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Abstract

The management of soldiers with massive
injury in the battleground and the blood sup-
port needed for these patients is an area of
constant progress and led to the development
of protocols to correct the rapid changes lead-
ing to death after the battle trauma. As a result
there has been a standardization and timely
release of blood components in defined ratios
which are called massive transfusion protocols
(MTPs). The civilian hospitals learned from
the military experience, and MTPs are cur-
rently used in the emergency centers and oper-
ating rooms of hospitals. However, not all
MTPs are created equal, and there is
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institutional variation, according to the type
of patients requiring MTPs. There is still con-
troversy around the ratios of blood components
to be used and what population of patients
benefit from the activation of MTPs.
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Introduction

It was at the beginning of the twentieth century
that the field of transfusion emerged, and during
World War I, the transfusion of blood revealed as a
lifesaving measure [27]. During World War 11,
whole blood was the product for resuscitation in
battle trauma. Simultaneously the fractionation of
plasma opened the field for plasma derivatives
[5]. The experience acquired led to the use of
whole blood, plasma, and plasma derivatives to
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support surgical procedures and the treatment of
specific deficiencies. After the development of
plastic bags and the technology for component
separation progressed, there was a transition to
use blood component therapy and crystalloids as
fluid replaced instead of whole blood. However in
patients with trauma and massive bleeding, there
is hypoperfusion, which results in a triad of hypo-
thermia, coagulopathy, and acidosis. Trauma
resuscitation was based on the administration of
crystalloids and infusion of blood components in
a non-defined ratio which increased the
coagulopathy, produced hemodilution, decreased
oxygen-carrying capacity, and further aggravated
the clinical picture. The first decade of the twenty-
first century produced a shift in management of
massive transfusion in trauma patients after the
experience of the military in the conflicts of Iraq
and Afghanistan. This led to the early use of blood
components in defined ratios for rapid hemor-
rhage control as part of damage control resuscita-
tion [2]. The standardization of blood component
ratios for rapid release in the treatment of intra-
vascular volume deficits led to the conception of
massive transfusion protocols (MTPs). As conse-
quence of the implementation of MTPs, trauma
patients had an improved oxygen-carrying capac-
ity and reduced incidence of consumptive and
dilutional coagulopathy which resulted in
improved clinical outcomes [15]. Thus, the use
of massive transfusion protocols facilitated the
management of emergently bleeding patients
using standardized blood component ratios and
optimized delivery times. The experience in the
military setting was taken to civilian setting, and
massive transfusion protocols were adopted in
trauma centers and emergency rooms, with differ-
ent patient populations benefiting from adapted
MTPs according to the clinical picture.

Definition

Massive transfusion can be defined in many
ways. In adult patients, it has been historically
defined as a transfusion of ten or more units
of RBC (one blood volume) in 24 h [28]. For a
more practical approach, other definitions have
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been proposed, such as transfusion of five units
of RBC or more (or half of one blood volume)
in 3 h and transfusion of four RBC units in 1 h
with evidence of ongoing blood loss of
>150 ml/min [24]. The latter definitions are
directed at identifying the patients with ongoing
need of transfusion earlier in order to improve
outcomes.

Massive Transfusion

Massive transfusions can occur in a variety of
settings such as trauma, obstetric complications,
and cardiovascular, liver, or spinal surgery, but
most studies have initially focused on its use in
the trauma setting. Many studies have pointed to
the importance of timely delivery of blood com-
ponents to the exsanguinating patients to avoid or
to correct early coagulopathy and prevent morbid-
ity and mortality [9, 16, 22]. Many hospitals
around the USA and outside the USA have
implemented massive transfusion protocols in an
attempt to expedite the delivery of blood compo-
nents to the bleeding patient. MTPs are designed
to increase efficiency of the delivery of blood and
blood components to the bleeding patients by
facilitating the delivery of blood in a pre-
determined ratio in an attempt to improve sur-
vival. There is not a consensus in the ratios of
blood components to be used in the MTPs in
trauma patients; similarly there are significant
variations in the type of patients receiving blood
components due to great differences in the extent
and distribution of the injury to tissue. The mech-
anism of trauma produces a different damage
resulting in a different magnitude of bleeding
and metabolic changes. Blunt injury patients
may present with multiple sites bleeding,
coagulopathy, and a more complex presentation,
while patients that have sustained a penetrating
injury usually have a defined site of hemorrhage
and may present with a lower injury severity
score. Thus, the ratio of components such as
fresh frozen plasma (FFP) and platelets to red
blood cells (RBC) is a subject of ongoing debate
[13, 14]. Most of the data comes from the trauma
setting, but the characteristics of the patients may
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require different MTPs, and more studies are
needed in different patient populations.

In a large prospective observational multicen-
ter study (PROMMT study), the authors con-
cluded that low plasma/RBC ratio (<1:2) was
associated with increased mortality only in the
first 24 h. The risk of death at 30 days was not
significantly different between a low ratio (1:2)
and a high ratio (1:1) of plasma/RBC and plate-
lets/RBC[13]. The largest randomized clinical
trial (PROPPR study) attempting to establish the
best ratio also showed no significant difference
between those ratios in the co-primary outcomes
of 24-h and 30 days mortality. They did however
find some differences in secondary outcomes,
such as exsanguination in the first 24 h as the
primary cause of death, which favored the 1:1:1
(plasma/platelets/RBC) group [14]. There are few
studies addressing the appropriate ratio in the
non-trauma setting. In a study of surgical and
critically ill patients at a tertiary medical center,
it was found that greater than 1:2 ratios of
FFP/RBC or platelets/RBC did not result in a
difference in 30-day mortality in studied 601 mas-
sively transfused non-trauma patients [11]. In a
retrospective review of 865 massive transfusion
events in an urban academic hospital over the
lapse of 4 years, the authors found that most of
the transfusions were given to patients without
trauma, accounting for 90% or all massive trans-
fusion event; there was no difference in the 30-day
survival rate between patients who receive a high
FFP/RBC ratio and the patients that received a
low ratio [21].

A recently published systematic review of clin-
ical trials concluded that fixed higher ratios of FFP
and platelets to RBC are associated with higher
transfusion of FFP and platelets without
documented evidence of clinical benefit com-
pared to the standard care or 1:1:2 ratio [19]. Cur-
rently, there are no specific guidelines on the
specific ratio of blood products in the setting of
oncologic critical care patients due to the clinical
complexity of these patients. It has been proposed
to start resuscitation efforts with a fixed ratio
strategy to aid in the timely delivery of the needed
blood products to the patient and then move
toward a goal-directed strategy utilizing
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laboratory and point-of-care testing parameters
as guidance [18]. Since the turnaround time of
certain laboratory tests such as PT, aPTT, and
CBC might not be appropriate in the setting of a
massive bleeding patient, there has been emphasis
in the use of point-of-care tests such as viscoelas-
tic tests (TEG, ROTEM) [8, 10, 12]. More impor-
tantly, each institution needs to establish an
adequate ratio of blood components to suit the
serving patient population. During the initial
phases of massive transfusion, the American Col-
lege of Surgeons’ Trauma Quality Improvement
Program (ACS-TQIP) recommends transfusing
RBC and plasma components in a ratio between
1:1 and 1:2, along with one apheresis platelets or a
dose of whole blood-derived platelets for every
six units of RBCs. The guidelines also recom-
mend the MTP packages to be delivered in rounds
taking no longer than 15 min until the MTP is
terminated.

Massive bleeding and blood therapy are asso-
ciated with several metabolic alterations that can
further exacerbate the clinical condition of a crit-
ical patient [7, 17]. Other potential complications
are hypothermia, acidosis, poor oxygen dissocia-
tion, hypocalcemia, and hyperkalemia. Many of
these complications are related to the changes in
blood products during storage, and at the same
time, many of those derangements might already
be present in critically ill oncologic patients. The
clinical relevance of some of these effects remains
unknown [6, 30].

When trying to establish a MTP in a specific
patient population, it is important to take into
consideration several factors such as the blood
bank capabilities, proper education of all clinical
and non-clinical teams and staff involved, and
underlying clinical data. Since many blood
banks have limited resources in regard to blood
products and personnel, usually a physician needs
to take responsibility regarding the appropriate
indication of activation of an MTP as well as the
appropriate endpoint considering the patient’s
underlying comorbidity and prognosis. Many
times prognosis is reserved in patient with dissem-
inated cancer in critical care units leading to eth-
ical considerations in the use of such protocols
(informing the blood bank when no more
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components need to be issued as well as in recog-
nizing the potential complications of transfusion
during the intervention and after). Of vital impor-
tance for the success of a newly established MTP
is the prospective gathering of data to ensure the
proper monitoring of relevant outcomes. In cer-
tain cancer patients, namely, those in the ICU
setting, attributing the MTP to a particular out-
come might be more difficult since these patients
have multiple other variables involved. A coordi-
nated effort between the laboratory, the transfu-
sion service, and treating team within a close,
precise, and concise communication is key in the
success of a MTP.

Currently, there are no established guidelines
on the appropriate trigger of massive transfusion
and the subsequent resuscitation strategy includ-
ing the adequate ratio of blood components to be
used in the critical care or perioperative setting of
cancer patients.

Massive Transfusion Protocol at The
University of Texas MD Anderson
Cancer Center

At the University of Texas MD Anderson Cancer
Center, patients that have a massive bleeding are
supported under a massive transfusion protocol
validated initially for patients in surgery and cur-
rently under validation for patients in interven-
tional radiology and ICU. There are two MTPs
activated by month as average at our institution;
however patients that have a massive hemorrhage
may be treated by selected blood components
without activation of MTP. Because the ABO
type of the patient is known, patients are
supported with ABO identical or compatible
blood components. However a cooler with O pos-
itive RBCs and plasma is always ready (emer-
gency crate), and this is to be used if there is no
enough time to release cross-matched units, acti-
vating immediately the MTP to follow up with
coolers with cross-matched RBCs. A second
emergency crate could be used if needed.
Operationally, there is a main transfusion ser-
vice in charge of coordinating MTPs when
needed, and there is a blood bank suite in the
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operating room where blood components and
cross-matched red blood cells (RBCs) are in stor-
age for patients scheduled for surgical procedures
that may require RBC support. If a patient
develops a massive bleeding and immediate trans-
fusion is needed, a cooler is immediately available
in the OR blood bank suite and in the transfusion
service. This cooler has four units of O
Rh-positive RBCs and four units of A plasma
and is to be used first when there is no time to
wait for cross-matched RBCs units. If a MTP is
activated, a technologist is immediately placed in
charge of the MTP and coordinates and commu-
nicates with the treating team. A second cooler
with four units of ABO compatible or identical
RBCs and four units of ABO compatible or ABO
identical plasma will be provided; this will be
cooler number one if the team considers that
there is enough time for cross-matching RBC
units (10-15 min) and the emergency crate will
not be used. If the MTP is still active, then a third
cooler with four units of RBCs, four units of
plasma, and one unit of apheresis platelets will
be released; the platelet unit is placed in a pouch
externally attached to the cooler. The fourth cooler
will have four units of RBCs, four units of plasma,
one apheresis platelets, and five units of pooled
cryoprecipitate; thus, cryoprecipitate will be
added every other round until MTP is deactivated.
Of great importance is the dynamic communica-
tion between the treating team and the transfusion
service in order to deactivate the MTP once
deemed appropriate. A working tool consisting
of a table with the coolers and its contents was
developed; the coolers are numbered, allowing for
an easy identification of blood components
attached and the time of release (see Form 1).
Cancer patients undergoing major oncologic
surgery are at risk for massive transfusions [3].
Adding to the complexity of these patients, many
of them have been diagnosed with chronic ane-
mia, either due to the cancer itself or associated
treatment [20]. One study by Ojima et al. found
massive transfusion to be an independent prog-
nostic factor. For shortened long-term survival in
certain cancer patients [26]. Since the incidence of
massive transfusion in cancer patients is largely
unknown, more research is needed to provide
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Patient Name: MRN: or#
Date:
Cooler Round # Units of Units of FFP/ | Units of Cryoprecipitate
# RBC/ABO type | ABO type Platelets/ ABO
type
Emergency crate 4 O Rh 4A
Positive
1 MTP round #1 4 ABO 4 ABO
identical or identical or
compatible compatible
2 MTP round #2 4 ABO 4 ABO 1 ABO 5 pooled units
identical or identical or identical or
compatible compatible compatible
3 MTP round #3 4 ABO 4 ABO 1 ABO
identical or identical or identical or
compatible compatible compatible
4 MTP round #4 4 ABO 4 ABO 1 ABO 5 pooled units
identical or identical or identical or
compatible compatible compatible
5 MTP round #5 4 ABO 4 ABO 1 ABO
identical or identical or identical or
compatible compatible compatible
6 MTP round #6 4 ABO 4 ABO 1 ABO 5 pooled units
identical or identical or identical or
compatible compatible compatible
7 MTP round #7 4 ABO 4 ABO 1 ABO
identical or identical or identical or
compatible compatible compatible
8 MTP round #8 4 ABO 4 ABO 1ABO 5 pooled units
identical or identical or identical or
compatible compatible compatible
9 MTP round #9 4 ABO 4 ABO 1 ABO
identical or identical or identical or
compatible compatible compatible
10 MTP round #10 4 ABO 4 ABO 1 ABO 5 pooled units
identical or identical or identical or
compatible compatible compatible

Form 1 Massive transfusion protocol working tool

recommendations for transfusion in the periopera-
tive settings of patients undergoing major onco-
logic surgery. It is well known that immune
surveillance is reduced in transfused cancer
patients leading to potential dissemination of the
disease. More specifically, transfusions are associ-
ated with poorer outcomes for colorectal, lung, and
hepatobiliary cancer patients [4, 25]. A randomized
controlled trial by Bergamin et al. favored using
more liberal versus restrictive thresholds for RBC
transfusions in severely ill oncology patients with

septic shock since their overall reserve to respond
to hypovolemia or normovolemic anemia is
reduced [1, 29]. One retrospective study by
Montange et al. that followed 21 patients who
received a massive transfusion during an oncologic
surgery found the overall death rate to be high,
pointing toward the severity of the disease.
Montange et al. [23] in interpreting their results, it
is important to note that this study had a very low
number of patients, most of which had ovarian
cancer. Still, the debate toward perioperative
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management of oncologic patients at risk for mas-
sive bleeding during major oncologic surgery and
the appropriate activation and endpoint of a mas-
sive transfusion protocol needs to be further
evaluated.

Summary

In summary, bleeding complications are seen in a
large proportion of cancer patients due to several
underlying mechanisms. Many cancer patients are
also at increased risk of massive bleeding during
major oncologic surgery, hence the importance of
correcting risk factors prior to such procedures. A
MTP has been developed and validated at MD
Anderson Cancer Center geared toward surgery
patients. A MTP specifically for other patient
services such as ICU patients still needs to be
developed and validated. Few studies on the out-
come of massive transfusion protocols with spe-
cific ratios have been done in this vulnerable
patient population, clearly highlighting the need
for prospective studies at large academic centers
with large volume of transfusions in this setting.
The patients in oncology are different from trauma
patients, and the bleeding is due to the therapy and
morbid processes posing a unique challenge.
Thus, MTPs in oncology are adaptations from
the ones used in trauma, and the ratios of blood
components for MTP in oncologic patients need
further research. It is important, however, to
emphasize the vital importance of optimal com-
munication between direct patient providers and
the transfusion service to provide directed blood
component therapy or the use or MTPs in massive
bleeding.
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