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Abstract
Acute exsanguination is the leading cause of mortality in trauma patients.1-3 Massive blood loss potentially
results in the development of the ‘lethal triad’, comprising hypothermia, acidosis and coagulopathy.4 Without
prompt intervention, including the appropriate administration of blood and blood products, the majority of these
patients will demise within 6 hours.2,4,5 Utilisation of blood and blood products in this setting is considered a life-
saving intervention. A massive transfusion can be defined as the 1) the infusion of five units or more of packed red
cell concentrate (RCC) within 4 hours;6 2) infusion of more than ten units RCC within the first 24 hours;7-15 or 3)
infusion of six or more units RCC within 12 hours.16-18 Irrespective of the formal definition, it has become evi-
dent that patients requiring six to nine units of RCC within a 24-hour period have a 2.5 times higher mortality.
This mortality risk was significantly higher in patients requiring massive transfusion, than compared to patient
groups requiring transfusion of less than six units of RCC.19 Despite controversy with regard to the definition,
the aim of these definitions remains the same: early identification of patients with life-threatening bleeds, to
ensure proper resuscitation and prevention of complications associated with resuscitation.6

The use of fixed ratios of infused blood products in massive transfusion remains controversial as authors fail
to reach consensus on appropriate ratios. These ratios vary from a 1:1:1 ratio for RCC:fresh frozen plasma
(FFP):platelets7,12,20-24 to a 6:4:1 ratio.25,26 Despite this lack in consensus, it is evident that the practice of fixed ratio
transfusions27,28 in the form of a consistent protocol25,29 has led to a significant reduction in mortality10,30 from in
excess of 90%31 to between 30 and 70%,32 although some authors refute these findings.13,17

The aim of this study was to determine local practices with regard to transfusion of blood and blood products
in patients undergoing massive transfusion. 
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Materials and methods
Patient population
This study was performed as a prospective audit of all
transfusion orders constituting a massive transfusion for
patients admitted from February to April 2010 at the
Steve Biko Academic Hospital. For the purposes of this
study, massive transfusion was defined as patients receiv-
ing RCC transfusion of six units or more within 12
hours.16-18 This threshold was decided upon as these
patients have been shown to have a significantly higher
mortality.19 Patients requiring transfusion for a chronic
medical condition were excluded from the study. All
patients in the study population therefore required a mas-
sive transfusion for excessive haemorrhage. This included
both trauma- or surgery-induced haemorrhage as well as
coagulopathy induced bleeding secondary to disseminat-
ed intravascular haemorrhage (DIC), anaemia or
hypothermia.33 The requests spanned all departments in
this tertiary hospital and were exclusively requested by
medical doctors. 

Study parameters
The Steve Biko Academic Hospital has not implemented
a formal massive transfusion protocol to date. The
Department of Orthopaedic Surgery, however, did imple-
ment a protocol in January 2010 advocating a 6:4:1 ratio
for RCC, FFP and platelets, as described in previous pub-
lications.25 The aim of this audit was therefore two-fold:
first, to evaluate ordering practices of clinicians in
patients requiring a massive transfusion, including unit
ratios utilised; secondly, to determine whether the imple-
mented protocol was followed.

Results
Patient population
In total, 30 patients were included in this study. The mean
age was 37 years (16 to 70 years). A total of eight patients
were from the Departments of General Surgery and
Obstetrics and Gynaecology. Orthopaedic patients
account for five of 30 massive transfusions. Polytrauma
patients requiring intervention by various departments
accounted for four of these patients (Figure 1). 

The most common indication for transfusion among
patients from the Department of Obstetrics and
Gynaecology was for post-partum haemorrhage (50%
of cases). Patients from the Department of General
Surgery were transfused for various trauma-related
indications (gunshot abdomen etc.) and non-trauma
indications (peptic ulcer disease). 

Blood product utilisation
Based on evaluation of departmental blood ordering
practice as evidenced by data analysis of blood products
ordered from the South African National Blood
Transfusion Services, none of the clinical departments
utilised a massive transfusion protocol of any kind.
There was significant variation in ratios utilised (Table

I). Polytrauma patients and patients treated by the mul-
tidisciplinary team received RCC and FFP in ratios
more consistent with current practices, but did not
receive nearly adequate amounts of platelets (Table II).
Similar trends were noted with patients managed by the
Department of General Surgery, where platelets were
usually not included in the transfusion protocol, and a
2:1 ratio for RCC to FFP were utilised (Table III). The
Cardiothoracic and Neurosurgery Departments were
responsible for a combined number of five cases, with a
very large degree of variability in blood products
ordered as part of the massive transfusion (Table IV). 

Discussion
Use of standardised protocols for massive transfusion
has been shown to lead directly to a significant reduc-
tion in patient mortality. This improvement in outcome
has been largely attributed to increased use of FFP10,30

instead of crystalloid intravenous fluids. The standard-
ised approach to resuscitation as taught by the
Advanced Trauma Life Support (ATLS) course for
adults with significant bleeding, advocates use of 1–2
litres of isotonic crystalloids for initial volume resusci-
tation.24 Some authors feel that this approach is only
appropriate in trauma patients not requiring a massive
blood transfusion.22 Infusion of large of amounts of
crystalloids not only precipitates the dilutional coagu-
lopathy, but also has pro-inflammatory effects34 as well
as increasing the risk of subsequent infection.35,36

Conversely, use of smaller amounts of crystalloids and
larger amounts of fresh frozen plasma in the initial
resuscitation period is associated with improved 24-
hour and 30-day survival.20,37,38

Unfortunately, most of the current guidelines are
established through studies on euvolaemic, post-opera-
tive, normothermic critically ill patients as opposed to
the trauma setting, where the bulk of massive transfu-
sions are actually performed.39 This blanket transfer of
data from the afore-mentioned group to the trauma set-
ting is considered inappropriate by some authors.40,41

Figure 1. Department distribution of the 30
massive transfusion administered during the
study period
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Fresh whole blood has been suggested as
the ideal resuscitation fluid for trauma
patients, and has recently been widely
reported within the American Armed Forces.
Pre-donation screening in this population is
regularly performed for HIV-1 as well as
Hepatitis B and C viruses.42 Blood is then
obtained on demand and immediately trans-
fused.43 Data from the US Military showed
improved survival in these patients,44 with no
significant increase in the rate of transfusion-
transmitted infection.45

In settings where post-donation screening
is utilised, including South Africa, it is
impractical to offer whole blood as a trans-
fusion option, as the delay associated with
testing leads to loss of certain constituents,
most notably coagulation factors. Fixed ratio
transfusion seems to be a generally accepted
practice with a ratio of 1:1:1 for
RCC:FPP:platelets being the most promising
considering current data.7,8,12,20,22-24 It should be
noted that the platelet unit referred to is a
mega-unit, which may either be produced
from a single donor through apheresis, or
harvested from five units of blood dona-
tions.46 Despite this attempt to produce
‘reconstituted whole blood’, by the nature of
the manufacturing process of these prod-
ucts,47 the final constitution of the three
pooled units still deliver a diluted product
with an estimated haematocrit of 29% and a
platelet count of 88 000/ml. Administration
of cryoprecipitate is not included as a rou-
tinely administered blood product in massive
transfusion protocols, as FFP is thought to
contain adequate amounts of fibrinogen.
Cryoprecipitate should be administered once
fibrinogen levels are below 100 mg/dl.26

Furthermore, use of pharmacological inter-
ventions like recombinant factor VII
(NovoSeven®) is currently not advocated,
although initial findings are promising.12,48-51

Many protocols focus on the use of labora-
tory tests (PT, PTT, fibrinogen, etc.) as indi-
cators for patient requirements and the
advent of complications. These types of pro-
tocols are considered reactive by some
authors who propose the use of more acces-
sible testing parameters.52

Table I: Ratios of blood and blood products prescribed
and administered by the Department of Obstetrics and
Gynaecology

Indication RCC FFP Platelets Cryoprecipitate
PPH 10 12 1 4
PPH 16 19 2 26
PPH 14 14 2 10
PPH 6 5 0 4
Septic incomplete abortion 7 5 0 0
Ectopic pregnancy 6 0 0 0
Ovarian ca 10 2 0 0
Unknown 10 11 2 1
PPH: Post-partum haemorrhage

Table IV: Blood and blood products administered to
patients admitted to the Departments of
Cardiothoracic and Neurosurgery

Indication RCC FFP Platelets Cryoprecipitate
Stab heart 6 1 3 1
Mitral valve replacement 7 7 2 12
Aorta aneurysm bleed 12 8 1 0
Unknown 6 4 0 0
Head injury 8 8 0 0

Table II: Blood and blood products administered to
patients admitted to the Department of Orthopaedics
and Intensive Care Units under the auspices of a multi-
disciplinary team

Indication RCC FFP Platelets Cryoprecipitate
Polytrauma 8 8 1 0
Polytrauma 7 3 0 0
Polytrauma 8 4 0 0
Polytrauma 6 4 1 0
MVA 6 6 6 0
MVA 6 6 0 0
MVA 11 12 0 0
Unknown 6 2 0 0
Unknown 7 3 1 0
MVA: Motor vehicle accident

Table III: Blood and blood products administered to
patients admitted to the Department of General
Surgery

Indication RCC FFP Platelets Cryoprecipitate
Acute abdomen 7 4 0 0
Acute abdomen 6 3 0 0
Upper GI bleed 6 4 0 0
Upper GI bleed 7 0 0 0
Gunshot abdomen 6 7 0 0
Gastrectomy 6 3 0 0
Necrotising fasciitis 6 4 2 0
Unknown 6 0 0 0

In post-donation screening settings, it is 
impractical to offer whole blood as a transfusion 
option, as the delay associated with testing leads 

to loss of certain constituents
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In addition, there is a lag between submitting blood for
testing and receiving laboratory results so the status
reflected by the laboratory data may not correspond to the
clinical condition when they become available, as these
patients are often highly unstable. Thromboelastography
(TEG) is emerging and is a potentially useful measure-
ment in the acute resuscitation setting as it can theoreti-
cally provide an indication of coagulation status within 10
minutes.53,54 It provides a perspective on overall coagula-
tion function, including fibrinolysis.44 Point-of-care test-
ing devices may also serve in this setting, and have been
validated for venous lactate levels55,56 and more recently
for INR and PT.24 Alternatively, implementation of fixed
ratio protocols obviates use of excessive laboratory inves-
tigations in the acute phase.12

Conclusion
Analysis of local prescription practices of blood and
blood products from various clinical departments showed
no consistent ratio of transfusion of the three main blood
components, suggesting a lack of a protocol for this situ-
ation. The most striking feature was the frequent failure to
provide adequate platelet transfusion in these patients. 
The literature review suggests that a standardised proto-
col for massive transfusion not only improves patient out-
come,12 but also leads to a reduction in final volume of
blood products utilised for resuscitation of heavily injured
patients. This will likely be best achieved as part of a hos-
pital-based protocol, involving all departments participat-
ing in trauma resuscitation, rather than within individual
departments. Current data suggests that the best results
are obtained with a 1:1:1 ratio of RCC:FFP:platelets, as
this leads to administration of larger volumes of FFP in
the early resuscitation. The need for administration of
platelets should not be underestimated. In our clinical set-
ting, no standardised protocol exists. It may be of signifi-
cant clinical use to establish an institution-based massive
transfusion protocol in order to improve patient outcome.

No benefits of any form have been received from a commer-

cial party related directly or indirectly to the subject of this

article. The contents of this article is the sole work of the

authors.

References
1. Cothren C, Moore E, Hedegaard H, Meng K. Epidemiology

of urban trauma deaths: a comprehensive reassessment 10
years later. World J Surg. 2007;31:1507-11.

2. Demetriades D, Murray J, Charalambides K. Trauma fatali-
ties: time an dlocation of hospital deaths. J Am Coll Surg.

2004;198:20-26.
3. Sauaia A, Moore F, Moore E. Epidemiology of trauma

deaths: a reassesment. J Trauma. 1995;38:185-93.
4. Moore E, Thomas G. Staged laparotomy for the hypother-

mia, acidosis and coagulopathy syndrome. Am J Surg.

1996;172:405-10.

5. Stewart R, Myers J, Dent D. Seven hundred fifty-three con-
secutive deaths in a level I trauma center: the argument for
injury prevention. J Trauma. 2003;54:66-70.

6. Mitra B, Mori A, Cameron P, Fitzgerald M, Street A, Bailey
M. Massive blood transfusion and trauma resuscitation.
Injury, Int J Care Injured. 2007;38:1023-29.

7. Borgman M, Spinella P, Perkins J. The ratio of blood prod-
ucts transfued affects mortality in patients receiving massive
transfusions at a combat support hospital. J Trauma.

2007;63:805-13.
8. Duchesne J, Hunt J, Wahl G. Review of current blood trans-

fusion strategies in a mature level 1 trauma center: were we
wrong for the last 60 years? J Trauma. 2008;65:272-76.

9. Gunter O, Au B, Isbell J, Mwery N, Young P, Cotton B.
Optimizing outcomes in damage control resuscitation: iden-
tifying blood product ratios associated with improved sur-
vival. J Trauma. 2008;65:527-34.

10. Holcomb J, Wade C, Michalek J. Increased plasma and
platelet to red blood cell ratios improves outcome in 466
massively transfused civilian trauma patients. Ann Surg.

2008;248:447-58.
11. Maegele M, LEfering R, Paffrath T, Tjardes T, Simanski C,

Bouillon B. Red blood cell to plasma ratios transfuesd dur-
ing 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;95:112-19.

12. Malone D, Hess J, Fingerhut A. Massive transfusion practice
around the globe and a suggestion for a common massive
transfusion protocol J Trauma. 2006;60:S91-96.

13. Scalea T, Bochiccio K, Lumpkins K. Early aggressive use of
fresh frozen plasma does not improve outcome in critically
injured trauma patients. Ann Surg. 2008;248:578-84.

14. Snyder C, Weinberg J, McGwin G. The relationship of blood
product ratio to mortality: survival benefit or survival bias?
J Trauma. 2009;66:358-62.

15. Teixeira P, Inaba K, Shulman I. Impact of plasma transfu-
sion in massively transfused trauma patients. J Trauma.

2009;66:693-97.
16. Como J, Dutton R, Scalea T, Edelman B, Hess J. Blood

transfusion rates in the care of acute trauma. Transfusion.

2004;44:809-13.
17. Kashuk J, Moore E, Johnson J, et al. Postinjury life threat-

ening coagulopathy: is 1:1 fresh frozen plasma:packed red
blood cells the answer? J Trauma. 2008;65:261-71.

18. Kuhls D, Malone D, McCarter R, Napolitano L. Predictors
of mortality in adult trauma patients: the physiologic trauma
score is equivalent to the trauma and injury severity score. J
Am Coll Surg. 2002;194:695-704.

19. Stanworth S, Morris T, Gaarder C, et al. Reappraising the
concept of massive transfusion in trauma. Crit Care.

2010;14:R239.
20. Dente D, Shaz B, Nicholas J. Improvements in early mor-

taility and coagulopathy are sustained better in patients with
blunt trauma after institution of a massive transfusion proto-
col in a civilian level I trauma center. J Trauma.

2009;66:1616-24.
21. Duchesne J, Kimonis K, Marr A. Damage control resuscita-

tion in combination with damage control laparotomy: A sur-
vival advantage. J Trauma. 2010;69:46-52.

22. Holcomb J, Jenkins D, Rhee P. Damage control resuscita-
tion: directly addressing the early coagulopathy of trauma. J
Trauma. 2007;62:307-10.

SAOJ Summer 2011_Orthopaedics Vol3 No4  2011/11/27  7:00 PM  Page 28



CLINICAL ARTICLE SA ORTHOPAEDIC JOURNAL Summer 2011 | Vol 10 • No 4 /  Page 29

23. Ketchum L, Hess J, Hiippala S. Indications for early fresh
frozen plasma, cryoprecipitate, and platelet transfusion in
trauma. J Trauma. 2006;60:S51-58.

24. Spinella P, Holcomb J. Resuscitation and transfusion princi-
ples for traumatic hemorrhagic shock. Blood Rev.

2009;23:231-40.
25. Riskin D, Tsai T, RIskin L. Massive transfusion protocols:
The role of aggressive resuscitation versus product ratio in
mortality reduction. J Am Coll Surg. 2009;209:198-203.

26. Young P, Cotton B, Goodnough L. Massive Transfusion
Protocols for Patients with Substantial Haemorrhage. Trans

Med Rev. 2011:1-11.
27. Biffl W, Smith W, Moore E. Evolution of a multi-discipli-
nary clinical pathway for the management of unstable
patients with pelvic fractures. Ann Surg. 2001;233:843-50.

28. Rivers E, Nguyen B, Havstad S. Early goal-directed therapy
in the treatment of severe sepsis and septic shock. N Engl J

Med. 2001;345:1368-77.
29. Gonzalez E, Moore F, Holcomb J. Fresh frozen plasma
should be given earlier to patients requiring massive transfu-
sion. J Trauma. 2007;62:112-19.

30. Sperry J, Ochoa J, Gunn S. An FFP:PRBC transfusion ratio
greater/equal 1:1.5 is associated with a lower risk of mortal-
ity after massive transfusion. J Trauma. 2008;65:986-93.

31. Wilson R, Mammen E, Walt A. Eight years of experience
with massive blood transfusions. J Trauma. 1971;11:275-85.

32. Cinat M, Wallace W, Nastanski F. Improved survival follow-
ing massive transfusion in patients who have undergone
trauma. Arch Surg. 1999;134:964-70.

33. Lier H, Krep H, Schroeder S, Stuber F. Preconditions of
Hemostasis in Trauma: A Review. The Influence of
Acidosis, Hypocalcemia, Anemia and Hypothermia on
Functional Hemostasis in Trauma. Journal of Trauma.

2008;65(4):951-59.
34. Cotton B, Guy J, Morris J, Abumrad N. The cellular, meta-
bolic, and systemic consequences of aggressive fluid resus-
citation strategies. Shock. 2006;26:115-21.

35. Sarani B, Dunkman W, Dean L. Transfusion of fresh frozen
plasma in critically ill surgical patients is associated with an
increased risk of infection. Crit Care Med. 2008;36:1114-
18.

36. Vamvakas E, Carven J. Transfusion and postoperative pneu-
monia in coronary artery bypass graft surgery: Effect of the
length of storage of transfused red cells. Transfusion.

1999;39:701-10.
37. Joshi G. Intraoperative fluid restriction improves outcome
after major elective gastrointestinal surgery. Anaesth Analg.

2005;101:601-605.
38. Kowalenko T, Stern S, Dronen S. Improved outcome with
hypotensive resuscitation of uncontrolled hemorrhagic
shock in a swine model. J Trauma. 1992;33:349-53.

39. McDermott F, Cordner S, Tremayne A. Evaluation of the
medical management and preventability of death in 137 road
traffic fatalities in Victoria, Australia: an overview.
Consultatitive Committee on Road Traffic Fatalities in
Victoria. J Trauma. 1996;40:520-33.

40. Fisher M, Topley E. The illness of trauma. Br J Clin Pract.

1956;10:770-76.
41. Fortune J, Feustel P, Saifi J. Influence of hematocrit on car-
diopulmonary function after acute hemorrhage. J Trauma.

1987;27:243-49.
42. Spinella P, Perkins J, Grathwohl K. Risks associated with
fresh whole blood and red blood cell transfusion in a com-
bat support hospital. Crit Care Med. 2007;35:2576-81.

43. Repine T, Perkins J, Kauvar D, Blackborne L. The use of
fresh whole blood in massive transfusion. J Trauma.

2006;54:S63-67.
44. Spinella P, Perkins J, Grathwohl K, Beekley A, Holcomb J.
Warm fresh whole blood is independently associated with
improved survival for patients with combat-related traumat-
ic injuries. J Trauma. 2009;66 (Suppl 4):S69-76.

45. Hakre S, Peel S, O’Connell R, et al. Transfusion-transmissi-
ble viral infections among US military recipeints of whole
blood and platelets during Operation Enduring Freedom and
Operation Iraqi Freedom. Transfusion. 2011;51:473-85.

46. Barret C, Webb M, Louw V. The role of nurses in massive
transfusion. Professional Nursing Today. 2010;14(3):12-15.

47. Armand R, Hess J. Treating coagulopathy in trauma
patients. Transfus Med Rev. 2003;17:223-31.

48. Boffard K, Riou B, Warren B. NovoSeven Trauma Study
Group. Recombinant factor VIIa as adjunctive therapy for
bleeding control in severely injured trauma patients: two
parallel randomized, placebo-controlled, double-blind clini-
cal trials. J Trauma. 2005;59:8-15.

49. Dutton R. Recombinant activated factor VII for trauma
patients. Transf Altern Transf Med. 2006;8:20-26.

50. Martinowitz U, Michaelson M. The Israeli Multidisciplinary
rFVIIa Task Force. Guidelines for the use of recombinant
factor VII (rFVIIa) in uncontrolled bleeding: a report by the
Israeli Multidisciplinary rFVIIa Task Force. J Thromb

Haemost. 2005;3:640-48.
51. Perkins J, Schreiber M, Wade C, Holcomb J. Early versus
late recombinant factor VIIa in combat trauma patients
requiring massive transfusion. J Trauma. 2007;62:1095-99.

52. Geeraedts L, Kaasjager H, Vugt Av, Frolke J.
Exsanguination in trauma: A review of diagnositics and
treatment options. Injury, Int J Care Injured. 2009;40:11-20.

53. Fries D, Haas T, Salchner V. Management of coagulation
after multiple trauma. Anaesthesist. 2005;54:137-44.

54. Kaufmann C, Dwyer K, Crews J. Usefulness of thromboe-
lastography in assessment of trauma patient coagulation. J
Trauma. 1997;37:716-20.

55. Coats T, SMith J, Lockey D, Russell M. Early increases in
blood lactate following injury. J R Army Med Corp.

2002;148:140-43.
56. Lavery R, Livingstone D, Tortella B. The utility of venous
lactate to triage injured patients in the trauma center. J Am

Coll Surg. 2000;190:656-64.

• SAOJ

SAOJ Summer 2011_Orthopaedics Vol3 No4  2011/11/27  7:00 PM  Page 29




