation.   However, due to the turnaround time and/or delays in the laboratory for PT, aPTT, fibrinogen, and platelets, the results are primarily used to guide continued therapy but not dictate initial therapy.  In this question, initial therapy with FFP and cryoprecipitate can be empirically used due to the stated pRBC volume, which is slightly greater than 1-2x the total blood volume of the patient.  FFP is a useful product because it contains all of the clotting factors.  Cryoprecipitate is extremely effective to rapidly replenish fibrinogen, and is the product of choice to treat either acquired or congenital hypofibrinogenemia.

3.   A 5 year old female (20 kg) with meningococcemia confirmed by blood culture is transferred to your facility.  The patient’s labs are significant for WBC = 20,000/mm3; hemoglobin 9.5 g/dL; platelet count = 30,000 plts/µL; PT = 24 seconds, PTT = 75 seconds, Fibrinogen = 65 mg/dL.  Blood components are immediately required.  Which of the following is the best  orders  to send  immediately to the blood bank?

A.  Order blood type and crossmatch 2 units of pRBCs and 1 unit of single-donor apheresis platelets STAT.

B.  Order  blood  type  of  the  patient  plus  10–15  ml/kg  of  FFP  and  pool  4  units  of cryoprecipitate STAT.

C.  Order  emergency release  type  0  Rh  negative  pRBCs  and  AB  negative  single-donor apheresis platelets STAT.

D.  Order blood type and before results are available order 10–15 ml/kg of AB Rh negative or positive FFP and pool 4 units of AB cryoprecipitate STAT.

E.  Order  1  single  donor  apheresis  platelet  immediately;  blood  type  compatibility is  not required.

Answer: D

Explanation: Meningococcemia can induce a severe consumptive coagulopathy as described in this case.  The patient is only mildly anemic, yet severely coagulopathic with a prolonged PT, PTT, and extremely low fibrinogen.  Knowledge of AB plasma as the “universal (plasma) donor” is necessary, given that the patient’s blood type is not known and plasma therapy must be emergently administered prior to pRBC administration.  AB plasma does not contain any isohemaglutinins that may cause intravascular hemolysis in the recipient, particularly if their blood type is A or B. Many hospitals try to issue type-specific or type-compatible plasma, especially when large volumes of plasma are anticipated for the pediatric patient.  In the above case, neither the blood bank nor the physician knew the patient’s blood type, thereby obligating the clinician to request “universal donor type” AB plasma.  This plasma is extremely rare, with only 4% of blood donors being blood type AB.  To this end, blood bankers try very hard to move to type-specific or type-compatible plasma as soon as possible to effectively manage their AB inventory.  In ordering a blood type urgently (even when pRBCs are not needed immediately), the clinician can avert unnecessary delays and ward off a worsening of the coagulopathy.  Frozen plasma should be dosed at 10-15 ml/kg and should be ABO-type specific or compatible, but not necessarily Rh-type-specific or compatible.  Cryoprecipitate will most efficiently replenish the fibrinogen.  The rule of thumb is 1-2 units of cryo for every 5-10 kgs.

4.   A 2 year old female with pallor and bruising presents to a hospital for evaluation.   On physical exam, the patient has cervical lymphadenopathy and hepatosplenomegaly.  A CBC reveals Hb = 3.5 g/dL, WBC = 1.2 x 103/mm3, platelet count = 10,000/mm3, and reticulocytopenia.  DAT is negative for C3 and IgG.  Prior to transferring the patient to your facility, the referring physician wants to transfuse her with pRBCs and platelets.   You recommend that all cellular blood components should be irradiated prior to transfusion in order to:

A.
Reduce the risk of bacterial contamination. B.
Reduce the risk of HLA-sensitization.

C.
Eliminate the risk of TA-GVHD.

D.
Eliminate the risk of transfusion-transmission of CMV.

E.
Reduce the risk of an acute hemolytic transfusion reaction

Answer: C

Explanation: Irradiation is required in immunocompromised patients and leukoreduction alone will not prevent transfusion- associated graft versus host disease (TA-GVHD).  T-cell  Irradiation sterilizes T-cells, inhibiting proliferation. TA-GVHD is a rare transfusion complication of  with > 90% mortality.  Leukoreduction reduces the risk of bacterial contamination and HLA- sensitization.  Transfusion transmitted CMV is also reduced, yet not totally eliminated by leukoreduction or irradiation.  The risk of an acute hemolytic transfusion reaction is not reduced with irradiation.

5.   A 6 year old African-American female with sickle cell hemoglobin SS disease is being treated by you for acute chest syndrome (ACS).  Her past medical history is significant for having received 10 previous RBC transfusions for ACS, splenic sequestration, and aplastic crisis.  Her last RBC transfusion was 1 year prior to this admission. The patient’s ACS is worsening with an increased O2 requirement and a hemoglobin drop to 4.5 gm/dL.  A type and crossmatch is ordered.  The blood bank calls the physician and states that the antibody screen is positive and there will be a delay in obtaining the antigen-negative units as they try to identify the antibody specificity.   WhichRBC alloantibodyis most likely to develop in this child?

A.
Anti-M B.
Anti-Lea C.
Anti-B D.
Anti-E

E.
Anti-N

Answer: D

Explanation: An anti-E alloantibody may develop in a patient if they are missing the E antigen on the RBC and are exposed to the E antigen via RBC transfusion.  E-negative RBC phenotypes are common in African Americans with hemoglobin SS disease.   The donor population is largely Caucasian and has  specific RBC antigenic differences from the primarily African Americansickle-cell population  whereby the recipient is exposed to the donor’s positive E antigen, sensitizing the recipient and inducing the alloantibody formation.  Anti-E IgG is a hemolytic antibody and can precipitate both intra- and extravascular hemolysis in the recipient.  Anti-M and anti-N are usually cold allo- or autoantibodies and are rarely clinically significant.  Anti-B is a naturally occurring isohemaglutinin and is found in A and O blood type plasma.  Finally, anti-Lea is usually not a clinically significant alloantibody yet can be formed in persons who do not have Lea  on the surface of their RBC and are exposed to Lea from donor RBCs.

6.   What testing is performed in the blood bank to provide crossmatched-compatible pRBCs for a patient with a history of RBC alloantibodies?

A.  ABO and Rh (D+ or D-) blood type performed.   Then, indirect antiglobulin test done

with patient’s plasma/serum and 3-4 screening reagent RBCs.

B.  ABO and Rh (D+ or D-) blood type performed.   Then, indirect antiglobulin test done with patient’s plasma/serum and 3-4 screening reagent RBCs.   Antigen negative donor RBC unit selected and issued to patient.

C. ABO and Rh (D+ or D-) blood type performed followed by indirect antiglobulin test with patient’s plasma/serum and 3-4 screening reagent RBCs.  Antigen-negative donor RBC unit (negative for antigens that patient has or had antibodies to) is selected and patient’s plasma/serum sample was mixed and agglutination occurred.   Then the crossmatch- compatible units were issued for transfusion.

D. ABO and Rh (D+ or D-) blood type performed followed byindirect antiglobulin test with patient’s plasma/serum and 3-4 screening reagent RBCs.  One unit of O negative RBCs are selected from inventory and immediately issued for transfusion.

E.  ABO and Rh (D+ or D-) blood type performed followed by indirect antiglobulin test with the patient’s plasma/serum and 3-4 screening reagent RBCs.  Antigen-negative donor RBC units  (negative  for  antigens  that  patient  has  or  had  antibodies  to)  are  selected  and patient’s plasma/serum sample was mixed and agglutination did not occur.  Then, the crossmatch-compatible units were issued for transfusion.

Answer: E

Explanation: The following sentences describe what is done in the blood bank when a type and screen is ordered by the physician.  ABO and Rh (D+ or D-) blood type is determined.  Then the indirect antiglobulin test (screen) is performed by mixing the patient’s plasma/serum sample with

3-4 screening reagent RBCs.  This test screens for unexpected, clinically significant alloantibodies of the IgG type that can cause hemolysis.   If the screen reveals a positive reaction with any one of the reagent cells, the test is positive and the antibody specificity must be determined to correctly select donor RBC units for the crossmatch test.  Antigen- negative donor RBC units (negative for antigens to which the patient has or has had antibodies) are selected and the patient’s plasma/serum sample is mixed with them.  If agglutination occurs, then the crossmatch is positive, and the blood bank would not issue the unit.  If no agglutination occurs on crossmatch, the blood is compatible and issued for transfusion.   To perform a crossmatch test, a segment of RBCs from the  donor unit is separated  and mixed with the patient’s plasma/serum.  This “segment” method of testing prevents the entire unit from being breached such that if the unit ends up not being used for that particular patient it can be re-tested and subsequently reassigned to a compatible patient.   Implicit in the order for a type and crossmatch is a screening of the patient’s plasma/serum.

7.   A term infant, born to a healthy G2P1 woman is discovered to have bruising, petechiae, and a significant cephalohematoma following vacuum extraction for a difficult vaginal delivery. The infant’s initial CBC revealed a platelet count of 15,000/mm3 and a normal Hb and WBC.  The mother’s platelet count is normal.   Which of the following would be the immediate next step in the treatment of this infant?

A.  Test  for  platelet-specific  antibodies  in  the  mother’s  plasma  and  then  obtain  platelet

apheresis from the mother, and transfuse these to the infant.

B.  Test the father and mother for platelet antigens and then obtain platelet apheresis from the mother and transfuse these as soon as available.
C.  Administer IVIG and banked platelets to the infant immediately and then obtain platelet apheresis from the mother and transfuse the unit to the infant after washing. Then test the mother’s plasma for platelet antibodies.

D.  Immediately transfuse banked platelets to the infant, then obtain platelet apheresis from mother and transfuse these to the infant. Thereafter, test the mother’s plasma for platelet antibodies.

E.  Obtain a platelet apheresis from the mother and transfuse these to the infant after washing.

Then test the mother’s plasma for platelet-specific antibodies.

Answer: E

Explanation: NAIT, especially with a low platelet count (< 30 – 50,000 plts/µl), will require a platelet transfusion.   The primary concern in this clinical situation is which product is best to transfuse.   The ideal platelet product is one without the offending antigen.   The mother is typically the best platelet source, as her platelets lack the offending antigen present on the infant’s platelets.  The antibody has been passively transferred from mother to infant during pregnancy and is responsible for the destruction of the infant’s platelets.  The antigen on the infant’s cells is inherited from the father.  HPA-1a is the most commonly implicated platelet antigen found in Caucasians yet is not typically known at the time of diagnosis and immediate therapy must be initiated. The mother’s platelets can be obtained by apheresis techniques as long as she is stable and healthy enough to donate post-partum.   The product must be gently washed to eliminate the offending antibody that crossed the placenta and caused platelet destruction in the infant.

8.   A 4 year old female with ALL is admitted for pancytopenia and fever.  Her platelet count is <
10,000/mm3.  The patient’s blood type is A+.  The blood bank is low on platelet inventory and can only dispense O+ platelets.  Which is thebest platelet product to prepare and transfuse to this patient?

A.  Transfuse 10 ml/kg of O+ single-donor platelets that are pre-storage, leukoreduced and irradiated.

B.  Transfuse 10 ml/kg of O+ single-donor platelets that are volume-reduced, pre-storage, leukoreduced, and irradiated.

C.  Wait to transfuse this child despite active bleeding because it is unsafe to transfuse O+

pre-storage, leukoreduced and irradiated single-donor platelets to an A+ child. D.  Transfuse 10 ml/kg of O+ single-donor platelets that are irradiated only.

E.  Transfuse 10 ml/kg of O+ single-donor platelets that are volume-reduced and irradiated.

Answer: B

Explanation: This patient requires a platelet transfusion.  However, administering O platelets to an A group patient without knowing the titer of the anti-A isohemaglutinin is unacceptable. There have been three reported pediatric deaths in the literature with the administration of “out- of-ABO group” platelets.  The plasma accompanying type O platelets can contain both anti-A and anti-B isohemaglutinins and can result in severe hemolysis in the recipient.   Thus, in pediatric hospitals, volume reduction (removal of most of the plasma surrounding the platelets) or washing of the unit (removal of all plasma surrounding the platelets with re-suspension in normal saline) can be performed.   Each of these procedures mentioned can harm the platelets by activating them, thereby damaging or dampening the platelet product and/or its effectiveness.  Additionally, both procedures can take up to 1-2 hours to be prepared in the blood bank, thus delaying transfusion of the product.  Finally, products that are washed have a 4-hour expiration period (from processing in an open system) with an increased risk for bacterial contamination necessitating immediate transfusion after issuance.

9.   An 8 year old male with sickle-cell disease had been inpatient oneweek prior for acute chest syndrome and now presents to your ED with back pain and increased scleral icterus.   When he was discharged from the hospital, his Hb was 10 gm/dL and is now 6 gm/dL.  His reticulocyte count is < 3% and his DAT is 3 + for IgG.  The eluate of the DAT- positive cells reveals an antibody specificity for Fya.  The most likely diagnosis is:

A.  Delayed hemolytic transfusion reaction with the patient’s own red blood cells being

coated with antibody, explaining the positive DAT.

B.  Delayed  hemolytic  transfusion  reaction  with  antibody  coating  the  transfused  RBCs, explaining the positive DAT.

C.  Pain crisis with autoimmune hemolytic anemia. D.  Acute parvovirus infection with pain crisis.

E.  Acute hemolytic transfusion reaction due to minor RBC antigen/antibody incompatibility.

Answer: B

Explanation: This is a classic presentation for a delayed hemolytic transfusion reaction (DHTR) in a patient with sickle cell disease.  It is commonly confused with pain crisis, emphasizing the need for the clinician to obtain a good transfusion history.  DHTRs can cause reticulocytopenia.

It is common for the DAT to be positive right after the reaction has occurred, and eluting the antibody off and finding the antigen specificity is key to drawing the conclusion that this is an alloantibody, especially if the red blood cell phenotype of the patient is known and s/he is Fya negative. If the patient’s own cells were DAT positive, then this would be an autoimmune hemolytic anemia due to autoantibody, which occurs quite frequently in this patient population and needs to be ruled out.   If this process had occurred right after the transfusion, an acute hemolytic transfusion should have

been considered.  Even then the reaction may have been due to a DHTR, with a brisk anamnestic response to an antigen the patient had been previously exposed to and was re-challenged with during this transfusion.

10. A healthy term infant with blood type A+ is born to a G1P1 mother, blood type O - , who is now 15 hours old with a total bilirubin of 10 mg/dl.  The infant’s DAT for IgG is positive,

3+.  When an eluate was performed, which antibody specificity was identified: 

      A.
anti-D IgM

B.
anti-A, B IgG C.
anti-A IgM

D.
anti-d IgG

E.
anti-Kell IgM

Answer: B

Explanation: The anti-A,B IgG antibody can cross the placenta and is found in mothers with O blood type.  This answer is the only possible antibody in the choices offered above that could have crossed the placenta. There is no such thing as an anti-d IgG antibody because there is no known d allele on RBCs.  In a person who is D negative (Rh negative), the D allele is absent, hence only anti-D antibodies exist and are responsible for Rh disease if this were the case. However, this is the mother’s first pregnancy and it is less likely that this is hemolytic disease of the newborn (HDN) due to Rh disease, and more likely secondary to ABO incompatibility.  IgM does not cross the placenta, so anti-D IgM, anti-Kell IgM, anti-A IgM could not be responsible for this clinical situation.

11.  A 7 year old female with sickle cell hemoblodin SS disease is being chronically transfused with RBCs (10 ml/kg) every 3-4 weeks for secondary stroke prevention.Approximately 10 minutes into her transfusion today, the patient tells her mother that she feels “yucky and has back pain.”  She spikes a fever to 101 ºF.  These symptoms are most consistent with:
A. Delayed hemolytic transfusion reaction

B. Febrile non-hemolytic transfusion reaction

C. Transfusion-related acute lung injury D. Acute hemolytic transfusion reaction E. SCD vaso-occlusive pain crisis

Answer:  D

Explanation:  This patient is experiencing an acute hemolytic transfusion reaction (AHTR).  Commonly in children, the only sign to indicated AHTR  is fever. However, in this patient’s case she also expressed feeling “yucky and complained of back pain.”  In the original description of an adult experiencing AHTR, the person complained of back pain and a feeling of impending doom.  This child’s characterization is similar and along with the fever, AHTR isthe first adverse event to be ruled out.  The transfusion should be stopped immediately and the bloodproduct sent to the blood bank with a post-transfusion specimen from the patient. The patient’s blood pressure should be monitored closely as well as her urine output.

12.   Transfusion-related acute lung injury

(TRALI) and Transfusion-associated circulatory overload (TACO) are characterized by

A.  TRALI and TACO both result in non-cardiogenic pulmonary edema

B.  TRALI and TACO both have symptoms of decreased oxygen saturation and 

  bilateral lung infiltrates

C. TRALI and TACO are both antibody mediated processes

D. TRALI and TACO both result in pulmonary edema which responds acutely to diuretics

E. TRALI and TACO both rarely occur in pediatric hematology and oncology patients, and should be on the differential diagnosis only when pulmonary complications arise at least

12 hours after transfusion of any blood product

Answer:  B

Explanation:    The  correct  answer  is  B  because  both  TRALI  and  TACO  exhibit  similar symptoms  initially  with  decreased  oxygen  saturation  and  bilateral  infiltrates  on  x-ray. However, TACO responds well to diuretics whereas TRALI patients do not thus choice D is incorrect.  TACO is a cardiogenic pulmonary edema whereas TRALI is non-cardiogenic, thus choice A is incorrect.  TRALI is an antibody mediated process in some cases whereas TACO is a non-immune process altogether hence choice C is incorrect.   Finally, choice E is incorrect because despite the rarity (likely due to under-reporting/diagnosing of TRALI and TACO) the symptoms occur much closer to the transfusion from , any time immediately after the transfusion-to- during the transfusion, and up to 8 hours post transfusion (12 hours is too far out from transfusion).

13.  Two types of platelet products  exist, (apheresis or single donor platelets) and (whole-blood- derived or random donor platelets or platelet concentrates).  Which is correct about apheresis and whole-blood derived platelet products?

A.  Apheresis platelets and whole-blood-derived platelets must be constantly agitated and stored at 4 ºC.

B. Apheresis  platelets  and  whole-blood-derived  platelets  contain  a  similar  number  of thrombocytes which makes it easy to dose both types for pediatrics.

C. Both platelet types decrease the possibility of multiple donor exposures and bacterial contamination

D. Both platelet types can be stored for 5 days and are suspended in the donor plasma.

E. Both platelet types are leukoreduced by processing and don’t require a separate filter for

leukoreduction after the product is made.

Answer:  D

Explanation:  Choice D is correct because both apheresis platelets and whole-blood-derived platelets are stored for 5 days and are suspended in donor plasma.   Choice A is incorrect because despite the fact that both products need constant agitation they are both stored at room temperature (22 – 24 Cº) and not refrigerated (4Cº) like RBCs.  Choice B is incorrect because the products do not contain the same number of thrombocytes.   In fact, there are 6-8 times more platelets per microliter in an apheresis platelet than a whole-blood-derived product.  However, both are dosed the same at 10 ml/kg but  several whole-blood-derived products are needed to meet the volume required for transfusion  so the blood bank will pool whole-blood derivedproducts.   Choice C is also incorrect as there are multiple blood donor exposures for the patient with whole-blood- derived platelets to prepare an adequate volume for the transfusion. In contrast, apheresis platelets come from one donor and an entire apheresis platelet is equal to 1 adult dose of platelets.

14. Cryoprecipitate (1 unit/5-10 kgs pooled) is the best choice  to treat which of the following patients?

A.     A  newborn  infant  suspected  of  hemophilia  B  for  which  there  is  not  a  factor  IX

concentrate available .

B.    A patient  with  factor  XI deficiency who is  going to  have an  adenoidectomy and tonsillectomy.

C.   In a cardiac patient to reverse warfarin toxicity in the setting ofintracranial hemorrhage requiring immediate neurosurgery.

D.   A patient with TTP undergoing therapeutic apheresis requiring  cryoprecipitate priming before plasma is administered.

E.   A  trauma  victim  who  has  received  3  total  blood  volumes  of p RBCs  and  3  units  of apheresis platelets and has a fibrinogen level of 80 mg/dl.

Answer:  E

Explanation:  The correct answer is E as cryoprecipitate should be administered to anyone with a fibrinogen level below 100 mg/dl.  Especially in the case of a trauma patient who is likely experiencing dilutional coagulopathy and dilutional thrombocytopenia.  Choice A is incorrect because cryoprecipiate contains FVIII, vWF, FXIII, and fibronectin but not FIX.  For the same reason, choice  B is also incorrect as cryoprecipitate does not contain FXI (only frozen plasma contains this factor). Choice C is incorrect because warfarin needs to be reversed with a product containing vitamin K-dependent clotting factors (Factor II, VII, IX and X) which are not found in cryoprecipiate..  Finally, Choice D is incorrect because TTP patients treated with therapeutic apheresis receive fresh frozen plasma products and sometimes cryo-poor or cryo-reduced plasma products to decrease the amount of von Willebrand factor in the infusion.

15.  During the storage of pRBC units, erythrocytes DO NOT experience: 

A. Nitric oxide depletion 7 days after storage in any anticoagulant preservative solution. 

B.  Increased extracellular potassium concentrations.

C. Increases in extracellular free hemoglobin..

D. Intracellular 2,3 DPG falls and approaches zero by 14 days of storage but then returns to normal levels in 24 hours after transfusion to the recipient.

E. Intracellular pH falls.

Answer:  A

Explanation:    Nitric oxide has been shown to disappear approximately four hours after storage. The rest of the storage lesion changes are correct as written above.
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1.
A 28-month-old white female with precursor B-cell acute lymphoblastic leukemia (ALL) is 7 days post intravenous methotrexate. Her white blood cell (WBC) count is 0.7, hemoglobin is 6 g/dl, and platelets are < 10,000/µL. She has a fever to 102 °F, mild epistaxis, hypotension, and has just been transferred to the pediatric intensive care unit. After blood pressure restoration and antibiotic administration, which of the following is the best choice?

A.
Order type and crossmatch for packed red blood cell (pRBCs) and platelets and administer immediately.

B.
Order type and crossmatch for leukoreduced, irradiated pRBCs and platelets and administer immediately.

C.
Obtain consent, order type, and crossmatch for leukoreduced pRBCs and platelets and administer immediately.

D.
Obtain consent, order type, and crossmatch for leukoreduced, irradiated pRBCs and platelets and administer immediately.

E.
Obtain consent, order type, and crossmatch for leukoreduced, irradiated pRBCs and volume-reduced platelets and administer immediately.

2.
A 9-year-old female fell off a horse and was rushed to the emergency room because of massive internal bleeding. Her estimated weight is 25 kg. The patient’s estimated total blood volume (TBV) was 1,750 mls. Initially, six units of pRBCs were given (~1,500 ml), followed by another nine units (~2,250 ml) given over the next 2 hours. Two doses of fresh frozen plasma (FFP; 10 ml/kg) were also administered. You are concerned the patient has developed dilutional coagulogpathy.What is the next most appropriate step in her management?
A.
Order prothrombin time or Protime (PT), activated partial thromboplastin time (aPTT), platelet count, and fibrinogen level STAT and order more FFP (10 ml/kg), platelets (10 ml/kg), and three pooled units of cryoprecipitate. 
B.
Order platelets (10 ml/kg) and more FFP (10 ml/kg) x three doses. 

C.
Order platelets only and then PT, aPTT, and fibrinogen.

D.
Order more pRBCs (emergency release) and give platelets (10 ml/kg), then order more FFP (10 ml/kg).

E.
Order PT, aPTT, platelet count, and fibrinogen level; wait for STAT results; then order more FFP (10 ml/kg), platelets (10 ml/kg), and three pooled units of cryoprecipitate.

3.
A 5-year-old female (20 kg) with meningococcemia confirmed by blood culture is transferred to your facility. The patient’s labs are significant for WBC = 20,000/mm3; hemoglobin 9.5 g/dL; platelet count = 30,000 plts/µL; PT = 24 seconds, aPTT = 75 seconds, fibrinogen = 65 mg/dL. Blood components are immediately required. Which of the following orders should be sent immediately to the blood bank?

A.
Order blood type and crossmatch two units of pRBCs and one unit of single-donor apheresis platelets STAT.

B.
Order blood type of the patient plus 10–15 ml/kg of FFP and pool four units of cryoprecipitate STAT.

C.
Order emergency release type 0 Rh negative pRBCs and AB negative single-donor apheresis platelets STAT.

D.
Order blood type and before results are available, order 10–15 ml/kg of AB Rh negative or positive FFP and pool four units of AB cryoprecipitate STAT.

E.
Order one single-donor apheresis platelet immediately; blood type compatibility is not required.

4.
A 2-year-old female with pallor and bruising presents to a hospital for evaluation. On physical exam, the patient has cervical lymphadenopathy and hepatosplenomegaly. A CBC reveals WBC = 1.2 x 103/mm3, hemoglobin = 3.5 g/dL, platelet count = 10,000/mm3, and reticulocytopenia. Direct antiglobulin test (DAT) is negative for C3 and IgG. Prior to transferring the patient to your facility, the referring physician wants to transfuse her with pRBCs and platelets. You recommend that all cellular blood components should be irradiated prior to transfusion in order to
A.
Reduce the risk of bacterial contamination
B.
Reduce the risk of HLA-sensitization
C.
Eliminate the risk of TA-GVHD
D.
Eliminate the risk of transfusion-transmission of CMV
E.
Reduce the risk of an acute hemolytic transfusion reaction

5.
A 6-year-old African-American female with sickle cell hemoglobin SS disease is being treated by you for acute chest syndrome (ACS). Her past medical history is significant for having received 10 previous pRBC transfusions for ACS, splenic sequestration, and aplastic crisis. Her last pRBC transfusion was 1 year prior to this admission. The patient’s ACS is worsening with an increased O2 requirement and a hemoglobin drop to 4.5 gm/dL. A type and crossmatch are ordered. The blood bank calls the physician and states that the antibody screen is positive and there will be a delay in obtaining the antigen-negative units as they try to identify the antibody specificity. Which RBC alloantibody is most likely to develop in this child?

A.
Anti-M 

B.
Anti-Lea 

C.
Anti-B 
D.
Anti-E

E.
Anti-N

6.
What testing is performed in the blood bank to provide crossmatched-compatible pRBCs for a patient with a history of RBC alloantibodies?

A.
ABO and Rh (D+ or D-) blood type performed, then indirect antiglobulin test done with patient’s plasma/serum and 3–4 screening reagent RBCs.

B.
ABO and Rh (D+ or D-) blood type performed, then indirect antiglobulin test done with patient’s plasma/serum and 3-4 screening reagent RBCs. Antigen-negative donor RBC unit selected and issued to patient.

C.
ABO and Rh (D+ or D-) blood type performed followed by indirect antiglobulin test with patient’s plasma/serum and 3–4 screening reagent RBCs. Antigen-negative donor RBC unit (negative for antigens that patient has or had antibodies to) is selected and patient’s plasma/serum sample was mixed and agglutination occurred. Then the crossmatch-compatible units were issued for transfusion.

D.
ABO and Rh (D+ or D-) blood type performed followed by indirect antiglobulin test with patient’s plasma/serum and 3–4 screening reagent RBCs. One unit of O negative RBCs are selected from inventory and immediately issued for transfusion.

E.
ABO and Rh (D+ or D-) blood type performed followed by indirect antiglobulin test with the patient’s plasma/serum and 3–4 screening reagent RBCs. Antigen-negative donor RBC units (negative for antigens that patient has or had antibodies to) are selected and patient’s plasma/serum sample was mixed and agglutination did not occur. The crossmatch-compatible units were then issued for transfusion.

7.
A term infant, born to a healthy gravida 1 para 1 (G2P1) woman is discovered to have bruising, petechiae, and a significant cephalohematoma following vacuum extraction for a difficult vaginal delivery. The infant’s initial CBC revealed a platelet count of 15,000/mm3 and a normal hemoglobin and WBC. The mother’s platelet count is normal. Which of the following would be the immediate next step in the treatment of this infant?

A.
Test for platelet-specific antibodies in the mother’s plasma and then obtain platelet apheresis from the mother and transfuse these to the infant.

B.
Test the father and mother for platelet antigens and then obtain platelet apheresis from the mother and transfuse these as soon as available.
C.
Administer IVIG and banked platelets to the infant immediately and then obtain platelet apheresis from the mother and transfuse the unit to the infant after washing. Then test the mother’s plasma for platelet antibodies.

D.
Immediately transfuse banked platelets to the infant, then obtain platelet apheresis from mother and transfuse these to the infant. Thereafter, test the mother’s plasma for platelet antibodies.

E.
Obtain a platelet apheresis from the mother and transfuse these to the infant after washing. Then test the mother’s plasma for platelet-specific antibodies.

8.
A 4-year-old female with ALL is admitted for pancytopenia and fever. Her platelet count is <10,000/mm3. The patient’s blood type is A+. The blood bank is low on platelet inventory and can only dispense O+ platelets. Which of the following is the best platelet product to prepare and transfuse to this patient?
A.
Transfuse 10 ml/kg of O+ single-donor platelets that are prestorage, leukoreduced, and irradiated.

B.
Transfuse 10 ml/kg of O+ single-donor platelets that are volume-reduced, prestorage, leukoreduced, and irradiated.

C.
Wait to transfuse this child despite active bleeding because it is unsafe to transfuse O+ prestorage, leukoreduced, and irradiated single-donor platelets to an A+ child. 

D.
Transfuse 10 ml/kg of O+ single-donor platelets that are irradiated only.

E.
Transfuse 10 ml/kg of O+ single-donor platelets that are volume-reduced and irradiated.

9.
An 8-year-old male with sickle cell disease had been inpatient 1 week prior for ACS and now presents to your emergency department with back pain and increased scleral icterus. When he was discharged from the hospital, his hemoglobin was 10 gm/dL and is now 6 gm/dL. His reticulocyte count is <3% and his DAT is 3+ for IgG. The eluate of the DAT-positive cells reveals an antibody specificity for Fya. The most likely diagnosis is
A.
Delayed hemolytic transfusion reaction with the patient’s own RBCs being coated with antibody, explaining the positive DAT
B.
Delayed hemolytic transfusion reaction with antibody coating the transfused RBCs, explaining the positive DAT
C.
Pain crisis with autoimmune hemolytic anemia
D.
Acute parvovirus infection with pain crisis
E.
Acute hemolytic transfusion reaction due to minor RBC antigen/antibody incompatibility
10.
A healthy term infant with blood type A+ is born to a G1P1 mother (blood type O - ) and is now 15 hours old with a total bilirubin of 10 mg/dl. The infant’s DAT for IgG is positive, 3+. When an eluate was performed, which antibody specificity was identified?
A.
Anti-D IgM

B.
Anti-A, B IgG 

C.
Anti-A IgM

D.
Anti-d IgG

E.
Anti-Kell IgM

11.
A 7-year-old female with sickle cell hemoglobin SS disease is being chronically transfused with pRBCs (10 ml/kg) every 3–4 weeks for secondary stroke prevention. Approximately 10 minutes into her transfusion today, the patient tells her mother that she feels “yucky and has back pain.” She spikes a fever to 101 °F. These symptoms are most consistent with
A.
Delayed hemolytic transfusion reaction

B.
Febrile nonhemolytic transfusion reaction

C.
Transfusion-related acute lung injury 

D.
Acute hemolytic transfusion reaction 

E.
SCD vaso-occlusive pain crisis

12.
Which of the following statements about transfusion-related acute lung injury (TRALI) and transfusion-associated circulatory overload (TACO) is true?
A.
TRALI and TACO both result in noncardiogenic pulmonary edema.
B.
TRALI and TACO both have symptoms of decreased oxygen saturation and bilateral lung infiltrates.

C.
TRALI and TACO are both antibody-mediated processes.

D.
TRALI and TACO both result in pulmonary edema, which responds acutely to diuretics.

E.
TRALI and TACO both rarely occur in pediatric hematology and oncology patients, and should be on the differential diagnosis only when pulmonary complications arise at least 12 hours after transfusion of any blood product.

13.
Two types of platelet products exist: (1) apheresis or single-donor platelets and (2) whole blood–derived or random donor platelets or platelet concentrates. Which of the following is a correct statement about apheresis and whole blood–derived platelet products?

A.
Apheresis platelets and whole blood–derived platelets must be constantly agitated and stored at 4 °C.

B.
Apheresis platelets and whole blood–derived platelets contain a similar number of thrombocytes, which makes it easy to dose both types for pediatrics.

C.
Both platelet types decrease the possibility of multiple-donor exposures and bacterial contamination.
D.
Both platelet types can be stored for 5 days and are suspended in the donor plasma.

E.
Both platelet types are leukoreduced by processing and don’t require a separate filter for leukoreduction after the product is made.

14.
Cryoprecipitate (1 unit/5–10 kgs pooled) is the best choice to treat which of the following patients?

A.
A newborn infant suspected of hemophilia B for which there is not a factor IX concentrate available
B.
A patient with factor XI deficiency who is going to have an adenoidectomy and tonsillectom
C.
A cardiac patient to reverse warfarin toxicity in the setting ofintracranial hemorrhage requiring immediate neurosurgery
D.
A patient with thrombotic thrombocytopenic purpura (TTP) undergoing therapeutic apheresis requiring cryoprecipitate priming before plasma is administered
E.
A trauma victim who has received three total blood volumes of pRBCs and three units of apheresis platelets and has a fibrinogen level of 80 mg/dl
15.
During the storage of pRBC units, erythrocytes do not experience
A.
Nitric oxide depletion 7 days after storage in any anticoagulant preservative solution
B.
Increased extracellular potassium concentrations
C.
Increases in extracellular free hemoglobin
D.
Intracellular 2,3 DPB decrease in first 2 weeks of storage; however, once transfused 2,3 DPG levels return to normal in RBCs 24 hours after transfusion in the recipient 
E.
Intracellular pH falls
16.
A 6-year-boy with FXI deficiency (30%) is scheduled to have elective tonsillectomy and adenoidectomy. While at the ENT’s office, the surgeon asks the family if they would like to directly donate blood for the surgery. The parents say yes, and the father states “he is the universal donor of blood, type O Rh-negative.” The surgeon says “great” and sends the parents to the American Red Cross so he can donate blood for his son. On the day of surgery the patient is blood typed at the hospital as A Rh-negative. Which of the following answers is correct?
A.
If the child begins to bleed and needs FFP during the surgery, the plasma prepared from the whole blood donation of type O blood will be safe and compatible to give to his son because O is the universal donor blood type. 
B.
If the child begins to bleed and needs FFP during the surgery, the blood bank will have to give FFP prepared from whole blood that is banked and stored at the hospital that is of A blood type because the father’s blood is incompatible with the son’s blood. 
C.
If the child begins to bleed during surgery, A Rh-negative platelets should be given in conjunction with A Rh-negative cryoprecipitate.

D.
If the child begins to bleed during the surgery, Riastap should be administered immediately followed by the father’s donated FFP. 
E.
If the child begins to bleed during surgery, Humate-P and Recombinant VIIa should be given immediately. 
17.
Leukoreduction of cellular blood products (RBCs and platelets) prevents which of the following transfusion reactions in children with precursor B-cell ALL?
A.
Transfusion-associated graft-versus-host disease

B.
Transfusion-associated circulatory overload

C.
HLA alloimmunization

D.
RBC alloimmunization

E.
Anaphylactic transfusion reaction

18.
Which of the following choices best characterizes the differences between FFP and Octaplas™ (solvent detergent treated plasma)?
A.
FFP is a U.S. Food and Drug Administration (FDA)-approved product and Octaplas™ is not FDA approved.
B.
Only FFP has been tested for viruses; Octaplas doesn’t do any viral testing because they rely on their solvent detergent method to kill enveloped and nonenveloped viruses. 

C.
FFP has much higher levels of protein S and alpha 2 antiplasmin than Octaplas™. 
D.
FFP is less likely to cause allergic transfusion reactions than Octaplas™. 

E.
FFP needs to be given to patients with compatible RBC ABO types and Octaplas™ does not have to be ABO-type compatible with the patient. 
19.
Which of the following clinical scenarios is correct regarding platelet crossmatching?
A.
Platelet crossmatching is a routine practice in the blood bank and must be done prior to every platelet transfusion.

B.
Platelet crossmatching is done in the context of platelet refractoriness and informs clinicians of the specificity of the antibody causing the refractoriness.

C.
Platelet crossmatching plays no role in the platelet refractory setting and should not be ordered for this evaluation. 
D.
Platelet crossmatching can be performed regardless of the antibody causing the refractory state. 
E.
Platelet crossmatching should be ordered only when the specificity of the antibody is HLA in origin. 
20.
A 10-year-old female is 20 days post cord blood transplant for AML. She develops an Aspergillus lung infection, confirmed by lung biopsy. Her clinical status worsens despite standard antifungal therapy and she remains neutropenic with WBCs continually below 500. The physicians managing her care call the blood bank to order a granulocyte transfusion. Which of the following choices is most correct when ordering granulocytes transfusions for patients?
A.
ABO crossmatch-compatible granulocytes that are leukoreduced, irradiated, and CMV-sero-negative due to the patient’s underlying CMV-seronegative status
B.
ABO crossmatch-compatible granulocytes that are irradiated and CMV sero-negative due to the patient’s underlying CMV-seronegative status
C.
Granulocytes that are irradiated and CMV-negative due to the patient’s underlying CMV sero-negative status
D.
Granulocytes that are leukoreduced, irradiated, and CMV-seronegative due to the patient’s underlying CMV-seronegative status
E.
Granulocytes that are leukoreduced, irradiated, and CMV not tested because leukoreduction will make the product CMV safe no matter the CMV sero-status of the blood donor
Transfusion Medicine: Answers
Question 1

Answer: D

Explanation: Consent is required for the administration of all blood products. Risks and benefits of blood administration should be explained to the patient and/or family at that time. Individual hospitals have varying guidelines for consent and these should be known to clinicians prior to writing orders for blood products. As for leukoreduction, the units that are cellular (pRBC and platelets) contain white blood cells that can cause febrile, nonhemolytic transfusion reactions, human leukocyte (HLA) alloimmunization, and cytomegalovirus (CMV) transmission. Thus, leukoreduction in this setting is appropriate and, in reality, ought to be done for all children despite their immune status. Irradiation is required due to the immunocompromised status of the patient because leukoreduction alone will not prevent transfusion-associated graft-versus-host disease (TA-GVHD). Irradiation sterilizes T-cells, inhibiting proliferation. TA-GVHD is a rare transfusion complication with >90% mortality.

Question 2

Answer: A

Explanation: Massive transfusion with pRBCs (approximately 1–2x the total blood volume of the patient) can result in a dilutional thrombocytopenia and coagulopathy. Coagulation factors and platelets decrease partially due to consumption, but mainly secondary to dilution by pRBCs that contain minimal amounts of plasma. Laboratory tests play an important role in the treatment of this dynamic situation. However, due to the turnaround time and/or delays in the laboratory for PT, aPTT, fibrinogen, and platelets, the results primarily are used to guide continued therapy but not dictate initial therapy. In this question, initial therapy with FFP and cryoprecipitate can be empirically used due to the stated pRBC volume, which is slightly greater than 1–2x the total blood volume of the patient. FFP is a useful product because it contains all of the clotting factors. Cryoprecipitate is extremely effective to rapidly replenish fibrinogen and is the product of choice to treat either acquired or congenital hypofibrinogenemia. 

Question 3

Answer: D

Explanation: Meningococcemia can induce a severe consumptive coagulopathy as described in this case. The patient is only mildly anemic, yet severely coagulopathic with a prolonged PT, PTT, and extremely low fibrinogen. Knowledge of AB plasma as the “universal (plasma) donor” is necessary, given that the patient’s blood type is not known and plasma therapy must be emergently administered prior to pRBC administration. AB plasma does not contain any isohemaglutinins that may cause intravascular hemolysis in the recipient, particularly if his or her blood type is A or B. Many hospitals try to issue type-specific or type-compatible plasma, especially when large volumes of plasma are anticipated for the pediatric patient. In the above case, neither the blood bank nor the physician knew the patient’s blood type, thereby obligating the clinician to request “universal donor type” AB plasma. This plasma is extremely rare, with only 4% of blood donors being blood type AB. To this end, blood bankers try very hard to move to type-specific or type-compatible plasma as soon as possible to effectively manage their AB inventory. In ordering a blood type urgently (even when pRBCs are not needed immediately), the clinician can avert unnecessary delays and ward off a worsening of the coagulopathy. Frozen plasma should be dosed at 10–15 ml/kg and should be ABO-type specific or compatible, but not necessarily Rh-type-specific or compatible. Cryoprecipitate will most efficiently replenish the fibrinogen. The rule of thumb is 1–2 units of cryo for every 5–10 kgs.

Question 4

Answer: C

Explanation: Irradiation is required in immunocompromised patients, and leukoreduction alone will not prevent TA-GVHD. T-cell irradiation sterilizes T-cells, inhibiting proliferation. TA-GVHD is a rare transfusion complication with >90% mortality. Leukoreduction reduces the risk of bacterial contamination and HLA sensitization. Transfusion-transmitted CMV also is reduced, yet not totally eliminated, by leukoreduction or irradiation. The risk of an acute hemolytic transfusion reaction is not reduced with irradiation.

Question 5

Answer: D

Explanation: An anti-E alloantibody may develop in a patient if he or she is missing the E antigen on the RBC and is exposed to the E antigen via RBC transfusion. E-negative RBC phenotypes are common in African-Americans with hemoglobin SS disease. The donor population is largely Caucasian and has specific RBC antigenic differences from the primarily African-American sickle-cell population whereby the recipient is exposed to the donor’s positive-E antigen, sensitizing the recipient and inducing the alloantibody formation. Anti-E IgG is a hemolytic antibody and can precipitate both intra- and extravascular hemolysis in the recipient. Anti-M and anti-N are usually cold allo- or autoantibodies and are rarely clinically significant. Anti-B is a naturally occurring isohemaglutinin and is found in A and O blood type plasma. Finally, anti-Lea is usually not a clinically significant alloantibody yet can be formed in persons who do not have Lea on the surface of their RBC and are exposed to Lea from donor RBCs.

Question 6

Answer: E

Explanation: The following sentences describe what is done in the blood bank when a type and screen are ordered by the physician. ABO and Rh (D+ or D-) blood type is determined. Then the indirect antiglobulin test (screen) is performed by mixing the patient’s plasma/serum sample with 3–4 screening reagent RBCs. This test screens for unexpected, clinically significant alloantibodies of the IgG type that can cause hemolysis. If the screen reveals a positive reaction with any one of the reagent cells, the test is positive and the antibody specificity must be determined to correctly select donor RBC units for the crossmatch test. Antigen-negative donor RBC units (negative for antigens that the patient has or has had antibodies to) are selected and the patient’s plasma/serum sample is mixed with them. If agglutination occurs, then the crossmatch is positive and the blood bank would not issue the unit. If no agglutination occurs on crossmatch, the blood is compatible and issued for transfusion. To perform a crossmatch test, a segment of RBCs from the donor unit is separated and mixed with the patient’s plasma/serum. This “segment” method of testing prevents the entire unit from being breached such that if the unit ends up not being used for that particular patient it can be retested and subsequently reassigned to a compatible patient. Implicit in the order for a type and crossmatch is a screening of the patient’s plasma/serum.

Question 7

Answer: E

Explanation: Neonatal alloimmune thrombocytopenia (NAIT), especially in patients with a low platelet count (< 30–50,000 plts/µl), will require a platelet transfusion. The primary concern in this clinical situation is determing which product is best to transfuse. The ideal platelet product is one without the offending antigen. The mother typically is the best platelet source because her platelets lack the offending antigen present on the infant’s platelets. The antibody has been passively transferred from mother to infant during pregnancy and is responsible for the destruction of the infant’s platelets. The antigen on the infant’s cells is inherited from the father. HPA-1a is the most commonly implicated platelet antigen found in Caucasians yet is not typically known at the time of diagnosis and immediate therapy must be initiated. The mother’s platelets can be obtained by apheresis techniques as long as she is stable and healthy enough to donate postpartum. The product must be gently washed to eliminate maternal plasma that contains the offending antibody that crossed the placenta and caused platelet destruction in the infant.
Question 8

Answer: B

Explanation: This patient requires a platelet transfusion. However, administering O platelets to an A group patient without knowing the titer of the anti-A isohemaglutinin is unacceptable. There have been three reported pediatric deaths in the literature with the administration of “out-of-ABO group” platelets. The plasma accompanying type O platelets can contain both anti-A and anti-B isohemaglutinins and can result in severe hemolysis in the recipient. Thus, in pediatric hospitals, volume reduction (removal of most of the plasma surrounding the platelets) or washing of the unit (removal of all plasma surrounding the platelets with resuspension in normal saline) can be performed. Each of these procedures mentioned can harm the platelets by activating them, thereby damaging or dampening the platelet product and/or its effectiveness. Additionally, both procedures can take up to 1–2 hours to be prepared in the blood bank, thus delaying transfusion of the product. Finally, products that are washed have a 4-hour expiration period (from processing in an open system) with an increased risk for bacterial contamination, necessitating immediate transfusion after issuance.

Question 9

Answer: B

Explanation: This is a classic presentation for a delayed hemolytic transfusion reaction (DHTR) in a patient with sickle cell disease. It is commonly confused with pain crisis, emphasizing the need for the clinician to obtain a good transfusion history. DHTRs can cause reticulocytopenia. It is common for the DAT to be positive right after the reaction has occurred, and eluting the antibody off and finding the antigen specificity is key to drawing the conclusion that this is an alloantibody, especially if the red blood cell phenotype of the patient is known and he or she is Fya negative. If the patient’s own cells were DAT positive, then this would be an autoimmune hemolytic anemia due to autoantibody, which occurs quite frequently in this patient population and needs to be ruled out. If this process had occurred right after the transfusion, an acute hemolytic transfusion should have been considered. Even then the reaction may have been due to a DHTR, with a brisk anamnestic response to an antigen the patient had been previously exposed to and was re-challenged with during this transfusion.

Question 10

Answer: B

Explanation: The anti-A, B IgG antibody can cross the placenta and is found in mothers with O blood type. This answer is the only possible antibody in the choices offered above that could have crossed the placenta. There is no such thing as an anti-D IgG antibody because there is no known D allele on RBCs. In a person who is D negative (Rh negative), the D allele is absent, hence only anti-D antibodies exist and are responsible for Rh disease if this were the case. However, this is the mother’s first pregnancy and it is less likely that this is hemolytic disease of the newborn (HDN) due to Rh disease, and more likely secondary to ABO incompatibility. IgM does not cross the placenta, so anti-D IgM, anti-Kell IgM, and anti-A IgM could not be responsible for this clinical situation.

Question 11

Answer: D

Explanation: This patient is experiencing an acute hemolytic transfusion reaction (AHTR). Commonly in children, the only sign to indicated AHTR is fever. However, in this patient’s case she also expressed feeling “yucky and complained of back pain.” In the original description of an adult experiencing AHTR, the person complained of back pain and a feeling of impending doom. This child’s characterization is similar and, along with the fever, AHTR is the first adverse event to be ruled out. The transfusion should be stopped immediately and the blood product sent to the blood bank with a posttransfusion specimen from the patient. The patient’s blood pressure should be monitored closely as well as her urine output.

Question 12

Answer: B

Explanation: The correct answer is B because both TRALI and TACO exhibit similar symptoms initially with decreased oxygen saturation and bilateral infiltrates on X ray. However, TACO responds well to diuretics whereas TRALI patients do not, so choice D is incorrect. TACO is a cardiogenic pulmonary edema whereas TRALI is noncardiogenic, thus choice A is incorrect. TRALI is an antibody-mediated process in some cases whereas TACO is a nonimmune process altogether, therefore choice C is incorrect. Finally, choice E is incorrect because despite the rarity (likely due to underreporting/diagnosing of TRALI and TACO), the symptoms occur much closer to the transfusion, from any time immediately after the transfusion to during the transfusion and up to 8 hours post transfusion (12 hours is too far out from transfusion).
Question 13

Answer: D

Explanation: Choice D is correct because both apheresis platelets and whole blood–derived platelets are stored for 5 days and are suspended in donor plasma. Choice A is incorrect because despite the fact that both products need constant agitation, they are both stored at room temperature (22–24 °C) and not refrigerated (4 °C) like pRBCs. Choice B is incorrect because the products do not contain the same number of thrombocytes. In fact, there are 6–8 times more platelets per microliter in an apheresis platelet than a whole blood–derived product. However, both are dosed the same at 10 ml/kg; however, several whole blood–derived products are needed to meet the volume required for transfusion, so the blood bank will pool whole blood–derived products. Choice C also is incorrect because there are multiple blood donor exposures for the patient with whole blood–derived platelets to prepare an adequate volume for the transfusion. In contrast, apheresis platelets come from one donor and an entire apheresis platelet is equal to one adult dose of platelets.

Question 14

Answer: E

Explanation: The correct answer is E because cryoprecipitate should be administered to anyone with a fibrinogen level below 100 mg/dl, especially in the case of a trauma patient who is likely experiencing dilutional coagulopathy and dilutional thrombocytopenia. Choice A is incorrect because cryoprecipitate contains FVIII, vWF, FXIII, and fibronectin but not FIX. For the same reason, choice B is also incorrect because cryoprecipitate does not contain FXI (only frozen plasma contains this factor). Choice C is incorrect because warfarin needs to be reversed with a product containing vitamin K–dependent clotting factors (factor II, VII, IX, and X), which are not found in cryoprecipitate. Finally, choice D is incorrect because TTP patients treated with therapeutic apheresis receive FFP products and sometimes cryo-poor or cryo-reduced plasma products to decrease the amount of von Willebrand factor in the infusion.

Question 15

Answer: A

Explanation: Nitric oxide has been shown to disappear approximately 4 hours after storage. The rest of the storage lesion changes are correct as written above.

Question 16

Answer: B
Explanation: The correct answer is that if the child begins to bleed and requires FFP intraoperatively, the blood bank will have to issue FFP prepared from whole blood that is banked and stored at the hospital that is of A blood type because the father’s plasma is incompatible with the son’s blood type. It is a common misconception that blood type O is the universal donor for all blood products. In reality, it is the universal donor of pRBCs only. It is critical to remember that the plasma of a blood donor that is type O will have anti-A and anti-B IgG and IgM, plus a special antibody anti-A,B IgG. All of the antibodies against A will attach to the RBC of the patient who is blood type A and cause both intravascular and extravascular hemolysis and potentially death due to an acute hemolytic transfusion reaction. One should only transfuse plasma that is compatible, such as A plasma from banked blood or AB plasma, which is the “universal donor of plasma” because it doesn’t contain any anti-A or anti-B antibodies. 
Question 17

Answer: C
Explanation: Leukoreduction of WBCs from RBCs and platelet products—either whole-blood derived or apheresis platelets—reduces HLA alloimmunization. HLA (human leukocyte antigens) are found on WBCs (leukocytes) as the name states. These foreign HLA antigens have far-reaching implications if the transufions recipient develops HLA antibodies. These can be responsible for acute rejection of solid organs that are transplanted and also platelet refractoriness in transfusion recipients. Only class 1 HLA antigens are on platelets, so only those type of antibodies can cause platelet refractoriness. 

Question 18

Answer: C
Explanation: FFP has much higher levels of protein S and alpha-2 antiplasmin than Octaplas™. FFP is plasma frozen within 8 hours of collection. The donors have had infectious disease testing for HIV, HCV, HBV, etc. but there has not been any treatment of the plasma to eliminate untested-for pathogens such as HEV, HAV, malaria, parvo-virus B19, EBV, etc. The process of solvent detergent treating and multiple filtration steps to address prion disease and eliminating enveloped and nonenveloped viruses from the pooled plasma has a benefit over FFP in this regard. However, the process does reduce the levels of protein S to 43% of normal, making the FDA state that severe protein S deficiency is a contraindication to use. The alpha-2 antiplasmin level is only slightly diminished, requiring a warning on the package insert to monitor for hyperfibrinolysis but does not make it a contraindication to use. 

Question 19

Answer: D
Explanation: Platelet crossmatching can be performed regardless of the antibody causing the refractory state. Platelet crossmatching takes place at the donor center and it is where they take the patient plasma and mix it with different platelet donors. If there is not agglutination of signal, depending on the type of crossmatch test performed, the platelet donor unit is deemed compatible. This type of testing bypasses the need for knowing the type of antibody that is causing the refractory state, anti-HLA or anti-HNA, and also avoids knowing the specificity of that antibody. The product that is being transfused may not work as well as a more matched product; however, getting crossmatched platelets is more expeditious, and if a patient with platelet-refractory state is bleeding, this can be a life or death order. Further, when HLA or HLA-matched platelets are found, which takes much longer and is quite expensive, there is not a guarantee that they will work. The rule of thumb is about one-third of platelet matching with specificity will work. 
Question 20

Answer B
Explanation: The correct answer is ABO crossmatch-compatible granulocytes that are irradiated and CMV sero-negative. All granulocytes are collected from either steroid-stimulated or steroid plus G-CSF–stimulated blood donors. No matter which method is used, there is a large volume of pRBC contamination in the product. For this reason, the ABO type must be compatible or a hemolytic transfusion reaction may occur. Further, the number of RBCs contaminating the product can be so great that the hemoglobin level in the patient can rise, sometimes by 1–2 gm/dL, after transfusion, especially in smaller children. The granulocyte product should be transfused within 24 hours of collection and stored at room temperature. If possible, when transfusing the product, the transfusion should be 8–12 hours spaced apart from the antifungal therapy amphotericin. The product should most definitely be irradiated because there are many T-cells from the donor in the product that could cause transfusion-associated graft-versus-host disease in the patient. Finally, the product cannot be leukoreduced because it is full of WBCs, including monocytes. These monocytes, if coming from a CMV sero-positive donor, could transmit CMV to a CMV-naïve recipient who is immunocompromised.Ensuring that the granulocyte donor is CMV negative is likely the best choice for these products.

