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INTRODUCTION

The administration of blood products in hospital is a critical issue impacting both patients and hospital
resources. The supply of blood products is very limited, yet many clinicians continue to over-prescribe blood
products. In 2012, the Joint Commission and The American Medical Association released a joint statement
suggesting that inappropriate blood management interventions were contributing to unnecessary
transfusions.! While blood product transfusion can be lifesaving, they can also be associated with risks
ranging from worse patient outcomes to death.

The use of blood products in the Pediatric Intensive Care Unit (PICU) is common. In fact, approximately 40%
of all PICU patients will receive blood products over the course of their PICU admission.? The majority of
blood product use comes from transfusion of red blood cells (RBC) and most transfusions are used for the
treatment of stable anemia.?

This guideline will look at the use of RBC, platelet and plasma products and establish indications for each
product based on review of the best-available evidence. It will look at the use of blood products in the
Pediatric Intensive Care Unit. Blood product use in trauma will be addressed separately.

The transfusion threshold guideline provides an update from the original document published in 2016. The
key updates from the original document include:
= Publication of the Transfusion and Anemia EXpertise Initiative (TAXI) Guideline.?
= Publication of the Transfusion and Anemia EXpertise Initiative Control/Avoidance of Bleeding (TAXI-
CAB).4
= Publication of the Red Blood Cell Transfusion 2023 AABB International Guidelines. >

GOOD TRANSFUSION PRACTICES

= Decisions to transfuse blood products requires careful evaluation of individual patient risks &
benefits.

= Remember that children tolerate anemia very well.

= Before transfusing RBCs, consider all other possible strategies to augment oxygen delivery and
decrease oxygen demand.
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= Avoiding unnecessary blood product administration is critical to avoiding the many adverse effects
associated with transfusion.

= Avoiding unnecessary blood product administration is critical to conserve blood product resources,
ensuring blood products are available to those who need them.

=  Good transfusion practices should not only consider laboratory values, and clinicians must evaluate
each patient’s symptoms, signs, comorbid conditions, risk of bleeding and the patient’s values &
preference.

= Use evidence informed guidelines to aid in clinical decisions and adhere to these guidelines unless
there is strong evidence to support blood product administration above published transfusion
thresholds

TRANSFUSION THRESHOLD ALGORITHMS3#

Red Blood Cell Transfusion Threshold Algorithm

Pediatric Critical Care Transfusion and Anemia Expertise Initiative (TAXI)
Red Blood Cell (RBC) Transfusion Clinical Decision Tree
— Hemorrhagic Transfuse RBC : plasma : platelets in ratio of 2:1:1 or 1:1:1
shock’ until bleeding is no longer life threatening (4]
Critically ill child
) ) Hb <5 g/dL Transfuse RBC* 0
or child at risk for i v _[ l ~ General critically il 0 -
critical illness .
onsider .
- Hb 57 g/dL? = transfusion based on R 0
| No hemorrhagic _| clinical judgement &4 5. | | . . ) i
shack Respiratory failure (excluding severe PARDS) @ TP
— Sepsis / recent septic shock 0 -
Hemodynamically stable? ==
= Non-life threatening bleeding 0 -
“Hbz7g/dL
Not hetmo- — Requiring renal replacement therapy 0-
dynamically ponslder RBC transfusion
() Strong recommendation, moderate stable — Acute brain injury — ifHb 7-10 g/dL
quality pediatric evidence, 1B
(%) Strong recommendation, low quality | Oncologic diagnoses or those undergoing ___ Consider RBC transfusion
pediatric evidence, 1C hematopoietic stem cell transplant if Hb < 7-8 g/dL
() Weak recommendation, low quality
pediatric evidence, 2C | Allo- or auto-immune
() Consensus panel expertise hemolytic anemia
= Severe PARDS Use clinical judgment ® OJ
1. Severe bleeding in patients at risk of exsanguination
2. Sickle cell disease patients with Hb = 5 g/dL and acute chest = ECMO/VAD*
syndrome (ACS) should undergo transfusion. Deteriorating patients
with ACS should undergo exchange transfusion, those who are not , .
deteriorating should undergo simple transfusion. Sickle cell patients — UI"ICDI'I"?GTBd congenital - 11'ans|‘use RBC t? mahtlam Ho 7-9.g/dL
undergoing procedures that require general anesthesia should be Cardiac heart disease depending on their cardiac reseve ()
transtused RBG to achieve a target Hb of 10g/dL, not HbS <30% - o i
3, The post-dransfusion goal should b to relieve the indication for transfusion = Biventricular repair -[Nﬂ transfusion e]
and not necessarily achieve a normal Hb for age. A reasonable Hb goal
post-transfusion is a range between 7 g/dL and 8.5 g/dL Single ventricle, No transfusion if Hb > 9 g/dL and
4, Administration of RBC transfusion should be based on evidence of stage 1 palliation adequate oxygenation (for their cardiac
Inadequate cardlorespiratory support or decreased systemic and/or lesion) and normal end organ function
regional oxygen delivery Single ventricle,
5. Refer to expert guide as provided in TAX] supplemant B stage 2 or 3 palliation -[No transfusion if Hb > 9 g/dL °]
6. Insufficient evidence to support recommending Hb concentration 8 .
transfusion thresholds L Congenlllal or acqmr_ed — Use clinical judgment®
7. Hemodmnermicaly stable = Mean Arteril Pressure not < 2 standard myocardial dysfuncion | There s no evidence tht transfusion
deviations below normal mean for age AND cardiovascular support . above 10 g/dL is beneficial
[pressors/inotropes and fluids) not increased for at least 2 hours = Pulmonary hypertension —| 0

Figure 2. Transfusion and Anemia Expertise Initiative (TAXI) RBC transfusion decision tree for critically ill children. ACS = acute chest syndrome,
ECMO = extracorporeal membrane oxygenation, Hb = hemoglobin, HbS = Hb S, PARDS = pediatric acute respiratory distress syndrome,
VAD = ventricular assist device.
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Platelet Transfusion Thresholds Algorithm

/ Is the patient bleeding? \ I

At what threshold should | consider a At what threshold should | consider
prophylactic platelet transfusion? a therapeutic platelet transfusion?
| . P

‘ - .._‘ Fallowing cardiopulmonary bypass ‘ | clinical judgement ‘

o] O [
| R —— clinical judgement |
'ﬂl:_ .._‘ invasive procedure outside the OR ._. | clinical judgement ‘
B s e

<0 e Oncology/HscT — clinical judgement ‘
| - -— ‘ Severe trauma, TBI or ICH _— | clinical judgement ‘
Placing an ICP menitor in |

[ <100 ‘ ‘ N neuraisgiclly stabll chid — 4 | clinical judgement ‘

a e —— [ = | |
Minimal bleeding defined as: Moderate bleeding defined as: Severe bleeding defined as: Massive hemorrhaga defined as:
+  Streaks of blood in endotracheal tube +  Bleeding more than minimal bleeding but without ~ «  Quantifiable bleading = 5 mifkg/hr for = 1 hour +  Loss of total blood velume within 24 hours
+  Streaks of blood in nasogastric tube criteria for severe bleeding +  Bleeding leading to at least one organ dysfunction +  Loss of 50% of blood volumz in 3 hours
*  Macroscopic hematuria or < 1+ RBCs on urine dipstick ~ »  Bleading not leading to organ dysfunction +  Bleading leading to hemodynamic instability
+  Subcutaneous blaeding (<5 e (2 in) in diameter «  Bleeding not leading to hemadynaric instability +  Bleeding leading to drop in hamoglabin »20% within
»  Quantifiable bleeding < 1 m/kg/hr »  Bleeding leading to a drop in Hb < 20% 24 hours
»  Dressings changed no more frequently than every & * Quantifiable bleeding 2 1 ml/kg/hr but <5 mifkg/hr  «  Intraspinal bleeding ic intra-articular

hours bleeding

1 Consider increasing platelet count threshald to 20-50K if undergoing ‘ consider transfusion ‘ _
lumbar puncture.
All platelet counts represent x 107 calls/L ‘ Cil'liﬂjl-lmnt ‘ _

Figure 2. Clinical decision tree to aid prescription of platelets in critically ill children. CVL = central venous line, DIC = disseminated
intravascular coagulation, ECMO = extracorporeal membrane oxygenation, Hb = hemoglobin, HSCT = hematopoietic stem cell
transplantation, ICH = intracranial hemorrhage, ICP = intracranial pressure, OR = operating room, TBI = traumatic brain injury.
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.
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.
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|
P

Figure 1. Clinical decision tree to aid prescription of plasma in critically ill children. aPTT = activated partial thromboplastin time,
CVL = central venous line, DIC = disseminated intravascular coagulation, ECMO = extracorporeal membrane oxygenation, Hb =
hemoglobin, HSCT = hematopoietic stem cell transplantation, ICH = intracranial hemorrhage, ICP = intracranial pressure, INR =
international normalized ratio, OR = operating room, PT = prothrombin time, TBI = traumatic brain injury.
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RED BLOOD CELLS (RBC)

Anemia is common in the PICU, affecting almost 75% of our patients.2 There are a number of contributors to
anemia in critically ill pediatric patients, including loss from procedures, hemorrhage or disturbed bone-
marrow response to erythropoietin in the setting of critical iliness, but over 70% of blood loss in PICU
patients can be attributed to blood draws for investigations. Blood-draws for ICU investigations are the
largest contributor to PICU anemia meaning anemia is very much an iatrogenic complication.®

Anemia has the potential to decrease oxygen delivery by decreasing the oxygen content of blood. This is
based on the formula for determining oxygen delivery: Delivery of Oxygen = Cardiac Output X Arterial
Oxygen Content. In certain patient groups, anemia can be harmful and has been associated with increased
morbidity and mortality.” 8 ? 10 11 Despite this, most patients with anemia are able to maintain tissue oxygen
delivery by increasing cardiac output, shifting the oxy-hemoglobin dissociation curve right-ward, and altering
their oxygen-extraction ratio.

RBC transfusions can be an integral in the management of critically ill patients. There is perceived
physiologic benefit of RBC administration as an increase in hemoglobin concentration can improve the
oxygen content of blood and, therefore, potentially improve oxygen delivery to tissues. Based on this
principle, historically RBC were transfused for any hemoglobin concentration less than 100g/L.

Over the last 10 years, there have been several randomized controlled trials that have shown that a
restrictive transfusion threshold is as effective as a liberal transfusion threshold. The TRICC Trial
(Transfusion Requirements in Critical Care) and the TRIPICU Trial (Transfusion Requirements in PICU) were
the key trials showing that in stable Adult and Pediatric critical care patients, a restrictive transfusion
threshold of 70g/L was as effective as a liberal transfusion threshold of 100g/L and led to a significant
decrease in RBC transfusion exposures.Error! Bookmark not defined. 12 A Cochrane Systematic Review
further supported the strength of this evidence in 2012.13

Despite these findings, there has been incomplete translation of best evidence into clinical practice. Two
large-centre prospective studies showed that even in the era of evidence supporting a restrictive transfusion
threshold, a number of stable critical care patients are still receiving PRBC transfusions above a threshold of
70g/L.10 11

RBC transfusion thresholds have continued to be questioned and evaluated in critically ill patients. Newer
studies have looked at restrictive transfusion thresholds in hemodynamically unstable patients and patients
with active gastrointestinal bleeding.* Most importantly, a large RCT in adult ICU patients with septic shock
(TRISS Trial) showed that even amongst patients in shock at highest risk of supply dependent delivery of
oxygen, a restrictive transfusion threshold was still safe.1®

So a large-volume of high quality evidence shows us that, even amongst unstable and bleeding patients, a
restrictive transfusion threshold is superior to a liberal transfusion threshold.141> There has also been an
expanded knowledge of the significant risks associated with RBC transfusions. The risks associated with RBC
transfusion are potentially life threatening (and the TRICC trial showed an increase in mortality associated
with a liberal RBC transfusion threshold in subgroup analysis).1?2 The risks of RBC transfusion include both
Infectious (ISHOT) and Non-Infectious Serious Hazards of Transfusion (NISHOT), as outlined below:1¢ 17 18 19
20 21 22

1. Transfusion-Related Acute Lung Injury (TRALI)

2. Transfusion-Related Circulatory Overload (TACO)

3. Transfusion-Related Immunomodulation (TRIM)
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Nosocomial Infection

Acute Hemolytic Reactions
Delayed Hemolytic Reactions
Febrile Non-Hemolytic Reactions
Blood-Borne Infections

. Hypothermia

10. Coagulopathy

11. Citrate Toxicity

VPN G A

AHS Transfusion Reaction Chart

The risks of RBC transfusions are often under-appreciated and under-recognized. While life-threatening
acute hemolytic reactions are exceptionally rare, the larger burden from RBC transfusion comes from TRALI
and TRIM - clinical changes that are often subtle but clinically significant. A retrospective study showed that
RBC transfusions in critically ill children are INDEPENDENTLY associated with increased mortality and
prolonged duration of mechanical ventilation, prolonged infusion of vaso-active agents and prolonged PICU
stay.23

Overall, we know that anemia in the PICU is common. We also know that PRBC transfusion is associated
with significant risk to the patient and that correction of anemia beyond a hemoglobin threshold of 70g/L
offers no benefit to the majority of our patients.2 10111215 Fyrthermore, select patients can tolerate
hemoglobin transfusions thresholds less than 70g/L provided they are not symptomatic from their anemia.
For instance, a post-operative spinal surgery patient with a hemoglobin of 65g/L, a patient with significant
but chronic iron deficiency anemia, or a patient with haemolytic anemia where it might not be possible to
transfuse to a hemoglobin of 70g/L could all be considered for an RBC transfusion threshold significantly less
than 70g/L.

One special population to consider within the PICU are those patients with cyanotic heart disease. Chronic
hypoxia decreases the oxygen content of blood and decreases the delivery of oxygen to the tissues. This
state of chronic hypoxemia stimulates an increase in hemoglobin production, allowing for an improved
delivery of oxygen.

Maintaining adequate oxygen delivery in the setting of chronic hypoxemia necessitates a higher hemoglobin
concentration (recall delivery of oxygen = cardiac output X oxygen content of blood). The data from
acyanotic patients cannot be generalized to this patient group and, therefore, transfusion thresholds must be
different.

There is a change in practice occurring even amongst patients with cyanotic heart disease. Historically, most
clinicians would target a hemoglobin concentration greater than 130g/L. As seen in other ICU settings,
emerging literature questioned the requirement for high hemoglobin concentrations amongst patients with
cyanotic heart disease, and there is good evidence to support much lower transfusion thresholds amongst
this unique patient group.

A study by Chollette et al. looked at a liberal (hemoglobin > 130g/L) versus a restrictive (hemoglobin > 90g/L)
transfusion amongst patients with single-ventricle anatomy post-operatively following cavopulmonary
connection.?* They found no benefit of a liberal transfusion threshold in this patient population. There have
been many more studies looking at transfusion thresholds amongst cyanotic congenital heart disease patients
and all have favoured a more restrictive transfusion strategy.” 24 2
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PRBC TRANSFUSION THERSHOLD GUIDELINE

In summarizing the best-available literature, the absolute indications for transfusion of PRBC in critically ill
children in the PICU includes:
»  Acute hemorrhage with hemodynamic instability (i.e. hemorrhagic shock).
= Acute hemorrhage with signs of inadequate oxygen delivery (e.g. cool vasoconstricted skin,
obtundation or restlessness, oliguria or anuria, lactic acidosis, an oxygen extraction ratio of greater
than or less than 0.3).
= Symptomatic anemia as defined by myocardial ischemia, orthostatic hypotension or tachycardia
unresponsive to fluid replacement.
« Hemoglobin concentration < 50 - 70g/L (with no absolute indication for transfusion at 70g/L unless
symptomatic).
= Consider the use of CMV Negative and/or Irradiated Blood Products if clinically indicated

RBC Transfusion Threshold

RBC Transfusion Threshold

'

*Limit blood draws*
AX freq + need for B/W at least 2x/day

'

Consult Hematology and

YES Does the patient have a known  NO Is the patient actively
transfuse RBC based on <4——  hemoglobinopathy (e.g. SSD, ——» bleeding?
Hematology G6PD) fe2fs

recommendations
NO |

Does the patient have
**Review any Anticoagulant TX

and Reverse if able** YES Congenital 'Cyanotlc
Heart Disease?
= Evaluate rate of blood loss and
ability to achieve hemostasis NO YES
(surgically or non-surgically) NO
Transfuse for: Transfuse for:
= AXforS + S of hemorrhagic SHOCK R ranstuse for
shock (oliguria, poor perfusion, " = Hemoglobin < = Hemoglobin <
altered mental status, | OER, 70 90
tLactate) = Symptomatic = Symptomatic
Anemia Anemia
**YES**
SHOCK = No hemoglobin threshold -

Transfuse according to estimate
of the rate of blood loss

PRESENT

v

= Activate ACH Massive
Transfusion Protocol

**For additional information, refer to the Red Blood Cell Transfusion Threshold Algorithm above.
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PLASMA PRODUCTS

Plasma is the portion of blood that remains after the cellular elements (RBC, WBC and Platelets) are removed
by centrifugation. Several different preparations products are available, including:

Fresh Frozen Plasma (FFP): FFP is the most used plasma product. Collected from fresh plasma
following removal of cellular elements and freezing, FFP contains the entire compliment of clotting
factors. As such, it is effective in correcting deficiencies of any of the circulating clotting factors.

Cryoprecipitate: Cryoprecipitate is derived from FFP but offers the distinct advantage of providing
von Willdebrand factor, factor VIII, factor XIll, and fibrinogen using a much smaller volume than if
those factors were replaced by transfusing FFP.

Factor Concentrates: Derived from thousands of donors using recombinant technology, factor
concentrates provide a highly concentrated form of specific clotting factors. The major indication for
these products is to replace specific factor deficiencies (e.g. hemophilia A and B) with minimal volume
and without supplying extraneous proteins. Recombinant proteins also have the advantage of being
free from viral contamination.

Intravenous Immunoglobulin: Intravenous immunoglobulin is the purified immunoglobulin fraction of
plasma pooled from several thousand donors. It is useful in the treatment of some autoimmune and
immunodeficiency states.

In administering plasma products, it is important to remember the FFP and cryoprecipitate are NOT virally
inactivated, meaning use of alternative plasma products should be considered in immunocompromised
patients. Factor concentrates can be either plasma derived (from many thousands of donors) or recombinant
(which typically contain no human protein). Plasma derived concentrates are virally inactivated and
recombinant products are not associated with viral transmission.

Link to list of all available blood products: Blood Components & Products Information/Monographs

INDICATIONS FOR PLASMA PRODUCTS

The use and threshold for transfusion of plasma products are not well established as compared with RBC
transfusion. With that said, the use of plasma products is common, occurring in 3% of all pediatric
hospitalizations with a much higher rate amongst critically ill patients. These transfusions are presumably for
critically ill patients with abnormal coagulation tests and significant bleeding (or at risk of bleeding).
However, many physicians transfuse critically ill patients with abnormal coagulation tests and who are not
bleeding, as evidenced by studies by Stanworth et al and Karam et al. This practice is worrisome as current
coagulation tests may not be useful markers of bleeding tendencies, nor has the use of plasma been
conclusively shown to correct these tests. In addition, studies support the use of plasma in massively
transfused trauma patients, but there is no evidence supporting the use of prophylactic plasma in non-
bleeding patients. There are also certain patients with abnormal coagulation tests that will NOT be corrected
with FFP (e.g. patients with Lupus-like inhibitors, patients with Factor Xl deficiency) and the abnormal
coagulation tests do NOT necessarily portend any bleeding risk. Finally, plasma transfusions are not without
risk and have been associated with the development of nosocomial infections, progressive multiple organ
dysfunction syndrome and death.2¢

Karam et al conducted an international multicentre observational point-prevalence study involving 101
PICUs in 21 countries.?” The primary objectives were to identify the clinical characteristics and primary
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indications that resulted in plasma transfusion. The secondary outcome was an evaluation of the change in
coagulation testing that occurred after plasma transfusion.

The Primary Outcomes were as follows:
Of the 13,000 critically ill children admitted to a participating PICU, 443 (or 3.4%) received a plasma
transfusion.
Of those patients who were transfused, 22.3% had critical bleeding, 21.2% had minor bleeding,
11.7% had a planned procedure or surgery, and 10.6% had a high risk of postoperative bleeding
(according to the intensivist).
Importantly, 34.1% of those transfused had no bleeding or planned procedures. Of these patients:
o 68% were transfused to correct coagulation tests.
o 13% were transfused because they were considered high risk due to their medical conditions.
o 12.6% were transfused to correct hypovolemia.
o 6% were transfused to replace ongoing fluid losses (i.e., chylothorax and other related
conditions).

The Secondary Outcomes were as follows:
Only subjects with international normalized ratio (INR) values greater than 2.5 or activated partial
thromboplastin time values greater than 60 seconds had clinically significant decreases in response to
transfused plasma.
Only the children with INR values greater than 2.5 had dose-dependent reductions after being given
plasma.

Despite the lack of evidence and mounting evidence of harm, 56.4% of the pediatric patients given plasma
had no evidence of bleeding and 77.6% had no critical bleeding. There was also a lack of change in
coagulation tests after transfusion in all but the most abnormal values. This suggests that current methods of
assessing bleeding propensity are inadequate, either because the current coagulation tests are not sensitive
enough to respond to changes in plasma factor levels or, more likely, because these tests are not sufficiently
predictive of bleeding risk.

PLASMA PRODUCT TRANSFUSION GUIDELINE

A general rule for the use of plasma product is to use when hemostasis is inadequate and the risk of
transfusion of plasma products is outweighed by the potential benefit.Error! Bookmark not defined. 28 29 30
Specific clinical scenarios in which plasma products may be useful include:
Active bleeding in the setting of known or suspected coagulation abnormality.?” 28
Prior to invasive surgical procedures in which there is a high risk of bleeding complications (Thoracic,
Abdominal, Spinal, Intracranial and some Urologic Procedures) if the patient has any significant
abnormality in clotting function tests (e.g. INR > 1.5 or PTT > 38).27 28
Prior to procedures for which there is a low risk of bleeding complications (Endoscopy, CVL/PICC
insertion) if the patient has a severe abnormality in their coagulation tests (e.g. INR > 2, PTT > 2 times
the upper-limit of normal). 27 28
Massive RBC Transfusion: As per the ACH massive-transfusion protocol, replacement of large-
volumes of RBC causes dilution of clotting factors and requires a balance replacement of FFP and
consideration of platelets based on laboratory values. Studies have shown that FFP replacement in
the setting of massive RBC transfusion has the potential to reduce the total blood volume used,
reduce organ dysfunction and improve survival.31 AHS has recently updated the Massive Transfusion
Protocol, moving away from a 1:1:1 (RBC:FFP:Platelets) transfusion approach and focusing on RBC
and FFP transfusion with platelets administered based on measured laboratory values.
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AHS Massive Transfusion Protocol

Massive Hemorrhage Protocol Cheat Sheet

NON-PLASMA ADJUNCTS FOR BLEEDING PATIENT

It is important to consider and use non-blood product agents to achieve adequate hemostasis in a bleeding
patient.

= Desmopressin (ADAVP) causes the release of multimers of factor VIII and von Willebrand factor from
endothelial cells. As such, it can be useful in achieving hemostasis in the short-term, especially in
patients with von Willebrand disease, mild hemophilia A or uremic platelet dysfunction.32 33 dDAVP
must be used with caution and attention to risk of fluid shifts and decreased sodium must be
followed closely.

Vitamin K can be useful to correct coagulopathy in patients with liver disease, in patients on warfarin
therapy and in patients with severe nutritional deficiencies; HOWEVER, it has no role in the
management of the acutely bleeding patient. Furthermore, vitamin K offers no therapeutic benefit
in the correction of a mildly elevated INR not caused by liver disease, vitamin K antagonists or
severe nutritional deficiencies.32 33

Management of the acutely bleeding patient on anticoagulation therapy should be done in consultation with
hematology. While FFP cannot complete correct bleeding in a patient on warfarin, it can be used as an early
management strategy.3? 32 Further management depends on the anticoagulation therapy and is beyond the
scope of this guideline.
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Plasma Products:

Inadequate hemostasis where risk of plasma product administration is out-weighed by the benefit of plasma
product improvement of hemostasis.

YES YES NO

Warfarin AntiXa

Monltor

**For more information please refer to the Plasma Products Transfusion Threshold Algorithm above.
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PLATELET PRODUCTS

Administration of platelets in the pediatric critical care unit has not been as rigorously evaluated as compared
with RBC and FFP. The administration of platelets can be used to address quantitative or qualitative platelet
abnormalities. Platelets administration can be therapeutic (i.e. stop active bleeding) or prophylactic (i.e.
prevent bleeding). While conceptually platelet administration is much simpler than the use of RBC or FFP, it
is important to remember that platelet product use is still associated with significant risk to the patient. As
with all blood product administration, the risk of administration must be balanced with the potential benefit.

PLATELET TRANSFUSION GUIDELINE

The transfusion of platelets should be considered in the following scenarios:
Patients with a platelet count less that 10 X 10?/L to prevent spontaneous hemorrhage.
o  With the EXCEPTION of special clinical circumstances (see notes below) including patients
with Immune Thrombocytopenia (ITP), etc.

Patients with a platelet count less that 50 X 10?/L who:
o Are actively bleeding
o Are scheduled to undergo an invasive procedure including Lumbar Puncture
o Have a qualitative intrinsic platelet disorder

Patients with a platelet count less that 100 X 10?/L who:
o Have a central nervous system injury/EVD/Caudman Catheter
o Are undergoing a neurosurgical procedure
o Require an intrathecal catheter as part of anesthetic management

Patients with a normal platelet count who are bleeding due to qualitative platelet cell dysfunction:
o Congenital platelet dysfunction
o Antiplatelet therapy
o Uremia

Special consideration needs to be given when transfusing patients with select conditions, reserving platelet
transfusion for life-threatening bleeds. This is because platelet transfusions in this setting is often less
effective (due to platelet consumption) or associated with clinical worsening (due to additional thrombosis).
Platelet transfusion should be restricted in patients with the following conditions:

Hemolytic-Uremic Syndrome (HUS)

Immune Thrombocytopenia (ITP)

Disseminated Intravascular Coagulation (DIC)

Thrombotic Thrombocytopenia Purpura (TTP)

Thrombocytopenia associated with antiplatelet antibodies

**For more information, please refer to the Platelet Transfusion Thresholds Algorithm above.

APPENDIX

1. The Premature Infants in Need of Transfusion (PINT) study: a randomized, controlled trial of a restrictive
(low) versus liberal (high) transfusion thresholed for extremely low birth weight infants. Kirpalani H,
Whyte R, Asztalos E et al. The Journal of Pediatrics 2006; 149(3): 301 - 307.

N

Society of Thoracic Surgeeons Blood Conservation Task Force. 2011 update to the Society of Thoracic
Surgeons and the Society of CV Anesthesiologists blood conservation clinical practice guideline. Ferraris
V, Brown J, Despotis G et al. Ann Thorac Surg 2011. 91(3): 944 - 82.

Developed by: Dr. Paul Doughty, Pediatric Intensivist Last Updated: May 2024
TOC | 12



http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Premature+Infants+in+Need+of+Transfusion+(PINT)+study%3A+a+randomized%2C+controlled+trial+of+a+restrictive+(low)+versus+liberal+(high)+transfusion+thresholed+for+extremely+low+birth+weight+infants.+Kirpalani+H%2C+Whyte+R%2C+Asztalos+E+et+al.+The+Journal+of+Pediatrics+2006%3B+149(3)%3A+301+%E2%80%93+307.
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Premature+Infants+in+Need+of+Transfusion+(PINT)+study%3A+a+randomized%2C+controlled+trial+of+a+restrictive+(low)+versus+liberal+(high)+transfusion+thresholed+for+extremely+low+birth+weight+infants.+Kirpalani+H%2C+Whyte+R%2C+Asztalos+E+et+al.+The+Journal+of+Pediatrics+2006%3B+149(3)%3A+301+%E2%80%93+307.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Society+of+Thoracic+Surgeeons+Blood+Conservation+Task+Force.++2011+update+to+the+Society+of+Thoracic+Surgeons+and+the+Society+of+CV+Anesthesiologists+blood+conservation+clinical+practice+guideline
http://www.ncbi.nlm.nih.gov/pubmed/?term=Society+of+Thoracic+Surgeeons+Blood+Conservation+Task+Force.++2011+update+to+the+Society+of+Thoracic+Surgeons+and+the+Society+of+CV+Anesthesiologists+blood+conservation+clinical+practice+guideline

P E D IAT R I C Alberta Chi\dren’s Hospital I.I Alberta Health

CLINICAL CARE GUIDELINES Bl Services

3. The oxygen supply-demand balance: A monitoring challenge. Tanczos K, Molnar Z. Best practice and
research clinical anesthesiology 2013; 27(2): 201- 207.

4. Red cell requirements for intensive care units adhering to evidence-based transfusion guidelines. Walsh
TS, Garrioch M, Maciver C, et al. Transfusion 2004; 44:1405.

5. Controversies in RBC transfusion in the critically ill. Hébert PC, Tinmouth A, Corwin HL. Chest 2007,
131:1583.

6. Efficacy of red blood cell transfusion in the critically ill: a systematic review of the literature. Marik PE,
Corwin HL. Crit Care Med 2008; 36:2667.

7. Erythropoietin response is blunted in critically ill patients. Rogiers P, Zhang H, Leeman M, et al. Intensive
Care Med 1997, 23:159.

REFERENCES

1 http://www.jointcommission.org/assets/1/6/National_Summit_Overuse.pdf

2 Transfusion strategies for patients in pediatric intensive care units. Lacroix J1, Hébert PC, Hutchison JS,
Hume HA, Tucci M, Ducruet T, Gauvin F, Collet JP, Toledano BJ, Robillard P, Joffe A, Biarent D, Meert K,
Peters MJ; TRIPICU Investigators; Canadian Critical Care Trials Group; Pediatric Acute Lung Injury and Sepsis
Investigators Network. N Engl J Med 2007; 356(16): 1609 - 19.

3 Consensus Recommendations for RBC Transfusion Practice in Critically Ill Children from the Pediatric
Critical Care Transfusion and Anemia EXpertise Initiative (TAXI). Valentine S, Bembea M, Muszynzski J, et al.
Pediatric Critical Care Medicine 2018; 19(9): 884 - 898

4 Executive Summary of Recommendations and Expert Consensus for Plasma and Platelet Transfusion
Practice in Critically Ill Children: From the Transfusion and Anemia EXpertise Initiative - Control/Avoidance
of Bleeding (TAXI-CAB). Nellis M, Karam O, Valentine S, et al. Pediatric Critical Care Medicine 2022; 23(1):
34 -51

5 Red Blood Cell Transfusion 2023 AABB International Guidelines. Carson J, Stanworth S, Guyatt G, et al.
JAMA 2023; 330(19): 1892 - 1902

6 Medical vampires. Burnum J. N. Engl J Med 1986; 314: 1250-1251.

7 Effect of fresh red blood cell transfusions on clinical outcomes in very low birth weight infants: The ARIPI
Randomized Trial. Gergusson D, Hebert P, Hogan D et al. JAMA 2012; 308(14):

8 Immunosuppressive effects of red blood cells on monocytes are related to both storage time and storage
solution. Muszynski J, Nateri J, Nicol K, Greathouse K, Hanson L et al. Transfusion 2012; 52: 794-802.

? Transfusion after pediatric heart surgery. Salvin et al. Ann Thorac Surg 2011; 91: 201-11.

10 Anemia and blood transfusion in critically ill patients. Vincent J, Baron J, Reinhart K et al. JAMA 2002;
288(12): 1499 - 507.

11 The CRIT Study: Anemia and blood transfusion in the critically ill - current practice in the United States.
Corwin H, Gettinger A, Pearl R et al. Crit Care Med 2004; 32(1): 39-52.

Developed by: Dr. Paul Doughty, Pediatric Intensivist Last Updated: May 2024
TOC | 13



http://www.ncbi.nlm.nih.gov/pubmed/24012232
http://www.ncbi.nlm.nih.gov/pubmed/?term=4.%09Red+cell+requirements+for+intensive+care+units+adhering+to+evidence-based+transfusion+guidelines.+Walsh+TS%2C+Garrioch+M%2C+Maciver+C%2C+et+al.+Transfusion+2004%3B+44%3A1405.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Controversies+in+RBC+transfusion+in+the+critically+ill.+H%C3%A9bert+PC%2C+Tinmouth+A%2C+Corwin+HL.+Chest+2007%3B+131%3A1583.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Efficacy+of+red+blood+cell+transfusion+in+the+critically+ill%3A+a+systematic+review+of+the+literature.+Marik+PE%2C+Corwin+HL.+Crit+Care+Med+2008%3B+36%3A2667
http://www.ncbi.nlm.nih.gov/pubmed/?term=Erythropoietin+response+is+blunted+in+critically+ill+patients.+Rogiers+P%2C+Zhang+H%2C+Leeman+M%2C+et+al.+Intensive+Care+Med+1997%3B+23%3A159.
http://www.jointcommission.org/assets/1/6/National_Summit_Overuse.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lacroix%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A9bert%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hutchison%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hume%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tucci%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ducruet%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gauvin%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Collet%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Toledano%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robillard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joffe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Biarent%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meert%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peters%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=17442904
http://www.ncbi.nlm.nih.gov/pubmed/?term=TRIPICU%20Investigators%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Canadian%20Critical%20Care%20Trials%20Group%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pediatric%20Acute%20Lung%20Injury%20and%20Sepsis%20Investigators%20Network%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pediatric%20Acute%20Lung%20Injury%20and%20Sepsis%20Investigators%20Network%5BCorporate%20Author%5D
https://pubmed.ncbi.nlm.nih.gov/30180125/
https://pubmed.ncbi.nlm.nih.gov/30180125/
https://pubmed.ncbi.nlm.nih.gov/34989711/
https://pubmed.ncbi.nlm.nih.gov/34989711/
https://pubmed.ncbi.nlm.nih.gov/34989711/
https://pubmed.ncbi.nlm.nih.gov/37824153/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burnum+J.++Medical+vampires.++N.+Engl+J+Med+1986%3B+314%3A+1250-1251.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+fresh+red+blood+cell+transfusions+on+clinical+outcomes+in+very+low+birth+weight+infants%3A++The+ARIPI+Randomized+Trial.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+fresh+red+blood+cell+transfusions+on+clinical+outcomes+in+very+low+birth+weight+infants%3A++The+ARIPI+Randomized+Trial.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Immunosuppressive+effects+of+red+blood+cells+on+monocytes+are+related+to+both+storage+time+and+storage+solution.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Immunosuppressive+effects+of+red+blood+cells+on+monocytes+are+related+to+both+storage+time+and+storage+solution.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Transfusion+after+pediatric+heart+surgery.+Salvin+et+al.++Ann+Thorac+Surg+2011%3B+91%3A+201-11
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anemia+and+blood+transfusion+in+critically+ill+patients.++Vincent+J%2C+Baron+J%2C+Reinhart+K+et+al.++JAMA+2002%3B+288(12)%3A+1499+%E2%80%93+507
http://www.ncbi.nlm.nih.gov/pubmed/14707558

P E D IAT R I C Alberta Chi\dren’s Hospital I.I Alberta Health

CLINICAL CARE GUIDELINES Bl Services

12 A multicenter, randomized, controlled clinical trial of transfusion requirements in critical care. Transfusion
Requirements in Critical Care Investigators, Canadian Critical Care Trials Group. Hébert PC, Wells G,
Blajchman MA, et al. N Engl J Med 1999; 340:409

13 Transfusion thresholds and other strategies for guiding allogeneic red blood cell transfusion. Carson JL,
Carless PA, Hebert PC. Cochrane Database Syst Rev 2012; 4:CD002042.

14 Transfusion strategies for acute upper gastrointestinal bleeding. Villanueva C, Colomo A, Bosch A, et al. N
Engl J Med 2013; 368:11.

15 Lower versus higher hemoglobin threshold for transfusion in septic shock (TRISS Trial). Holst L, Haase N,
Wetterslev J et al. N EnglJ Med 2014, 371: 1381-1391.

16 Association between length of storage of red blood cell units and outcome of critically ill children: a
prospective observational study. Karam O, Tucci M, Bateman S, Ducruet T, Spinella P, Randolph A, Lacroix J.
Crit Care 2010; 14(2): R57

17 Association between length of storage of transfused red blood cells and multi-organ dysfunction syndrome
in PICU patients. Gauvin F, Spinella PC, Lacroix J, Ghassan C, Ducruet T, Karam O, Hebert P, Hutchinson J,
Hume H, Tucci M. Transfusion 2010; 50: 1902 - 1913.

18 Effects of packed red blood cell storage duration on post-transfusion clinical outcomes: a meta-analysis
and systematic review. Ng M, Ng A, Chan J, Fraser J. Intensive care med 2015; 41(2): 2087-97.

19 Impact of allogenic packed red blood cell transfusion on nosocomial infection rates in the critically ill
patient. Taylor R, Manganaroh L, O'Brien J et al. Crit Care Med 2002; 20(10): 2249 - 2254.

20 Transfusion-associated circulatory overload (TACO) in the medical critically ill patients. Li G, Kojicic M,
Khurram S et al. AJR CCM Conference Abstracts 2009. A1594.

21 Bench to bedside review: Microvascular dysfunction in sepsis - hemodynamics, oxygen transport and nitric
oxide. Bateman R, Sharp P, Ellis C et al. Crit Care 2003; 7: 359-73.

22 Anemia, allogenic blood transfusion, and immunomodulation in the critically ill. Raghavan M, Marik PE.
Chest 2005; 127:295.

23 Red blood cell transfusion in critically ill children is independently associated with increased mortality.
Kneyber, Martin CJ, Mohammed |. Hersi, Jos WR Twisk, Dick G. Markhorst, and Frans B. Pl6tz. Intensive
care medicine 2007; 33(8): 1414-1422.

24 Children with single-ventricle physiology do not benefit from higher hemoglobin levels post-
cavopulmonary connection: Results of a prospective, randomized, controlled trial versus liberal red blood cell
transfusion strategy. Cholette J, Rubenstein J, Alfieris G, Powers K, Eaton M, Lerner N. Pediatr Crit Care
Med 2011; 12(1): 39-45.

25 Blood transfusion is associated with prolonged duration of mechanical ventilation in infants undergoing
reparative cardiac surgery. Kipps A, Wypij D, Thiagarajan R. Pediat Crit Care Med 2011; 12)1): 52-56.

26 Association between plasma transfusions and clinical outcome in critically ill children: A prospective
observational study. Karam O, Lacroix J, Rimensberger P, Tucci M. Vox Sang 2013; 104(4): 342 - 9.

27 Indications and effects of plasma transfusions in critically ill children. Karam O, Demaret P, Shefler A et al.
AJRCCM 2015; 191(12): 1395 - 1402.

Developed by: Dr. Paul Doughty, Pediatric Intensivist Last Updated: May 2024
TOC | 14



http://www.ncbi.nlm.nih.gov/pubmed/9971864
http://www.ncbi.nlm.nih.gov/pubmed/9971864
http://www.ncbi.nlm.nih.gov/pubmed/22513904
http://www.ncbi.nlm.nih.gov/pubmed/23281973
http://www.ncbi.nlm.nih.gov/pubmed/25270275
http://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+length+of+storage+of+red+blood+cell+units+and+outcome+of+critically+ill+children%3A+a+prospective+observational+study.++Karam+O%2C+Tucci+M%2C+Bateman+S%2C+Ducruet+T%2C+Spinella+P%2C+Randolph+A%2C+Lacroix+J.++Crit+Care+2010%3B+14(2)%3A+R57
http://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+length+of+storage+of+red+blood+cell+units+and+outcome+of+critically+ill+children%3A+a+prospective+observational+study.++Karam+O%2C+Tucci+M%2C+Bateman+S%2C+Ducruet+T%2C+Spinella+P%2C+Randolph+A%2C+Lacroix+J.++Crit+Care+2010%3B+14(2)%3A+R57
http://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+length+of+storage+of+transfused+red+blood+cells+and+multi-organ+dysfunction+syndrome+in+PICU+patients.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+length+of+storage+of+transfused+red+blood+cells+and+multi-organ+dysfunction+syndrome+in+PICU+patients.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+packed+red+blood+cell+storage+duration+on+post-transfusion+clinical+outcomes%3A++a+meta-analysis+and+systematic+review.+Ng+M%2C+Ng+A%2C+Chan+J%2C+Fraser+J.++Intensive+care+med+2015%3B+41(2)%3A++2087-97.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+packed+red+blood+cell+storage+duration+on+post-transfusion+clinical+outcomes%3A++a+meta-analysis+and+systematic+review.+Ng+M%2C+Ng+A%2C+Chan+J%2C+Fraser+J.++Intensive+care+med+2015%3B+41(2)%3A++2087-97.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Impact+of+allogenic+packed+red+blood+cell+transfusion+on+nosocomial+infection+rates+in+the+critically+ill+patient.+Taylor+R%2C+Manganaroh+L%2C+O%E2%80%99Brien+J+et+al.++Crit+Care+Med+2002%3B+20(10)%3A+2249+%E2%80%93+2254
http://www.ncbi.nlm.nih.gov/pubmed/?term=Impact+of+allogenic+packed+red+blood+cell+transfusion+on+nosocomial+infection+rates+in+the+critically+ill+patient.+Taylor+R%2C+Manganaroh+L%2C+O%E2%80%99Brien+J+et+al.++Crit+Care+Med+2002%3B+20(10)%3A+2249+%E2%80%93+2254
http://www.ncbi.nlm.nih.gov/pubmed/?term=Transfusion-associated+circulatory+overload+(TACO)+in+the+medical+critically+ill+patients.++Li+G%2C+Kojicic+M%2C+Khurram+S+et+al.+AJR+CCM+Conference+Abstracts+2009.++A1594.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bench+to+bedside+review%3A+Microvascular+dysfunction+in+sepsis+%E2%80%93+hemodynamics%2C+oxygen+transport+and+nitric+oxide.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bench+to+bedside+review%3A+Microvascular+dysfunction+in+sepsis+%E2%80%93+hemodynamics%2C+oxygen+transport+and+nitric+oxide.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anemia%2C+allogenic+blood+transfusion%2C+and+immunomodulation+in+the+critically+ill.+Raghavan+M%2C+Marik+PE.+Chest+2005%3B+127%3A295
http://www.ncbi.nlm.nih.gov/pubmed/?term=Red+blood+cell+transfusion+in+critically+ill+children+is+independently+associated+with+increased+mortality.+Kneyber%2C+Martin+CJ%2C+Mohammed+I.+Hersi%2C+Jos+WR+Twisk%2C+Dick+G.+Markhorst%2C+and+Frans+B.+Pl%C3%B6tz.++Intensive+care+medicine+2007%3B+33(8)%3A+1414-1422.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Children+with+single-ventricle+physiology+do+not+benefit+from+higher+hemoglobin+levels+post-cavopulmonary+connection%3A+Results+of+a+prospective%2C+randomized%2C+controlled+trial+versus+liberal+red+blood+cell+transfusion+strategy.++Cholette+J%2C+Rubenstein+J%2C+Alfieris+G%2C+Powers+K%2C+Eaton+M%2C+Lerner+N.++Pediatr+Crit+Care+Med+2011%3B+12(1)%3A+39-45.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Children+with+single-ventricle+physiology+do+not+benefit+from+higher+hemoglobin+levels+post-cavopulmonary+connection%3A+Results+of+a+prospective%2C+randomized%2C+controlled+trial+versus+liberal+red+blood+cell+transfusion+strategy.++Cholette+J%2C+Rubenstein+J%2C+Alfieris+G%2C+Powers+K%2C+Eaton+M%2C+Lerner+N.++Pediatr+Crit+Care+Med+2011%3B+12(1)%3A+39-45.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Children+with+single-ventricle+physiology+do+not+benefit+from+higher+hemoglobin+levels+post-cavopulmonary+connection%3A+Results+of+a+prospective%2C+randomized%2C+controlled+trial+versus+liberal+red+blood+cell+transfusion+strategy.++Cholette+J%2C+Rubenstein+J%2C+Alfieris+G%2C+Powers+K%2C+Eaton+M%2C+Lerner+N.++Pediatr+Crit+Care+Med+2011%3B+12(1)%3A+39-45.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Blood+transfusion+is+associated+with+prolonged+duration+of+mechanical+ventilation+in+infants+undergoing+reparative+cardiac+surgery.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Blood+transfusion+is+associated+with+prolonged+duration+of+mechanical+ventilation+in+infants+undergoing+reparative+cardiac+surgery.
http://www.ncbi.nlm.nih.gov/pubmed/23294337
http://www.ncbi.nlm.nih.gov/pubmed/23294337
http://www.ncbi.nlm.nih.gov/pubmed/25859890

P E D IAT R I C Alberta Chi\dren’s Hospital I.I Alberta Health

CLINICAL CARE GUIDELINES Bl Services

28 |5 fresh-frozen plasma clinically effective? An update of a systematic review of randomized controlled
trials. Yang L, Stanworth S, Hopewell S, et al. Transfusion 2012; 52:1673.

29 Consensus conference. Fresh-frozen plasma. Indications and risks. JAMA 1985; 253:551.

30 Fresh frozen plasma and platelet transfusion for nonbleeding patients in the intensive care unit: benefit or
harm? Gajic O, Dzik WH, Toy P. Crit Care Med 2006; 34:5170.

31 Predefined massive transfusion protocols are associated with a reduction in organ failure and postinjury
complications. Cotton BA, Au BK, Nunez TC, et al. J Trauma 2009; 66:41.

32 Guidelines for the use of fresh-frozen plasma, cryoprecipitate and cryosupernatant. O'Shaughnessy DF,
Atterbury C, Bolton Maggs P, et al. Br J Haematol 2004; 126:11.

33 Pharmacology and management of the vitamin K antagonists: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines (8th Edition). Ansell J, Hirsh J, Hylek E, et al. Chest 2008;
133:1608S.

Developed by: Dr. Paul Doughty, Pediatric Intensivist Last Updated: May 2024
TOC | 15



http://www.ncbi.nlm.nih.gov/pubmed/?term=Is+fresh-frozen+plasma+clinically+effective%3F+An+update+of+a+systematic+review+of+randomized+controlled+trials.+Yang+L%2C+Stanworth+S%2C+Hopewell+S%2C+et+al.+Transfusion+2012%3B+52%3A1673
http://www.ncbi.nlm.nih.gov/pubmed/?term=Is+fresh-frozen+plasma+clinically+effective%3F+An+update+of+a+systematic+review+of+randomized+controlled+trials.+Yang+L%2C+Stanworth+S%2C+Hopewell+S%2C+et+al.+Transfusion+2012%3B+52%3A1673
http://www.ncbi.nlm.nih.gov/pubmed/?term=Consensus+conference.+Fresh-frozen+plasma.+Indications+and+risks.+JAMA+1985%3B+253%3A551
http://www.ncbi.nlm.nih.gov/pubmed/16617262
http://www.ncbi.nlm.nih.gov/pubmed/16617262
http://www.ncbi.nlm.nih.gov/pubmed/?term=Predefined+massive+transfusion+protocols+are+associated+with+a+reduction+in+organ+failure+and+postinjury+complications.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Predefined+massive+transfusion+protocols+are+associated+with+a+reduction+in+organ+failure+and+postinjury+complications.
http://www.ncbi.nlm.nih.gov/pubmed/15198728
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pharmacology+and+management+of+the+vitamin+K+antagonists%3A+American+College+of+Chest+Physicians+Evidence-Based+Clinical+Practice+Guidelines+(8th+Edition).++Ansell+J%2C+Hirsh+J%2C+Hylek+E%2C+et+al.+Chest+2008%3B+133%3A160S
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pharmacology+and+management+of+the+vitamin+K+antagonists%3A+American+College+of+Chest+Physicians+Evidence-Based+Clinical+Practice+Guidelines+(8th+Edition).++Ansell+J%2C+Hirsh+J%2C+Hylek+E%2C+et+al.+Chest+2008%3B+133%3A160S

