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Massive Transfusion
When Good Patients Go Bad

By Ricci Jo Ackley, MT(ASCP)SBB;

and Karen M Byrne, MDE, MT(ASCP)SBB, CQA(ASQ)

t 2 am,, all was quiet at Cen-

ter City Hospital. Dan Dire,

MT(ASCP) was about to take a

break. Or so he thought. Over
the loudspeaker, three short but alarming
bells rang to signify a trauma entered the
emergency department (ED). Dire had
to grab the massive transfusion protocol
(MTP) cooler and rush to the ED.

Asheran to the ED, he was relieved Cen-
ter City Hospital recently implemented an
MTP and that he received training in the
last month. Although the night might be
busy, he felt in control and ready to partici-
pate in the multidisciplinary team focused
on providing the best medical care to the
trauma patient.

Continuous improvement is key to suc-
cessful management of patients requiring
blood products. Because new technolo-
gies and study results may change how
medicine is practiced, it is important to
continuously review current processes
and make necessary changes result-
ing in improved patient care. Manag-
ing the massively transfused patient is
no exception.

This article will define massive transfu-
sion, discuss massive transfusion proto-
cols, describe blood recipients’ physiology
after massive transfusion and review
potential use of recombinant factor VIla
after conventional treatment has failed to
stop the patient’s bleeding.

Massive Transfusion
Definitions of massive transfusion can vary,
but most incorporate a specific volume of
blood transfused within a specific amount
of time; either the replacement of one blood
volume in a period of 24 hours or = 4 units
packed red blood cells within 1 hour."? If
bleeding rate is addressed, then loss of 50
percent of blood volume in 3 hours defines
a massively bleeding patient.3

Regardless of definition used, the frank
description is a lot of blood is transfused
to one patient in a short period. The main
goals of massive transfusion are simple:
establish rapid control of bleeding and
restore systemic oxygen delivery.

Events of massive transfusion can be
grouped into three categories: action,
impact and consequences (Figure).

Action

The majority of those who receive mas-
sive transfusions are either trauma or
elective surgery patients.” The main dif-
ference between these two groups is the
amount of control one has over the ini-
tial presentation of the patient and sub-
sequent management of the situation.
With trauma patients, the time between
hemorrhage and treatment is varied and
sequelae such as hypovolemia, shock,
hypothermia and the possible devel-
opment of disseminated intravascu-
lar coagulation can occur. It should be
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understood only 5 percent of trauma
patients are recipients of massive trans-
fusions.? The patient undergoing elective
surgery is observed in a controlled man-
ner, hemostasis stabilization is ongoing
and treatment is usually much simpler
than for the trauma patient.

A third population that may be mas-
sively transfused is women with post-
partum hemorrhage. Hemorrhage may
be caused from uterine atony, pathologic
placental implantation, retained prod-
ucts of conception, uterine rupture, birth
trauma and existing or acquired coagu-
lopathy.* Again, regardless of recipient,
therapeutic goals are to maintain tissue
perfusion and oxygenation by restoring
blood volume and hemoglobin, and to
stop bleeding by treating any traumatic,
surgical or obstetric source.?

Impact

To prevent a patient from bleeding to
death (exsanguinating hemorrhage),
blood and blood products need to be
transfused quickly.

Selection, preparation and distribu-
tion of blood products all take time,
and often time is of the essence during
trauma situations. Planning and coordi-
nation is important, hence the MTP. This
is a multidisciplinary process whereby
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Upon completion of this article, the

participant should be able to:

1. define massive transfusion;

2. describe different massive transfu-
sion protocols that can be imple-
mented to obtain blood and blood
products rapidly for bleeding
patients; and

3. review the physiology of a massively
transfused recipient.




blood and blood products are obtained
rapidly for a bleeding patient.3 An MTP
is the result of a team of experts work-
ing together to decide the best course of
action to be taken in cases including, but
not limited to: 1) life-threatening trauma
presenting to the emergency department;
2) unexpected surgical blood emergencies;
3) surgeries expected to require massive
transfusion; and 4) patients who require
transfusion of more than one blood vol-
ume within a 24-hour period.?

The protocol should address a process
of notification so staff can activate pro-
cedures. Communication systems can
include telephone contact, laboratory-
based alarms or other means. A facility
providing massive transfusions must
have a blood bank with adequate in-
house inventory and a method to quickly
acquire additional components to replen-
ish inventory when necessary. The proto-
col may define a specific number of RBC
units, fresh frozen plasma and platelets to
be prepared and readied for delivery. In
addition to the blood bank, other labora-
tories are involved to monitor the hemo-
static state of the transfused patient. The
hematology laboratory will be called upon
to provide STAT complete blood counts
including platelet counts. The coagulation
laboratory will provide prothrombin time
(PT)/partial thromboplastin time (PTT)
and possibly fibrinogen results. Sodium,

TABLE 1:

MASSIVE TRANSFUSION
PROTOCOL CONSIDERATIONS

ABO/Rh of Blood Products in MTP
= RBCs
= FFP

= platelets
= Cryoprecipitate
Specimen Collection

two independent patient identifiers, date of
collection and mechanism to identify who
drew specimen

Types of Compatibility Testing
= antiglobulin crossmatch
= immediate spin crossmatch

= computer crossmatch
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FIGURE: PROGRESSIVE EVENTS OF MASSIVE TRANSFUSION

Impact
Action TP is Used Consequences
is use
i i i P > = immediate
= massive transfusion = communication
= delayed

and preparation

potassium and ionized calcium levels will
be monitored by the chemistry laboratory.
Orchestration of all of these events by a
transfusion service physician can ensure
the clinical team transfusion support is
being maintained and monitored.
Specifics for the initial set of orders
for blood products may vary and should
be agreed upon when the MTP is being
developed. Blood products common to all
orders include red blood cells (RBC), fresh
frozen plasma (FFP) and platelets (either
apheresis or platelet concentrates [PC]).
Examples of transfusion packages
include:
= five RBC units, five FFP and two PC
pooled from four donors.®
= for every four RBC, transfuse two FFP;
after every eighth RBC, also transfuse
a pool of six random platelets; by the
sixteenth RBC, add a ten-pack of cryo-
precipitate (CRYO).?
= ten RBC, one unit of apheresis platelets
and two FFP3
Laboratory results should be carefully
monitored to adjust transfusion of proper
blood components. Special consideration
should be taken to address combat-related
trauma and hypocoagulable trauma patients
who require massive transfusion. An article
written by Borgman et al concluded a 1:1
ratio of plasma to RBC may be beneficial
and practical”
Component replacement guidelines
suggest the following;:
= Platelet concentrates (one whole-blood-
derived platelet concentrate per 10 kg
of body weight) if the platelet count
decreases below 50,000/uL.
= FFP, liquid plasma, plasma frozen within
24 hours after phlebotomy, or thawed
plasma (12mL/kg of body weight) if

the PT or PTT is higher than 1.5 times

control levels.
= Cryoprecipitate (1 to 1.5 units per 10 kg

of body weight) if the fibrinogen level is

less than 0.8 g/L.

The MTP may refer to specific standard
operating procedures in the transfusion
service which address ABO-compatible
components and a policy for regarding
compatibility testing (Table 1).3

Group O RBCs are often used for emer-
gency transfusion before completion of
compatibility tests and when the patient’s
type is unknown.® ABO-specific compo-
nents may be able to be given once an
accurate ABO is determined. Rh-negative
RBCs should be used for pre-menopausal
females to avoid possible immuniza-
tion to the D antigen which could cause
hemolytic disease of the newborn in
the future.

Providing antigen-negative RBCs to a
patient who has unexpected antibodies
can present quite a problem. Antibody
identification and patient history are
important and communication with the
clinical team is essential to managing such
patients. A full crossmatch (antiglobulin-
phase) is labor intensive and time con-
suming and an abbreviated crossmatch
(immediate spin or electronic) may need
to be addressed in procedures regarding
massive transfusions to expedite RBC
provision. In rare cases where an alloanti-
body is detected, a plan must be designed
that will minimize risk to patients without
obstructing rapid provision of red cells.
One such strategy is to retain 8-10 anti-
gen-negative units to be given when the
condition has stabilized.?

The drug, recombinant factor VIla
(rFVIIa), is licensed for use in 8
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hemophiliacs with inhibitors to treat active
bleeding or as prophylaxis for surgery.?

The use of rFVIIa has been investigated
as a “last ditch” treatment for patients with
massive hemorrhage. Although the conclu-
sion was rFVIIa did not rescue patients who
were resistant to conventional treatment, it
poses the possibility higher doses or shorter
infusion intervals may be associated with
improved outcomes.” Although this hemo-
static agent has been reported anecdotally
to dramatically reduce blood loss following
administration, sound evidence from con-
trolled trials is limited and this drug should
only be used with a local protocol and with
proper consultation.!?

Consequences

For a patient undergoing massive trans-
fusion, there are both immediate and
delayed effects. Initially, the patient faces
challenges from the trauma itself. The
body must compensate for blood loss, try-
ing to preserve intravascular volume and
maintain tissue perfusion. This is achieved
by an increase in heart rate, vasoconstric-
tion of the blood vessels, and activation of
cytokines, hormones and clotting factors.?
In addition to blood loss, the patient faces
a need to maintain body temperature in
order for enzymes, clotting factors and
platelets to function properly. Maintaining
body temperature also combats metabolic
acidosis, which is caused by inadequate
perfusion of tissues. A minimal drop of
core temperature to 35°C triggers dysfunc-
tion of coagulation.? The cascade of events
leading from blood loss to acidosis and
hypothermia may result in coagulopathy
with potentially fatal results. Tempera-
ture drops quickly as the patient is being
tended by medical personnel. This occurs
first by being soaked in blood and being
examined for medical assessment then by
infusion of crystalloid and colloid fluids
followed by blood products that are cold
and rapidly infused.

Risks

Once the infusion of blood components
and volume expanders begin, the patient
faces a whole set of new challenges.
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Blood Components

The first risk faced is being given the
wrong blood. This risk is increased in
emergency situations where several
unidentified patients may present at the
same time and transfusion of wrong
blood could potentially lead to an acute
hemolytic transfusion reaction.> Accu-
rate patient identification and proper
specimen collection are critical to the
safety of blood administration (Table
1). The odds of other acute hemolytic
transfusion reactions including transfu-
sion-related acute lung injury increase
with each transfusion, especially with
transfusion of plasma containing com-
ponents such as platelets and FFP. The
switch to FFP prepared only from male
donors may decrease this risk by avoid-
ing transfusion of plasma collected
from multiparous women who may
have formed antibodies to HLA class I
antigens.!!

All potential transfusion reactions should
be evaluated and treated immediately. This
should be followed by documentation and
reporting of suspected transfusion-related
adverse events as required by the AABB
Standards for Blood Banks and Transfu-
sion Services.!? Fatalities related to blood
transfusion shall be reported to outside
agencies as required.!

Citrate Toxicity
As the infusion of stored blood contin-
ues, the patient is affected by the physi-
cal properties inherent to the components
infused (Table 2). Due to anti-coagulant
preservative solutions, citrate toxicity
becomes a real danger to the massively
transfused patient. The citrate in the pre-
servative solution causes a decrease in cal-
cium and magnesium which can cause a
reduction in myocardial contractility and
may increase the risk of arrhythmias.?
Citrate is usually cleared by the liver, but
as the number of components and the
rate of infusion increases, the liver can be
overwhelmed with the volume of citrate.
Monitoring the patient for ionized calcium
is critical and the replacement of calcium
can correct any deficiencies.
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TABLE 2: PHYSIOLOGICAL

CONSEQUENCES OF
MASSIVE TRANSFUSION

= citrate toxicity

= increase in extracellular potassium
= dilutional coagulopathy

= hypothermia

Potassium

In addition to citrate, stored blood can have
an increase in extracellular potassium. At
low temperatures, the function of ion pumps
in the red cell membrane are impaired and
cause the movement of potassium to the
extracellular fluid compartment.3 Addi-
tionally, potassium increases due to lysis of
stored RBCs causing elevation in extracel-
lular potassium and plasma hemoglobin.
The kidneys are the mechanism of clear-
ance for any extracellular potassium. This
clearance can be reduced in patients with
renal failure and hypotension, as well as
neonates and children. Potassium should
be closely monitored and patients with
renal insufficiency may require special
products such as freshly collected (< 7
days) RBC or washed blood.

2,3 DPG

Another attribute of stored blood that may
affect the massively transfused patient is
a reduction in levels of 2,3 DPG. By day
14 of storage, the level of 2,3 DPG is zero.
The decrease in 2,3 DPG levels causes the
red cell to hold on to any oxygen it carries
instead of releasing it to oxygen starved
tissues. This causes a shift in the oxygen
dissociation curve to the left. Therefore,
as the red cells circulate, their full abil-
ity to carry and release oxygen as needed
is decreased until 2,3 DPG repletion
takes place. Severely depleted red cells
are able to regenerate half their 2,3 DPG
levels in 12 hours and complete restora-
tion and normal hemoglobin function in
24 hours.® Although stored blood with
reduced 2,3 DPG levels can potentially
impair oxygen delivery to tissue in mas-
sively transfused patients, patients can
usually compensate.
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