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ABSTRACT

Introduction: Trauma is not only the leading cause of death in patients under 45 years of 
age, but also the most common cause for massive transfusion. Adequate recognition of the 
need for massive transfusion is paramount to decrease early mortality. Massive transfusion 
protocols have been developed to simplify and standardize transfusion administration are 
based on prevention of coagulopathy, acidosis and hypothermia. Transfusion not only refers to 
administering packed red blood cells (PRBC), but also limiting coagulopathy by means of using 
essential hemostatic blood products, such as fresh frozen plasma (FFP) and platelets (PLT). 
Case Series: In this article, current opinions on massive transfusion will be discussed, based 
on three patients who received massive transfusion after major injury. All of the three described 
patients in this article developed coagulopathy, acidosis and hypothermia. Their physiology was 
corrected by a combination of damage control surgery and early hemostatic blood transfusion. 
The two surviving patients did not develop any septic complications caused by massive 
transfusion. At our institution, a 1:1:1 ratio of PRBC:FFP:PLT is advocated, in concordance 
with most current literature. Massive transfusion, however, can lead to complications such 
as transfusion induced lung injury, acute respiratory distress syndrome and multiple organ 
dysfunction syndrome. 
Conclusion: In this article, current literature is reviewed, and new insights regarding coagulation 
measurements and hemostatic products including the influence of transfusion on the immune 
system have been discussed.

(This page in not part of the published article.) 
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AbstrAct

Introduction: trauma is not only the leading 
cause of death in patients under 45 years of age, 
but also the most common cause for massive 
transfusion. Adequate recognition of the 
need for massive transfusion is paramount to 
decrease early mortality. Massive transfusion 
protocols have been developed to simplify and 
standardize transfusion administration are 
based on prevention of coagulopathy, acidosis 
and hypothermia. transfusion not only refers 
to administering packed red blood cells (Prbc), 
but also limiting coagulopathy by means of using 
essential hemostatic blood products, such as 
fresh frozen plasma (FFP) and platelets (PLt). 
case series: In this article, current opinions on 
massive transfusion will be discussed, based on 
three patients who received massive transfusion 
after major injury. All of the three described 
patients in this article developed coagulopathy, 
acidosis and hypothermia. their physiology was 
corrected by a combination of damage control 
surgery and early hemostatic blood transfusion. 
the two surviving patients did not develop 
any septic complications caused by massive 
transfusion. At our institution, a 1:1:1 ratio of 
Prbc:FFP:PLt is advocated, in concordance 
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with most current literature. Massive 
transfusion, however, can lead to complications 
such as transfusion induced lung injury, acute 
respiratory distress syndrome and multiple 
organ dysfunction syndrome. conclusion: In this 
article, current literature is reviewed, and new 
insights regarding coagulation measurements 
and hemostatic products including the influence 
of transfusion on the immune system have been 
discussed.
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IntroductIon

Trauma is the worldwide leading cause of death in 
people under 45 years of age. Yearly, more than five 
million people die due to trauma related injuries [1, 2]. 
Trauma is also the most frequent cause of massive blood 
transfusion. After brain injury (60%), hemorrhagic shock 
(30–40%) is the most common cause of death in trauma 
patients [3–5]. Resuscitation strategies during damage 
control surgery may be as important as anatomical 
repair in order to improve long-term outcomes [6]. 
Early recognition of the need for massive transfusion, in 
combination with aggressive surgical and non-surgical 
hemorrhage control, results in significant decrease of 
early mortality. However, massive blood transfusion is 
associated with high morbidity and mortality rates.

Herein, we will discuss three patients who received 
massive blood transfusion after sustaining severe 
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traumatic injuries, and describe the effects of receiving 
massive transfusion. At our institution, we advocate a 
1:1:1 ratio of PRBC:FFP:PLT transfusion. Our protocol 
will be discussed and compared to current literature. 
Furthermore, recent developments and opinions on blood 
product ratios, clotting assays and hemostatic products 
will be reviewed.

cAsE sErIEs

case 1: Patient A , a 74-year-old male cyclist, was 
hit by a car. At the scene, he was intubated because 
of respiratory distress and two large bore cannulas 
were inserted. In the emergency department, soft but 
symmetric breathing sounds were heard and several rib 
fractures were palpable on the right side. Saturation was 
90%, blood pressure 63/27 mmHg and pulse 133/min. 
The abdomen was not tender and the pelvis was stable. 
The right tibia had a Gustilo-Anderson grade IIIA open 
fracture and was actively bleeding; a pressure bandage was 
applied. The chest X-ray showed a right sided hemothorax 
and therefore a chest tube was inserted and three litres 
of bloody fluid was drained. Pelvic X-ray showed an 
acetabular and subtrochanteric fracture on the right, a 
bilateral pubic fracture, as well as a suspicion for widened 
sacroiliac joints. Focussed assessment with sonography 
for trauma (FAST) was negative. Blood pressure stayed 
low despite two litres of normal saline and five packed 
red blood cells (PRBC). The laboratory values at the time 
of presentation is: hemoglobin (Hb) 4.9 mmol/L, pH 
7.00, base excess (BE) -17.2 mEq/L and temperature 
35.5ºC. The patient was taken to the operating theatre 
for a right sided thoracotomy. No active bleeding was 
found from either the lung or the pulmonary vessels. 
However, a right diaphragmatic rupture was diagnosed. 
In a subsequent laparotomy, a ruptured bladder along 
with a retroperitoneal hematoma was found. During the 
procedure, blood pressure remained low (90/50 mmHg) 
despite massive transfusion of blood products. After 
placing a C-clamp to stabilize the pelvis, blood pressure 
rose to 110/50 mmHg and pulse decreased to 100/min. 
The chest was primarily closed and the abdomen was 
temporarily closed by a vacuum pack. Postoperative 
angiography showed contrast blushes from both internal 
iliac arteries. Therefore, both internal iliac arteries 
were coiled. After angiography a computed tomography 
(CT) scan showed a skull fracture with a subdural 
hematoma. The patient was then taken to the intensive 
care unit (ICU), having received 28 units of PRBCs, 21 
fresh frozen plasma (FFP), and 30 units of platelets 
(PLT). After transfusion, Hb was 4.4 mmol/L, pH 7.19, 
BE -14.6 mEq/L, activated partial thromboplastin time 
(APTT) >120 sec, prothrombin time (PT) was 26.2 sec, 
International Normalized Ratio (INR) 1.80, platelets 
94x109/L. His temperature was 33.7ºC. The patient’s 
neurological condition deteriorated during the following 
hours in the ICU. A cranial CT scan was repeated and 

showed more diffuse cerebral swelling with herniation. 
Due to a futile prognosis, treatment was withdrawn and 
the patient died.

case 2: Patient B, a 49-year-old male cyclist, was hit 
by a sports utility vehicle. On arrival in the emergency 
department, he was intubated because of respiratory 
distress and multiple facial fractures. He had symmetric 
bilateral breath sounds, but subcutaneous emphysema 
on the left side. A chest tube was inserted, which drained 
300 mL of blood. His blood pressure was 60/40 mmHg 
and pulse 130/min. His abdomen was distended and the 
pelvis was stable as were both femurs. His Glasgow Coma 
Scale (GCS) was 15. Chest X-ray showed a chest tube on 
the left side in good position, lung contusion and several 
rib fractures. The FAST showed free fluid. The laboratory 
values at the time of presentation is: Hb  2.7 mmol/L, BE 
-11.5 mEq/L, APTT >120 sec, PT 34.6 s, and INR 2.33. 
Our massive transfusion protocol was initiated and the 
patient was immediately transported to the operating 
theatre. During laparotomy a splenic rupture and an 
avulsed left kidney were found, requiring splenectomy 
and nephrectomy. The abdomen was packed and a 
vacuum dressing was applied. After being transported 
to the ICU, he had received 5.5 liters of Ringer’s lactate, 
11 units of PRBCs, 6 FFPs and 10 PLT units. Despite 
massive transfusion, the patient was transported to the 
theatre twice again during the next few hours due to 
hemodynamic instability. The second operation showed 
diffuse oozing from the kidney bed. A few hours later, 
an ischemic transverse colon was found and resected 
based on a ruptured middle colic artery. At that time, 
he had received 51 PRBC units, 50 FFPs, 45 PLTs. The 
hemogblobin then was 6.0 mmol/L, pH 7.37, BE -2.8 
mEq/L, platelets 58x109/L, APTT 38 s, PT 10 s, and his 
temperature was 35.9ºC. After stabilization, a CT scan 
was performed a few hours later which showed a subdural 
hematoma on the right frontotemporal side, a Le Fort I 
facial fracture, C6 facet joint fracture, transverse process 
fractures of L2-L4, and several rib fractures on the left 
side. On the third day his colon was anastomosed, on eight 
day the abdomen was closed, and on day ten and fifteen 
his facial fractures were repaired. Apart from a bleeding 
peptic ulcer postoperatively, no further complications 
occurred, and six weeks after arrival, he was discharged 
to a rehabilitation center. 

case 3: Patient C, a 48-year-old male driver hit a 
tree. Upon arrival in the emergency department his 
airway was threatened because of blood in his mouth. 
There were bilateral soft but symmetric breathing sounds 
and the left side of his chest was painful on palpation. 
Saturation was 75%, blood pressure 125/75 mmHg, 
pulse 125/min, and GCS 11 (E3M6V2). A chest X-ray 
showed multiple fractured ribs on the left side, but no 
pneumothorax. A pelvic X-ray showed no abnormalities. 
His abdomen was not tender, but a FAST of the abdomen 
showed free fluid. The patient was intubated and a left 
chest tube was inserted. Additional X-rays revealed a 
comminuted femur and patella fracture on the left side. 
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The first measured Hb was 8.4 mmol/L, pH 7.40, BE 
-7.0 mEq/L, platelets 154x109/L, PT 15 s and APTT 32 s, 
and INR 1.10. The patient was prepared for CT scan, but 
because of hemodynamic instability despite resuscitation 
he was transported to theatre for a laparotomy. A caval 
vein injury was diagnosed with a partially avulsed left 
kidney, a contused transverse colon with several serosal 
tears and a vascular pancreatic injury. The caval vein 
injury was sutured, a left nephrectomy was performed, 
the transverse colon resected and the abdomen was 
packed and a vacuum pack was applied. The femur was 
stabilized with an external fixator. By then the patient 
received 18 PRBC units, 18 FFPs and 20 PLTs. The 
hemoglobin was 4.5 mmol/L, pH 7.10, BE -9.7 mEq/L, 
platelets 116x109/L, PT 16.6 s, APTT 42 s, and INR 1.20. 
After 24 hours, a second look laparotomy was performed 
whereby the colon was anastomosed and the abdomen 
closed. On third day, the patient developed respiratory 
distress despite being on a ventilator with high pressures 
and high FiO2 values. Therefore, the femur was left with 
the external fixator and no intramedullary nailing was 
performed. The CT angiography of the chest revealed 
no abnormalities [no signs of pulmonary emboli, Adult 
Respiratory Distress Syndrome (ARDS) or pneumonia]. 
A few days later, he developed fever and a relaparotomy 
was done and large amounts of pancreatic necrosis were 
found and resected. The colon anastomosis was intact. 
On day 21, he developed chylous leakage and was put 
on total parenteral feeds. Chylous leakage ceased and 
oral feeding could be resumed after a few weeks. Four 
weeks after the accident the patellar fracture was fixed, 
and three weeks later, the patient was discharged to a 
rehabilitation center. 

dIscussIon

Lethal triad of hypothermia, acidosis 
and coagulopathy

The three described cases show severely injured 
patients with persisting hemodynamic instability based 
on hypovolemic shock. Shock causes a shift from aeroob to 
anaeroob metabolism resulting in acidosis. Furthermore, 
patients in shock develop hypothermia; they do not only 
lose warmth during the trauma itself, initial assessment 
and operations, but also because of massive transfusion 
of blood products. Hypothermia causes arrhythmias, 
decreased heart minute volume, increased vascular 
resistance and a shift to the left in the oxygen-hemoglobin 
saturation curve. Thirdly, these severely injured patients 
develop coagulopathy. Previously, it was assumed that 
dilution by resuscitation was the most important factor 
causing coagulopathy. Current insights, however, show 
that coagulation cascade and platelets are not only 
influenced by hemodilution but also by acidosis and 
hypothermia. A temperature of 32°C equates to clotting 
factor activity of 2.5% of normal. It is postulated that 

the major effect on clotting factors during hypothermia 
is on the kinetic activity of clotting enzymes. Therefore, 
the appropriate treatment for hypothermia induced 
coagulopathy is rewarming rather than administration of 
clotting factors [6]. Coagulopathy develops in the early 
phase after injury and is not related to fluid resuscitation. 
Coagulopathy is a marker for injury severity and is related 
to mortality [7]. Moreover, hypovolemic shock and 
transfusion itself induce fibrinolytic system consumption 
by activating the coagulation cascade [7]. In international 
literature the combination of hypovolemia, hypothermia 
and acidosis is called the ‘lethal triad’. The treatment of 
patients is focussed on preventing this dangerous vicious 
cycle.

Massive transfusion of blood products
The presented patients all received massive transfusion 

of blood products after sustaining severe injuries [8]. The 
definition of massive transfusion is administration of 
more than ten PRBCs in 24 hours, more than one entire 
blood volume in 24 hours, more than four PRBCs in one 
hour, or more than 50% of total blood volume within the 
first three hours [9, 10]. Massive transfusion is associated 
with increased mortality: more than six PRBCs within 24 
hours have a mortality of 20–30%, more than 10 PRBCs 
within 24 hours are associated with mortality as high as 
50% [11]. Length of stay in ICU is longer if patients receive 
more than six PRBCs (more than ten days versus four days 
if the patient received less than four PRBCs). If transfusion 
exceeds six PRBCs the total hospital stay is also longer. 
Blood product transfusion can cause adverse effects such 
as transfusion reactions, infection transmission and has 
an immune modulatory response. After blood product 
transfusions, an increase is seen in wound infections, 
pneumonias, sepsis, systemic inflammatory response 
syndrome (SIRS), acute respiratory distress syndrome 
(ARDS), transfusion related acute lung injury (TRALI) 
and multiple organ dysfunction syndrome (MODS) [12, 
13].

For a long time, it has been unclear what transfusion 
protocol was associated with lower morbidity and 
mortality. In the military, it has already been long 
advocated to use massive transfusion protocols in which 
the administration of blood product combinations 
resembled whole blood [14, 15]. It is clear now that in 
the civilian population the administration of a higher 
FFP:PLT:PRBC ratio is also associated with lower 
mortality [5]. It became also clear that a good-working 
massive transfusion protocol is paramount for optimal 
results. Cotton et al. demonstrated that administration 
of blood products according to a predefined protocol in 
the early phase of resuscitation leads to less MODS, less 
infectious complications, decrease in ventilation days 
and reduction of abdominal compartment syndrome and 
incidence of open abdomens [16].

Several studies have shown that early correction of 
coagulopathy is associated with increased survival [5, 
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8, 9, 14–19]. In other words, massive transfusion based 
on a more physiologic regime resembling whole blood 
will improve survival. With reference to good results in 
several studies a new international consensus has been 
developed: A ratio of 1:1:1 in PRBC:FFP:PLT is advocated 
[9, 20–22]. This ratio results in decreased mortality, less 
blood products needed and decreased costs per patient. 
In our hospital, we also strive towards a 1:1:1 ratio. The 
pillars of our protocol are: stop the bleeding, be flexible 
regarding hypotension, perform damage control surgery 
when needed, minimizing the use of crystalloid fluids, 
start early with blood products (aiming at a ratio of 1:1:1), 
administer tranexamic acid and use thromboelastography 
in multiple transfusion patients (>5 PRBC). 

In literature, it is mentioned that it might be difficult 
to reach a 1:1:1 ratio in practice because O negative PRBCs 
are readily available in the emergency department, 
while FFPs and PLTs usually need to be prepared. The 
transfusion ratios, obtained in patients A, B, and C were 
1.3:1:1.4, 1.1:1.1:1, and 1:1:1.1, respectively. To reach 
these ratios it is paramount to optimize the cooperation 
between the blood bank and the anesthesiologist who 
coordinates blood product administration.

It is important to note that the transfusion consensus 
is mostly based on retrospective studies since it is very 
difficult to randomize severely injured patients for a 
specific transfusion ratio. Furthermore, there is evidence 
that this management may cause more complications 
such as SIRS, TRALI and MODS [12]. Possibly, this is 
caused by increased FFP and PLT administration. Due to 
this, some authors are warning against the development 
of protocols for empirical FFP transfusion [23]. Other 
authors stress the importance to administer FFP when 
it is physiologically necessary and not simply when 
there is laboratory evidence of coagulopathy [24]. This 
pleads for a more individual approach, adjusting the 
transfusion ratio on the basis of post-injury changes in 
the clotting and fibrinolysis cascade. In a recent review 
Sorensen et al. speculate that timely and rational use 
of systemic antifibrinolytics, local hemostatics and 
coagulation factor concentrates (fibrinogen, prothrombin 
complex concentrate, recombinant factor VIIa and factor 
XIII) will be more efficacious and safer than ratio-
driven transfusions [25]. Innerhofer et al. have recently 
shown in a prospective cohort study that prothrombin 
complex concentrates (PCC) are effective in correcting 
coagulopathy and reducing the need for transfusion in 
patients with severe blunt trauma [26]. However, larger 
randomized trials need to be conducted to evaluate this 
effect since an increased risk of thromboembolic events 
has been reported in the past as well [27]. We believe 
until that time has come, it is safer and more useful to 
have an uniform protocol.

In the cases described above, none of the two 
surviving patients developed TRALI, ARDS or MODS 
despite massive transfusion administration. It could 
be noted that massive transfusion may have attributed 
to brain swelling causing patient A to develop cerebral 

herniation. However, it will remain unclear whether 
cerebral herniation would have been prevented if he had 
not received massive transfusion.

thromboelastography 
In massive transfusion patients APTT and PT have 

shown to be bad predictors for coagulopathy and the 
need for transfusion [28]. New insights regarding 
clotting measurements have led to the introduction 
of the thrombelastograph hemostasis analyzer (TEG). 
Thrombelastography has proven, in contrast to APTT and 
PT, to be a simple viscoelastic test of overall coagulation 
by measuring clot strength, which reflects the quantity 
and quality of both clotting factors and platelet function. 
Furthermore, it is a rapid (several minutes versus 
45 minutes for APTT and PT) and inexpensive test. 
Treatment of coagulopathy can be focussed on the 
consumed clotting factors because TEG determines 
coagulation directly [4, 29]. The TEG has recently been 
implemented in our hospital and some studies indicate 
that transfusion ratios might be further adjusted even 
more, based on TEG measurements. Eventually, it might 
lead to transfusion ratios personalized to the specific 
patient’s needs [24].

blood product replacing therapies
In recent years, blood product replacing therapies 

have gained more and more interest. Several products are 
described below.

Recombinant activated factor VII (rFVIIa) has been 
used for some time for spontaneous bleeding in hemophilic 
patients. It enhances clot formation in combination with 
tissue factors expressed on damaged or ischemic vascular 
subendothelium. It binds directly to activated platelets, 
thereby stimulating a stable hemostatic plug formation. 
rFVIIa, however, is very expensive. Recently, a large 
multicentre trial studying rFVIIa in multi trauma patients 
has been terminated because no increased survival could 
be demonstrated, even though the number of blood 
products in rFVIIa-treated patients decreased [2].

Part of the response to trauma and surgery is 
fibrinolysis. This response can be so large that is becomes 
pathological due to hyperfibrinolysis. Antifibrinolytics 
decrease blood loss in patients with both normal and 
pathological responses without apparent increases in 
postoperative complications [30]. Tranexamic acid 
is a synthetic derivative of amino acid lysine that 
inhibits fibrinolysis by blocking lysine binding sites on 
plasminogen and in contrast to rFVIIa, the treatment 
is inexpensive. Several clinical studies have researched 
tranexamic acid in trauma patients. The Lancet has 
published a randomized clinical trial including more 
than 20,000 patients showing a significant decrease in 
mortality in multi trauma patients treated with tranexamic 
acid. Furthermore, mortality caused by bleeding was 
significantly lower when treated with tranexamic acid 
[31]. 
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Fibrinogen plays an important part in hemostasis 
through its role in platelet aggregation formation 
and construction of a stable fibrin network. Current 
transfusion strategies are based on reaching adequate 
coagulation by administration of FFPs and PLTs. 
Cryoprecipitate (a combination of Factor VIII, fibrinogen, 
fibronectin, von Willebrand factor and Factor XIII) is 
mainly used when fibrinogen blood levels are too low. 
Fibrinogen concentrations in cryoprecipitate are much 
higher than in FFP. When cryoprecipitate is administered 
to correct fibrinogen levels, the volume added is much 
lower than when FFP is used. This is favorable in reducing 
complications related to massive fluid resuscitation. 
At this moment, it remains unclear whether normal 
fibrinogen levels in trauma patients are recommendable 
[32].

Hemoglobin based oxygen carriers (HBOC, hem-
tetrameres) are human blood derivates and developed 
in the United States for military purposes. Studies have 
demonstrated that HBOCs have a number of advantages, 
namely being always compatible, they do not transmit 
diseases, have no immunological side effects, and can be 
stored long-term [33]. In 2008, Moore et al. published 
a multicenter randomized double blind trial comparing 
HBOC administration in a pre-hospital setting with 
customary administration of crystalloids and PRBCs. No 
statistical significant difference could be demonstrated in 
a 30-day mortality between both groups. However, there 
were more complications reported in the HBOC treated 
group. Consequently, it was advised to consider HBOC 
treatment only if blood products are not available, such 
as in war or disaster situations [33].

Inflammatory response induced by mas-
sive resuscitation

Although blood transfusions are lifesaving, some 
studies suggest that patients receiving blood transfusions 
with older PRBCs have worse clinical outcomes including 
sepsis and MODS than patients who receive fresh blood 
[34, 35]. With increased storage time, PRBCs change in 
biochemical composition and morphology resulting in 
erythrocyte lysis. Neal et al. have shown that transfusion 
of intra-erythrocytic compounds may have adverse 
reactions, especially with long stored PRBC units or in 
massive transfusion. Free heme released from hemolysis 
exerts an impact on multiple components of the innate 
immune response, both through effects on NO depletion 
as well as cellular specific mechanisms [36].

Microparticles (MP) are vesicles that are thought 
to bud from apoptotic or activated cells and retain the 
surface markers of their parent cell [37]. It is likely 
that erythrocytes undergo MP formation as they age. 
These MPs appear to contribute to neutrophil priming 
and activation. The presence of MPs in stored units can 
be associated with adverse effects after transfusion, 
including lung injury [38]. 

During the last years the efficacy of various blood 
products used as resuscitation fluid on the acute 

inflammatory response after hemorrhagic shock has been 
investigated. Makely et al. have shown that resuscitation 
with fresh whole blood ameliorated the inflammatory 
response after hemorrhagic shock and that crystalloids 
in mice induced a larger inflammatory response 
compared with fresh whole blood [39]. Subsequently, 
they investigated the use of different ratios of PRBCs and 
plasma and found that a 1:1 ratio of PRBC to plasma is 
nearly as efficacious as fresh whole blood [40]. Further, 
removing MPs from aged blood before use proved to 
be beneficial because of the reduction in inflammatory 
response [40]. 

Not much is known about the influence of fresh frozen 
plasma administration on the immune system. The FFP 
contains leukocyte-derived bioactive substances that can 
sometimes cause transfusion related lung injury (TRALI) 
and/or anaphylactic shock [41]. These adverse reactions 
are thought to be an expression of a pro-inflammatory 
response. This was confirmed by in vitro studies by Urner 
et al. [42]. They found that blood products are able to 
provoke a pro-inflammatory response in endothelial 
cells, especially when cells are already pre-activated. 
Nohe et al. have investigated the role of FFP on the 
endothelial cell adhesion molecules and subsequent 
neutrophil-endothelial interactions in vitro. They found 
that FFP reduced the adhesion molecule expression and 
subsequent adhesion of neutrophils on the endothelium. 
This suggested that FFP also have an anti-inflammatory 
effect [43]. This can possibly attributed to fibrinogen. 
Several studies have shown that fibrinogen induces a pro-
inflammatory response by interaction with neutrophil 
MAC-1 (complement receptor consisting of CD11b/CD18) 
facilitating neutrophil adhesion to the endothelial wall 
[44, 45]. In vitro studies from our own research group 
however have shown that fibrinogen has an anti-adhesive 
role in regulating neutrophil-endothelial interactions 
[46]. Cryoprecipitate contains higher concentrations of 
fibrinogen than FFP. Interestingly, a retrospective study 
analyzing polytrauma patients showed less organ failure 
when cryoprecipitate was administered instead of FFP 
[47]. One could speculate that the anti-inflammatory 
effect of fibrinogen has attributed to these results.

To date, the exact role of blood products in the 
inflammatory response remains unclear.

concLusIon

This case report shows that multi trauma patients 
in hypovolemic shock do not only benefit from damage 
control surgery but also from adequate transfusion 
management. It is paramount to prevent the ‘lethal triad’. 
Transfusion management is not only focussed on packed 
red blood cells administration, but also on supplying 
necessary clotting factors to limit coagulopathy. We not 
only advocate a 1:1:1 transfusion ratio from a hemostatic 
point of view, but it has also a less detrimental effect 
on the inflammatory response. In two out of our three 
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patients a 1:1:1 transfusion ratio was feasible. Patient A 
had a 1.3:1:1.4 ratio. This was mainly due to lack of initial 
available fresh frozen plasma (FFP) in the emergency 
department. To solve this problem, it could be advocated 
to have FFPs readily available in emergency department at 
all times. In the near future, coagulation will be measured 
more quickly and more accurately by thromboelastograph 
hemostasis analyser. It is expected that this technique 
will soon be available in emergency department, ICU 
and operating theatres. This development will increase 
adequate coagulopathy correction. At the moment, 
tranexamic acid is the most promising blood replacing 
product.

*********

Author contributions
Karlijn JP Van Wessem – Substantial contributions to 
conception and design, Acquisition of data, Analysis 
and interpretation of data, Drafting the article, Revising 
it critically for important intellectual content, Final 
approval of the version to be published
Bas A Twigt – Acquisition of data, Drafting the article, 
Revising it critically for important intellectual content, 
Final approval of the version to be published
Kaj ten Duis – Acquisition of data, Drafting the article, 
Revising it critically for important intellectual content, 
Final approval of the version to be published
Luke PH Leenen – Acquisition of data, Drafting the 
article, Revising it critically for important intellectual 
content, Final approval of the version to be published

Guarantor
The corresponding author is the guarantor of submission.

conflict of Interest
Authors declare no conflict of interest.

copyright
© 2014 Karlijn JP Van Wessem et al. This article is 
distributed under the terms of Creative Commons 
Attribution License which permits unrestricted use, 
distribution and reproduction in any medium provided 
the original author(s) and original publisher are properly 
credited. Please see the copyright policy on the journal 
website for more information.

rEFErEncEs

1. Peden M, McGee K, Krug E. Injury: A leading cause 
of the global burden of disease 2000. Geneva: World 
Health Organization 2002.

2. Hauser CJ, Boffard K, Dutton R, et al. Results of the 
CONTROL trial: Efficacy and safety of recombinant 
activated Factor VII in the management of refractory 
traumatic hemorrhage. J Trauma 2010;69(3):489–
500.

3. Kauvar DS, Lefering R, Wade CE. Impact of 
hemorrhage on trauma outcome: An overview of 
epidemiology, clinical presentations, and therapeutic 
considerations. J Trauma 2006;60(6 Suppl):S3–11.

4. Geeraedts LM Jr, Kaasjager HA, van Vugt AB, Frölke 
JP. Exsanguination in trauma: A review of diagnostics 
and treatment options. Injury 2009;40(1):11–20.

5. Gunter OL Jr, Au BK, Isbell JM, Mowery NT, Young 
PP, Cotton BA. Optimizing outcomes in damage 
control surgery resuscitation: Identifying blood 
product ratios associated withimproved survival. J 
Trauma 2008;65(3):527–34.

6. Gentilello LM, Pierson DJ. Trauma Critical Care. Am 
J Respir Crit Care Med 2001;163(3 Pt 1):604–7.

7. Brohi K, Singh J, Heron M, Coats T. Acute traumatic 
coagulopathy. J Trauma 2003;54(6):1127–30.

8. Duchesne JC, Kimonis K, Marr AB, et al. Damage 
control resuscitation in combination with damage 
control laparotomy: A survival advantage. J Trauma 
2010;69(1):46–52.

9. Malone DL, Hess JR, Fingerhut A. Massive transfusion 
practices around the globe and a suggestion for a 
common massive transfusion protocol. J Trauma 
2006;60(6 Suppl):S91–6.

10. Moltzan CJ, Anderson DA, Callum J, et al. The 
evidence for use of recombinant factor VIIa in 
massive bleeding: Development of a transfusion 
policy framework. Transfus Med 2008;18(2):112–20.

11. Advanced Trauma Life Support for Doctors. (8th 
edition). Chicago IL: American College of Surgeons 
2008.

12. Sihler KC, Napolitano LM. Massive transfusion: New 
insights. Chest 2009;136(6):1654–67. 

13. Stahel PF, Moore EE, Schreier SL, Flierl MA, Kashuk 
JL. Transfusion strategies in postinjury coagulopathy. 
Curr Opin Anaesthesiol 2009;22(2):289–8.

14. Borgman MA, Spinella PC, Perkins JG, et al. The 
ratio of blood products transfused affects mortality in 
patients receiving massive transfusions at a combat 
support hospital. J Trauma 2007;63(4):805–13.

15. Holcomb JB. Early massive trauma transfusion: State 
of the art. J Trauma 2006:S1–2.

16. Cotton BA, Gunter OL, Isbell J, et al. Damage control 
hematology: The impact of a trauma exsanguination 
protocol on survival and blood product utilization. J 
Trauma 2008;64(5):1177–82. 

17. Sperry JL, Ochoa JB, Gunn SR, et al. An FFP:PRBC 
transfusion ratio >/=1:1.5 is associated with a lower 
risk of mortality after massive transfusion. J Trauma 
2008;65(5):986–93. 

18. Spinella PC. Warm fresh whole blood transfusion 
for severe hemorrhage: US military and potential 
civilian applications. Crit Care Med 2008;36(7 
Suppl):S340–5.

19. Maegele M, Lefering R, Paffrath T, et al. Red-blood-
cell to plasma ratios transfused during massive 
transfusion are associated with mortality in severe 
multiple injury: A retrospective analysis from the 
Trauma Registry of the Deutsche Gesellschaft fur 
Unfallchirurgie. Vox Sang 2008;95(2):112–9.

20. Repine TB, Perkins JG, Kauvar DS, Blackborne L. The 
use of fresh whole blood in massive transfusion. J 
Trauma 2006;60(6 Suppl):S59–69.

21. Dara SI, Rana R, Afessa B, Moore SB, Gajic O. 
Fresh frozen plasma transfusion in the critically ill 



International Journal of Case Reports and Images, Vol. 5 No. 7, July 2014. ISSN – [0976-3198]

Int J Case Rep Images 2014;5(7):474–481. 
www.ijcasereportsandimages.com

Wessem et al. 480

medical patients with coagulopathy. Crit Care Med 
2005;33(11):2667–1.

22. Hess JR, Holcomb JB, Hoyt DB. Damage controle 
resuscitation: The need for specific blood products 
to treat the coagulopathy of trauma. Transfusion 
2006;46(5):685–6. 

23. Rajasekhar A, Gowing R, Zarychanski R, et al. Survival 
of trauma patients after massive red blood cell 
transfusion using a high or low red blood cell to plasma 
transfusionratio. Crit Care Med 2011;39(6):1507–13.

24. Johnson JL, Moore EE, Kashuk JL, et al. Effects of 
Blood Products Transfusion on the Development 
of Postinjury Multipele Organ Failure. Arch Surg 
2010;145(10):973–7.

25. Johansson PI. Emerging treatment strategies 
for trauma-induced coagulopathy. Br J Surg 
2012;99(Suppl 1):40–50.

26. Innerhofer P, Westermann I, Tauber H, et al. The 
exclusive use of coagulation factor concentrates 
enables reversal of coagulopathy and decreases 
transfusion rates in patients with major blunt trauma. 
Injury 2013;44(2):209–16. 

27. Grottke O, Braunschweig T, Spronk HM, et al. 
Increasing concentrations of prothrombin complex 
concentrate induce disseminated intravascular 
coagulation in a pig model of coagulopathy with blunt 
liver injury. Blood 2011;118(7):1943–51. 

28. Napolitano LM, Kurek S, Luchette FA, et al. Clinical 
practice guideline: Red blood cell transfusion in adult 
trauma and critical care. J Trauma 2009;67(6):1439–
2.

29. Chavez JJ, Foley DE, Snider CC, et al. A novel 
thromboelastograph tissue factor/kaolin assay of 
activated clotting times for monitoring heparin 
anticoagulation during cardiopulmonary bypass. 
Anesth Analg 2004;99(5):1290–4.

30. Henry DA, Carless PA, Moxey AJ, et al. Anti-
fibrinolytic use for minimizing perioperative 
allogeneic blood transfusion. Cochrane Database Syst 
Rev 2007;4:CD001886.

31. Shakur H, Roberts I, Bautista R, et al. Effects of 
tranexamic acid on death, vascular occlusive events, 
and blood transfusion in trauma patients with 
significant haemorrhage (CRASH-2): A randomised, 
placebo-controlled trial. Lancet 2010;376(9734):23–
2.

32. Ketchum L, Hess JR, Hiippala S. Indications for 
early fresh frozen plasma, cryoprecipitate, and 
platelet transfusion in trauma. J Trauma 2006;60(6 
Suppl):S51–8.

33. Moore EE, Moore FA, Fabian TC, et al. Human 
polymerized hemoglobin for the treatment of 
hemorrhagic shock when blood is unavailable: The 
USA multicenter trial. J Am Coll Surg 2009;208(1):1–
13.

34. Zallen G, Offner PJ, Moore EE, et al. Age of transfused 
blood is an independent risk factor for postinjury 
multiple organ failure. Am J Surg 1999;178(6):570–2.

35. Biffl W, Moore EE, Offner PJ, Ciesla DJ, Gonzalez 
RJ, Silliman CC. Plasma from aged stored red blood 
cells delays neutrophil apoptosis and primes for 
cytotoxicity: Abrogation by poststorage washing 
but not prestorage leukoreduction. J Trauma 
2001;50(3):426–31. 

36. Neal MD, Raval JS, Triulzi DJ, Simmons RL. Innate 
immune activation after transfusion of stored red 
blood cells. Transfus Med Rev 2013;27(2):113–8.

37. Ogura H, Tanaka H, Koh T, et al. Enhanced 
production of endothelial microparticles with 
increased binding to leukocytes in patients with 
severe systemic inflammatory response syndrome. J 
Trauma 2004;56(4):823–30.

38. Belizaire RM, Prakash PS, Richter JR, et al. 
Microparticles form stored red blood cells activate 
neutrophils and cause lung injury after hemorrhage 
and resuscitation. J Am Coll Surg 2012;214(4):648–
55. 

39. Makley AT, Goodman MD, Friend LA, et al. 
Resuscitation with fresh whole blood ameliorates the 
inflammatory response after hemorrhagic shock. J 
Trauma 2010;68(2):305–11.  

40. Makley AT, Goodman MD, Belizaire RM, et al. Damage 
control resuscitation decreases systemic inflammation 
after hemorrhage. J Surg Res 2012;175(2):e75–82. 

41. Shaz BH, Stowell SR, Hillyer CD. Transfusion-related 
acute lung injury: From bedside to bench and back. 
Blood 2011;117(5):1463–71.

42. Urner M, Herrmann IK, Buddeberg F, et al. Effects 
of blood products on inflammatory response in 
endothelial cells in vitro. PLoS One 2012;7(3):e33403.

43. Nohe B, Kiefer RT, Ploppa A, Haeberle HA, Schroeder 
TH, Dieterich HJ. The effects of fresh frozen plasma 
on neutrophil-endothelial interactions. Anesth Analg 
2003;97(1):216–1.

44. Flick MJ, Du X, Witte DP, et al. Leukocyte engagement 
of fibrin(ogen) via the integrin receptor alphaMbeta2/
Mac-1 is critical for host inflammatory response in 
vivo. J Clin Invest 2004;113(11):1596–606. 

45. Cruz-Topete D, Iwaki T, Ploplis VA, Castellino FJ. 
Delayed inflammatory responses to endotoxin in 
fibrinogen-deficient mice. J Pathol 2006;210(3):325–
3.

46. Pillay J. Chapter 7: Acute phase concentrations of 
soluble fibrinogen inhibit neutrophil adhesion under 
flow conditions through interactions with ICAM-1 
and MAC-1(CD11b/CD18). Dual Role of neutrophils 
in inflammation. PhD dissertation 2011. University of 
Utrecht, the Netherlands. ISBN 978–94–6108–226–
8. 

47. Watson GA, Sperry JL, Rosengart MR, et al. Fresh 
frozen plasma is independently associated with higher 
risk of multiple organ failure and acute respiratory 
distress syndrome. J Trauma 2009;67(2):221–7.



International Journal of Case Reports and Images, Vol. 5 No. 7, July 2014. ISSN – [0976-3198]

Int J Case Rep Images 2014;5(7):474–481. 
www.ijcasereportsandimages.com

Wessem et al. 481

Access full text article on
other devices

Access PDF of article on
other devices



EDORIUM JOURNALS  AN INTRODUCTION

Edorium Journals: On Web

About Edorium Journals
Edorium Journals is a publisher of high-quality, open ac-
cess, international scholarly journals covering subjects in 
basic sciences and clinical specialties and subspecialties.

Edorium Journals 
www.edoriumjournals.com

Edorium Journals et al.

Edorium Journals: An introduction

Edorium Journals Team

But why should you publish with Edorium  
Journals?
In less than 10 words - we give you what no one does.

Vision of being the best
We have the vision of making our journals the best and 
the most authoritative journals in their respective special-
ties. We are working towards this goal every day of every 
week of every month of every year.

Exceptional services
We care for you, your work and your time. Our efficient, 
personalized and courteous services are a testimony to this.

Editorial Review
All manuscripts submitted to Edorium Journals undergo 
pre-processing review, first editorial review, peer review, 
second editorial review and finally third editorial review.

Peer Review
All manuscripts submitted to Edorium Journals undergo 
anonymous, double-blind, external peer review.

Early View version
Early View version of your manuscript will be published 
in the journal within 72 hours of final acceptance.

Manuscript status
From submission to publication of your article you will 
get regular updates (minimum six times) about status of 
your manuscripts directly in your email.

Our Commitment

Mentored Review Articles (MRA)
Our academic program “Mentored Review Article” 
(MRA) gives you a unique opportunity to publish papers 
under mentorship of international faculty. These articles 
are published free of charges.

Most Favored Author program
Join this program and publish any number of articles free 
of charge for one to five years.

Favored Author program
One email is all it takes to become our favored author. 
You will not only get fee waivers but also get information 
and insights about scholarly publishing. 

Institutional Membership program
Join our Institutional Memberships program and help 
scholars from your institute make their research accessi-
ble to all and save thousands of dollars in fees make their 
research accessible to all. 

Our presence
We have some of the best designed publication formats. 
Our websites are very user friendly and enable you to do 
your work very easily with no hassle.

Something more...
We request you to have a look at our website to know 
more about us and our services.  

We welcome you to interact with us, share with us, join us and of course publish with us.

Browse Journals

CONNECT WITH US

Invitation for article submission
We sincerely invite you to submit your valuable  
research for publication to Edorium Journals.

Six weeks
You will get first decision on your manuscript within six 
weeks (42 days) of submission. If we fail to honor this 
by even one day, we will publish your manuscript free 
of charge. 

Four weeks
After we receive page proofs, your manuscript will be 
published in the journal within four weeks (31 days). If 
we fail to honor this by even one day, we will publish 
your manuscript free of charge and refund you the full 
article publication charges you paid for your manuscript.

This page is not a part of the published article. This page is an introduction to Edorium Journals and the publication services. 




