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INTRODUCTION

Definitive management of the exsanguinating patient
challenges providers in multiple specialties. Significant
hemorrhage may be encountered in a variety of cir-
cumstances including elective or emergent surgical
procedures, trauma, gastrointestinal bleeding and
major obstetric or postpartum blood loss. Over the
past two decades, the vast majority of data and
evidence regarding transfusion in the exsanguinating
patient has described patients with traumatic injuries.
Hemorrhage remains the leading cause of death in the
first hour after traumatic injury. It also represents the
most frequent potentially preventable cause of early
death secondary to trauma1,2. The data from such
patients can be extrapolated to the treatment of all
patients undergoing transfusion for major hemorrhage.

The ultimate goal in the management of
exsanguinating patients is to achieve hemostasis and
restore circulating blood volume without induction
of significant pathologic events such as deep venous
thrombosis, cerebrovascular accident, or myocardial
infarction3. Achieving this goal requires early recogni-
tion of the extent of the hemorrhage, control of bleed-
ing which can be accomplished with direct surgical
intervention and hemostatic resuscitation with utiliza-
tion of massive transfusion protocols.

THE LETHAL TRIAD

The ‘lethal triad’ is presently recognized as playing a
major role in the morbidity and mortality of severely
injured or bleeding patients4,5. Components of the
lethal triad consist of hypothermia, acidosis and
coagulopathy. This concept was first described by
Kashuk and associates in the early 1980s. These
authors depicted a ‘bloody vicious cycle’ in which
hemorrhage, cellular shock and tissue injury contrib-
ute to the formation of the lethal triad which ulti-
mately resulted in the exacerbation of ongoing
hemorrhage6.

Hypothermia is a common finding in patients
with profound blood loss, as patients in hemorrhagic

shock have uncoupling of the normal metabolic and
thermoregulatory pathways, which results in reduced
heat production7. The process of resuscitation fre-
quently involves infusion of hypothermic blood and
crystalloid, a factor which further contributes to hypo-
thermia8. Moreover, patients are often exposed for
examination or during surgery and experience ongo-
ing conductive, convective and evaporative heat loss.
This is significant, because hypothermia greatly affects
platelet activation and the clotting cascade. Indeed,
platelet aggregation fails in the majority of patients
when the core body temperature falls below 30°C9.
Severe hypothermia, defined as a core temperature below
32∞C, has been associated with a near 100% mortality in
trauma patients with hemorrhagic shock10.

The second well-described aspect of the lethal triad
is acidosis. By definition hemorrhagic shock results in
decreased tissue perfusion. This leads to the build up of
the products of anaerobic metabolism, mainly lactic
acid. At a lower pH, coagulation is affected by reduced
activity of both the intrinsic and extrinsic coagulation
pathways as well as alterations in platelet function11,12.
In addition to a decrease in clot formation, an acidotic
state has also been associated with an increase in
fibrinolysis in animal models13.

The third component of the lethal triad is coagulo-
pathy. Multiple factors contribute to coagulopathy
in bleeding patients. In addition to the hypothermia
and acidosis already discussed, other factors include
the consumption of limited clotting factors and
fibrinolysis14–16. Studies have identified the combina-
tion of tissue injury and shock as a primary cause of
coagulopathy. Brohi and associates hypothesize that
release of activated protein C initiates this coagulo-
pathy after tissue hypoperfusion and have demon-
strated that coagulopathy exists very early after injury
and before any resuscitative efforts17–19.

Early recognition of hemorrhagic shock followed
by addressing each aspect of the lethal triad is of the
utmost importance. Early recognition of significant
hemorrhage remains a formidable challenge in obstet-
rics as hemodynamic changes are often delayed until
profound blood loss has already occurred. Therefore,
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in all patients hypothermia should be avoided by ele-
vating room temperatures and heat-loss prevention
strategies should be instituted. Cold, wet, or damp
clothing or bedding in contact with the patient should
be removed. Heating blankets, solar blankets and
other body heating devices can be used to lessen con-
ductive and evaporative heat loss. Additionally, intra-
venous fluid should be warmed to body temperature
or given through an infuser capable of warming the
intravenous fluids prior to administration.

Acidosis, the second part of the lethal triad, is
addressed by prevention and treatment of shock. This
is achieved by restoring the circulating blood volume
and therefore global tissue perfusion. The two most
common isotonic fluids used in immediate resuscita-
tion are normal saline (NS) and lactated Ringer’s solu-
tion (LR). The pH of NS ranges between 4 and 6,
while the pH of LR ranges between 5.5 and 77.
Resuscitation with NS alone has been shown to con-
tribute to acidosis. This is likely related to the excess
chloride in normal saline leading to a hyperchloremic
metabolic acidosis. In fact, rapid saline infusion in
patients undergoing gynecologic surgery has been
shown to produce a hyperchloremic acidosis not seen
with LR20. Animal models of uncontrolled hemor-
rhage have demonstrated LR to be superior to NS
for resuscitation21–24. Animals receiving NS required
nearly twice the volume of fluid to achieve and main-
tain their baseline blood pressure and they experienced
increased blood loss22. Other adjuncts to treat acidosis,
such as bicarbonate, have not been shown to reverse
acidosis-induced changes in coagulation and are cur-
rently recommended only as a temporary measure in
those patients with renal dysfunction in which acidosis
clearance or compensation is ineffective8,25.

Coagulopathy represents the third treatable aspect
of the lethal triad. Over the past two decades, research
in this area has laid the foundation for the concept of
‘hemostatic resuscitation’ and has been the focus for
management of coagulopathy in the hemorrhaging
patient.

HEMOSTATIC RESUSCITATION

Hemostatic resuscitation is a dynamic model which
incorporates ‘damage control surgery’, while empha-
sizing the early and aggressive utilization of blood compo-
nents to correct coagulopathy with massive transfusion
protocols. The term damage control surgery has become
synonymous with the management of hemorrhaging
patients. This technique emphasizes the principle of
life-saving hemorrhage control followed by a period
of physiologic correction prior to definitive thera-
pies26,27. This requires minimal time spent in the oper-
ating room with the major resuscitation occurring in
the intensive care unit. Operating room time is mini-
mized by planning staged operations and utilization of
temporary dressings (Figure 1). This technique has
proven essential in the management of traumatic hem-
orrhage, and it can be extrapolated to the obstetric
patient in two specific scenarios. First, for patients who

require operative intervention to manage surgical
blood loss, abdominal closure should be delayed.
Second, this technique may be required for patients
who develop abdominal compartment syndrome as
a complication of massive resuscitation and require
decompressive laparotomy.

Definitive control of surgical bleeding involves sev-
eral techniques including vessel ligation, embolization
via an endovascular approach or utilization of pressure
and packing for local hemorrhage control. The tech-
niques of vessel ligation, embolization and packing are
discussed in detail elsewhere in this textbook (see
Chapters 49 and 52–54); however, one additional
adjunct to packing includes the use of topical hemo-
static agents (see Chapter 58). Advances in biotechnol-
ogy have led to the development of these agents in
the local control of hemorrhage. Examples of topical
hemostatic dressings include Quick Clot (Z-Medica,
Newington, CT) a zeolite-based dressing and
HemCon (HemCon, Inc., Portland, OR) a chitosan-
based dressing. QuickClot Combat Gauze (Z-Medica,
Newington, CT) is gauze impregnated with the
hemostatically active clay kaolin. These agents have
proved effective in stopping hemorrhage in animal-
based studies28,29, as well as in civilian and military
trauma30–32. Combat Gauze is the current dressing that
is used by the US military. These agents also have been
used for vaginal packing to treat PPH in a patient who
required emergency cesarean section (Figure 2). A
comprehensive review of the subject has been
completed by Achneck and associates and includes an
evaluation of efficacy and recent recommendations33.

Aggressive utilization of blood components during hemo-
static resuscitation entails delivery of packed red blood cells
(PRBC), fresh frozen plasma (FFP) and platelets in a fixed
ratio during a massive transfusion. Massive transfusion
in the current literature is defined as transfusion of
10 or more units of PRBC within a 24-hour time
period34–39 (see also Chapter 4). The ratio of 1 unit of
FFP and 1 unit of platelets for each unit of PRBC has
evolved over the past two decades. Support for this concept
has come through the development of mathematical
models, retrospective studies in both the military and
civilian settings as well as through multicenter pro-
spective cohort studies. The basic concept is closely to
re-approximate whole blood utilizing component therapy.
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Figure 1 Temporary abdominal closure as part of damage
control resuscitation



In 2003, a computer model was developed based on
trauma patients receiving a massive transfusion at a
major trauma center in the United States. This com-
puter model predicted the optimal ratio of PRBC to
FFP was 3 : 2 and the optimal ratio of PRBC to plate-
lets was 10 : 8 in order to prevent early coagulo-
pathy40. In 2007, Borgman and associates reviewed
246 military trauma patients who underwent massive
transfusion. They divided the patients into three
groups based on the ratio of FFP to PRBC transfused.
A low ratio of FFP to PRBC was defined as 1 : 8,
medium ratio was 1 : 2.5 and a high ratio of FFP to
PRBC was defined as 1 : 1.4. The mortality decreased
from 65% in the low ratio group to 34% in the
medium and 19% in the high ratio group41. Studies in
civilian trauma patients yielded similar results and concluded
that an FFP to packed red blood cell ratio of 1 : 1 confers
a survival advantage in patients undergoing massive
transfusion42,43.

This concept has been expanded to include the
use of platelets. Holcomb and associates reviewed the
records of 466 trauma patients undergoing massive
transfusion and divided them into groups based on
FFP and platelet ratios to PRBC. They demonstrated
that when high platelet and high FFP to PRBC ratios
are combined there was a decrease in hemorrhage and
increase in 6 hour, 24 hour and 30 day survival44. An
additional multicenter retrospective study reviewed
transfusion ratios during the first 6 hours after admis-
sion. Compared with a platelet to PRBC ratio of more
than 1 : 4 versus 1 : 1, 6 hour mortality decreased from
22.8% to 3.2%45. While these studies show strong sup-
port for the use of high ratios of FFP and platelets to
PRBC, it should be noted that not all studies support
improved outcomes46,47.

Retrospective studies showing a benefit of
hemostatic resuscitation are potentially confounded by
survival bias. Due to the fact that blood components
are not administered in a uniform fashion, enhanced
survival rates could be due to the fact that patients who
received a higher ratio of FFP to PRBC simply live
long enough to receive the FFP transfusions, which
take time to prepare. Early massive transfusion is dom-
inated by the use of PRBCs because of immediate
availability in most centers. Later in the massive trans-
fusion other products become available. Therefore,
patients who die early will have received a low ratio of
platelets and plasma to PRBCs.

Snyder and associates analysed 134 trauma patients
who underwent massive transfusion. Similar to other
studies, they found a 63% lower risk of death for
patients who received high ratio (1 : 1.3) compared
with patients who received a low ratio (1 : 3.7). How-
ever, the survival benefit was no longer seen
when they treated the FFP : PRBC ratio as a time-
dependent co-variate35. Although controversy in opinions
exists, the vast majority of authors agree transfusion of a high
ratio of FFP and platelets to PRBCs confers a survival
advantage in patients undergoing massive transfusion7,34,38,

40,41,43,47–55. Many trauma centers in the United States
presently have adopted a 1 : 1 : 1 ratio of PRBC to FFP to

platelets as the standard during a massive transfusion and
recommend this as a goal ratio in hemostatic resuscitation7,15,

38,41,42,49–51,55,56 (Figure 3). The ability to transfuse
high ratios is facilitated by maintaining a quantity of
thawed plasma at all times. In resource poor environ-
ments when component therapy is not available, fresh
whole blood is superior to high ratio component
therapy57–59. In order to effectively achieve the goal
of a 1 : 1 : 1 ratio, however, massive transfusion
protocols should be in place.

MASSIVE TRANSFUSION PROTOCOLS

Massive transfusion protocols (MTPs) vary considerably
from institution to institution and no internationally
accepted protocol exists. Nevertheless, they should be
considered an integral part of hemostatic resuscitation.
The goal of these protocols is to produce an algorith-
mic, proactive, ratio-based approach to facilitate timely
blood product release and mitigate blood bank
delays19,51. Retrospective analyses have compared the
mortality rates for trauma patients requiring massive
transfusion before and after implementation of a MTP.
In addition to a decrease in mortality, these studies have

26

POSTPARTUM HEMORRHAGE

Figure 2 Vaginal packing with Combat Gauze to treat
postpartum hemorrhage

Figure 3 Example of massive transfusion protocol ratios



also demonstrated a decrease usage of crystalloids and an
increased FFP : PRBC ratio60,61.

Cotton and associates developed a trauma exsangui-
nation protocol (TEP) which involved immediate and
continued release of blood bank products in a prede-
fined ratio. All TEP activations were retrospectively
evaluated with a comparison cohort of patients who
received more than 10 units of PRBCs in the 2 year
time period prior to TEP initiation at their center. A
multivariate analysis was performed which demon-
strated a 74% reduction in mortality among patients
in the TEP group (p = 0.001). Additionally, overall
blood product consumption was significantly reduced
in the TEP group62.

COMPLICATIONS OF MASSIVE TRANSFUSION

The transfusion of blood in humans is never devoid of
the possibility of complications. This statement has
always been true but is more important for clinicians
to be aware of as traditional transfusion practices
change and patients receive higher ratios of FFP
and platelets to PRBCs. A comprehensive review of
complications associated with massive transfusion was
recently completed by Sihler and Napolitano8. Acute
complications consist of allergic hemolytic and non-
hemolytic transfusion reactions, transfusion related
acute lung injury (TRALI), transfusion-associated
circulatory overload (TACO) and electrolyte
derangements such as hypocalcemia, hypokalemia
and hyperkalemia. Delayed complications include
transfusion-related immunomodulation (TRIM),
transfusion-associated graft versus host disease
(TA-GVHD), post-transfusion purpura (PTP), micro-
chimerism, alloimmunization and iron overload63.

Specifically, TRALI has emerged as the leading
cause of transfusion-related morbidity and mortal-
ity64,65. TRALI is defined as acute lung injury
(bilateral pulmonary infiltrates, PaO2/FiO2 ratio of
300 mmHg or less and absence of left atrial hyperten-
sion) presenting within 6 hours of transfusion and not
clearly related to other risk factors for acute lung injury
or acute respiratory distress66. FFP and platelets have
been the most commonly implicated products45,67–70,
and multiple mechanisms have been proposed includ-
ing the theory of an immune antibody-mediated
process71,72. Multiparous females are the highest risk
donors for TRALI events when using FFP, and many
blood banks now only use FFP from male donors65.
According to the United States Food and Drug
Administration (US FDA), since the implementation
of this policy, there has been a marked reduction in
the incidence of TRALI from FFP and now PRBCs
are the leading cause (Figure 4).

TRANSFUSION AFTER MASSIVE RESUSCITATION

Controversies exist as to what the optimal hemoglobin
level should be, and different clinicians also vary on
what should be the end points of resuscitation. It
should be noted, however, that studies continue to

demonstrate blood transfusion as an independent risk
factor for infection, multiple organ failure, systemic
inflammatory response syndrome and mortality. Fur-
thermore, this increase occurs in a dose dependent
manner73–75. In the well know Canadian transfusion
trial (TRICC), younger patients and patients with a
lower APACHE score were shown to have a higher
mortality when a liberal transfusion strategy (hemoglo-
bin goal of 10–12 g/dl) was followed compared with a
restrictive policy (hemoglobin goal >7.0 g/dl)75. Sub-
group analysis failed to show a benefit of liberal trans-
fusion in patients with cardiovascular disease. Acutely
hemorrhaging patients and patients with active coro-
nary ischemia were excluded from this study76. Once
definitive hemorrhage control is confirmed, unneces-
sary transfusions should be avoided to lessen the risk of
additional adverse consequences.

PRACTICE POINTS

● Identification and treatment of the components of
the ‘lethal triad’ is critical to the management of the
exsanguinating patient

● Transfusion of a high ratio of FFP and platelets
to PRBCs confers a survival advantage in patients
undergoing massive transfusion

● Massive transfusion protocols (MTP) should be
considered an integral part of damage control and
hemostatic resuscitation

● Once control of hemorrhage has been established, a
restrictive policy regarding blood transfusion should
be instituted.

References

1. Sauaia A, Moore FA, Moore EE, Read RA, et al. Epidemiol-
ogy of trauma deaths: a reassessment. J Trauma 1995;38:
185–93

2. Peng R, Chang C, Gilmore D, Bongard F. Epidemiology of
immediate and early trauma deaths at an urban level I Trauma
Center. Am Surg 1998;64:950–4

27

Management of Exsanguinating Patients in Trauma: a Model for Postpartum Hemorrhage

Figure 4 Incidence of transfusion related acute lung injury per
blood product given in the US 2005–2010. FY, fiscal year



3. Levy JH, Dutton RP, Hemphill JC 3rd, et al. Multi-
disciplinary approach to the challenge of hemostasis. Anesthes
Analges 2010;110:354–64

4. McLaughlin DF, Niles SE, Salinas J, et al. A predictive model
for massive transfusion in combat casualty patients. J Trauma
2008;64(2 Suppl):S57–63

5. Moore EE. Thomas G. Orr Memorial Lecture. Staged
laparotomy for the hypothermia, acidosis, and coagulopathy
syndrome. Am J Surg 1996;172:405–10

6. Kashuk JL, Moore EE, Millikan JS, Moore JB. Major abdom-
inal vascular trauma – a unified approach. J Trauma 1982;22:
672–9

7. Beekley ACFACS. Damage control resuscitation: A sensible
approach to the exsanguinating surgical patient. Critical Care
Medicine. The Evolution of Military Trauma and Critical
Care Medicine: Applications for Civilian Medical Care
Systems 2008;36(Suppl):S267–74

8. Sihler KC, Napolitano LM. Complications of massive trans-
fusion. Chest 2010;137:209–20

9. Kermode JC, Zheng Q, Milner EP. Marked temperature
dependence of the platelet calcium signal induced by human
von Willebrand factor. Blood 1999;94:199–207

10. Jurkovich GJ, Greiser WB, Luterman A, Curreri PW. Hypo-
thermia in trauma victims: an ominous predictor of survival.
J Trauma 1987;27:1019–24

11. Djaldetti M, Fishman P, Bessler H, Chaimoff C. pH-induced
platelet ultrastructural alterations. A possible mechanism for
impaired platelet aggregation. Arch Surg 1979;114:707–10

12. Meng ZH, Wolberg AS, Monroe DM, 3rd, Hoffman M.
The effect of temperature and pH on the activity of factor
VIIa: implications for the efficacy of high-dose factor VIIa
in hypothermic and acidotic patients. J Trauma 2003;55:
886–91

13. Martini WZ, Holcomb JB. Acidosis and coagulopathy: The
differential effects on fibrinogen synthesis and breakdown in
pigs. Ann Surg 2007;246:831–5

14. Hess JR. Blood and coagulation support in trauma care.
Hematology Am Soc Hematol Educ Program 2007:187–91

15. Hess JR, Holcomb JBMC, Hoyt DB. Damage control resus-
citation: the need for specific blood products to treat the
coagulopathy of trauma. Transfusion 2006;46:685–6

16. Ganter MT, Brohi K, Cohen MJ, et al. Role of the alterna-
tive pathway in the early complement activation following
major trauma. Shock 2007;28:29–34

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

18. Brohi K, Cohen MJ, Ganter MT, Matthay MA, Mackersie
RC, Pittet JF. Acute traumatic coagulopathy: initiated by
hypoperfusion: modulated through the protein C pathway?.
Ann Surg 2007;245:812–8

19. Griffee MJ, Deloughery TG, Thorborg PA. Coagulation
management in massive bleeding. Curr Opin Anaesthesiol
2010;23:263–8

20. Scheingraber S, Rehm M, Sehmisch C, Finsterer U. Rapid
saline infusion produces hyperchloremic acidosis in patients
undergoing gynecologic surgery. Anesthesiology 1999;90:
1265–70

21. Todd SR, Malinoski D, Muller PJ, Schreiber MA. Lactated
Ringer’s is superior to normal saline in the resuscitation of
uncontrolled hemorrhagic shock. J Trauma 2007;62:636–9

22. Kiraly LN, Differding JA, Enomoto TM, et al. Resuscitation
with normal saline (NS) vs. lactated ringers (LR) modulates
hypercoagulability and leads to increased blood loss in an
uncontrolled hemorrhagic shock swine model. J Trauma
2006;61:57–64

23. Watters JM, Brundage SI, Todd SR, et al. Resuscitation with
lactated ringer’s does not increase inflammatory response in
a Swine model of uncontrolled hemorrhagic shock. Shock
2004;22:283–7

24. Healey MA, Davis RE, Liu FC, Loomis WH, Hoyt DB.
Lactated ringer’s is superior to normal saline in a model of
massive hemorrhage and resuscitation. J Trauma 1998;45:
894–9

25. Martini WZ, Dubick MA, Pusateri AE, Park MS, Ryan KL,
Holcomb JB. Does bicarbonate correct coagulation function
impaired by acidosis in swine? J Trauma 2006;61:99–106

26. Rotondo MF, Schwab CW, McGonigal MD, et al. ‘Damage
control’: an approach for improved survival in exsanguinating
penetrating abdominal injury. J Trauma 1993;35:375–82

27. Hirshberg A, Mattox KL. Planned reoperation for severe
trauma. Ann Surg 1995;222:3–8

28. Alam HB, Chen Z, Jaskille A, et al. Application of a zeolite
hemostatic agent achieves 100% survival in a lethal model of
complex groin injury in swine. J Trauma 2004;56:974–83

29. Pusateri AE, McCarthy SJ, Gregory KW, et al. Effect of a
chitosan-based hemostatic dressing on blood loss and survival
in a model of severe venous hemorrhage and hepatic injury in
swine. J Trauma 2003;54:177–82

30. Cox ED, Schreiber MA, McManus J, Wade CE, Holcomb
JB. New hemostatic agents in the combat setting. Transfusion
2009;49(Suppl 5):248S–55S

31. Rhee P, Brown C, Martin M, et al. QuikClot use in trauma
for hemorrhage control: case series of 103 documented uses. J
Trauma 2008;64:1093–9

32. Wedmore I, McManus JG, Pusateri AE, Holcomb JB. A spe-
cial report on the chitosan-based hemostatic dressing: experi-
ence in current combat operations. J Trauma 2006;60:655–8

33. Achneck HE, Sileshi B, Jamiolkowski RM, Albala DM,
Shapiro ML, Lawson JH. A comprehensive review of topical
hemostatic agents: efficacy and recommendations for use.
Ann Surg 2010;251:217–28

34. Teixeira PG, Inaba K, Shulman I, et al. Impact of plasma
transfusion in massively transfused trauma patients. J Trauma
2009;66:693–7

35. Snyder CW, Weinberg JA, McGwin G Jr, et al. The relation-
ship of blood product ratio to mortality: survival benefit or
survival bias? J Trauma 2009;66:358–62

36. Niles SE, McLaughlin DF, Perkins JG, et al. Increased mor-
tality associated with the early coagulopathy of trauma in
combat casualties. J Trauma 2008;64:1459–63

37. Cancio LC, Wade CE, West SA, Holcomb JB. Prediction of
mortality and of the need for massive transfusion in casualties
arriving at combat support hospitals in Iraq. J Trauma 2008;
64(2 Suppl):S51–5

38. Sihler KC, Napolitano LM. Massive transfusion: new insights.
Chest 2009;136:1654–67

39. Schreiber MA, Perkins J, Kiraly L, Underwood S, Wade C,
Holcomb JB. Early predictors of massive transfusion in com-
bat casualties. J Am Coll Surg 2007;205:541–5

40. Hirshberg A, Dugas MDO, Banez EI, Scott BG, Wall
MJJ, Mattox KL. Minimizing dilutional coagulopathy in
exsanguinating hemorrhage: a computer simulation. J Trauma
2003;54:454–63

41. 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 Hospi-
tal. J Trauma-Injury Infect Crit Care 2007;63:805–813

42. Duchesne JC, Hunt JP, Wahl GNREMTP, et al. Review of
current blood transfusions strategies in a mature level i trauma
center: were we wrong for the last 60 years? J Trauma
2008;65:272–78

43. Maegele M, Lefering R, Paffrath T, et al. Working Group on
Polytrauma of the German Society of Trauma Surgery
(DGU). 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;95:112–9

44. Holcomb JB, Wade CE, Michalek JE, et al. Increased plasma
and platelet to red blood cell ratios improves outcome in 466
massively transfused civilian trauma patients. Ann Surg 2008;
248:447–458

45. Silliman CC, Boshkov LK, Mehdizadehkashi Z, et al.
Transfusion-related acute lung injury: epidemiology and
a prospective analysis of etiologic factors. Blood 2003;101:
454–62

28

POSTPARTUM HEMORRHAGE



46. Kashuk JL, Moore EE, Johnson JL, et al. Postinjury life
threatening coagulopathy: is 1:1 fresh frozen plasma:packed
red blood cells the answer? J Trauma 2008;65:261–70

47. Scalea TM, Bochicchio KM, Lumpkins K, et al. Early aggres-
sive use of fresh frozen plasma does not improve outcome
in critically injured trauma patients. Ann Surg 2008;248:
578–84

48. Hess JR, Holcomb JB. Transfusion practice in military
trauma. Transfus Med 2008;18:143–50

49. Gonzalez EA, Moore FA, Holcomb JB, et al. Fresh frozen
plasma should be given earlier to patients requiring massive
transfusion. J Trauma 2007;62:112–9

50. Ho AMH, Dion PW, Cheng CAY, et al. A mathematical
model for fresh frozen plasma transfusion strategies during
major trauma resuscitation with ongoing hemorrhage. Can J
Surg 2005;48:470–8

51. Greer SE, Rhynhart KK, Gupta R, Corwin HL. New devel-
opments in massive transfusion in trauma. Curr Opin
Anaesthesiol 2010;23:246–50

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

53. Zink KA, Sambasivan CN, Holcomb JB, Chisholm G,
Schreiber MA. A high ratio of plasma and platelets to packed
red blood cells in the first 6 hours of massive transfusion
improves outcomes in a large multicenter study. Am J Surg
2009;197:565–70

54. Gunter OL, Jr Au BK, Isbell JM, Mowery NT, Young PP,
Cotton BA. Optimizing outcomes in damage control resusci-
tation: identifying blood product ratios associated with
improved survival. J Trauma 2008;65:527–34

55. Johansson PI, Stensballe J. Hemostatic resuscitation for mas-
sive bleeding: the paradigm of plasma and platelets—a review
of the current literature. Transfusion 2010;50:701–10

56. Holcomb JBFACS, Jenkins DFACS, Rhee PFACS, et al.
Damage control resuscitation: directly addressing the early
coagulopathy of trauma. J Trauma 2007;62:307–10

57. Repine TB, Perkins JG, Kauvar DS, Blackborne L. The use
of fresh whole blood in massive transfusion. Early Massive
Trauma Transfusion: Current State of the Art. J Trauma
2006;60(Suppl):S59–S69

58. Spinella PC, Perkins JG, Grathwohl KW, Beekley AC,
Holcomb JB. Warm fresh whole blood is independently
associated with improved survival for patients with combat-
related traumatic injuries. J Trauma 2009;66(4 Suppl):S69–76

59. Kauvar DS, Holcomb JB, Norris GC, Hess JR. Fresh whole
blood transfusion: a controversial military practice. J Trauma
2006;61:181–84

60. Dente CJ, Shaz BH, Nicholas JM, et al. Improvements
in early mortality and coagulopathy are sustained better in
patients with blunt trauma after institution of a massive

transfusion protocol in a civilian level I trauma center. J
Trauma 2009;66:1616–24

61. Johansson PI, Stensballe J. Effect of haemostatic control resus-
citation on mortality in massively bleeding patients: a before
and after study. Vox Sang 2009;96:111–18

62. Cotton BA, Gunter OL, Isbell J, et al. Damage control hema-
tology: the impact of a trauma exsanguination protocol on
survival and blood product utilization. J Trauma 2008;64:
1177–82

63. Hendrickson JE, Hillyer CD. Noninfectious serious hazards
of transfusion. Anesthes Analges 2009;108:759–69

64. Goldman M, Webert KE, Arnold DM, et al. Proceedings of a
consensus conference: towards an understanding of TRALI.
Transfus Med Rev 2005;19:2–31

65. Triulzi DJ. Transfusion-related acute lung injury: current
concepts for the clinician. Anesthes Analges 2009;108:770–6

66. Toy P, Popovsky MA, Abraham E, et al. National Heart,
Lung and Blood Institute Working Group on TRALI. Trans-
fusion-related acute lung injury: definition and review. Crit
Care Med 2005;33:721–6

67. Gajic O, Dzik WH, Toy P. Fresh frozen plasma and platelet
transfusion for nonbleeding patients in the intensive care unit:
benefit or harm? Crit Care Med 2006;34(5 Suppl):S170–3

68. Holness L, Knippen MA, Simmons L, Lachenbruch PA. Fatali-
ties caused by TRALI. Transfus Med Rev 2004;18:184–8

69. Gajic O, Rana R, Mendez JL, et al. Acute lung injury after
blood transfusion in mechanically ventilated patients. Trans-
fusion 2004;44:1468–74

70. Khan H, Belsher J, Yilmaz M, et al. Fresh-frozen plasma and
platelet transfusions are associated with development of acute
lung injury in critically ill medical patients. Chest 2007;131:
1308–14

71. Bux J, Sachs UJ. The pathogenesis of transfusion-related acute
lung injury (TRALI). Br J Haematol 2007;136:788–99

72. Sachs UJ. Pathophysiology of TRALI: current concepts.
Intens Care Med 2007;33(Suppl 1):S3–S11

73. Moore FA, Moore EE, Sauaia A. Blood transfusion. An inde-
pendent risk factor for postinjury multiple organ failure. Arch
Surg 1997;132:620–5

74. Dunne JR, Malone DL, Tracy JK, Napolitano LM. Allogenic
blood transfusion in the first 24 hours after trauma is associ-
ated with increased systemic inflammatory response syndrome
(SIRS) and death. Surg Infect 2004;5:395–404

75. Hébert PC, Wells G, Blajchman MA, et al. A multicenter,
randomized, controlled clinical trial of transfusion require-
ments in critical care. Transfusion Requirements in Critical
Care Investigators, Canadian Critical Care Trials Group. N
Engl J Med 1999;340:409–17

76. Hebert PC, Yetisir E, Martin C, et al. Is a low transfusion
threshold safe in critically ill patients with cardiovascular dis-
eases? Crit Care Med 2001;29:227–34

29

Management of Exsanguinating Patients in Trauma: a Model for Postpartum Hemorrhage


