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Objectives

APlatelet transfusion
A Guidelines
A Evidence behind the guidelines
A Platelet refractoriness
APlasma transfusion
A Guidelines
A Evidence behind the guidelines

ARIisks of transfusion



PLATELETS




Platelets

ALife span approximately 10 days
APlatelets form from megakaryocyte blebs
A40% in the spleen
A60% circulate
ANormal counts are
150-400/microliter
AT7-10x103 are
consumed daily

http://www.bloodjournal.org/content/121/13/2379



Platelet Products

AWhole blood, buffy coat or platelet rich plasma derived
platelets
A Suspended in 40-70 mL of plasma or platelet additive solution
A May be leukoreduced

ASingle donor apheresis platelets

APlatelet additive solution (PAS) platelets
A About 65% of the plasma is removed



L
Platelet Storage

AStored between 20-24 C with continuous gentle agitation
AShelf life 5 days
A24 hours if open system

AStorage containers allow for oxygen and carbon dioxide
exchange to allow for aerobic oxidative phosphorylation
and maintenance of pH



Bacterial Testing

AAABB requires methods to limit and detect bacteria in
platelet products

ACulture based methods
APoint of issue testing



Quality Assurance

AWhole blood derived platelets

A90% of whole bl ood derived %I ate
platelets and haveaph O 6 . 2

A95% of leukoreducedwh ol e bl ood derived pl e
8.3x10° leukocytes

A Pooled platelets products must h a v &.0X10° leukocytes
AApheresis platelets

A9 0% must c on & alatetets and BaveOapl 06.2

A 95% of leukoreduced apheresis platelets musthave™ 5. ®x 10
leukocytes



Platelet Transfusion

AAdult Dosing
A 4-6 whole blood derived pooled platelets
A One apheresis platelet
A Expected increase in platelet count 30,000-60,000/microliter

APediatric Dosing
A10mL/kg or 1 whole blood derived platelet/ 10kg
A Expected increase 50-100,000/uL

APost-transfusion increment

A Affected by fever, sepsis, DIC, splenomegaly, drugs, platelet
anti bodies, bleeding, é



Product Selection

AABO compatibility
A Should be group specific
A ABO antigens are present on the surface of platelets

A Administration of ABO incompatible plasma
A Titer group O apheresis platelets

ATry to match for RhD but not required

ARhBD is not present on the platelet surface but on residual RBCs in
the product

A Possible to cause alloimmunization to RhD but unlikely
A Can administer Rhlig



Platelet Product Modifications

ALeukoreduction

A Decrease risk of febrile nonhemolytic transfusion reactions, HLA
alloimmunization, CMV transmission

Alrradiation
A Prevent transfusion-associated graft-versus-host disease

AWashed
A Decrease risk of allergic/anaphylactic transfusion reactions
A Remove antibodies in the plasma
AVolume reduced
A Decrease antibodies in the plasma
A Decrease risk of transfusion-associated circulatory overload
AAliquots
A Neonatal and pediatric transfusions



Indications for Platelet Transfusion

AProphylactic Transfusions
A Stable, nonbleeding patient
A Platelet transfusion threshold 10,000/uL
A Higher thresholds with fever or sepsis
ATherapeutic Transfusions

A Minor bleeding or prior to elective catheter placement or low risk
endoscopic procedures

A Platelet transfusion threshold 20,000/uL

A Bleeding or invasive procedure
A Platelet transfusion threshold 50,000/uL

A Neurosurgical patients and ECMO
A Platelet transfusion threshold 100,000/uL

A Massive bleeding or known platelet dysfunction

AOptimal dose is unknown but generally transfuse 1 apheresis
platelet or 4-6 pooled platelets



For adults: one apheresis platelet, equivalent to 6-8 units of platelets, is indicated:
1. Pl atel et utaspmphylakis ahainst8pdrilaheous bleeding in all patients including:

a. Therapy-induced hypoproliferative thrombocytopenia

b. Bone marrow / stem cell transplant patients

2. Platelet uandnt O 20, 000/

a. Minor bleeding (epistaxis, oral mucosal bleeding, etc.), heparin, fever, sepsis,
coagulopathy, anatomic lesion at risk of bleeding

b. Prior to elective catheter placement*

c. Heme-Onc inpatients about to be discharged home or outpatients who are platelet
transfusion-dependent

d. Low risk diagnostic endoscopic procedures (diagnostic upper endoscopy, flexible
sigmoidoscopy, colonoscopy (including biopsies), biliary stent insertion, diagnostic ERCP)

3. Platelet uandnt O 50, 000/

a. Patient with active bleeding (Gl bleed, hemorrhagic cystitis, etc.)

b. Invasive procedure (recent, in-progress or planned nonneuraxial surgery such as
thoracotomy, laparotomy, hip replacement, liver biopsy, etc.)

c. High risk interventional endoscopic procedures (endoscopic polypectomy, endoscopic
hemostasis, tumor ablation, treatment of varices, percutaneous endoscopic gastrostomy
tube placement)*

d. Lumbar puncture

4. Platelet alowitmt O 100, 000/

a. Bleeding in a closed anatomical space (e.g., CNS, ocular)

b. Neurosurgical patients

c. Bleeding after cardiopulmonary bypass

d. Patients on extracorporeal membrane oxygenation (ECMO)

5. In the setting of massive transfusion, without platelet count
6. In the setting of known platelet dysfunction, with a normal or elevated platelet count



Table 2. Summary of the Modified WHO Bleeding Scale*

WHO Bleeding
Grade

Examples

Grade 1

Grade 2

Grade 3

Grade 4

Oropharyngeal bleeding <30 minin 24 h

Epistaxis <30 min in previous 24 h

Petechiae of oral mucosa or skin

Purpura <1 inch in diameter

Spontaneous hematoma in soft tissue or
muscle

Positive stool occult blood test

Microscopic hematuria or hemoglobinuria

Abnormal vaginal bleeding (spotting)

Epistaxis >30 minin 24 h

Purpura >1 inch in diameter

Joint bleeding

Melanotic stool

Hematemesis

Gross/visible hematuria

Abnormal vaginal bleeding (more than
spotting)

Hemoptysis

Visible blood in body cavity fluid

Retinal bleeding without visual impairment

Bleeding at invasive sites

Bleeding requiring red blood cell transfusion
over routine transfusion needs

Bleeding associated with moderate
hemodynamic instability

Bleeding associated with severe
hemodynamic instability

Fatal bleeding

CNS bleeding on imaging study with or
without dysfunction

CNS = central nervous system; WHO = World Health Organization.
* From references 18 and 22.

Ann Intern Med. 2015;162:205-213.



Annals of Internal Medicine CLINICAL GUIDELINE

Platelet Transfusion: A Clinical Practice Guideline From the AABB

Richard M. Kaufman, MD; Benjamin Djulbegovic, MD, PhD; Terry Gernsheimer, MD; Steven Kleinman, MD; Alan T. Tinmouth, MD;
Kelley E. Capocelli, MD; Mark D. Cipolle, MD, PhD; Claudia 5. Cohn, MD, PhD; Mark K. Fung, MD, PhD;

Brenda J. Grossman, MD, MPH; Paul D. Mintz, MD; Barbara A. O'Malley, MD; Deborah A. Sesok-Pizzini, MD; Aryeh Shander, MD;
Gary E. Stack, MD, PhD; Kathryn E. Webert, MD, M5c; Robert Weinstein, MD; Babu G. Welch, MD: Glenn J. Whitman, MD;

Edward C. Wong, MD; and Aaron A.R. Tobian, MD, FhD



Clinical Setting 1: Hospitalized Adult Patients
With Therapy-Induced Hypoproliferative
Thrombocytopenia

Recommendations

Recommendation 1: The AABB recommends that
platelets should be transfused prophylactically to re-
duce the risk for spontaneous bleeding in adult
patients  with  therapy-induced hypoproliferative
thrombocytopenia.

The AABB recommends transfusing hospitalized
adult patients with a platelet count of 10 x 107 cells/L
or less to reduce the risk for spontaneous bleeding.

The AABB recommends transfusing up to a single
apheresis unit or equivalent. Greater doses are not
more effective, and lower doses equal to one half of a
standard apheresis unit are equally effective.

Quality of evidence: moderate; strength of recom-
mendation: strong.

Ann Intern Med. 2015;162:205-213.



Clinical Setting 2: Adult Patients Having Minor
Invasive Procedures
Recommendations

Recommendation 2: The AABB suggests prophy-
lactic platelet transfusion for patients having elective
central venous catheter placement with a platelet count
less than 20 x 107 cells/L.

Quality of evidence: low; strength of recommenda-
tion: weak.

Recommendation 3: The AABB suggests prophy-
lactic platelet transfusion for patients having elective
diagnostic lumbar puncture with a platelet count less
than 50 x 107 cells/L.

Quality of evidence: very low; strength of recom-
mendation: weak.

Ann Intern Med. 2015;162:205-213.



Clinical Setting 3: Adult Patients Having Major
Elective Nonneuraxial Surgery
Recommendations

Recommendation 4: The AABB suggests prophy-
lactic platelet transfusion for patients having major
elective nonneuraxial surgery with a platelet count less
than 50 x 107 cells/L.

Quality of evidence: very low; strength of recom-
mendation: weak.

Recommendation 5: The AABB recommends
against routine prophylactic platelet transfusion for pa-
tients who are nonthrombocytopenic and have cardiac
surgery with cardiopulmonary bypass (CPB). The AABB
suggests platelet transfusion for patients having CPB
who exhibit perioperative bleeding with thrombocyto-
penia and/or with evidence of platelet dysfunction.

Quality of evidence: very low; strength of recom-
mendation: weak.

Ann Intern Med. 2015;162:205-213.



Clinical Setting 4: Adult Patients Receiving
Antiplatelet Therapy Who Have Intracranial
Hemorrhage (Traumatic or Spontaneous)
Recommendations

Recommendation 6: The AABB cannot recommend
for or against platelet transfusion for patients receiving
antiplatelet therapy who have intracranial hemorrhage
(traumatic or spontaneous).

Quality of evidence: very low; strength of recom-
mendation: uncertain.

Ann Intern Med. 2015;162:205-213.



Contraindications to Platelet Transfusion

AAbsolute contraindications in the absence of significant or
life threatening bleeding
A Thrombotic thrombocytopenic purpura
A Heparin induced thrombocytopenia

ARelative contraindications in the absence of significant or
life threatening bleeding
Almmune thrombocytopenia



Platelet Refractoriness

Almmune versus non immune causes

AAnti-human platelet antigen antibodies and anti-HLA
Class | antibodies

ACheck 1 hour post platelet count
ACalculate corrected count increment

CCI = Post-Transfusion Platelet Increment (10%1) x Body Surface Area (m2)
10 Transfused Platelets

/N

> 7500 7 nonimmune causes <7500 7T immune causes
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Normal patient showing platelet level graphed against
time. The patient shows an increase at the time of
transfusion (red arrow) and a minimal decrease over
the following hours. Due to this slow decrease,
measurement at both 1 hour and 6 hour post-
transfusion (green and black arrows)show similar
levels.

Patient with non-immune platelet refractoriness (e.g.
fever). The patient shows an increase at the time of
transfusion (red arrow) and a slow decrease over the
following hours. Measurement at 1 hour (green
arrow) and 6 hours (black arrow) show markedly
different levels.

Patient with either immune-mediated refractoriness
or non-immune refractoriness (e.g. splenomegaly).
The patient shows an increase at the time of
transfusion (red arrow) and a rapid return to pre-
transfusion levels. Measurement at 1 hour (green
arrow) and 6 hours (black arrow) show low platelet
level

http://www.pathology.med.umich.edu/handbook/Tables/Platelet_Refractoriness_Evaluation_Supplement



Platelet Antibody Testing

L

133




Platelet Antibodyv TeEtinu

B
HPA-1a alloAb - N 1
HPA-1a alloAb 2
HPA-1b alloAb 3

negative control

http://www.haematologica.org/content/97/5/696



Interpretation

AChloroquine destroys anti-HLA reactivity.
Alf you have a positive reaction, add chloroquine.

Alf the reaction is still positive and the reactivity is the
same, anti-platelet antibodies are present.

Alf the reaction is still positive and the reactivity is
decreased, both anti-platelet and anti-HLA antibodies are
present.

Alf the reaction becomes negative, only anti-HLA
antibodies are present.



Management

AABO matched platelets
ACrossmatched platelets

AHLA matched platelets

AHLA antibody antigen negative platelets



Nonimmune Causes of Platelet

Refractoriness

AFever

ASepsis
AAntibiotics
ADrugs
AConsumption
ABleeding
AHypersplenism



PLASMA




Plasma LS
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AAcellular, liguid part of blood
A 90% water
A 7% protein
A 2-3% nutrients, crystalloids, hormones, and vitamins

ACoagulation factors
A Fibrinogen
A Factor XIlI
AVon Willebrand factor
A Factor VIII primarily bound to VWF
A Clotting factors Il, VII, IX, and X
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Plasma

ACollected from whole blood or apheresis
AFrozen and -8Cored at O
AShelf-life 1 year frozen

AThawed in water bath at 30-37 C (20-30 minutes)
A Shelf life of 24 hours at 1-6 C
A Can be extended for up to 5 days post thaw



Plasma Products

AFFP

AFP24

ACryoprecipitate-reduced plasma

AThawed plasma

AFFP, FP4, and thawed plasma are used interchangeably



Fresh Frozen Plasma Coagulation Factors*

Coagulation Factor Plasma Concentration Half-Life of Factor Recovery in Blood
Required for Hemostasis (as % of Amount
(U/mL) Transfused)

Il (prothrombin) 0.4 2-5 days 40-80%

VI 0.05-0.2 2-7 hours 70-80%

IX (Christmas factor) 0.1-0.4 18-24 hours 40-50%

Xl 0.15-0.3 3-4 days 90-100%

vWEFT 0.25-0.5 3-5 hours 75%

* A dose of 10 ml/kg will typically provide sufficient coagulation factors to achieve hemostasis. Factor
levels in donor plasma are variable, but can be assumed to be approximately 1 U/ml. Post-transfusion
recovery of transfused factors may be less than expected due to extravascular distribution or
consumption.

** Factor Xlll is also present in cryoprecipitate, along with factors VIII, vWF, fibrinogen, and fibronectin.

T vWEF levels vary with ABO type. Type O blood has less amount of circulating vWF; AB has the most.

http://www.mc.vanderbilt.edu/documents/vmcpathology/files/Coagulation%20Factors%20Half%20Life%20FFP%20content%20Recove



.
FFP vs FP24

AContains above the minimum clotting factor activity
required for surgical hemostasis immediately post thaw

Almproved logistics
ACost effective processing of whole blood
AFacilitated conversion to male-only plasma



Comparison of Coagulation Factor Activity
In FFP and FP24

TABLE 1. Coagulation factor activity in FFP and FP24 at the time of thaw and after 120 hours of 1 to 6°C storage

Thaw, mean * SD (range) by product

Minimum activity required

120 hr, mean (range) by product

% Change after 120 hr at 1-6°C

Analyte FFP (n=20) FP24 (n=14)" for safe surgical hemostasis® FFP (n=20) FP24 (n=14)"* FFP FP24
FII (1U/dL) 97 =+ 10 (83-125) 97 + 8 (80-113) 20%-40% 95 + 10 (82-126) 96 + 11 (74-120) 3 1
FV (U/dL) 85 =+ 13 (63-104) 86 = 16 (54-124) 25% 67 = 19 (17-92) 50 + 22 (15-109) 21% 31t
FVII (1U/dL) 105 + 25 (50-163) 89 + 22 (54-145 10%-20% 70 + 18 (34-102 77 + 27 (50-159) 33t 14t
[CEvIL(u/dug 81 + 19 (47-117) 66 + 17 (30-100)f 30% 43 + 10 (27-60) 48 + 12 (26-73) 474 28
F IX (IU/dL) 82 = 13 (62-108) 88 = 13 (70-105) 25%-30% 80 = 12 (64-107) 84 = 12 (65-99) 2 af
FX (1U/dL) 94 + 10 (71-112) 94 + 11 (72-112) 10%-20% 87 = 11 (65-111) 91 + 12 (67-114) 74 3t
VWF:Ag (IU/dL)§ 98 + 27 (57-156) 132 + 41 (78-211) NE 97 + 30 (48-150) 127 =+ 40 (79-224) 1 4
VWF:RCo (IU/dL)§ 101 + 26 (61-152) 123 + 47 (58-238) 25%-50% 93 + 30 (48-149) 102 =+ 38 (50-191) 8t 17%
FGN (mg/dL) 280 + 52 (223-455) 309 =+ 70 (211-500) 100 mg/dL 278 + 50 (223-455) 303 =+ 50 (205-490) 1 2t
AT (1U/dL) 67 + 9 (85-118) 97 = 11 (77-110) NE 100 + 10 (85-131) 101 =+ 14 (73-116) 3 af
[T PC (o7an) 707 * 20 (74-148) 88 + 16 (65-120)T NE 07 * 19 (77-148) 80 + 17 (66-115)1 0 2 |
PS (1U/dL) 97 ~ 18 (61-123) 92 ~ 18 (54-121) NE 90 =« 22 (52-134) 78 = 19 (46-114)] 71 155

* n= 25 for Fll, FV, FVIII, FGN, VWF:RCo, and PS.

Tt p< 0.05 compared with mean activity in FFP of the same age.
1 p<0.05 when comparing mean activity at thaw to mean activity after 120 hours of 1 to 6°C storage.
§ Only results from group O products were used for statistical comparisons of factor VIIl, VWF:Ag, and VWF:RCo activities.

NE = not established.

At Thaw 1

120 hours -

FVIII 23% lower in FP24 (p=0.003)

PC 18% lower in FP24 (p=0.006)

PC 17% lower in FP24 (p=0.009)

PS 13% lower in FP24 (p=0.044)

TRANSFUSION 2009;49:1584-1591.




Comparison of Coagulation Factor Activity
In FFP and FP24

TABLE 1. Coagulation factor activity in FFP and FP24 at the time of thaw and after 120 hours of 1 to 6°C storage

Thaw, mean * SD (range) by product

Minimum activity required

120 hr, mean (range) by product

% Change after 120 hr at 1-6°C

Analyte FFP (n=20) FP24 (n=14)" for safe surgical hemostasis® FFP (n = 20) FP24 (n= 14)" FFP FP24
FIl (IU/dL) 97 + 10 (83-125) 97 = 8 (80-113) 20%-40% 95 + 10 (82-126) 9 = 11 (74-120) 3t 1

FV (U/dL) 85 + 13 (63-104) 86 + 16 (54-124) 25% 67 + 19 (17-92) 59 + 22 (15-109) 214 31
FVII (U/dL) 105 + 25 (50-163) 89 + 22 (54-145) 10%-20% 70 + 18 (34-102) 77 + 27 (50-159) 33t 141
FVIII (IU/dL)§ 81 + 19 (47-117) 66 + 17 (30-100)t 30% 43 + 10 (27-60) 48 + 12 (26-73) 47¢ 28f
FIX (IU/dL) 82 + 13 (62-108) 88 + 13 (70-105) 25%-30% 80 + 12 (64-107) 84 + 12 (65-99) 2 4t
FX (IU/dL) 94 + 10 (71-112) 94 + 11 (72-112) 10%-20% 87 + 11 (65-111) 91 + 12 (67-114) 7% 3t
VWF:Ag (IU/dL)§ 98 + 27 (57-156) 132 = 41 (78-211) NE 97 + 30 (48-150) 127 = 40 (79-224) 1 4

VWF:RCo (IU/L)§ 101 = 26 (61-152) 123 + 47 (58-238) 25%-50% 93 + 30 (48-149) 102 + 38 (50-191) 8t 174
FGN (mg/dL) 280 + 52 (223-455) 309 = 70 (211-500) 100 mg/dL 278 + 50 (223-455) 303 * 50 (205-490) 1 2t
AT (1U/dL) 97 + 9 (85-118) 97 + 11 (77-110) NE 100 + 10 (85-131) 101 = 14 (73-116) 3 4t
PC (IU/dL) 107 + 20 (74-148) 88 + 16 (65-120)F NE 107 + 19 (77-148) 89 + 17 (65-115)t 0 2

PS (1U/dL) 97 + 18 (61-123) 92 + 18 (54-121) NE 90 + 22 (52-134) 78 + 19 (46-114)f 7t 154

* n= 25 for Fll, FV, FVIII, FGN, VWF:RCo, and PS.

Tt p< 0.05 compared with mean activity in FFP of the same age.

1 p<0.05 when comparing mean activity at thaw to mean activity after 120 hours of 1 to 6°C storage.

§ Only results from group O products were used for statistical comparisons of factor VIIl, VWF:Ag, and VWF:RCo activities.
NE = not established.

Significant decrease in activity of FV, FX, VWF:Rco, and PS at 120 hours post thaw

TRANSFUSION 2009;49:1584-1591.






