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TABLE 19-3. ABO Matching
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ABO-Compatible
Recipient ABO-Compatible Plasma or

ABO Type RBC Units Piatelet Units
0 0 A, B, 0, AB
A A 0O A, AB
B B, O B, AB
AB A, B, O, AB AB

RBC = Red Blood Cell.
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COMPONENT PREPARATION

Whole blood collected by phlebotomy

Centnfugatlon Centmfugatnon
(nght spin) (Heavy spln)

L} i L l} I
Red blood cell Platelet-rich Platelet-poor Red blood cell
concentrate plasma plasma concentrate

Spm
Frozen V\githin 8 hours
L of collection
S e { B , N
Platelet Platelet poor Liquid Fresh frozen
concentrate plasma plasma plasma

|
Frozen w!ithiq 8 hours
of collection

| Fresh frozen ‘

plasma
| —
Thaw! and spin Thaw and spin
at1-6'C at1-6'C
JVL 1\,/ S e oA lVL 1\//
v Cryopoor Plasma Plasma - Cryopoor
Cryopaciptiale plasma | | derivatives | | derivatives CHopEaipizls plasma

Mosby items and derived items © 2008 by Mosby, Inc.
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Red cell Transfusion

AABB:

50-60% In surgery

30% ICU

Majority of transfusion decision in
“acute settings

FBTO:

30% for thalassemia major &
intermediate

40% for cardiac surgery
10-15% for organ transplantation
15-20% for General suraerv & medicine



Blood is the most

dangerous
medication that a
physician ever
prescribes”




When Deciding to
Transfuse



REMEMBER...
THE DECISION FOR BLOOD
RANSFUSION SHOULD

LWAYS BE A BALANCE

ETWEEN




Storage temperatures
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Jala yea ( Whole blood )
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Anticoagulants

CPD CRD-Al

rage time |21 days |35 days

Temperature 1-6 C 1-6 C

Slows glycolytic activity
Adenine None Substrate for ATP
synthesis
Volume 450 +/- 10%
Dextrose Supports ATP generation by glycolytic
pathway

Citrate Prevents coagulation by binding calcium




dditive Solution

Remove platelet rich plasma within 72 hours

o Add additive solution to RBCs, ADSOL,
which consists of SAGEM:

Saline
Adenine
Glucose

Mannitol: conteraindicated in newborn, neonate
& in neurosurgery patients

o Extends storage to 42 days
o Final hematocrit approximately 66%



Changes Occur During Storage

Shelf life = expiration date o

At end of expiration must have 75%
recovery at least 75% of transfused
cells remain in circulation 24 hours after
transfusion




ignificant for infants & massive transfusion

Na

s

Red Blood Cell !—



Whole Blood
4 Fresh Whole Blood
B ~
- Cellular Components-Red Cell Concentrates
i 3 Platelet Concentrates
' ' Granulocyte Concentrate
a \ | Plasma Components-Fresh Frozen plasma

Cryoprecipitate
Cryopoor plasma
Stored plasma
Plasma Derivatives-Albumin
Immunoglobulin
Coagulation Factors




Shelf life ( storage ) lesion
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2,3-diphosphoglycerate (DPG) from
stored red cells increase in hemoglobin’s
ffinity for 02, RBC units stored for >1-2

eeks at least for the first 12 to 24
hours after transfusion.

o Beyond 7-10 days of storage, the P50
of hemoglobin decreases from 27m16mmHg:
Shifting the dissociation curve to the left.

o RBC units (>21 days old) were associated
with a significantly increased risk of
Transfusions of older death



Factors that
shift the O,
dissociation

curve.
2,3-DPG,

2,3-Diphosphoglycerate.

Percent saturation of hemoglobin

100

90 —

80 —

Low 2,3-DPG
A —
Alkalosis
Hypothermia

High 2,3-DPG
. g

Acidosis
Hyperthermia

20 30 40 50 60 70
Po, (mm Hg)
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Jala e ( Whole blood )
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Whole Blood

o Clinical indications are
extremely limited.

o Non-functional platelet
o Labile coagulation factors.
o Must be ABO & Rh identical.
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Indications

Acute blood loss with hypovolaemia
Exchange transfusion-severe anaemia at birth
severe hyperbilirubinaemia

o2
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Indications

Acute blood loss with hypovolaemia
Exchange transfusion-severe anaemia at birth
severe hyperbilirubinaemia

1 Massive transfusion
- Cardiovascular bypass surgery

" -




BLOOD

D
. Increase oxygen-carrying capacity

Not to Increase intravascular volume

Not consider only Hb values.

. Consider the overall status of the
patient.



- Inadequate splanchnic
perfusion when the Hb level

decreased to 5.9g/dL.

- Increasing O-carrying capacity
is the only real indication for
blood transfusions



The following key information is
required

. 1.0verall condition of the patient
. 2.Assessment of anticipated blood loss
3.Measurement of blood loss

- 4.Quantitation of intravenous fluids
given overall

. 5.Determination of Hb concentration
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Factors to consider include
the symptomatic

emia

IZZziness

Weakness

Shortness of breath

The patient’s age
Underlying cardiac diseases
Pulmonary diseases
Vascular disease.



Disease

Severe cardiopulmonary failure

Mild to moderate Failure
Acute coronary syndromes
Symptomatic Anemia

Preop with probability of >500ml blood loss in op

Uremia & bleeding due to thrombocytopenia

Blood volume loss>25%

Sickle cell anemia
- Acute splenic sequestration crises

- Acute chest syndrome & CVA

- General Anesthesia

Hb

<13
<10

<8
<7

<9

<10
<6

<5

10

10

HCT

<40%

<20%

HbS
<30%

HbS
<60%



Hb value >10 g/dl ==\ require

blood transfusions

o Whereas patients with acute anemia
<6 g/dL
transfusions.

o Patients with chronic anemia (as in
renal failure) might tolerate an
Hb< 6-7 g/L.
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- The indications for transfusion
of autologous \more liberal
than allogeneic RBCs




B . 1. Blood loss >20% of blood volume B
. 2. Hb < 8 g/dL in cardiac problem

- 3. Hb<7 g/dl before surgery .

- 4 . Hb <9-10 g/dL in major disease
(emphysema, ischemic heart disease)

5.Hb<7 in toxic & poor condition



4. Hb level <10 g/dL in autologous blood
5. Hb level <11-12 g/dL in ventilator dependent

Hb of 8.0 g/dL or less can be tolerated by if not
critically ill or not severe cardiorespiratory
disease.



G5 B0 Jard) ) gl
St a N Y gaa Hb>10 00 0A G5 ©
e NN Hb<6 7 0
Hb<7 L Al s Cmayly Jlaw 2 @
Hb<9 »~lade )2 o
Hb<10 ¢irisd L Aismgag sf 908 ©
Hb<8 L s Gsf b @
15% < 09 () s 3 OlJme @
o Hb<8 with major disease
(emphysemas, heart disease).
o Hb<11 autologus blood.
o Hb<12 Ventilator dependent.
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GUIDE LINE FOR RBC TRANSFUSION

Hgb>10, rarely needed

Hgb <6, usually needed
b,<,6gr% almost always need transfusion
b<7critically ill pt except if have CVD Hb<8

Hb<9g% before surgery with estimated blood loss more
than 500 cc

o Hb<10 in uremic or thrombocytopenic bleeding

o Hb<8 in acute coronary syndrome

o Hb<8 CABG,Hct>24 risk Q wave MI,Hb>8 longer period
ischemia

o Orthopedic surger Hb<8

o A cute blood loss > 15% volume correction result in
decompensation cardiac output

Blood transfusion is an art




TABLE 20-1. Signs and Symptoms of Anemia vs Acute Blood Loss

Symptom Anemia Hypovolemia

Tachycardia X

>

Palpitations X

Cooling of extremities

< |

Pallor

Hypotension

Reduced arterial pressure

Reduced central venous (jugular) pressure

Acidosis

Increased respirations

Decline in urinary output

X X X[ X| X X| X X X| X

Mental status changes

Weakness

Headache

Dizziness

Disorientation

Dyspnea

>X| x| X| X| X| X

Angina




‘I\/Iiller’s Anesthesiology textbook

TABLE61-1 AMERICAN COLLEGE OF SURGEONS CLASSES OF ACUTE HEMORRHAGE

Factors

Blood loss (mL)

Blood loss (% blood
volume)

Pulse (beats/min)

Blood pressure

Pulse pressure (mm Hg)

Capillary refill test

Respirations per minute
Urine output (mL/hr)
Central nervous system:

Mental status
Fluid replacement
(3-1rule)

Class |

750
15

100

Normal

Normal or increased
Normal

14-20

30

Slightly anxious

Crystalloid

Class Il

750-1500
15-30

100

Normal
Decreased
Positive

20-30

20-30

Mildly anxious

Crystalloid

Class Il

1500-2000
30-40

120

Decreased
Decreased
Positive

30-40

510

Anxious, confused

Crystalloid + blood

Class [V

2000 or more
40 or more

140 or higher
Decreased
Decreased

Positive

35

Negligible
Confused, lethargic

Crystalloid + blood




TABLE19-2. The Use of RBC Transfusion for Sickle Cell Disease Complications*

Complication Transfusion Methed (strength of recommendation)

Symptomatic severe acute chest syndrome Exchange (strong)
(defined by an oxygen saturation <90% despite
supplemental oxygen)

Acute splenic sequestration and severe anemia Simple (strong)

Acute stroke in children and adults: Initiate a Simple or exchange (strong)
program of monthly transfusions

Hepatic sequestration Simple or exchange (moderate)
Intrahepatic cholestasis Exchange or simple (consensus)
Multisystem organ failure Exchange or simple (consensus)
Aplastic crisis Simple (consensus)
Symptomatic anemia Simple (consensus)

Child with transcranial Doppler reading >200 cm/s  Exchange or simple (strong)

Adults or children with previous clinically overt Exchange or simple (moderate)
stroke

* 24
Adapted from Yawn et al. S 505 - 5508 s (512 51



Leukocyte-reduced RBCs
Sefinition:_Produced.with_€ 70% of oricina

white cells & >80% original red cells.

Leukocyte less than 5x106
Methods

o Centrifugation

o Washing

o Micro aggregate filter, 90-99% removal
o Fourth generation filter, 99.9% removal

o Prestorage leuko-depletion lower level of
cytokine generation in blood bag during
storage & lower risk of FNHTR

o Bedside leukoreduction s hypotention




Leukocyte Reduction




Indications For Leukodepleted Blood

Prevention of recurrent FNHTR
+Prevention of alloimmunizationto HLA
in multiply transfused pts or multiple pregnancy
*Prevention of CMV & HTLV transmission
To reduce the immunmodulatory effect of blood transfusion.

Wound infection in surgical patient

Post op infection

Thrombosis

organ failure

Indjcations under review

TRALI

Prevention of latent HIV reactivation
Not prevent GVHD



Leukocyte Reduces RBCs

o CMV is carried in WBCs (probably neutrophils) only

o Filfered products appear equivalent o CMV
seronegative products in prevention of CMV
seroconversion

o CMV seronegative products
Infant /neonatal, Organ transplant patients
If pt is CMV positive, give CMV positive
products
HIV patients should be given CMV positive

products, because CMV (-) can stimulates
further immune reaction




Washed RBCs

HCT 70 - 80%
Volume 180 cc -

Washing removes plasma proteins, platelets,
WBCs and micro aggregates which may cause
febrile or urticaria reactions.

: 1-2 hours process

Must used washed RBC within 24 hours of
preparation because the system was opened

Washing causes 10-207%RBC loss so more
transfusion need

Transfusion hazards as RBC




o reduce the recurrence of severe allergic o
or anaphylactic transfusion reactions to be
caused by plasma proteins

IgA deficient patients o
Post-transfusion purpura. o

Repeated febrile nonhemolytic transfusion o
reactions

In hyperkalemic patient



Washed Red Blood Cells)

Washing removes plasma proteins, platelets,
WBCs and micro aggregates which may cause

febrile or urticarial reactions.

o Patient requiring this product is the IgA
deficient patient with anti-IgA antibodies.

o Prepared by using a machine which washes the
cells 3 times with saline to remove &

o Expires 24 hours after unit is entered.



Irradiation of Components

00 Rad

tients at greatest risk are:
severely immunosuppressed,
immunocompromised

receive blood donated by relatives
intrauterine transfusions

o Irradiation inactivates lymphocytes, leaving platelets, RBCs and
granulocytes relatively undamaged.

o Must be labeled "irradiated”.

o Expiration date if Irridation in Firstl14 days : till 28 d.
o Irridation after 14 days become 5 day after irridation
o 48H after k doubled.



Irradiation of Blood Components

to destroy viable T- lymphocytes which may
cause Graft Versus Host Disease (GVHD).

o0 GVHD is a disease that results when
immunocompetent, viable lymphocytes in
donor blood engraft in an
immunocompromised host, recognize the
patient tissues as foreign and produce
antibodies against patient tissues.

o primarily skin, liver and GI tract.

o The resulting disease has serious
consequences.




Clinical Indications for use of
Irradiated Blood Components

eneic ologous
ngenital cellular deficiency disorders
ntrauterine transfusions
Neonatal exchange transfusions
(premature low birth wt<1500)
o Hodgkin's disease
o Aplastic anaemia patients on immunosuppressive therapy

o Patients receiving purine analogues, with associated
immunosuppression

o HLA-matched single donor platelets

o Cellular components derived from near genetic relatives
of the recipient (directed donations)

o 6ranulocyte transfusions
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Transfusion safety

ABO compatibility rules

(2 Patient = Recipient
1
A B AB (0]
Yes No Yes No
' B No Yes Yes No
Red blood

cells AB No No Yes No
Do;tor' 0 Yes Yes Yes Yes

+ Henry’s Clinical Diagnosis & Laboratory Management By Laboratory Methods. 2007

+ chapter 35 page:669-684
GOS0 505 -0 S5 508wl (sl 63



Transfusion safety

ABO compatibility rules

( ;1. Patient = Recipient
A B AB o
A Yes No No Yes
No Yes No Yes
plasma H AB Yes Yes Yes Yes
Do;or o No No Mo ves

+ Henry’s Clinical Diagnosis & Laboratory Management By Laboratory Methods. 2007

+ chapter 35 page:669-684$&).g 505 - S 5ah s Lo Sl 64



Every Rh negative patient have one time
chance to receive Rh positive component

o Not important acute problem

o Some non-responder

o Only late extavascualer hemolysis : Rhogam
o Menopause or old age




o Anti-D antibodies are not constitutively

present in the serum of an Rh-negative
patient.

o0 60-70% of Rh- patients exposed to
Rh+ RBCs will develop anti-D antibodies

o There is a latency period before the
antibodies are synthesized




Transfuse
Rhogam till 72h after transfusion

ug Amp = 1lcc PRBC or

2cc whole blood

1 vial Rhogam=300ug for 30 cc whole blood
Or 15cc packed RBC

If transfuse 200cc whole blood to Pt

200 / 30=6.6=7=8

If transfuse 200cc packed RBC to Pt
200/15=13.2=14



Massive transfusion

In massive bleeding ; blood loss>50% ,
bleeding>150mi/min

8-10 RBC unit tranfused<24h

-Na citrate toxicity ;

Hypo ca & Mg

-Cardiac dyscontractility & arrhythmia
-Liver transplantation

- Hyperkalemia

-Renal failure

-Neonate & Pediatric age group
-Hypovolemic shock




-Hypothermia ; blood warmer
Core temp < 34°c

-Plt dysfunction

-Slow metabolic Path

Core temp < 30°c

-Tachycardia & vent fibrillation

-Decreased 2,3 DPG ; shelf - life lesion
Blood unit >14 days ; 2,3 DPG:0
P50 :27—-16 : Shift to the Lt.

24-48 h for restoration



Dilutional coagulopathy

-Wash - out & dilution of plt & CF
- Pltdrop to 1:3 ( 210,000 — 70, 000 )

-PT & PTT > x1.5 NL — capillary bleeding
Neuro & ophthalmology;

microvascular bleeding
— PT & PTT >1.3 ULN — FFP
- PT > x1.5 NL ~ INR2 ( ISI:2)
-Fibrinogen level>100mg%
-PIt >75-100%x103
2 unit cryo/10kg: 50-100mg1" Fibrinogen
level
To Initiate massive transfusion :
10 RBC units/6 RDP or 1SDP+2FFP




Compatibility Testing In Massive
Transfusion

-ABO & RH Typing : 10-15 min

-Cross match : 45-60 min

-Immediate spin cross match

-Group O Neg

-Rh IG : 72 h after D+transfusion in D-

patient



Use of whole blood

-Decreased Factor V & VIII During
storage

Useful for concomitant red cell &
Volume deficits &

Active bleeding as liver
transplantation



TABLE 27-1. Categories of Adverse Transfusion Reactions and Their Management*

‘Therapeutic/Prophylactic
Type Incidence Etiology Presentation Diagnostic Testing Approach
Acute (<24 hours) Transfusion Reactions—Immunologic
Hemolytic ABO Rhmismatch:  Redcell Chills, fever, hemoglobinuria, Clerical check Keep drine output >1 mi/kg/hr
1 in 40,000 incompatibility hypotension, renal failure with  DAT with fluids and IV diuretic
AHTR: 1in 76,000 oliguria, DIC (oozing from IV Visual inspection (free Hb) (furosemide)
Fatal HTR: sites), back pain, pain along  Repeat patient ABO, pre- and  Analgesics (may need mor-
1in 1.8 million infusion vein, anxiety posttransfusion sample phine)
Further tests as indicated to  Pressors for hypotension
define possible incompatibil-  (low-dose dopamine)
ity Hemostatic components
Further tests as indicated to  (platelets, cryoprecipitate, or
detact hemolysis (LDH, FFP) for bleeding
bilirubin, etc)
Febrile, nonhemo-  0.1to 1% with uni-  Accumulated cyto-  Fever, chills/rigors, head- Rule out hemolysis (DAT, Leukocyte-reduced blood
lytic versal leukoreduction  kines in platelet unit  ache, vomiting inspect for hemoglobinemia,  Antipyretic premedication
Antibody to donor repeat patient ABO) (acetaminophen, no aspirin)
WBCs Rule out bacterial
contamination
WBC antibody screent
Uticariadl - 1:100-1:33 ~  Antibodytodonor  Unticaria, pruritis, flushing  Rule outhemolysis (DAT,  Antihistamine, freatmentor
(1%-3%) plasma proteins inspect for hemoglobinemia,  premedication (PO or IV)
repeat patient ABO) May restart unit slowly after
antihistamine if symptoms

resoive




N

Therapeutic/Prophylactic
Type Incidence Etiology Pmontalion maemﬂc Tesllng Apprnach e asodl
Anaphylactic 1:20,000-1:50,000  Antibody to donor Hypotensnon umcana bron Rule out hemolysus (DAT Trendelenburg (feet up) posu
plasma proteins chospasm (respiratory dis-  inspect for hemoglobinemia, tion
(includes lgA, tress, wheezing), local edema, repeat patient ABO) Fluids
haptoglobin, C4) anxiety Anti-IgA Epinephrine (adult dose: 0.2-
Cytokines IgA, quantitative 0.5 mL of 1:1000 solution SC or
IM; in severe cases, 1:10,000
IV, initial rate 1mcg/minute)
Antihistamines, corticosteroids,
beta-2 agonists
IgA-deficient blood components
TRALI 1:1,200-1:190,000 ~ WBC antibodies i Hypoxemia, respiratory fail-  Rule out hemolysis (DAT, ~ Supportive care until recovery
‘ donor {occasionally  ure, hypotension, fever, inspect for hemoglobinemia,  Deferral of implicated donors
in recipient), other  bilateral pulmonary edema  repeat patient ABO)
WBC-activating Rule out cardiogenic
agents in compo- pulmonary edema
nents WBC antibody screen in

donor and recipient. If
positive, antigen typing may
be indicated

WBC crossmatch
ChestX-ray




Transfusion-

Varies by component  Bacterial contamina-  Fever, chills, hypotension Gram's stain Broad spectrum antibiotics
assoclated (see Infectious Dis-  tion . Culture of component {until sensitivities completed)
sepsis ease Screening, Patient culture Treat complications (eg, shock)

Chapter 8) Rule out hemolysis (DAT,

inspect for hemoglobinemia,
repeat patient ABO)

Hypotension asso-  Dependent on clinical Inhibited metabolism  Flushing, hypotension Rule out hemolysis (DAT, Withdraw ACE inhibition
ciated with ACE setting of bradykinin with inspect for hemoglobinemia,  Avoid albumin volume replace-
inhibition infusion of brady- repeat patient ABO) ment for plasmapheresis

kinin {negatively Avoid bedside leukocyte filtra-

charged filters) or tion

activators of

prekallikrein
Circulatory over-  <1% * Volumeoverioad  Dyspnea, othopnea, cough,  ChestX-ray ~  Uprightposture
o i tachycardia, hypertension,  RuleoutTRALI  ~  Oxygen ot

~ headache 1V diuretic (furosemide)
Phiebotomy (250-mL incre-
ments)

Nonimmune hemo- Rare Physical or chemical  Hemoglobinuria, hemoglobi-  Rule out patient hemolysis Identify and eliminate cause
lysis destruction of blood  nemia (DAT, inspect for hemoglobi-

(heating, freezing, nemia, repeat patient ABO)

hemolytic drug or Test unit for hemolysis

solution added to

blood)
Air embolus Rare Air infusion vialine  Sudden shortness of breath,  X-ray for intravascular air  Place patient on left side with

acute cyanosis, pain, cough, e legs elevated above chest and
hypotension, cardiac arrhyth- - head

S

Z4e SRR AT S S




Hypocalcemia (ion-  Dependent on clinical Rapid citrate infusion  Paresthesia, tetany, lonized calcium PO calcium supplement for mild

ized calcium; citrate  setting (massive transfusion  arrhythmia Prolonged Q-T interval on symptoms during therapeutic
toxicity) : of citrated blood, electrocardiogram apheresis procedures
delayed metabolism Slow calcium infusion while
of citrate, apheresis monitoring ionized calcium lev-
procedures) els in severe cases

Delayed (>24 hours) Trahs!usian Reactions—Iimmunologic

Alloimmuni- 1:100 (1%) Immune response to  Positive blood group Antibody screen Avoid unnecessary transfusions
zation, red call foreign antigens on  antibody screening test DAT Leukocyte-reduced blood
Alloimmuni- 1:10 (10%) WBCsand Platelet refractoriness, Platelet antibody screen  Avoid unnecessary transfusions
zation, HLA anti- platelets (HLA) delayed hemolytic reaction,  HLA antibody scresn Leukocyte-reduced blood
gens EE hemolytic disease of the
newborn
Hemolytic 1:2500-11,000 Anamnestic immune  Fever, decreasing Antibody screen Identify antibody
response to red cell  hemoglobin, new DAT Transfuse compatible RBCs as
antigens positive antibody screening  Tests for hemolysis (visual ~ needed
test, mild jaundice inspection for hemoglobine-

mia, LDH, bilirubin, urinary
hemosiderin as clinically
indicated)



N

Graft-vs-host Rare Donor lymphocytes  Erythroderma, maculopapu-  Skin biopsy Corticosteroids, cytotoxic
disease engraft in recipient  far rash, anorexia, nausea,  HLA typing agents
and mount attack on  vomiting, diarrhea, hepatitis,  Molecular analysis for irradiation of blood components
host tissues pancytopenia, fever chimerism for patients at risk (including
components from related
donors and HLA-selected com-
Tl ponents)
Posttransfusion Rare Recipient platelet Thrombocytopenic Platelet antibody screenand  IVIG
purpura antibodies (apparent  purpura, bleeding 8-10 days  identification HPA-1a-negative platelets
alloantibody, usually ~ after transfusion Plasmapheresis
anti-HPA-1a) destroy
autologous platelets
Delayed (>24 hours) Transfusion Reactions—Nonimmunologic
Iron overload Typically after >100  Multiple transfusions  Diabetes, cirrhosis, cardiomy-  Serum ferritin Iron chelators
RBC units with obligate iron opathy Liver enzymes
foad in transfusion- Endocrine function tests
dependent patient

*For platelet refractoriness, see chapter on platelet and granulocyte antigens and antibodies; for septic transfusion reactions, see chapter on transfusion-transmitted diseases. For a recent

summary of transfusion reactions, see Popovsky.*
"Blood group antibody screening test.

AHTR = acute hemolytic transfusion reaction; HTR = hemolytic transfusion reaction; DIC = disseminated intravascular coagulation; DAT = direct antiglobulin test; IV = intravenous; Hb =
hemoglobin; LDH = lactate dehydrogenase; CRYQ = cryoprecipitated antihemophilic factor; FFP = fresh frozen plasma; WBC = white blood cell; PO = by mouth; SC = subcutaneous; IM =
intramuscular; IgA = immunoglobulin A; ACE = angiotensin-converting enzyme; TRALI = transfusion-related acute lung injury; RBC = Red Blood Cell; IVIG = intravenous immunoglobulin;

HPA = human platelet antigen.
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TABLE 20-7. Guidelines for Correction of Excessive Oral Anticoagulation™

Clinical Situation

INR >therapeutic but <5, no significant bleeding

Lower anticoagulant dosage.

Temporarily discontinue drug if necessary.

INR >5 but <9, no significant bleeding

Omit 1-2 doses; monitor INR; resume when in thera-
peutic range.

Alternative if patient at increased risk of hemorrhage:

¢ Omit a dose and give 1 to 2.5 mg vitamin K, orally.

% For rapid reversal before urgent surgery: give2to 4
mg vitamin K, orally; repeat dose with 1 1o 2 mg at
24 hours if INR remains elevated.

INR >9, no significant bigeding

Omit warfarin; give 2.5-5.0 mg vitamin K, orally.

Closely monitor INR; give additional vitamin X, if nec-
essary.

Resume warfarin at lowear dose when INR is within
therapeutic range,

Serious bleeding at any elevation of INR

Omit warfarin,

Give 10 mg vitamin K, by slow intravencus infusion.

Supplement with plasma or prothrombin complex
concentirate depending on urgency of correction.

Vitamin K, infusions can be repeated every 12 hours.

Life-threatening hemorrhage

Omit warfarin.

Give prothrombin compiex concentrate with 10 mg
vitamin K, by slow intravenous infusion.

Repeat as necassary, dapending on INR,

“Adapted from Ansell et al"™; guicelines developed and vetted by the American College of Chest Physicians.

INR = international normalized ratio.
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FIGURE 20-2. Exponential refationship of INR to percentages of factor levels. {Used with permission from
Wayne Chandler, MD, University of Washington Department of Laboratory Medicine )
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Side effects of FFP

- Fever , chills & allergic reactions

-Server allergic reactions with -
bronchospasm &

-TRALI ; noncardiogenic pulmonary edema -
(HLA Abs in donor plasma react with recipient
WBC ) or ; third leading cause of mortality
related to transfusion ,underdiagnosed because
can occur in extremely ill patients

-Anaphylactic reactions ;
IgA / Haptoglobin containg plasma

infusion into IgA def.
-Transfusion Transmitted infectious disease



_ Side effects of FFP

1- Fever chills & allergic reactions

2- Occasionally server allergic reactions with
bronchospasm &

3-TRALI ( noncardiogenic pulmonary ) edema

HLA Abs in donor plasma react with recipient WBC)
or; third leading cause of mortality related to
transfusion underdiagnosed because can occur in
extremly ill patients ; especially if Donor is Lady

4-Anaphylactic reactions ;
IgA containg plasma infusion in to IgA def.
5- Transmission of infectious disease
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Cryoprecipitate

010-15 ml per unit (bag)
o Fibrinogen 150-250 mg
oFactor VIII 80-120 units

oVon Willebrand Factor 40-
70% of FFP

oFactor XIII 20-30% of FFP
oFibronectin  20-40 mg



| S Qs G pde B iyl

18 o iliuiS 4y o jiead ade Cijgua jd) 8 ) siSl8 dguasS g

S 4y (g Sl pi2 o ) by 082 golan .2
(Lomste

13 LS dgueS g

(201 Caa ) clla ol ;0 DDAVP) daay) g sid .5

(P 9a (i a6

Henry’s Clinical Diagnosis & Laboratory Management By Laboratory Methods; chapter 35

O3 3 0305 -0 S5 58 s (sla O 94



Cryo Poor Plasma (CPP)
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Random donor Platelets
Whole blood 1 unit ===p  Platelet Concentrate 1 unit

b

>5.5x 10" platelets in
50 - 70 ml of plasma

3 days
Single donor platelets
9 P Platelet concentrate
1 Donor m—)> l
> 3 x 10" platelets in
+  Henry’s Clinical Diagnosis & Laboratory ~ 300 ml of plasma
Management By Laboratory Methods. chapter 35 3 days
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Platelets: Risk of Spontaneous
Hemorrhage

ount Site

> 40,000 Minimal
20-40,000 GI Mucosa
5-20 Skin, Mucus Membranes

<5 CNS, Lung



TABLE 18-1. Blood Component Transfusions in Nonemergent Settings

Component

Suggested Adult Flow Rates

First 15 Minutes

After 15 Minutes

Special Considerations

ABO Compatibility

Filter

Red Blood Cells
(RBCs)

1-2 mL/min
(60-120 mL/hour)

As rapidly as toler-
ated; approximately
4 mL/minute or

Infusion duration should not
exceed 4 hours.

Generally administered over

Whole blood: ABO identical
RBCs: ABO compatible with
recipient’s plasma

In-line (170-260 micron)

Leukocyte reduction if
indicated

240 mL/hour 1-2 hours for hemodynami-  Crossmatch required
cally stable recipients.
For recipients at risk of fluid
overload, may adjust flow rate
to as low as 1 mL/kg/hour.
Platelets 2-5 mL/min 300 mL/houroras  Usually given over 1-2 hours.  Crossmatch not required In-ling (170-260 micron)
(120-300 mL/hour)  tolerated For recipients at risk of fluid ~ ABO/Rh compatibility prefera-  Leukocyte reduction if
overload, use slower flow rate  ble but not required indicated
(see RBCs). May be HLA matched
Plasma 2-5 mL/min As rapidly as toler-  Time for thawing may be Crossmatch not required In-line (170-260 micron)
(120-300 mL/hour)  ated; approximately  needed before issue. ABO compatibility with recipi-
300 mL/hour For recipients at risk of fluid ~ ent red cells
overload, use slower flow rate
(see RBCs).
Granulocytes 1-2 mL/min 120-150 mL/hour or ~ Qver approximately 2 hours.  Crossmatch required [n-line (170-260 micron)
(60-120 mL/hour)  as tolerated Infuse as soon as possible ABO/Rh compatibility required Do not use leukocyte reduc-
after collection/release of May be HLA matched tion or microaggregate filters
component; irradiate.
Cryoprecipitated As rapidly as Infuse as soon as possible Crossmatch and ABO compati- In-line (170-260 micron)
AHF tolerated after thawing; pooling is bility not required

preferred.

—y —r— o~ ———— \ - -



TABLE 19-5. Summary of AABB Recommendations for Prophylactic Platelet Transfusion in Adults®

PLT Transfusion May Be Strength of Quality of
Clinical Setting Indicated for: Recommendation Evidence
Therapy-related hypoproliferative PLT count <10,000/pL Strong Moderate
thrombocytopenia
Central venous catheter placement  PLT count <20,000/uL Weak Low
Diagnostic lumbar puncture PLT count <50,000/uL* Weak Very low
Major elective nonneuraxial surgery  PLT count <50,000/uL Weak Very low
Cardiac surgery with bypass Perioperative bleeding with Weak Very low

thrombocytopenia and/or

evidence of PLT dysfunction.

Routine PLT prophylaxis not

recommended.
Intracranial hemorrhage on Insufficient evidence for Uncertain Very low
anti-PLT therapy recommendation

*Clinical judgment should be used for patients with PLT counts between 20,000 and 50,000/uL.
PLT = platelet.
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TABLE 19-6. Causes of Platelet Refractoriness®'

Nonimmune Immune

Fever HLA antibodies

Medications (eg, amphotericin, vancomycin) ABQ incompatibility

Splenomegaly Human platelet antigen (HPA) antibodies
Sepsis Drug-dependent autoantibodies

Disseminated intravascular coagulation

Hemorrhage

\Veno-occlusive disease

Graft-vs-host disease

Prolonged platelet storage
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_ Lomplications of pit transtusiom

1- Febrile & Allergic plt transfusions
( two most common )
- Group O donor plasma from 6-8 pooled donor

2- Acute hemolysis

( passive isoagglutinins )

- Plasma compatible donor prevents such
reactions ; espicially important in neonate
young children & Adult with multiple
transfusion each day

3- Volume overload ( Plasma -reducted pit
units ) or volume reduction technique



o 4- Immunization to Rh (D)
o 5- Thrombosis in TTP
o 6- Bacterial contamination
( 10% ; 2/1000)
o Endotoxic shock in gram negative
o Transfusion - Associated sepsis
o Chills fever Hypotension & hypoxia
o Shortening the storage shelf Iife
o Especial care for neutropenic pts




transfusions

o Acute —Rx: 2% 1/3 reactions in the first
transfusion

o Rash , wheezing , fever, chills, dyspnea,
urticaria & hypotension.

o Cytokine generation during the in vitro
storage

(TNF, IL-1, 6 & 8* ).

o Transfusion reaction x4 with platelet,
older & higher WBC contaminated

. Systemic reactions to PIt




Recipient ABO Component | ABO Group
Group

15t Choice 2" Choice 3 Choice 4thChoice

A O None None
B B O None None
AB AB A B O

O O None None None

Oh (Bombay Oh None None None
Group)
-

B



| Recipient
ABO

1t Choice

A

B

Component | ABO

2" Choice 3 Choice

AB None

AB None

None

A

4thChoice

None

None

None

B




Recipient Component
ABO
1st Choice 2" Choice 34 Choice 4thChoice
AB B O
AB A O

B O

B AB




Randorn Donor Platelet

Volume 50 - 70 ml
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Single Donor Platelet

Volume ~ 300 ml
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A A,0 A,AB
B B,O B,AB
AB A,B,AB,O AB
0 0 A,B,AB,O
Rh- POSITIVE |Rh-POSITIVE, N/A

Rh-NEGATIVE

Rh-NEGATIVE Rh-NEGATIVE* N/A

Handbook of Transfusion Medicine. D.Hillyer. 2001
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Dosage of plt transfusion

-Many blood centers now report mean
contents 20-40% above required minimum

( 5.5x1019) plt/unit from WB
-Fewer units need
-Acceptance of lower plt count

-Progressive reduction in standard dose
10-8-6— even 4 units

-Platelet — Apheresis
3x1011/unit with early instruments

-Corrected count increment ( CCI )
CCI ( 10min-1Hr ) < 7500 CCI (24Hr) < 4500
Immune Refractoriness Non-Immune




TABLE 20-5. Determination of Platelet Response

Corrected count increment (CCl)

CCl = (CIx BSA)/unit content (x 10™)

Platelet recovery

Platelet recovery (%) = Clx (1000 ul/mL) x blood volume in mL x 100
unit content

Sample calculations

Patient mass = 80 kg: blood volume = 80 kg x 75 mU/kg = 6000 mL
Patient body surface area: 2.0 m* (determined from a table or nomogram)

Pretransfusion platelet count: 5000/uL > (=20 000,“]_
Posttransfusion platelet count: 25,000/l

Platelet count in unit: 1.5 x 10%/L 9 1
Nioliarias ot 287 mL = Unit content=4.0 x 10" platelets
CCl = (20,000/uL x 2.0 m*)/4.0 = 10,000

Successful transfusion: 27500

Refractory patient; Two or more transfusions with CCI <5000

Recovery = (20,000/uL x 1000 ul/mL % 6000 mL x 100%)/(4.0 x 10") = 30%
Maximum achievable if patient has spleen: 65% to 70%




CCl = Platelet count increment x BSA
Number of platelets transfused (x10'")

BSA = body surface area (m?).

Example:
Pretransfusion platelet count = 8000/uL
Post-transfusion platelet count = 36 000/ulL

BSA = 1.5 m?

Platelet dose = 3.0 x 10"

CCl = 2400(3))<1.5 — 12 000

A CCIl > 7500 at 1 hour or a CCI > 4500 at 24 hours




-Low-dose prophylactic platelet transfusion
(Half the standard dose ): 1.5x1011

-SToP & PLADO studies ;

Hypoproliferative thrombocytopenia secondary
to chemotherapy for hematologic malignancies
or undergoing either autologous or allogeneic
stem cell transplantation were randomly
assigned to a prophylactic platelet transfusion
dose of 1.1 (low dose), 2.2 (medium dose), or
4.4 x 1011 /m? platelets (high dose).

Not statistically different between bleeding
episodes in 1272 pts who received at least
one plt transfusion for WHO Grade 2 or
higher bleeding




TABLE19-4. Summary of WHO Bleeding Scale*®

WHO Bleeding Grade

Examples

1

Oropharyngeal bleedmg <30 mumuites 1n 24 howurs

Epistaxis 230 mmnttes m previous 24 howrs

Petechiae d oral nicosa or skin

Pupura <1 mch in diameter

Positive stool occult blood test

(]

Epistaxis >30 mumites i 24 hours

Pupwra >1 mch in diameter

Hemoptysis

Melanotic stool

Gross/visible hematmia

Visible blood in body cawvity fluid

Bleedmg at mvasive sites

4

Bleedmg requung RBC transfusion over routine needs

Bleedmg associated with moderate hemodynanuc mstability

Bleedmg associated with severe hemodynamic mstability

(NS bleedmg an magmg study

Fatal bleedmg

*Modified from Kaufman et al.®™®

WHO =World Health Organization; RBC = Red Blood Cell; CNS = central nervous system.



Two recent multicenter studies examined transfusion
management of massively bleeding trauma

o The Prospective, Observational, Multicenter,
Major Trauma Transfusion (PROMMTT) study
103 was a prospective observational study of
adult trauma patients treated at 1 of 10 civilian
trauma centers in the U.S. .

o Study staff performed direct bedside observation
as patients were resuscitated.

o To reduce potential survivor bias, patients
dying within the first 30 minutes of arrival were
excluded.

o Patients who received plasma to RBCs in a 1:1
ratio had significantly better 6-hour survival
thac|:1 patients receiving a lower ratio of plasma to
RBCs.

o However, survival at later time points did not
differ significantly.




O

A subsequent RCT, called the Pragmatic Randomized

Optimal Platelet and Plasma Ratios (PROPPR) trial,

compared outcomes among 680 adult civilian trauma

patients who were randomly assigned to be resuscitated

HsBlgg al:1:1vs11:1:2 ratio of plasma to platelets to
S.

The primary outcomes, 24-hour & 30-day survival, did
not significantly differ between the study groups.

Currently, it is common for blood banks to incorporate fixed
ratios of blood components (ie, 1:1:1 or 1:1:2) into their
local massive transfusion protocols (MTPs).

Although it is difficult to judge the effectiveness of this
approach from the published data, it does improve the
speed & simplicity of the initial response.

Laboratory based, targeted transfusion of specific
components is often used after the patient has stabilized.

It is important to note that although much of the data on
MTPs relates to trauma, in civilian hospitals, massive
transfusions are actually more likely to occur among
other patient populations (eg, solid-organ transplant
patients & cardiac surgical patients)



