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Massive Transfusion: Part II
This is the second in a two-part series on massive transfusion. Part I focused on 

damage control resuscitation and use of blood. In part II, the authors examine 
adjunct therapy, scoring systems, and complications of massive transfusion.

— Sandra M. Schneider, MD, Editor

Adjunct Therapy
Tranexamic Acid (TXA). TXA is a synthetic lysine analogue with anti-

fibrinolytic properties. It exerts this action by inhibiting the conversion of plas-
minogen to plasmin. Plasmin, a protease, acts as a fibrinolytic agent by cleaving 
fibrin and platelet glycoprotein Ib receptors. It has been commercially available 
around the world for a number of years. In 2011, it was added to the World 
Health Organization’s list of essential medicines, and is now available over-the-
counter throughout Europe.1 

It was well known that TXA use reduces blood loss in elective surgery; how-
ever, in 2010 a large multi-centered, randomized, controlled study, known as 
the CRASH-2 trial, confirmed this understanding. It showed that all-cause 
mortality and risk of death due to bleeding was significantly reduced with the 
administration of TXA.2

A systematic review of the CRASH-2 data, published in 2011, suggested 
the need for early administration of TXA. TXA administered within one hour 
of injury reduced the risk of death due to hemorrhage from 7.7% to 5.3%. 
If administered between one and three hours after injury, it was shown to 
reduce the risk of death due to hemorrhage from 6.1% to 4.8%. However, if 
administered after three hours, an increase in mortality from 3.1% to 4.4% was 
observed.3 

Further evidence for the use of TXA in bleeding patients was presented in 
the 2012 military study known as the MATTERs (Military Application of 
Tranexamic Acid in Trauma Emergency Resuscitation) study. This retrospective, 
observational study compared TXA administration to no TXA in patients trans-
fused with at least one unit of packed red blood cells (PRBCs). Those receiving 
TXA had lower unadjusted mortality than those not receiving TXA, despite 
being more severely injured. This benefit was greatest in the group of patients 
who received massive transfusion, in which TXA was also independently associ-
ated with survival and less coagulopathy. The study concluded that treatment 
with TXA should be implemented into clinical practice as part of a resuscitation 
strategy following severe wartime injury and hemorrhage.4 

As a result of these data, military guidelines on the administration of TXA 
were amended.5 The guidelines currently stress that 1 g TXA should be admin-
istered IV over 10 minutes within three hours of injury, prior to the administra-
tion of fluids. This should be followed by a second 1 g IV dose over 8 hours. 
TXA is relatively inexpensive, averaging less than $100 per treatment in most 
U.S. hospitals. TXA is now included in resuscitation protocols at many civilian 
trauma centers. This protocol is currently being added to civilian trauma centers 
throughout the United States.  

In Europe, anti-fibrinolytic drugs such as TXA are almost universally used 
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during major surgery, as inhibition of 
the fibrinolytic pathway after tissue 
injury has been consistently shown 
to reduce blood loss. There is evi-
dence for benefit in cardiac, ortho-
pedic, urological, gynecological, and 
obstetric surgery.6  

A 2013 prospective study by 
Sentürk et al addressing its use in 
cesarean section found that TXA 
significantly reduced blood loss dur-
ing the procedure, and that its use 
was not associated with an increase 
in thromboembolic complications.7 
Gungorduk et al looked at routine 
use of TXA for spontaneous vagi-
nal delivery. They also found that 
administration during the third stage 
of labor reduced blood loss.8 In a 
review of the literature for postpar-
tum hemorrhage, although initial 
therapy revolves around uterotonic 
drugs and the assessment for retained 
placenta, TXA may be considered 
first line for persistent hemorrhage.9 

Recombinant Factor VIIa 
(rFVIIa). Factor VII is one of a 
series of vitamin K-dependent gly-
coproteins with an essential role in 
the activation of the clotting cascade. 
Factor VII also enhances thrombin 
generation on activated platelets, 
independent of factors VIII and IX. 
Recombinant factor VIIa is currently 
FDA approved for use in patients 
with factor VII deficiency and in 
hemophilia with inhibitors. It is also 
used off label for treating hemor-
rhage and coagulopathy. 

Boffard et al conducted two paral-
lel randomized, controlled clinical 
trials to assess the efficacy and safety 
of rFVIIa as an adjunct therapy in 

bleeding patients. One study assessed 
its use in blunt trauma, while the 
other assessed penetrating trauma. 
The study concluded that rFVIIa 
significantly reduced the need for 
PRBC transfusion in both blunt 
and penetrating trauma without 
an increase in thrombotic events. 
However, the study did not show a 
a statistically significant decrease in 
mortality.10 

A further retrospective study of 
civilian and military patients by 
Perkins et al showed similar results. 
They found that early administra-
tion of rFVIIa (prior to transfusion 
of 8 units PRBCs) reduced PRBC 
transfusion by 20% in patients requir-
ing massive transfusion. Again, no 
mortality benefit was observed, and 
complications, such as thrombotic 
events, were not found to be statisti-
cally significant.11 

However, a retrospective review of 
military data showed that early use of 
rFVIIa was associated with decreased 
30-day mortality in severely injured 
combat casualties requiring massive 
transfusion. Again, it was not shown 
to be associated with an increased 
risk of severe thrombotic events.12 

More recently, in the largest pla-
cebo-controlled data set for the effi-
cacy and safety of rFVIIa to date, the 
CONTROL trial once again showed 
a decrease in PRBC transfusion rates; 
however, no mortality benefit was 
observed. They did, however, report 
a possible increase in the incidence of 
myocardial infarction.13 Clinical trial 
dosing strategies have varied, but 
most have reported an initial dose 
of 200 μg/kg followed by repeat 

dosing of 100 μg/kg at 1 and 3 
hours.14 However, one of the limita-
tions of rVIIa is its cost. For 200 
μg/kg dose, a cost of upwards of 
$12,960 has been reported.15 

Given the inconclusive evidence 
for the efficacy and safety of rFVIIa, 
coupled with its high cost, it is 
not currently recommended for 
routine use in massive transfusion 
protocol.16,17

Prothrombin Complex 
Concentrate (PCC). Prothrombin 
complex concentrate (PCC), other-
wise known as factor IX complex, is a 
combination of vitamin K-dependent 
glycoprotein clotting factors, as well 
as proteins C and S. PCC is prepared 
from the cryoprecipitate of large 
plasma pools. Various processing 
techniques enable the production 
of either three-factor (II, IX, and X) 
or four-factor (II, VII, IX, and X) 
concentrates. Overall, clotting fac-
tor concentration is approximately 
25 times higher than in normal 
plasma.18 In terms of clotting factor 
concentration, 2000 mL of fresh fro-
zen plasma (FFP) is comparable to a 
single dose of PCC. Unlike serum-
based products such as FFP, PCC is 
lyophilized, allowing rapid recon-
stitution, as opposed to thawing.19 
Although not as expensive as rFVIIa, 
which averaged approximately 
$7500 per patient in one study, PCC 
remains somewhat costly, averaging 
approximately $1000 per patient in 
the same study.20 

PCC is currently FDA approved 
for congenital coagulation disorders 
and for reversal of oral anticoagu-
lants, such as warfarin, in the setting 

 z There are several relatively new adjuvant treatments 
for patients with massive hemorrhage. Of these, TXA 
is most widely recommended. It is inexpensive and has 
been shown to reduce mortality when given within 
three hours of injury.

 z A new test, viscoelastic hemostatic assay, identifies the 
patient’s stage of coagulability and fibrinogen status. The 
result of the test is a curve, which can help determine the 
need for fibrinogen, clotting factors, and platelets.

 z Massive transfusion is an independent predictor of 
increased mortality, increased infection rate, SIRS, and-
multi-organ failure.

 z Complications of massive transfusion include acid/
base derangement, electrolyte abnormalities (particu-
larly hyperkalemia with rapid infusion), immune system 
changes, acute lung injury, and fluid overload.

Executive Summary
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of hemorrhage.21 For rapid reversal 
of warfarin in the setting of hem-
orrhage, 25 U/kg, irrespective of 
pre-injury coagulation profile, is 
recommended.22 However, the most 
effective dosing regimen for PCC in 
critically bleeding trauma patients 
remains unknown. Trauma patients 
may require a lower dose because 
they have an increased potential of 
thrombus formation due to the sub-
sequent loss of anti-thrombin. 

PCC use in the setting of acute 
hemorrhage has been hypothesized 
to be a more effective, beneficial, and 
cost-effective alternative to currently 
available therapy. These benefits may 
result from a more potent, sustain-
able, and rapid international nor-
malized ratio (INR) reversal when 
compared to FFP.19 Data on the 
use of PCC in trauma are limited; 
however, a few recent studies are 
encouraging. Joseph et al described 
their experience in the use of PCC 
for coagulopathic trauma patients. 
They found that PCC rapidly and 
effectively treats coagulopathy after 
traumatic injury, irrespective of war-
farin use.20 The study also showed a 
decrease in blood product transfu-
sion. The authors advocated that 
PCC be considered as an effective 
tool to treat coagulopathy in trauma. 
However, they suggested that further 
prospective studies be conducted to 
investigate its efficacy and safety.23 

A multi-center, retrospective trial 
assessing FFP compared to PCC 
coupled with supplementary fibrino-
gen linked the use of PCC and 
fibrinogen with a reduced need for 
blood products and a reduced hos-
pital length of stay, despite a signifi-
cantly worse hemodynamic status on 
presentation to the hospital.24 

PCC is a potential therapy for 
critically hemorrhaging patients, but 
cannot be recommended as first-
line therapy at this time due to the 
limits of its supporting data. Rather, 
it should be reserved for refrac-
tory bleeding until more data are 
available.

Recombinant Fibrinogen. 
Recombinant fibrinogen concen-
trate is a promising alternative to 
allogeneic blood products such 

as cryoprecipitate and FFP. It has 
been suggested that recombinant 
fibrinogen possesses a few advantages 
when compared to these traditional 
sources. Recombinant fibrinogen 
allows for a standardized dose, it 
can be more rapidly administered in 
a smaller volumes, and has a good 
safety profile.25 

Early results demonstrate that 
fibrinogen concentrate is associ-
ated with a reduction in the use 
of blood products. Rehe-Meyer 
et al conducted a prospective, 
placebo-controlled, double-blind 
study in patients undergoing aortic 
replacement surgery to determine 
the efficacy of fibrinogen concen-
trate. Individuals were random-
ized to fibrinogen concentrate or 
placebo, administered intraop-
eratively. Patients in the fibrinogen 
concentrate group received fewer 
blood product components than 
the patients in the placebo group 
(median of 2 versus 13 units, respec-
tively). In fact, total avoidance of 
transfusion was achieved in 13 of 
29 patients (45%) in the fibrinogen 
concentrate group. In comparison, 
100% of the placebo group required 
transfusion.26 

Although the data are encourag-
ing, further studies are necessary to 
confirm the role of fibrinogen con-
centrate in the management of acute 
hemorrhage.

Diagnosis of Massive 
Transfusion Requirement

Determining the need for mas-
sive transfusion early in the hospital 
stay is essential to prevent unneces-
sary delays in care. Certain injury 
patterns, such as multiple proximal 
amputations, evisceration with hypo-
tension, and penetrating abdominal 
trauma, come with the inherent 
independent predictor of need for 
massive transfusion. The need for 
massive transfusion in other injuries 
can be less apparent upon hospital 
presentation.

In an attempt to devise accurate 
but easy-to-use mechanisms to help 
identify massive transfusion candi-
dates, many different predictive scor-
ing algorithms have been proposed. 

These scoring systems are required 
to be simple enough for the care-
giver to calculate in the emergency 
department. They must only use 
laboratory values and/or data that 
can be obtained rapidly upon arrival 
while maintaining high sensitivities 
and specificities. 

Scoring Systems
Maegele et al conducted a retro-

spective assessment of the various 
predictive algorithms and found 
that the two best performers among 
the models developed to date were 
the Trauma Associated Severe 
Hemorrhage (TASH) score and the 
Vandromme score.27 

The TASH score, developed in 
2006 and revalidated in 2011, was 
derived from 6044 severely injured 
blunt trauma patients treated in 
multiple Level 1 trauma centers 
in Germany. It incorporates seven 
weighted variables to produce a 
summative score from 0-28.28,29 
(See Table 1.) Systolic blood pres-
sure, gender, initial hemoglobin, 
focused assessment with sonography 
for trauma (FAST), heart rate, base 
excess, and open femur fracture or 
clinically unstable pelvic fractures 
are incorporated. The higher the 
score, the more likely the patient 
is to require massive transfusion. A 
score greater than 16 infers a 50% 
probability of requiring massive 
transfusion.27 

The Vandromme score, proposed 
in 2011 and based on a smaller data-
set, incorporates five clinical mea-
sures: blood lactate, heart rate, INR, 
hemoglobin, and systolic blood pres-
sure.30 (See Table 2.) A score greater 
than 3 was found to have a specificity 
of 98% in predicting the need for 
massive transfusion.27 

An evidence-based review by Neal 
et al suggested that a third scoring 
system, the Assessment of Blood 
Consumption (ABC) score, was the 
more easily used.14 (See Table 3.) The 
ABC score was developed by Nunez 
et al using retrospective data from 
596 patients presenting to a single 
Level 1 trauma center.31 It uses 
four non-laboratory, non-weighted 
variables to create a score from 0-4. 
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These variables include penetrating 
mechanism, systolic blood pressure, 
heart rate, and FAST. The decision 
to exclude laboratory values makes 
the ABC score the fastest to calcu-
late in the ED. An ABC score of 2 is 
reported to be 75% sensitive and 86% 
specific for predicting the need for 
massive transfusion.27 

In 2013, Callcut et al used the 
PROMMTT data to identify trig-
gers associated with the need for 
massive transfusion, creating a mas-
sive transfusion score (MTS). Initial 
triggers were defined as INR greater 
than 1.5, systolic blood pressure less 
than 90, hemoglobin less than 11, 
base deficit greater than or equal to 
6, positive FAST, heart rate greater 
than or equal to 120, and penetrat-
ing mechanism. If all triggers were 

known, an MTS was created, with 
one point assigned to each trigger 
met. They found that all triggers 
except penetrating mechanism and 
heart rate were valid independent 
predictors of massive transfusion, 
with INR being the most predictive. 
They also concluded that patients 
with MTS less than 2 were unlikely 
to require massive transfusion (nega-
tive predictive value of 89%), and 
for MTS greater than or equal to 2, 
the sensitivity for predicting massive 
transfusion requirement was 85%.32 

Since there is no prospective, 
comparative analysis to demon-
strate superiority or inferiority of 
any of these scoring algorithms, no 
consensus scoring system can cur-
rently be determined.14 However, it 
is clear that the scoring systems can 

be helpful guides in determining 
who may ultimately require massive 
transfusion. 

Point-of-Care Viscoelastic 
Hemostatic Assays (POC 
VHA)

Point-of-care viscoelastic hemo-
static assay (POC VHA), or thromb-
elastography (TE), has the potential 
to become the new standard of care 
for the early detection of coagu-
lopathy. Its use is already incorpo-
rated into European guidelines.33 
Although elevated plasma assays (PT 
and aPTT) are independent predic-
tors of mortality in trauma, they are 
of limited value in the clinical set-
ting of treating acute hemorrhage. 
The cell-based model of hemostasis 
stresses the role of platelets in the 
formation of intact thrombin and the 
stability of the forming thrombus. 
For this reason, using whole blood 
assays can provide the caregiver with 
a more complete picture of ongoing 
coagulopathy.34 

Two different assays, known as 
the Thrombelastograph Hemostasis 
Analyzer system (TEG®) and 
Rotational Thromboelastometry 
(ROTEM®), are available. They 
provide information on clot develop-
ment, stability, and lysis. Such tests 
provide real-time data about clot 
dynamics and, thus, specifics about a 
patient’s coagulopathy.  

To perform the TEG assay, whole 
blood is added to a warmed cuvette. 
A pin, connected to a detector sys-
tem, is suspended within the cuvette. 
The cuvette effectively reproduces 
slow venous flow by rotating rela-
tive to the pin through an angle of 
4° to 45°. As the blood clots, fibrin 
strands form between the cuvette 
and pin. These fibrin strands transmit 
the rotational force of the cuvette to 
the pin and a tracing is generated. 
Information regarding coagulopathic 
deficiencies is inferred based on the 
shape of this tracing.35 In ROTEM, 
the cuvette is stationary and the pin 
rotates.

VHAs have been used in cardiac 
and transplant surgery for more 
than 25 years to guide transfusion. 

Table 1: TASH Score

Variable Value Score
Hemoglobin (g/dL) < 7 8

< 9 6
< 10 4
< 11 3
< 12 2
≥ 12 0

Base Excess (mmol/L) < -10 4
< -6 3
< -2 1
≥ -2 0

Systolic Blood Pressure (mmHg) < 100 4
< 120 1
≥ 120 0

Heart Rate (bpm) > 120 2
≤ 120 0

FAST Positive 3
Negative 0

Clinically unstable pelvic fracture Yes 6
No 0

Open femur fracture Yes 3
No 0

Gender Male 1
Female 0

The seven weighted variables of the Trauma Associated Severe Hemorrhage 
(TASH) scoring system that are used to evaluate patients, recreated from 
Maegele et al.27
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A study by Ak et al showed use of 
VHA significantly reduced the use 
of blood component therapy and 
overall blood loss.36 A more recent 
Cochrane review suggested that 
VHA is superior to conventional 
assays in predicting blood transfusion 
requirements.37 

Principle VHA measures include 
reaction time (R) or activated clot-
ting time (ACT), angle (α), maxi-
mum amplitude (MA), maximal clot 
strength (G), clot lysis (ly), and clot 
lysis time (CLT). (Refer to Figure 1 
to better understand these measure-
ments and the following discussion.)

The R or ACT refers to the time 
it takes for a clot to begin to form. 
This is reflective of clotting factor 
concentration. R/ACT will thus be 
prolonged in consumptive or severe 
dilutional coagulopathy. The angle 
(α), in its most simplistic form, is a 
measure of the rate of clot formation 
and is reflective of fibrinogen activ-
ity. In hypofibrinogenemia, α will 
be smaller, whereas in hypercoagu-
lable states it can be larger. Maximal 
amplitude (MA) and its math-
ematical counterpart, maximal clot 
strength (G), express the overall clot 
strength and are measures of plate-
let and fibrinogen activity. G can be 
calculated by the equation (5000 × 
A)/(100 - A) and possesses the units 
dynes/cm2.38 Thrombocytopenia 
and hypofibrinogenemia will have 
smaller MA and G. Clot lysis (ly) and 
clot lysis time (CLT) are measures 
of the rate of fibrinolysis. Shorter ly 
and CLTs are indicative of increased 
fibrinolysis.

Cotton et al conducted a prospec-
tive study to evaluate TEG efficacy 
and its correlation with traditional 
coagulation tests. Of 583 trauma 
activations during the data collec-
tion, 272 met the study criteria. 
Traditional coagulation tests (PT/
APTT/INR/Plt) were compared to 
POC TEG (rTEG) readings. Early 
rTEG values (ACT) were available 
within 5 minutes. Later rTEG values 
(MA and angle) were available within 
15 minutes, whereas traditional 
tests were available in 48 minutes. 
The results were two-fold. ACT 
showed correlation with traditional 

coagulation tests, whereas MA and 
angle correlated with platelet count. 
In addition, high ACT (> 128 sec-
onds) predicted massive transfusion, 
while low ACT (< 105 seconds) 
predicted that no transfusion was 
required.39 

In similar fashion, Pezold et al 
found that G provides consistent, 
independent prediction of the need 
for massive transfusion and of death 
early in resuscitation.38 This finding 
was mirrored in Kashuk et al’s expe-
riences with rTEG, in which G was 
associated with increased survival.40 
Although assays such as TEG and 
ROTEM provide values that are con-
sidered “normal” for a given variable, 
there are limited data to verify such 
values and, thus, thresholds to begin 
treatment are not well established. 
This issue was recently addressed in 
a study by Chapman et al that exam-
ined fibrinolysis thresholds.41  

It had previously been accepted 
that the normal upper limit TEG 

30-minute fibrinolysis (LY30) value 
was 7.5%. However, this was hypoth-
esized to be inappropriate in severe 
trauma, as the mortality had been 
noted to rise at much lower levels. 
Chapman et al showed that within 
the MTP patients, those with LY30 
of 3% or greater were shown to be 
at a much higher risk of dying from 
hemorrhage (45.5% vs 4.8%).41 This 
study outlines the need for further 
investigation to establish evidence-
based thresholds for treatment based 
on VHA tracings. It is also impor-
tant to note that these variables dif-
fer between different VHA assays. 
Absolute values obtained from TEG, 
rTEG, and ROTEM tracings are not 
comparable. For this reason, specific 
values have not been published in 
this paper. 

Goal-directed Therapy 
Based on VHA 

Goal-directed treatment algo-
rithms based on TEG tracings have 

Table 2: The Vandromme Scoring System

Variable Value Score
Blood lactate (mmol/L) > 5 1

≤ 5 0
Heart rate (bpm) > 105 1

≤ 105 0
INR > 1.5 1

≤ 1.5 0
Hemoglobin (g/dL) < 11 1

≥ 11 0
Systolic blood pressure 
(mmHg)

< 110 1
≥ 110 0

Table 3: The Assessment of Blood Consumption (ABC) 
Scoring System 

Variable Value Score
Penetrating mechanism Yes 1

No 0
Systolic blood pressure 
(mmHg)

< 90 1
≥ 90 0

Heart rate (bpm) > 120 1
≤ 120 0

FAST exam Positive 1
Negative 0
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been devised. Like MTPs in which 
the specifics can vary, the theory 
remains the same. Through the use 
of real-time TEG tracings, individual 
clotting deficiencies can be rapidly 
identified and treatment can be tai-
lored to those deficiencies. 

Given that a prolonged R/ACT 
depicts a deficiency in clotting fac-
tors, FFP (10-20 mL/kg) or cryo-
precipitate (3-5 mL/kg) should be 
administered. When the angle (α) is 

smaller than expected, hypofibrino-
genemia should be considered and 
a functional fibrinogen (FF) analy-
sis should be performed. A low FF 
confirms hypofibrinogenemia and 
fibrinogen should be administered. 
This can be in the form of FFP (20-
30 mL/kg), cryoprecipitate (5 mL/
kg), or recombinant fibrinogen (25-
50 mg/kg). 

A shorter than expected MA could 
be indicative of hypofibrinogenemia, 

thrombocytopenia, or both. FF 
analysis should be performed to 
determine the cause. If the FF is low, 
again, fibrinogen should be admin-
istered. If the FF is normal, then the 
patient is more likely thrombocyto-
penic, and platelets (5-10 mL/kg) 
should be given. 

As previously stated, CLT is short-
ened by fibrinolysis. In such a set-
ting, the patient would likely benefit 
from the administration of TXA (1-2 
g IV).34 

Repeat TEG measurements can to 
be taken after 30 minutes to assess 
improvement of the prior coagulopa-
thy and identify the need for further 
blood products or adjuncts.

Complications of Massive 
Transfusion

Blood transfusion has been recog-
nized as an independent predictor 
of multiple organ failure, systemic 
inflammatory response syndrome 
(SIRS), increased infection, and 
increased mortality in multiple stud-
ies.42 The need for massive transfu-
sion and its apparent associated 
mortality notwithstanding, massive 
transfusion is not without its own 
complications. These complications 
include acid/base derangements, 
electrolyte abnormalities, transfu-
sion-related immunomodulation 
(TRIM), transfusion-related acute 
lung injury (TRALI), and transfu-
sion-associated circulatory overload 
(TACO).42 

Systemic Inflammatory 
Response Syndrome (SIRS). 
Severe traumatic injury results in a 
post-traumatic SIRS. This, in turn, 
leads to a post-traumatic anemia, as 
traumatic inflammation causes bone 
marrow suppression.43 This can be 
compounded by blood transfusion, 
since it has also been independently 
associated with an increased inci-
dence of SIRS and death.44 

Multiple Organ Failure. Sauaia 
et al recognized blood transfusion 
to be an independent risk factor 
for multiple organ failure in trauma 
patients.45 They found that age > 55 
years, ISS ≥ 25, > 6 units PRBCs in 
the first 12 hours, base deficit > 8 
mEq/L, and lactate > 2.5 mmol/L 

Figure 2: TEG Profiles

Figure 1: TEG Tracing Breakdown 
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were independent predictors of mul-
tiple organ failure. The mechanism 
behind multiple organ failure is still 
poorly understood. It is believed 
to be a result of SIRS and cytokine 
mediated. 

Acid/Base Derangements. As 
mentioned previously, a metabolic 
acidosis often develops in patients 
with hemorrhagic shock secondary 
to global hypoperfusion and lactic 
acidosis. This can be compounded 
by the transfusion itself as well as 
crystalloid infusion. Aggressive resus-
citation should be continued despite 
this, as restoration of perfusion is 
paramount. 

Citrate is metabolized by the liver 
to bicarbonate. This can create an 
iatrogenic metabolic alkalosis, which, 
in the presence of shock, can be pro-
tective. It should be noted that in 
patients with liver failure, acidosis is 
compounded by the liver’s inability 
to catabolize lactate and citrate.46 

The reversal of acidosis with 
alkalinizing agents such as sodium 
bicarbonate remains controversial 
and should be reserved for patients 
with hemodynamic instability due to 
severe metabolic acidosis.

Electrolyte Abnormalities: 
Potassium (K). Hyperkalemia 
and hypokalemia are consistently 
seen post massive transfusion. 
Hyperkalemia is usually due to renal 
insufficiency and crush injuries, the 
result of rhabdomyolysis and sub-
sequent myonecrosis. However, in 
a 2008 study by Aboudara et al, 
38.5% of transfused trauma patients 
(excluding crush injury) were noted 
to have serum potassium greater 
than 5.5 mEq/L, compared to only 
2.9% of non-transfused patients.47 
Despite this disparity, no clini-
cal sequelae of hyperkalemia were 
observed. Potassium concentrations 
in PRBCs can range tremendously. 
It appears that with increased PRBC 
storage time, potassium concen-
trations increase due to the effect 
of ATPase pump inactivation and 
irradiation.42 

There is also a transient hyperka-
lemia seen when transfusion rates 
exceed 100-150 mL/min. These 
rates are not uncommon in the 

acutely exsanguinating patient with 
a central venous catheter. The Level-
1® Rapid infuser, used at many 
Level 1 trauma centers throughout 
the United States, infuses PRBCs at 
150 mL/min through an 18-gauge 
peripheral line, at 300 mL/min 
through a 14-gauge peripheral 
line, and more than 500 mL/min 
through a 6-French catheter or 
central line.48 Rapid transfusion via 
central venous catheters is associated 
with hyperkalemic cardiac arrest in 
vulnerable populations, including 
critically ill adults.49 

Hyperkalemia, however, can be 
transient, and hypokalemia often 
follows. The mechanism for this 
phenomenon is multifactorial. Once 
transfused, PRBC ATPase is reacti-
vated, causing rapid influx of potas-
sium into the cell.50 This can be 
compounded by catecholamine surge 
and the metabolic alkalosis, which 
results from unavoidable concurrent 
citrate administration. 

Hypocalcemia/
Hypomagnesemia — Citrate 
Toxicity. The liver can only metabo-
lize approximately 3 g of citrate per 
5 minutes. In patients with liver 
failure or who receive blood transfu-
sions that exceed 1 unit in 5 minutes, 
citrate can accumulate in blood.51 
Free citrate, being a negative ion, 
will bind to calcium and magnesium 
in the blood, resulting in hypocal-
cemia and hypomagnesemia known 
as citrate toxicity. Clinical signs of 
citrate toxicity include tetany, pro-
longed QT, decreased myocardial 
contractility, and resultant hypoten-
sion. If left untreated, this can prog-
ress to ventricular fibrillation and 
PEA arrest.

Transfusion-related 
Immunomodulation (TRIM). 
Transfusion-related immunomodu-
lation (TRIM) is used to describe 
the frequent observation that 
PRBC transfusion is associated with 
immunosuppression and increased 
inflammation.52 Although the pre-
cise mechanisms of TRIM remain 
unclear, it is thought that TRIM 
is contingent on an interchange 
between transfusion effects, genetic 
predisposition, and comorbidities. 

It has been proposed that TRIM 
may be mediated by: allogeneic 
mononuclear cells, white blood cell-
derived soluble mediators, and/or 
soluble HLA peptides circulating in 
allogeneic plasma.52 However, plate-
lets and vascular endothelial cells 
likely contribute to TRIM as well.53 

TRIM has been linked to cancer 
recurrence, postoperative infec-
tion, viral activation, multiple organ 
failure, and resultant mortality.52 
A 2003 meta-analysis verified the 
relationship of transfusion to post-
operative bacterial infection.54 The 
researchers found that the odds ratio 
for the risk of postoperative bacte-
rial infection for transfused versus 
non-transfused patients was 3.45 
(and 5.26 for the subset of trauma 
patients).54

Transfusion-related Acute Lung 
Injury (TRALI). Acute lung injury 
(ALI) is defined as bilateral pulmo-
nary infiltrates on chest X-ray in the 
absence of left atrial hypertension 
and SpO2 < 90% on room air or a 
PaO2/FIO2 (P/F ratio) ≤ 300 mm 
Hg. ALI becomes acute respiratory 
distress syndrome (ARDS) when the 
P/F ratio drops to ≤ 200 mm Hg.55 
TRALI is any ALI that ensues within 
six hours of transfusion that cannot 
be attributed to any other risk factors 
associated with ALI or ARDS.56 

Clinically, TRALI often presents 
with the sudden onset of hypox-
emic respiratory distress shortly 
after transfusion. A retrospective 
study presented the most common 
signs and symptoms, outside of the 
aforementioned definition, to be: 
pink, frothy airway secretions from 
the endotracheal tube (56%), fever 
(33%), hypotension (32%), and cya-
nosis (25%).57 

TRALI is the chief cause of 
transfusion-related mortality in the 
United States.58 Historical estimates 
of TRALI–associated mortality 
have ranged from 5% to 8%.59 The 
incidence of TRALI varies depend-
ing on the blood product trans-
fused: platelets > FFP > PRBC. It 
has been reported that the risk of 
TRALI in PRBC transfusion lies 
within the range of 1 in 5,000 units 
transfused.60 In comparison, FFP 
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caries the risk of 1 in 2,000 units 
transfused, and platelets the risk of 
1 in 400 units transfused.60 More 
recently, it has been suggested that 
the actual risk may be higher.42 

The mechanism behind TRALI is 
still not fully understood; however, it 
is generally recognized to be a result 
of a “two-hit” mechanism.61 The 
primary “hit” refers to neutrophil 
sequestration in the lung microvascu-
lature followed by their priming. The 
secondary “hit” involves neutrophil 
activation by blood product, which 
results in lung injury. Endothelial 
cells in the lung microvasculature are 
believed to account for the seques-
tration through adhesion molecules 
and priming through cytokine 
mediators, prior to transfusion. Once 
activated by the transfused blood 
products, the primed neutrophils 
release cytokines, reactive oxygen 
species, oxidases, and proteases that 
damage the pulmonary capillary 
endothelium. 

Since the risk of TRALI increases 
with increased blood product vol-
ume, those receiving massive trans-
fusion are especially at risk. As such, 
once hemorrhage is controlled, 
restrictive transfusion practices 
should be employed.42 Treatment 
of TRALI is primarily supportive: 
Oxygen should be administered 
and, if necessary, endotracheal intu-
bation with the use of lung-protec-
tive mechanical ventilation should 
be initiated. In addition, minimiz-
ing fluid administration should be 
considered.

Transfusion-associated 
Circulatory Overload (TACO). 
TACO can be difficult to distin-
guish clinically from TRALI, as both 
often present as dyspnea. Although 
their initial clinical presentation 
may be similar, the mechanisms 
behind the two are very different. 
Whereas TRALI is a phenomenon of 
increased lung permeability, TACO 
is a result of hydrostatic pulmonary 
edema.42 Separating the two can 
be difficult; however, serum B-type 
natriuretic peptide levels may be 
helpful.62 Since TACO results from 
fluid overload, it often responds to 
diuretics. 

Conclusion
Part I of this series introduced the 

concept of damage control resusci-
tation. This focuses on limited use 
of crystalloids, early transfusion, 
permissive hypotension, temporiz-
ing the lethal triad, and obtaining 
early surgical control of hemor-
rhage. Although the optimal ratio 
for blood product replacement in 
patients requiring massive transfusion 
is not known, the most recent data 
advocate for ratios of PRBC: FFP 
approaching 1:1, with most MTPs 
pushing treatment with PRBCs: FFP: 
platelets of 1:1:1. Tranexamic acid 
should also be considered, with cryo-
precipitate as a source of fibrinogen 
for persistent bleeding.  

Identification of which patients will 
require massive transfusion is chal-
lenging. Many scoring systems, while 
promising, require complex calcula-
tions, may be time-consuming, and 
require prospective validation. The 
TASH and Vandromme scoring 
systems are the highest performing 
scoring systems. The use of POC 
VHAs provides insight into patients’ 
underlying coagulopathy. Data are 
available in real time and can be used 
to tailor treatment toward individual 
deficiencies.  

Although the data for massive 
transfusion in non-trauma patients 
are sparse, there is still a role for 
utilizing these transfusion and resus-
citative concepts for patients with 
massive blood loss.  
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CME Questions

1. Which of the following is not associated 
with massive transfusion of blood?
A. acute lung injury
B. hemolysis
C. acid/base disorders
D. fluid overload

2. TXA administration is associated with:
A. increased mortality in the first hour
B. increased mortality in head-injured 

patients
C. increased mortality when given more 

than 3 hours after injury
D. increased mortality when given with 

platelet transfusion

3. Which of the following is true regard-
ing management of severe acidosis in a 
trauma patient?
A. Administer crystalloid via large bore 

IV wide open.
B. Gain rapid control of hemorrhage and 

restore tissue perfusion.
C. Administer 2 amps of bicarbonate IV, 

then start drip.
D. Hyperventilate patient via BVM.

4. PCC is recommended for which of the 
following patients?
A. a patient on warfarin with a massive 

GI bleed
B. a patient who took an overdose of 

warfarin 30 minutes ago
C. a patient with a traumatic amputation 

of his hand
D. a patient on aspirin with a cerebral 

bleed

5. Citrate toxicity can cause all of the follow-
ing except:
A. prolonged QT
B. hypotension
C. coagulopathy
D. ventricular fibrillation

6. Massive blood transfusion is associated 
with all of the following except:
A. SIRS
B. increased mortality
C. hyponatremia
D. multi-organ failure

7. Which of the following adjunct thera-
pies is routinely recommended in severe 
hemorrhage?
A. rFVIIa
B. TXA
C. PCC
D. rFIa

8. A trauma patient with a proximal limb 
amputation presents with severe hemor-
rhage. A tourniquet is placed for tem-
porary control. An rTEG is performed. 
The results show a prolonged R/ACT, 
low FF, normal angle, MA, and Ly30. 
According to these results the patient 
should receive:
A. platelets
B. TXA

C. FFP
D. PRBCs

9. Rapid transfusion of PRBCs has been 
associated with a transient:
A. hyperkalemia
B. hyponatremia
C. hypercalcemia
D. hypermagnesemia

10. The use of PCC in severe hemorrhage 
has shown multiple potential benefits, 
including:
A. It is less expensive than FFP and  

cryoprecipitate.
B. Its reconstitution is immediate and 

thus available quicker than FFP and 
cryoprecipitate.

C. It has a well-studied optimal dosage.
D. Early studies suggest a mortality  

benefit. 
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