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Presenter Notes
Presentation Notes
During this third module addressing circulation assessment and management in the Tactical Field Care (TFC) setting, the focus will be on fluid resuscitation for casualties experiencing hemorrhagic shock. 
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Presenter Notes
Presentation Notes
Although some shock assessment and recognition principles are taught in All Service Members or Combat Lifesaver training, fluid resuscitation principles are left to responding medical assets. Combat Medic/Corpsman (CMC) training covers many of the same principles that apply to you as Combat Paramedic/Provider (CPP) level practitioners, but there are a handful of additional learning objectives you will be exposed to. 
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Identify progressive strategies, indications, and constraints of fluid resuscitation for hemorrhagic shock in 
Tactical Field Care. 

Identify appropriate fluid resuscitation techniques to prevent or treat hemorrhagic shock in Tactical Field Care. 

Identify the importance and advantages of early use of blood products in Tactical Field Care.   

Identify the resuscitation fluids of choice from most to least preferred for casualties in hemorrhagic shock in 
Tactical Field Care.

Describe the advantages and disadvantages of cold stored low-titer O whole blood (LTOWB) in Tactical Field 
Care. 

Describe the advantages and disadvantages of fresh low-titer O whole blood (LTOWB) in Tactical Field Care. 

Identify the indications, contraindications, and administration methods of blood component products in Tactical 
Field Care.                

Given a combat or noncombat scenario, perform fluid resuscitation as part of the management of 
hemorrhagic shock on a trauma casualty during Tactical Field Care in accordance with CoTCCC Guidelines.
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Presenter Notes
Presentation Notes
There are ten cognitive and one performance enabling learning objectives covered in this module. 

After covering the progressive strategies for hemorrhagic shock fluid resuscitation, the techniques for prevention and treatment will be discussed. In addition to learning about the importance of early blood product administration, the indications and techniques for administering low-titer whole blood, fresh whole blood, plasma, and red blood cells will be reviewed. Additionally, identification and management of transfusion complications will be highlighted. You will also learn about field blood banking and the evidence supporting the concepts of hemorrhagic fluid resuscitation in a TFC setting.

The performance objective will be met through skills stations that involve learning how to type blood using an EldonCard®, how to collect blood, and how to transfuse blood products.
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Given a combat or noncombat scenario, perform fluid resuscitation as part of the management of 
hemorrhagic shock on a trauma casualty during Tactical Field Care in accordance with CoTCCC Guidelines.

13

= Cognitive ELOs = Performance ELOs# = Terminal Learning Objectives
11 x ENABLING LEARNING OBJECTIVES

13.9

1 x TERMINAL LEARNING OBJECTIVES

Demonstrate administration of blood products to a trauma casualty in Tactical Field Care.

a. Determine blood type with EldonCard®

b. Donor blood product collection
c. Administration of blood products

Identify the signs, symptoms, considerations, and treatment strategies of blood transfusion 
complications.

Describe the considerations and principles of field blood banking in Tactical Field Care. 

Identify any evidence-based medicine, best practices, casualty data, and Subject Matter Expert 
consensus on the management of hemorrhagic shock fluid resuscitation in Tactical Field Care.

13.11

13.10

13.8

Presenter Notes
Presentation Notes
There are ten cognitive and one performance enabling learning objectives covered in this module. 

After covering the progressive strategies for hemorrhagic shock fluid resuscitation, the techniques for prevention and treatment will be discussed. In addition to learning about the importance of early blood product administration, the indications and techniques for administering low-titer whole blood, fresh whole blood, plasma, and red blood cells will be reviewed. Additionally, identification and management of transfusion complications will be highlighted. You will also learn about field blood banking and the evidence supporting the concepts of hemorrhagic fluid resuscitation in a TFC setting.

The performance objective will be met through skills stations that involve learning how to type blood using an EldonCard®, how to collect blood, and how to transfuse blood products.
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Presenter Notes
Presentation Notes
Hemorrhagic shock fluid resuscitation is part of the circulation assessment and management step, or the “C” in the MARCH PAWS sequence. 
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INTRO TO FLUID RESUSCITATION 
FOR SHOCK

HM A R C

TCCC Guidelines 
include blood products 
for CASEVAC

2021201820142003-20061990s-2000s

Crystalloids, Hextend® and
PLASMA-LYTE A de-prioritized 
to be used only if blood 
products are not available

FDA Emergency Use 
Authorization for freeze-
dried plasma in shock

Updated guidelines emphasize 
cold stored or fresh whole blood, 
other fluids not recommended for 
hemorrhagic shock

Fluid resuscitation based 
on civilian guidelines
 Crystalloids
 Colloids

Presenter Notes
Presentation Notes
The use of whole blood as the best option for resuscitating wartime casualties in hemorrhagic shock is a lesson that has been learned by the US military three separate times in three separate conflicts. in World War II, the US Army Surgeon General declined to supply whole blood to combat units. During the course of the war, however, surgeons like Colonel Edward Churchill noted that American casualties who were being treated with plasma were faring less well than British casualties who were being treated with whole blood. Additionally, the use of pooled plasma products entailed an increased risk of hepatitis. This important aspect of care was again lost in the mid-1970s, when transfusion practice moved from the use of whole blood to using individual blood component (RBCs, plasma, or platelet) therapy after blood fractionation became technologically feasible. This change occurred despite the lack of evidence for the benefit of this strategy when used for patients in hemorrhagic shock.
 
Another development in fluid resuscitation that occurred during the Vietnam era was the thought that adequate fluid resuscitation could be accomplished with crystalloid solutions.

Through the Joint Trauma System (JTS) and the work of the Committee on Tactical Combat Casualty Care (CoTCCC), the ongoing process of evaluating casualty responses to fluid resuscitation has led to many modifications in the way we approach resuscitation over the years. As recently as December of 2021, the guidelines on fluid resuscitation were updated to align with the most current evidence-based practices.

Initial TCCC recommendations, dating back to the late 1990s and early 2000s, were patterned largely after civilian trauma practices and “controlled hemorrhage” models, where the resuscitation was performed after further blood loss had been stopped (several of which were animal-based studies).2,3 It was recognized that resuscitation with large volumes of crystalloid preparations was associated with worsened outcomes and increased mortality.4,5,6,7 As a result, the initial 1996 TCCC Guidelines recommended smaller infusion sizes, and only in the presence of shock.8 Early studies were focused on maximizing the use of non-blood fluid products, as the logistics systems were not well-developed for pushing blood products forward in the battlefield space, and there were no FDA approvals or DOD policies to support battlefield blood product administration. Understanding that crystalloids quickly distributed into the extravascular spaces, colloid solutions that have higher osmotic activity and remain intravascular for a longer period of time9 were recommended.10 The reduce volume also had the tactical advantage of being easier to carry in the Combat Medic ruck or unit medical kits. Initially the recommendation was for 1000mL Hespan® but was changed to one or two 500 mL infusions of Hextend® in the 2003 TCCC Guidelines. 

In 2003, the TCCC guidelines were also updated to recommend blood products be carried on casualty evacuation platforms, when possible, and in 2006 that was expanded and guidance on specific use of when to use type O red blood cells was added.11 For the next several years the focus on blood products was in Tactical Evacuation Care as the Services worked through the policy and logistics processes of being able to move blood product transfusions further forward. Several studies in recent Overseas Contingency Operations have demonstrated improved survival when whole blood was used to resuscitate casualties in hemorrhagic shock and also demonstrated increased coagulopathy. As a result, the crystalloids, Hextend and PLASMA-LYTE A were later de-prioritized to be used only if blood products were not available and in 2014, the Tactical Field Care guideline revisions moved blood products to the forefront of care for those in hemorrhagic shock.15 

Using evidence-based recommendations, policies on blood product administration have been updated and the systems for getting blood to the battlefield have been improving ever since. And as of the December 2021 TCCC Guidelines, blood products are now the fluid of choice in hemorrhagic shock treatment.16

1Tactical Combat Casualty Care Guidelines, 15 December 2021, para 6.e. https://deployedmedicine.com/market/31/content/40, accessed 26 Dec 21.
2Krausz MM, Horn Y, Gross D. The combined effect of small volume hypertonic saline and normal saline solutions in uncontrolled hemorrhagic shock. Surg Gynecol Obstet. 174(5): 363-368.
3Krausz MM, Klemm O, Amstislavsky T, Horovitz M. The effect of heat load and dehydration on hypertonic saline solution treatment on uncontrolled hemorrhagic shock. J Trauma. 1995;38(5): 747-752.
4Stern SA, Dronen SC, Birrer P, Wang X. Effect of blood pressure on hemorrhage volume and survival in a near-fatal hemorrhage model incorporating a vascular injury. Ann Emerg Med. 1993;22(2): 155–163.
5Dontigny L. Small-volume resuscitation. Can J Surg.1992;35(1): 31-33.
6Sindlinger JF, Soucy DM, Greene SP, Barber AE, Illner H, Shires  GT. The effects of isotonic saline volume resuscitation in uncontrolled hemorrhage. Surg Gynecol Obstet. 1993;177(6): 545-550.
7Bickell WH, Wall MJ, Pepe PE, et al. Immediate versus delayed fluid resuscitation for hypotensive patients with penetrating torso injuries. N Engl J Med. 1994;331(17): 1105-1109.
8Butler FK Jr, Hagmann J, Butler EG. Tactical combat casualty care in special operations. Mil Med. 1996 Aug;161 Suppl: 3-16.
9Mortelmans Y, Merckx E, van Nerom C, et al: Effect of an equal volume replacement with 500cc 6% hydroxyethyl starch on the blood and plasma volume of healthy volunteers. Eur J Anesthesiol.1995;12(3): 259-264.
10Butler FK Jr, Hagmann J, Butler EG. Tactical combat casualty care in special operations. Mil Med. 1996 Aug;161 Suppl: 3-16.
11Historical Revisions of TCCC Guidelines. Joint Trauma System, Committee on Tactical Combat Casualty Care, available at https://www.deployedmedicine.com/market/11/content/134, accessed 26 Dec 21.
12Duke MD, Guidry C, Guice J, et al. Restrictive fluid resuscitation in combination with damage control resuscitation: time for adaptation. J Trauma Acute Care Surg. 2012;73: 674–678.
13Ley E, Clond M, Srour M, et al. Emergency department crystalloid resuscitation of 1.5 L or more is associated with increased mortality in elderly and non-elderly trauma patients. J Trauma. 2011;70: 398–400.
14Hubmann B, Lefering R, Taeger G, et al. Influence of prehospital fluid resuscitation on patients with multiple injuries in hemorrhagic shock in patients from the DGU trauma registry. J Emerg Trauma Shock. 2011;4: 465–471.
15Butler FK, et al. Fluid Resuscitation for Hemorrhagic Shock in Tactical Combat Casualty Care: TCCC Guidelines Change 14-01--2 June 2014. J Spec Oper Med. 2014 Fall;14(3): 13-38.
16Tactical Combat Casualty Care Guidelines, 15 December 2021, para 6.e. https://deployedmedicine.com/market/31/content/40, accessed 26 Dec 21.
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PROGRESSIVE STRATEGIES FOR 
FLUID RESUSCITATION IN HEMORRHAGIC SHOCK

End points* 
reached?

Ensure IV 
or IO 

access 
established

Hemorrhagic 
shock 

present

HM A R C

Order of preference:
1. Cold stored low-titer whole blood (LTOWB)
2. Pre-screened low-titer O fresh whole blood
3. Plasma, red blood cells (RBCs) and 

platelets in a 1:1:1 ratio
4. Plasma and RBCs in a 1:1 ratio
5. Plasma or RBCs alone

YES

NO

1. Administer 2 gm of Tranexamic Acid (TXA) 
via slow IV/IO push

2. Administer blood products with hypothermia 
prevention measures (IV fluid warmer, etc.)

YES

1 gm 
Calcium
(1st unit only)

Cont. 
MARCH 

PAWS and 
oral fluids

REASSESS
for external 
hemorrhage

End points*:
Mental status improves
Radial pulse is palpable
Systolic BP of 100 mm Hg

REASSESS
need for fluid 
resuscitation

Assess for 
presence of 
radial pulse 

and/or 
mental 
status 

changes 
without TBI

NO

Presenter Notes
Presentation Notes
We’ll go over many of the details later in this module, but as a summary introduction, the current TCCC Guidelines serve as the basis for fluid resuscitation:17
If a casualty does not have a weak or absent radial pulse or altered mental status in the absence of traumatic brain injury (TBI), there is no need to fluid resuscitate them. Their trauma assessment and treatment can proceed, continuing with the MARCH PAWS approach. Fluids by mouth are permissible if the casualty is conscious and can swallow, and they should be reassessed routinely. If they do develop signs of shock appropriate treatments should be instituted. 
Casualties who do show signs and symptoms of shock should have intravenous (IV) (or intraosseous (IO)) access established so that blood products can be administered. 

The order of preference for blood products is:
Cold stored low-titer O whole blood
Pre-screened low-titer O fresh whole blood
Plasma, red blood cells (RBCs) and platelets in a 1:1:1 ratio
Plasma and RBCs in a 1:1 ratio
Plasma or RBCs alone

Hypothermia prevention measures need to be established, and after the first unit of blood products is transfused, one gram of calcium should be administered.
The patient should be reassessed after each unit, and resuscitation should be continued until mental status improves, a radial pulse is palpable, or a systolic BP of 100 mm Hg is achieved. Discontinue fluid administration when one or more of the above end points has been achieved. Once achieved, the IV or IO should be secured and the rest of the MARCH PAWS assessment and treatment can resume, if it hasn’t already been accomplished. 

Constraints for fluid resuscitation in TFC are (storage, transfusion reaction, supply/equipment, capability and crossmatching, and training and skill sustainment. 

Reassess the casualty frequently to check for recurrence of shock. If shock recurs, recheck all external hemorrhage control measures to ensure that they are still effective and repeat fluid resuscitation, as necessary. 

17Tactical Combat Casualty Care Guidelines, 15 December 2021, para 6.e. https://deployedmedicine.com/market/31/content/40, accessed 8 Jan 22.
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TECHNIQUES FOR PREVENTION 
AND TREATMENT OF HEMORRHAGIC SHOCK

HM A R C

Fluid Resuscitation selection
priorities are:

Cold stored low-titer O whole 
blood

Pre-screened low-titer O fresh 
whole blood

Plasma, red blood cells (RBCs) 
and platelets in a 1:1:1 ratio

Plasma and RBCs in a 1:1 ratio

Plasma or RBCs alone

HEMORRHAGIC SHOCK PREVENTION AND TREATMENT

Casualty not in shock (conscious 
and can swallow): 

Casualty in shock (Altered Mental 
Status and/or weak or absent radial pulses)

• No IV fluids are immediately 
necessary • Establish IV/IO access 

• Oral rehydration is appropriate 
and recommended • Administer resuscitation fluids

• Risk of emesis and aspiration is 
very low • Hypothermia prevention measures

Reassess frequently for recurrence of shock

1

2

3

4

5

Presenter Notes
Presentation Notes
The best prevention for hemorrhagic shock is, by far, controlling all sources of bleeding.18 Ongoing blood loss will impede the ability to successfully treat shock. A casualty with known blood loss, even if controlled and not currently in shock, is at higher risk of developing shock during the treatment and evacuation phases and should be monitored very closely. Dehydration from potential delays in evacuation and the environment are likely and can lead someone who has very little reserve into a state of shock.19 Oral rehydration, if the casualty can swallow, is appropriate and recommended, and the risk of emesis and aspiration is judged to be very low in casualties given only oral fluids for rehydration if they need to undergo surgery.20 Additionally, consider the need for placing a saline lock in casualties with significant injuries. Having a saline lock in place may increase the odds of a favorable outcome for someone at significant risk of shock by saving time between when they show signs of shock and when they are treated.21

As just mentioned, there is ever-increasing evidence that fluid resuscitation for casualties in hemorrhagic shock is best accomplished with fluid that is identical to that lost by the casualty - whole blood.22 Whole blood is a generic term for unfractionated blood collected in a single bag that includes an anticoagulant solution to sustain red blood cell integrity. Large volumes of crystalloids and/or colloids may worsen coagulopathy and increase bleeding;23 whereas blood products not only replace the lost volume, but often replace components that promote clot maintenance and remain within the vascular system instead of seeping into soft tissues because of osmotic pressure differences.24,25

As a reminder, for treatment of hemorrhagic shock the fluid selection priorities are:
Cold stored low-titer O whole blood
Pre-screened low-titer O fresh whole blood
Plasma, red blood cells (RBCs) and platelets in a 1:1:1 ratio
Plasma and RBCs in a 1:1 ratio
Plasma or RBCs alone

18Bouglé, A., Harrois, A. & Duranteau, J. Resuscitative strategies in traumatic hemorrhagic shock. Ann. Intensive Care.2013 (3), 1-9.
19Hooper N, Armstrong TJ. Hemorrhagic Shock. [Updated 2021 Jul 13]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK470382/, accessed 8 Jan 22.
20Butler FK, Hagmann J, Butler EG. Tactical combat casualty care in special operations. Mil Med. 1996; 161 (suppl): 3-16.
21Boyle MF, Kuntz B. Saline locks in prehospital care. Prehosp Disaster Med. 1994 Jul-Sep; 9 (3): 190-2.
22Gurney J, Staudt A, Cap A, Shackelford S, Mann-Salinas E, Le T, Nessen S, Spinella P. Improved survival in critically injured combat casualties treated with fresh whole blood by forward surgical teams in Afghanistan. Transfusion. 2020 Jun; 60 Suppl 3: S180-S188.
23Farkash U, Lynn M, Scope A, Maor R, Turchin N, Sverdlik B, Eldad A. Does prehospital fluid administration impact core body temperature and coagulation functions in combat casualties? Injury. 2002 Mar; 33 (2): 103-10.
24Guyette, FX, et al. Prehospital Blood Product and Crystalloid Resuscitation in the Severely Injured Patient. Annals of Surgery. February 2021 Volume 273 (Issue 2): 358-364.
25Chang R, Holcomb JB. Optimal Fluid Therapy for Traumatic Hemorrhagic Shock. Crit Care Clin. 2017; 33 (1): 15-36.
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APPROPRIATE TECHNIQUES FOR 
TREATMENT OF HEMORRHAGIC SHOCK

HM A R C

Gather blood products for 
transfusion:

Cold stored 
whole blood

Fresh 
blood 

collected 
in the field

Plasma, 
RBCs, 

platelets

Hemorrhagic Shock 
Treatment Techniques

Establish IV or IO access

Administer TXA

Initiate Hypothermia Prevention measures

Administer Resuscitation Fluids
 Heat blood to 38oC/100.4°F using 

warming device at a flow rate up to 150 
ml/min

Monitor and Reassess for end points 
 Palpable radial pulse
 Improved mental status
 SBP of 100mmHg

Select Blood warming device for 
transfusion:

Buddy Lite™ Thermal 
Angel®

Quantum™

CoTCCC does NOT recommend a 
specific blood warmer device 

Level of Evidence: C-LD

Presenter Notes
Presentation Notes
IV or IO access is necessary for fluid resuscitation and was discussed in detail in a prior module. Blood products can safely be administered through an 18-gauge catheter,26 and larger bore catheters are often more difficult to establish in a tactical environment, so should be avoided for the most part.27 

Hypothermia is a significant consideration in all trauma,28 but even more so if transfusing blood products, particularly cold stored blood.29 Battery-powered fluid warming devices can raise the temperature of fluids as they are infused.30 Although there is not a specific device recommendation, you should use one that is able to achieve a 38°C/100.4°F  output temperature at a flow rate up to 150 ml/min.31 And other hypothermia prevention and treatment measures should be instituted as soon as possible, as well.32

Ideally, you will have access to pre-screened blood products, and the risk of a transfusion reaction will be minimal. However, in some cases, transfusion of untitered group O fresh whole blood (FWB) or type specific fresh whole blood may be necessary.33 FWB is not FDA-approved and is not intended or indicated for routine use.34 Its use results in an increased risk for a potentially lethal hemolytic reaction,35 and should only be performed by appropriately trained medical personnel. Of note, if Rh negative blood products are not immediately available, Rh positive blood products should be used in hemorrhagic shock. However, keep in mind that the risk of an adverse outcome from hemorrhage is often greater than the risk of a reaction in these cases.

The casualty should be reassessed after every transfusion of a unit of blood products, and when one of these end points is met, the resuscitation should be stopped. However, the risk for recurrent shock is always present, and frequent reassessment, with early return to fluid resuscitation, should be a priority.

End points for fluid replacement have been established for several reasons.42 One is that blood products on the battlefield are an extremely limited resource and should be managed with care. The other is that higher than necessary blood pressures and intravascular volumes can disrupt clot formation,43 and contribute to rebleeding in some cases. Although particularly true in studies using crystalloids and colloids, this is still a consideration with blood products, as well.

The end points for blood transfusion are defined in the TCCC guidelines as:44
A palpable radial pulse
Improved mental status
Systolic BP of 100 mm Hg (of note, the target SBP for a casualty with TBI is 100-110 mm Hg45,46)

Discontinue fluid administration when one or more of the above end points has been achieved. 
It is also important to note that more is not always better. By increasing the BP to higher pressures, you run the risk of disrupting clots that are contributing to bleeding control. You are limited to the blood products that carried in or that can be obtained in the field, so conservation is warranted. 

Prevention and treatment of hemorrhagic shock in austere and prehospital environments has been studied fairly extensively, to include several retrospective reviews, prospective studies and professional society guideline development. The level of evidence supporting the guidance for the Strategies & Techniques for Hemorrhagic Shock in the tactical environment, is based on randomized cntrolled trals animal study, lab evaluation observational study with limitations.


26Stupnyckyj C, Smolarek S, Reeves C, McKeith J. Changing blood transfusion policy and Practice. Am J Nursing. 2014;114: 50-59.
27Butler FK, Hagmann J, Butler EG. Tactical combat casualty care in special operations. Mil Med. 1996;161(suppl): 3-16.
28Krause KR, Howells GA, Buhs CL, Hernandez DA, Bair H, Schuster M, Bendick PJ. Hypothermia-induced coagulopathy during hemorrhagic shock. Am Surg. 2000 Apr; 66 (4): 348-54.
29Iserson KV, Huestis DW. Blood warming: current applications and techniques. Transfusion. 1991 Jul-Aug; 31(6): 558-71.
30Milligan J, Lee A, Gill M, Weatherall A, Tetlow C, Garner AA. Performance comparison of improvised prehospital blood warming techniques and a commercial blood warmer. Injury. Volume 47, Issue 8, 2016: 1824-1827.
31Lehavi A, Yitzhak A, Jarassy R, Heizler R, Katz YS, Raz A. Comparison of the performance of battery-operated fluid warmers. Emerg Med J. 2018; 35(9): 564-570.
32Spinella PC, Perkins JG, Grathwohl KW, et al. Warm fresh whole blood is independently associated with improved survival for patients with combat-related traumatic injuries. J Trauma. 2009; 66: S69–S76.
33Yazer MH, Cap AP, Spinella PC. Raising the standards on whole blood. J Trauma Acute Care Surg. 2018 Jun; 84 (6S Suppl 1): S14-S17.
34Cap AP, et al. Whole Blood Transfusion. Military Medicine. Volume 183, Issue supp 2, September-October 2018, 44–51.
35Spinella PC, etal. 31st Combat Support Hospital Research Working Group. Risks associated with fresh whole blood and red blood cell transfusions in a combat support hospital. Crit Care Med. 2007 Nov; 35 (11): 2576-81.
36Byerly S, Inaba K, Biswas S, et al. Transfusion-Related Hypocalcemia After Trauma. World J Surg. 2020; 44 (11): 3743-3750. 
37Kyle T, Greaves I, Beynon A, Whittaker V, Brewer M, Smith J. Ionised calcium levels in major trauma patients who received blood en route to a military medical treatment facility. Emerg Med J. 2018 Mar; 35(3): 176-179.
38Webster S, Todd S, Redhead J, Wright C. Ionised calcium levels in major trauma patients who received blood in the Emergency Department. Emerg Med J. 2016 Aug; 33(8): 569-72.
39Vasudeva M, et al. Hypocalcemia in trauma patients: A systematic review. Journal of Trauma and Acute Care Surgery. February 2021, Vol 90 (2): 396-402.
40Tactical Combat Casualty Care Guidelines, 5 November 2020, para 6.e. https://deployedmedicine.com/market/31/content/40, accessed 8 Jan 22.
41Lin CY, Hsieh KC, Yeh MC, Sheen-Chen SM, Chou FF. Skin necrosis after intravenous calcium chloride administration as a complication of parathyroidectomy for secondary hyperparathyroidism: report of four cases. Surg Today. 2007; 37(9): 778-81.
42Bouglé A, Harrois A, Duranteau J. Resuscitative strategies in traumatic hemorrhagic shock. Ann Intensive Care. 2013 3(1): 1-9.
43Rezende-Neto JB, Rizoli SB, Andrade MV, Ribeiro DD, Lisboa TA, Camargos ER, Martins P, Cunha-Melo JR. Permissive hypotension and desmopressin enhance clot formation. J Trauma. 2010 Jan; 68(1): 42-50.
44Tactical Combat Casualty Care Guidelines, 5 November 2020, para 6.e. https://deployedmedicine.com/market/31/content/40, accessed 8 Jan 22.
45Abdelmalik PA, Draghic N, Ling GSF. Management of moderate and severe traumatic brain injury. Transfusion. 2019 Apr; 59(S2): 1529-1538.
46Vella MA, Crandall ML, Patel MB. Acute Management of Traumatic Brain Injury. Surg Clin North Am. 2017 Oct: 97(5): 1015-1030.
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IMPORTANCE AND ADVANTAGES 
OF EARLY USE OF BLOOD PRODUCTS

HM A R C

502 U.S. military combat casualties in Afghanistan (2012-2015):
Shorter time to initial blood product transfusion associated with reduced 24-hour and 30-day mortality

Level of Evidence: B-NR

IMPORTANCE AND ADVANTAGES OF EARLY USE OF BLOOD PRODUCTS
Restoration of Oxygenation 
and Tissue Perfusion

Early transfusion of blood products, particularly red blood cells (PRBCs), helps restore oxygen-
carrying capacity and improves tissue perfusion.

Correction of Coagulopathy Significant bleeding can disrupt the clotting cascade, resulting in coagulopathy. Early transfusion of 
blood products provides essential clotting factors and helps correct coagulopathy. 

Hemodynamic Stability The early administration of blood products helps replenish blood volume, improve circulatory 
function, and maintain hemodynamic stability.

Prevention of Organ 
Dysfunction

Early use of blood products restores perfusion and oxygenation to vital organs, reducing the risk of 
organ dysfunction, such as acute kidney injury, hepatic dysfunction, and cardiovascular compromise. 

Facilitation of Surgical 
Interventions

In cases requiring urgent or emergent surgical procedures, early transfusion of blood products 
ensures optimal conditions for surgical interventions. 

Presenter Notes
Presentation Notes
Current guidelines emphasize that fluid resuscitation with blood products should occur as soon as possible for casualties in shock after life-threatening hemorrhage in order to maximize survival.

A retrospective cohort study of 502 U.S. military combat casualties in Afghanistan between 2012 and 2015 showed that time to initial blood product transfusion was associated with reduced 24-hour and 30-day mortality.47 And in a civilian study, the multicenter Prehospital Air Medical Plasma trial, civilian trauma patients also showed a similar reduction in mortality.48 

Although using blood products later in the course of a casualty’s treatment is definitely better than not using them, the earlier the casualty’s blood loss is replaced, the better the potential outcome. Prioritize blood product resuscitation efforts both in mission planning and during casualty assessment and treatment.

There are several retrospective reviews and studies that support a moderate to high level of evidence in support of early use of blood products in hemorrhagic shock resuscitation. 

Prescreened donors (or unscreened donors) can also be used to provide fresh whole blood early on at forward locations. However, the time required for FWB transfusions is often longer than that of cold stored blood because of the need to collect the blood prior to donation, and possibly the need to blood type donors and casualties prior to the collection or transfusion of blood products.50 

Importance and advantages of early use of blood products:
Restoration of Oxygenation and Tissue Perfusion. Early transfusion of blood products, particularly red blood cells (PRBCs), helps restore oxygen-carrying capacity and improves tissue perfusion. This ensures vital organs receive an adequate oxygen supply, preventing tissue hypoxia and associated complications.

Correction of Coagulopathy. Significant bleeding can disrupt the clotting cascade, resulting in coagulopathy. Early transfusion of blood products provides essential clotting factors and helps correct coagulopathy. Prompt correction of coagulopathy reduces the risk of ongoing bleeding, promotes hemostasis, and improves patient outcomes.

Hemodynamic Stability. The early administration of blood products helps replenish blood volume, improve circulatory function, and maintain hemodynamic stability. This reduces the risk of further organ damage and improves overall patient outcomes.

Prevention of Organ Dysfunction. Early use of blood products restores perfusion and oxygenation to vital organs, reducing the risk of organ dysfunction, such as acute kidney injury, hepatic dysfunction, and cardiovascular compromise. This improves the overall prognosis for patients with severe bleeding.

Facilitation of Surgical Interventions. In cases requiring urgent or emergent surgical procedures, early transfusion of blood products ensures optimal conditions for surgical interventions. Adequate blood volume and oxygenation support allow surgeons to perform necessary procedures promptly and with reduced risks. 

The level of evidence supporting the guidance for the early administration of blood products in the tactical environment, is based on meta-analysis of randomized controlled studies and retrospective observational.

47Shackelford S, Del Junco D, Powell-Dunford N, et al. Association of prehospital blood product transfusion during medical evacuation of combat casualties in Afghanistan with acute and 30-day survival. JAMA. 2017; 318: 1581-1591.
48Zuckerbraun BS, et al. Prehospital Plasma during Air Medical Transport in Trauma Patients at Risk for Hemorrhagic Shock. N Engl J Med. 2018 Nov 1; 379(4): 315-326.
49Thomas, Brent, Katherine Anania, Anthony DeCicco, and John A. Hamm, Toward Resiliency in the Joint Blood Supply Chain. Santa Monica, CA: RAND Corporation, 2018. https://www.rand.org/pubs/research_reports/RR2482.html, accessed 8 Jan 22.
50Cap AP, et al. Whole Blood Transfusion. Military Medicine. Volume 183, Issue supp 2, September-October 2018, 44–51.
Spinella PC, Pidcoke HF, Strandenes G, Hervig T, Fisher A, Jenkins D, Yazer M, Stubbs J, Murdock A, Sailliol A, Ness PM, Cap AP. Whole blood for hemostatic resuscitation of major bleeding. Transfusion. 2016 Apr;56 Suppl 2:S190-202. (B-R – Meta-analysis of randomized controlled studies and retrospective observational)

Braverman MA, Schauer S, Brigmon E, Smith AA, Barry L, Bynum J, Cap A, Corral H, Fisher A, Epley E, Jonas RB, Shiels M, Waltman E, Winckler C, Eastridge BJ, Stewart RM, Nicholson SH, Jenkins DH. The Impact of Prehospital Whole Blood on Hemorrhaging Trauma Patients: A Multi-Center Retrospective Study. J Trauma Acute Care Surg. 2023 Apr 4. (B-NR – Retrospective Observational Study)
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ADVANTAGES AND DISADVANTAGES OF
LOW-TITER O WHOLE BLOOD

HM A R C

Titers refer to anti-A/anti-B in plasma

WWII experience was mild reactions 
with titers >512
Current threshold for low titer <256

The PREFERRED fluid for hemorrhagic 
shock resuscitation is cold stored low-
titer O whole blood (LTOWB)

Antigen A
Anti-A 

antibody Antigen B Anti-B 
antibody

 Tested for diseases (FDA 
requirement)
 Titers and leukocyte reduction
 Ready for immediate 

transfusion
 Whole blood better than three-

component replacement in at 
least one study

POSSIBLE 
ADVANTAGES

POTENTIAL 
DISADVANTAGES

 Shelf life is less than 
packed RBCs and FFP
 Need to maintain cold 

chain to the point of 
transfusion (logistical 
burden) 

Presenter Notes
Presentation Notes
The preferred fluid for hemorrhagic shock resuscitation is cold stored low-titer O whole blood (LTOWB).51,52,53 The indications for fluid resuscitation in the tactical setting, as outlined in the TCCC Guidelines, is the presence of shock. In module 10 we defined shock as an altered mental status in the absence of head injury and/or an absent or weak radial pulse.54

Low-titer refers to the anti-A and anti-B antibodies present in the plasma component of type O whole blood. Titer levels vary and require a lab test that is not field expedient, so must be determined prior to the Tactical Field (or Evacuation) Care phase.55,56 

Thresholds for what constitutes low-titer differ. In World War II, the Army Blood Program noted mild transfusion reactions in whole blood with titers >512, and one severe transfusion reaction of a titer of 8000.57 In response, the Army Blood Program defined low-titer group O whole blood as being < 250,58,59 and this program carried over to the Korean and Vietnam conflicts (although the logistics system was not able to move blood to the battlefield on a routine basis, and the majority of the transfusions occurred in medical treatment facilities, not forward locations).60 

When the standards committee of the American Association of Blood Banks recently updated the standard of care to endorse the use of group O low-titer whole blood for recipients of known or unknown ABO group in hemorrhagic shock,61 the door was opened for FDA approval and for the DOD to develop processes to use blood in forward settings. Taking historical and current studies into consideration, the blood program has established new guidelines – and currently, low-titer is defined as <256.62 

There are several advantages to using cold stored LTOWB. Cold stored LTOWB has already undergone transmissible disease testing (for FDA compliance), titer testing, and leukocyte reduction before being stored.63 Additionally, if it is present at the forward location, it can be administered as soon as IV or IO access has been established in the casualty. And, in common with fresh whole blood from pre-screened donors, at least one study has demonstrated improved outcomes when compared to component therapy with whole blood components.64 Lastly, there is only one product to store and transport, when compared to component therapy.

One disadvantage is the shelf-life which, at 21 or 35 days (depending on the preservative) is less than packed RBCs and fresh-frozen plasma (42 days and one year, respectively).65  Another is the need to maintain a cold chain to the point of transfusion, which requires significant logistical support.

51McCoy CC, Brenner M, Duchesne J, et al. Back to the Future: Whole Blood Resuscitation of the Severely Injured Trauma Patient. Shock. 2021; 56(1S): 9-15.
52Tactical Combat Casualty Care Guidelines, 5 November 2020, para 6.e. https://deployedmedicine.com/market/31/content/40, accessed 8 Jan 22.
53Shackelford SA, Gurney JM, Taylor AL, Keenan S, Corley JB, Cunningham CW, Drew BG, Jensen SD, Kotwal RS, Montgomery HR, Nance ET, Remley MA, Cap AP; Joint Trauma System Defense Committee on Trauma; Armed Services Blood Program. Joint Trauma System, Defense Committee on Trauma, and Armed Services Blood Program consensus statement on whole blood. Transfusion. 2021 Jul; 61 Suppl 1: S333-S335.
54Tactical Combat Casualty Care Guidelines, 5 November 2020, para 6.b. https://deployedmedicine.com/market/31/content/40, accessed 15 Dec 21.
55Strandenes G, Berséus O, Cap AP, Hervig T, Reade M, Prat N, Sailliol A, Gonzales R, Simon CD, Ness P, Doughty HA, Spinella PC, Kristoffersen EK. Low titer group O whole blood in emergency situations. Shock. 2014 May; 41 Suppl 1: 70-5.
56Gaspary MJ, et al. Obstacles to an Effective Low-Titer O Walking Blood Bank: A Deployed Unit’s Experience. Military Medicine. Volume 186, Issue 1-2, January-February 2021, e137–e142.
57The Blood, Plasma, and Related Programs in the Korean War. AMEDD Center of History & Heritage, Available at https://achh.army.mil/history/book-wwii-blood-chapter20, accessed 9 Jan 22. 
58Kendrick DB. Blood Program in World War II. Washington, D.C.: Office of the Surgeon General; 1964.
59Bailey JD, Fisher AD, Yazer MH et al: Changes in donor antibody titer levels over time in a military group O low-titer whole blood program. Transfusion 2019; 59(S2): 1499–506.
60Thompson P, Strandenes G. The History of Fluid Resuscitation for Bleeding. Damage Control Resuscitation. 2019; 3-29.
61Emergency Release Low Titer Group O Whole Blood Is Now Permitted By The AABB Standards. Available at https://rdcr.org/press-release-emergency-release-low-titer-group-o-whole-blood-now-permitted-aabb-standards/, accessed 9 Jan 22.
62Bailey JD, Fisher AD, Yazer MH, Howard JT, Corley JB, Miles EA, Cap AP. Changes in donor antibody titer levels over time in a military group O low-titer whole blood program. Transfusion. 2019 Apr; 59(S2): 1499-1506.
63Cap AP, et al. Whole Blood Transfusion. Military Medicine. Volume 183, Issue supp 2, September-October 2018, 44–51.
64Spinella PC, Perkins JG, Grathwohl JG, et al. Warm fresh whole blood is independently associated with improved survival for patients with combat-related traumatic injuries. J Trauma. 2009; 66: S69-S76.
65Marik PE. Transfusion of Blood and Blood Products. Evidence-Based Critical Care. 2014; 585-619.
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ADVANTAGES AND DISADVANTAGES OF 
FRESH WHOLE BLOOD

HM A R C

POTENTIAL 
DISADVANTAGES

POSSIBLE 
ADVANTAGESIf cold stored LTOWB is not 

available, utilize pre-screened 
low-titer O fresh whole blood

Ideally, fresh whole blood 
donors are pre-screened for:

Known low titers

No transmissible diseases

Could be group-specific (A-A, B-B), 
although up to 4% inaccuracy

 Availability even when cold 
chain is not in place (or cold 
stores exhausted)

 Degree of hypothermia during 
transfusion may be less than 
cold stored LTOWB

 Whole blood has balanced 
ratios of blood components 
because it’s fresh 

 Time to collect blood may 
delay transfusion

 Pre-screened unit members 
unavailable to donate

 Limited availability of unit 
members with low-titer O

 Storage and refrigeration of 
collected blood

Presenter Notes
Presentation Notes
Despite increased access to FDA approved, screened, and banked LTOWB in combat theaters, the demand for whole blood may exceed the supply.72 Another way to access whole blood in the TCCC setting if cold stored LTOWB is not available is to utilize fresh whole blood, collected at or near the point of transfusion.73 Fresh LTOWB is collected from donor pools of individuals who have been prescreened to ensure that they were free from transfusion-transmittable infections and that their Type O blood contains low titers of anti-A and anti-B antibodies. These prescreened donors are thus able to act as relatively low-risk sources of universal donor whole blood when needed in far-forward environments. The JTS Clinical Practice Guideline (CPG), Whole Blood Transfusion, indicates that “FWB is to be used only when other blood products cannot be delivered at an acceptable rate to sustain the resuscitation of an actively bleeding patient, when specific stored products are not available (e.g., SWB, RBCs, FFP, PLTs, Cryo), or when stored components are not adequately resuscitating a patient with an immediately life-threatening injury.”74

Ideally, fresh whole blood donors have been pre-screened and selected based on having low-titer type O blood and passed appropriate infectious disease testing. Most of the advantages of cold stored whole blood apply to fresh whole blood, but there are a couple of disadvantages. One is that additional time is needed to collect the blood, which may delay its administration, and possibly reduce its efficacy by not being administered as quickly. Another is that during the collection process, one or more of the combatants involved in the operation will be indisposed as they donate (or help with the collection of the donation); using support and non-mission essential personnel will reduce the negative impact on operations during collection.78 That said, several studies have been done that indicate that otherwise healthy donors do not experience significant cognitive or physical deficits.79

One potential advantage, if an IV fluid warmer is not available, is that a fresh transfusion may not add to hypothermia issues as much as a cold stored transfusion. Also, if a cold chain is not available for logistics reasons, this process is still viable.

Fresh whole blood can be transfused immediately or it can be stored at room temperature for a maximum of 24 hours following collection, or if not used within 8 hours, can be stored refrigerated for up to 21 or 35 days depending on anticoagulant and the need for blood.80 The actual method of administration of fresh whole blood doesn’t differ from cold stored whole blood, including the use of IV fluid warmers, if available.

72Jones TB, Moore VL, Shishido AA. Prehospital Whole Blood in SOF: Current Use and Future Directions. J Spec Oper Med. 2019 Winter; 19(4): 88-90.
73Strandenes G, De Pasquale M, Cap AP, Hervig TA, Kristoffersen EK, Hickey M, Cordova C, Berseus O, Eliassen HS, Fisher L, Williams S, Spinella PC. Emergency whole-blood use in the field: a simplified protocol for collection and transfusion. Shock. 2014 May; 41 Suppl 1: 76-83.
74Cap AP, et al. Whole Blood Transfusion (CPG ID: 21). Joint Trauma System Clinical Practice Guideline. 15 May 2018. Available at https://jts.amedd.army.mil/assets/docs/cpgs/Whole_Blood_Transfusion_15_May_2018_ID21.pdf, accessed 9 Jun 22.
75Rentas FJ, Clark PA. Blood type discrepancies on military identification cards and tags: a readiness concern in the U.S. Army. Mil Med. 1999 Nov;164 (11): 785-7.
76Butler FK Jr, Holcomb JB, Shackelford S, et al. Advanced resuscitative care in tactical combat casualty care: TCCC guidelines change 18-01:14 October 2018. J Spec Oper Med 2018; 18(4): 37–55.
77Fisher AD, Miles EA, Cap AP, Strandenes G, Kane SF. Tactical damage control resuscitation. Mil Med 2015; 180(8): 869–75.
78Strandenes G, Sivertsen J, Eliassen H, Braathen H, Hervig TA. Staff officers as blood suppliers: effects of repeated donations and autologous reinfusions of untransfused units. J Trauma Acute Care Surg 2018; 84 (6 Suppl 1): S89–92.
79Eliassen HS, Aandstad A, Bjerkvig C, et al. Making whole blood available in austere medical environments: donor performance and safety. Transfusion 2016; 56(Suppl 2): S166–72.
80Hughes JD, Macdonald VW, Hess JR. Warm storage of whole blood for 72 hours. Transfusion 2007; 47(11): 2050–6. 
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BLOOD COMPONENT PRODUCTS

HM A R C

Freeze-dried plasma (FDP) PLASMA 

Developed in 1930s

Used in WWII and Korea

Stopped because of disease 
transmission

Continued by other nations

Rekindled interested by US military 
due to problems with access to 
whole blood at battlefront

Approved for use in hemorrhagic 
shock in recent years

Provides fibrinogen and       
hemostatic factors

Although best with other blood 
products, can be used alone

FDP stored without refrigeration and 
carried by Combat Medics/Corpsmen

FDP reconstituted in vials 
must be administered through    
vented tubing, but with collapsible 
bags standard blood tubing can       
be used

Level of Evidence: B-NR

Presenter Notes
Presentation Notes
Although the fact that whole blood provides the best physiologic response to fluid resuscitation has been evident for quite a while, logistical challenges in getting whole blood far forward led to the need to consider alternative strategies. Lyophilized plasma was developed in the 1930s, and used during WWII and Korea, but discontinued afterwards due to disease transmission.82 Several countries including France,83 Germany,84 Israel,85 and South Africa continued to develop and improve the process, and have been actively using freeze-dried plasma in forward, austere locations for many years.86 CoTCCC and the Defense Health Board began looking at potential options for using plasma and in 2011 recommended expediting access to dried plasma for Combat Medics.87 Additional efforts led to the Food & Drug Administration approval of an Emergency Use Authorization for French freeze-dried plasma (FDP) for U.S. military forces for the treatment of hemorrhagic shock.88 Currently, several US-based companies are developing FDP products for FDA consideration.

Plasma provides fibrinogen as well as other hemostatic factors. It also restores lost intravascular volume.89 The indication for plasma is a casualty in hemorrhagic shock when no whole blood is available for resuscitation. Although best combined with other blood components (red blood cells and platelets), there is added value in using FDP as a stand-alone component, if other component blood products are not available. 

Dried plasma can be stored without refrigeration and may be carried and used by combat medical personnel when transfusion of other blood components is not logistically feasible.90

Administration of plasma involves a reconstitution step not needed with other blood products. FDP may come with both components (the lyophilized plasma and the diluent to reconstitute it) or as the FDP alone, requiring the unit/medic to have the appropriate diluent available in their supplies. For example, the French FDP that has been used by the US military in recent years comes in a 2-vial kit.91 

Once reconstituted, the plasma can then be administered like other blood products. In those cases when vials are being used, administration requires vented tubing; but when reconstituted in a collapsible bag, vented tubing is not required and standard blood tubing can be used. Thawed fresh-frozen plasma is administered this way. 

As with any blood product, be sure to watch for adverse reactions. The use of whole blood or component therapies in both the clinical and tactical settings has been well-studied, and the level of evidence supporting the use of whole blood or component therapies is based on meta-analysis of randomized controlled studies and retrospective observational.

82Pusateri AE, Given MB, Schreiber MA, et al. Dried plasma: state of the science and recent developments. Transfusion. 2016; 56: S128-S139.
83Sailliol A, Martinaud C, Cap AP, Civadier C, Clavier B, Deshayes AV, Mendes AC, Pouget T, Demazeau N, Chueca M, Martelet FR, Ausset S. The evolving role of lyophilized plasma in remote damage control resuscitation in the French Armed Forces Health Service. Transfusion. 2013 Jan; 53 Suppl 1: 65S-71S.
84Bux J, Dickhörner D, Scheel E. Quality of freeze-dried (lyophilized) quarantined single-donor plasma. Transfusion. 2013 Dec;53(12):3203-9.
85Glassberg E, Nadler R, Gendler S, Abramovich A, Spinella PC, Gerhardt RT, Holcomb JB, Kreiss Y. Freeze-dried plasma at the point of injury: from concept to doctrine. Shock. 2013 Dec; 40(6): 444-50.
86Zaza M, Kalkwarf KJ, Holcomb JB. Dried Plasma. Damage Control Resuscitation. 2019;145-162. Published 2019 May 6.
87Defense Health Board Report 2011-04. Use of Dried Plasma in Prehospital Battlefield Resuscitation. Available at https://www.health.mil/About-MHS/OASDHA/Defense-Health-Agency/Defense-Health-Board/Reports; accessed 9 Jan 22.
88Food and Drug Administration (FDA) Emergency Use Authorization (EUA) for emergency use of Pathogen-Reduced LeukocyteDepleted Freeze-Dried Plasma. Available at https://www.fda.gov/media/114282/download; accessed 9 Jun 22.
89Zaza M, Kalkwarf KJ, Holcomb JB. Dried Plasma. Damage Control Resuscitation. 2019;145-162. Published 2019 May 6.
90Johnson VV, Swiatkowski SA. Scientific aspects of supplying blood to distant military theaters. Curr Opin Hematol. 2007 Nov;14(6):694-9.
91Fact Sheet for U.S. Military Medical Personnel. FDA Emergency Use Authorization Product Sheet. Available at https://www.fda.gov/media/119949/download; accessed 9 Jan 22.
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BLOOD COMPONENT PRODUCTS

HM A R C

If three component therapy isn't available, then:
Plasma and RBCs in a 1:1 ratio
if unavailable then:
Plasma or RBCs alone

In the absence of whole blood, either cold stored or 
fresh, packed red blood cells (RBCs), platelets and 
plasma in a 1:1:1 ratio should be used

1-part RBCs  :   1-part platelets    :  1-part plasma

Blood Component Products Active 
Shelf-lives (*preservative dependent) 

Platelets
• 5 days room temp, 15 days refrigerated

Plasma
• 1 year frozen, 5 days thawed

*RBCs
• 35-42 days refrigerated

*Fresh Low-Titer O Whole Blood
• Immediately, room temp max 24hrs, 21-35 days 

refrigerated

*Cold Stored Low-Titer O Whole Blood
• Immediately, room temp max 24hrs, 21-35 days 

refrigerated

Presenter Notes
Presentation Notes
In the absence of whole blood, either cold stored or fresh, packed red blood cells (RBCs), platelets and plasma in a 1:1:1 ratio should be used. But when whole blood is separated, the short shelf-life of platelets (5 days at room temperature and 15 days refrigerated and preserved) and the 5-day life of plasma once thawed (40-day shelf life when frozen),81 mean that pack red blood cells may be the only blood component available. RBCs are indicated when a casualty is in hemorrhagic shock and whole blood is not available, either as part of component therapy or alone. 

RBC units may be stored for up 35-42 days under refrigeration depending on the preservative used, which may be slightly longer than whole blood, depending on the preservative used. And the removal of the plasma during the separation process reduces the concern about the donor’s titer status. 
Red blood cells are transfused in the same way, with the same considerations, as whole blood. 

The evidence supporting the use of whole blood and, when that is not available, blood component therapy in fluid resuscitation of hemorrhagic shock is moderate to high, with a combination of retrospective reviews, some prospective studies, and subject matter expert panel guidelines. 

81Arya RC, Wander G, Gupta P. Blood component therapy: Which, when and how much. J Anaesthesiol Clin Pharmacol. 2011; 27(2): 278-284.
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CALCIUM CHLORIDE vs CALCIUM GLUCONATE
ADMINISTRATION

HM A R C

Calcium Salt Elemental Calcium

Calcium 
Chloride 1g 13.6 mEq 273 mg 6.80 mmol

Calcium 
Gluconate 1g 4.65 mEq 93 mg 2.32 mmol

Calcium Chloride vs Calcium Gluconate

Calcium chloride provides a higher concentration 
of elemental calcium per milliliter compared to 
calcium gluconate. 

Calcium chloride contains 27% elemental 
calcium compared with 9% in calcium gluconate.

As such, it takes 3 times as much calcium 
gluconate to equal 1 dose of calcium chloride.

The intent is to deliver approximately 250 mg of 
elemental calcium with the first unit of blood. 

Hypocalcemia from massive transfusion is common. The 
incidence of hypocalcemia in massive transfusion protocols 

has been reported to be 85-97% (Potestio, 2022). 

HYPOCALCEMIA refers to a condition characterized by 
lower-than-normal levels of calcium in the bloodstream. 

Level of Evidence: B-NR

Presenter Notes
Presentation Notes
Calcium chloride provides a higher concentration of elemental calcium per milliliter compared to calcium gluconate.  Calcium chloride contains 27% elemental calcium compared with 9% in calcium gluconate.  As such, it takes 3 times as much calcium gluconate to equal 1 dose of calcium chloride.

Calcium can be measured by the amount of the calcium salt (mg of the cation plus the anion, or mL of a specified concentration) or the amount of elemental calcium in milligrams (mg), in milliequivalents (mEq), or in millimoles (mmol).
The intent is to deliver approximately 250 mg of elemental calcium with the first unit of blood.  This can be accomplished with a 1 gram dose of calcium chloride or 3 grams of calcium gluconate.
 
Hypocalcemia from massive transfusion is common. The incidence of hypocalcemia in massive transfusion protocols has been reported to be 85-97% (Potestio, 2022).  In the prehospital setting, administering 10 mL of calcium chloride alongside blood products to patients has been associated with a reduced occurrence of hypocalcemia compared to those who did not receive calcium chloride (28% vs 70%) (Kyle, 2018).

The use of calcium in both the clinical and tactical settings for the treatment of hypocalcemia has been well-studied, and the level of evidence supporting the use of calcium is based on retrospective observational studies.
 
Potestio CP, Van Helmond N, Azzam N, Mitrev LV, Patel A, Ben-Jacob T. The Incidence, Degree, and Timing of Hypocalcemia From Massive Transfusion: A Retrospective Review. Cureus. 2022 Feb 10;14(2)

Kyle T, Greaves I, Beynon A,Whittaker V, BrewerM, Smith J. Ionised calciumlevels in major trauma patients who received blood en route to a military medical treatment facility. Emerg Med J. 2018;35(3):176–9.
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CALCIUM ADMINISTRATION 
DOSAGE(S):

1 gram Calcium after the first unit 
of blood 
 30 ml of 10% calcium 

gluconate OR 10 ml of 10% 
calcium chloride

ROUTE(S):
Calcium is available in 
IV or IO form

INDICATIONS:
For use after blood product 
transfusions

CONTRAINDICATIONS:
Ventricular fibrillation

Hypercalcemia 
Hypophosphatemia 
Renal calculi 

Use cautiously in: 
Digitalized patients 

Patients with sarcoidosis
Renal or cardiac disease
Respiratory acidosis
Respiratory failure potential

HM A R C

RISK OF HYPOCALCEMIA from 
citrate binding to endogenous calcium

Presenter Notes
Presentation Notes
Hypocalcemia is a significant risk with rapidly transfused blood products,36,37,38 as the citrate preservative binds to the patient's endogenous calcium, rendering calcium inactive.39 One gram of calcium should be given after transfusing the first unit of blood products.40 That can be done using 30 ml of 10% calcium gluconate or using 10 ml of 10% calcium chloride. Of note, necrosis and skin sloughing are known to occur when calcium chloride extravasates during a peripheral IV administration,41 and careful monitoring should be emphasized to avoid this complication. 

DOSAGE(S):
Calcium 1 gm after the first unit of blood has been administered

ROUTE(S):
Calcium is available in IV or IO form

INDICATIONS:
For use after blood product transfusions

CONTRAINDICATIONS:
Contraindicated in patients with ventricular fibrillation, hypercalcemia, hypophosphatemia, or renal calculi, use cautiously in digitalized patients and patients with sarcoidosis, renal or cardiac disease, respiratory acidosis, or respiratory failure, potential benefits may warrant use in pregnant women despite potential risks if the alternative is worse

36Byerly S, Inaba K, Biswas S, et al. Transfusion-Related Hypocalcemia After Trauma. World J Surg. 2020; 44 (11): 3743-3750. 
37Kyle T, Greaves I, Beynon A, Whittaker V, Brewer M, Smith J. Ionised calcium levels in major trauma patients who received blood en route to a military medical treatment facility. Emerg Med J. 2018 Mar; 35(3): 176-179.
38Webster S, Todd S, Redhead J, Wright C. Ionised calcium levels in major trauma patients who received blood in the Emergency Department. Emerg Med J. 2016 Aug; 33(8): 569-72.
39Vasudeva M, et al. Hypocalcemia in trauma patients: A systematic review. Journal of Trauma and Acute Care Surgery. February 2021, Vol 90 (2): 396-402.
40Tactical Combat Casualty Care Guidelines, 5 November 2020, para 6.e. https://deployedmedicine.com/market/31/content/40, accessed 8 Jan 22.
41Lin CY, Hsieh KC, Yeh MC, Sheen-Chen SM, Chou FF. Skin necrosis after intravenous calcium chloride administration as a complication of parathyroidectomy for secondary hyperparathyroidism: report of four cases. Surg Today. 2007; 37(9): 778-81.
42Bouglé A, Harrois A, Duranteau J. Resuscitative strategies in traumatic hemorrhagic shock. Ann Intensive Care. 2013 3(1): 1-9.
43Rezende-Neto JB, Rizoli SB, Andrade MV, Ribeiro DD, Lisboa TA, Camargos ER, Martins P, Cunha-Melo JR. Permissive hypotension and desmopressin enhance clot formation. J Trauma. 2010 Jan; 68(1): 42-50.
44Tactical Combat Casualty Care Guidelines, 5 November 2020, para 6.e. https://deployedmedicine.com/market/31/content/40, accessed 8 Jan 22.
45Abdelmalik PA, Draghic N, Ling GSF. Management of moderate and severe traumatic brain injury. Transfusion. 2019 Apr; 59(S2): 1529-1538.
46Vella MA, Crandall ML, Patel MB. Acute Management of Traumatic Brain Injury. Surg Clin North Am. 2017 Oct: 97(5): 1015-1030.
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TACTICAL CONSIDERATIONS:
Administer one gram of calcium as 
either 30 ml of 10% calcium 
gluconate or 10 ml of 10% calcium 
chloride; immediately after the first 
transfused blood product. Monitor 
calcium chloride infusion closely 
as severe necrosis and skin 
sloughing can occur if peripheral 
IV extravasates.

ONSET/PEAK/DURATION:
Immediate/Immediate/1-2 hr

DRUG INTERACTIONS:
Decreased bioavailability with atenolol, 
fluoroquinolones and tetracyclines, calcium 
channel blockers decrease calcium effectiveness, 
cardiac glycosides increase digitalis toxicity, 
thiazide diuretics cause a risk of hypercalcemia

POTENTIAL SIDE EFFECTS:
Tingling sensations, headache, irritability, 
weakness, syncope with rapid IV injection, mild 
decrease in blood pressure, vasodilation, 
bradycardia, arrhythmias, rebound hyperacidity, 
nausea, polyuria, renal calculi, hypercalcemia, 
and local reactions

17

CALCIUM ADMINISTRATION cont.

HM A R C

Presenter Notes
Presentation Notes
POTENTIAL SIDE EFFECTS:
Tingling sensations, headache, irritability, weakness, syncope with rapid IV injection, mild decrease in blood pressure, vasodilation, bradycardia, arrhythmias, rebound hyperacidity, nausea polyuria, renal calculi, hypercalcemia, and local reactions

DRUG INTERACTIONS:
Decreased bioavailability with atenolol, fluoroquinolones and tetracyclines, calcium channel blockers decrease calcium effectiveness, cardiac glycosides increase digitalis toxicity, thiazide diuretics cause a risk of hypercalcemia

ONSET/PEAK/DURATION:
Immediate/immediate/1-2 hr

TACTICAL �CONSIDERATIONS:
   Administer one gram of calcium as
   either 30 ml of 10% calcium gluconate
   or 10 ml of 10% calcium chloride;
   immediately after the first transfused
   blood product. Monitor calcium chloride
   infusion closely as severe necrosis and
   skin sloughing can occur if peripheral IV
   extravasates.
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Administer 1 gm of calcium 
after the first unit
Monitor for and treat blood transfusion 
reactions:
Anaphylactic reaction (hives, itching, 

stridor/shortness of breath, and/or 
hypotension)

Acute hemolytic reaction (arm pain, 
chest pain, back pain, nausea, disseminated 
intravascular coagulation, and/or fever)

Initiate Hypothermia prevention 
measures

BEGIN transfusion within 5 min of 
starting the process

18

METHODS OF TRANSFUSING 
BLOOD COMPONENT PRODUCTS

REASSESS after each unit 
for:
 Return of radial pulses
 SBP > 100
 Improved mental status

Discontinue fluid 
administration when one or 
more are met

HM A R C

PRIOR to fluid resuscitation ensure:
External Hemorrhage
is controlled

IV or IO line with fluid is in 
place and functioning properly

TXA administered

Blood filters remove 
small clots that 
develop during 

collection and storage

NOTE: The methods of 
transfusing blood products 
are essentially the same for 
whole blood, packed RBCs, 
thawed plasma, and platelets. 

Presenter Notes
Presentation Notes
The methods of transfusing blood products are essentially the same for whole blood, packed RBCs, thawed plasma, and platelets. 
Prior to initiating a transfusion, casualties should have already had all external hemorrhage controlled, IV or IO access established, and tranexamic acid should have been administered.

Before beginning a cold stored low-titer type O whole blood transfusion, ensure that a filter is in place in the blood tubing. Filters remove clots and small clumps of platelets and white blood cells that form during collection and storage.66 

Additionally, the tubing should be routed through an IV fluid warmer, set to warm the blood to 38°C (100.4°F).67 And when feasible, other hypothermia prevention measures should be instituted as quickly as possible.68

As with any infusion, the tubing should all be primed before beginning flow to the casualty and sterile procedures used unless the tactical situation prevents that from happening. The recommended standard for transfusion is to have the blood products infusing within 5 minutes of the time you begin the process. 
After the initial unit of blood, 1 gm of calcium should be administered IV or IO.69 

Monitor the casualty for any complications with the infusion or adverse reactions to the transfusion.70

Then the casualty should be reassessed to see if they meet the criteria for discontinuation of resuscitation – the return of radial pulses or a systolic BP >100 or improved mental status. If these parameters aren’t met, then continue resuscitation attempts, reassessing after every unit.71

66Strandenes G, De Pasquale M, Cap AP, Hervig TA, Kristoffersen EK, Hickey M, Cordova C, Berseus O, Eliassen HS, Fisher L, Williams S, Spinella PC. Emergency whole-blood use in the field: a simplified protocol for collection and transfusion. Shock. 2014 May; 41 Suppl 1: 76-83.
67Jones TB, Moore VL, Shishido AA. Prehospital Whole Blood in SOF: Current Use and Future Directions. J Spec Oper Med. 2019 Winter; 19(4): 88-90.
68Tactical Combat Casualty Care Guidelines, 5 November 2020, para 6.b. https://deployedmedicine.com/market/31/content/40, accessed 9 Jan 22.
69Chapman MP, Moore EE, Chin TL, et al. Combat: Initial Experience with a Randomized Clinical Trial of Plasma-Based Resuscitation in the Field for Traumatic Hemorrhagic Shock. Shock. 2015; 44 Suppl 1: 63-70.
70Lotterman S, Sharma S. Blood Transfusion. [Updated 2021 Jul 31]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK499824/, accessed 9 Jun 22. 
71Tactical Combat Casualty Care Guidelines, 5 November 2020, para 6.b. https://deployedmedicine.com/market/31/content/40, accessed 9 Jan 22.
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ADMINISTRATION OF COLD STORED BLOOD 
PRODUCTS IN TACTICAL FIELD CARE

Video can be found on deployedmedicine.com

Presenter Notes
Presentation Notes
This video will go over the proper techniques for administering cold stored blood products in a Tactical Field Care setting. 

Play video
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ADMINISTRATION OF BLOOD PRODUCTS IN 
TACTICAL FIELD CARE

Video can be found on deployedmedicine.com

Presenter Notes
Presentation Notes
This video will go over the proper techniques for administering blood products in a Tactical Field Care setting.
Play video




Module 11: Hemorrhagic Shock Fluid Resuscitation in TFC

#TCCC-CPP-PPT-11 08 AUG 23 21

BLOOD TYPING

HM A R C

EldonCard®Surface markers (antigens) determine 
blood groups/types

Antigen-impregnated surface

Donor/casualty blood reacts 
with surface antigens

Reaction/non-reaction 
indicates ABO 
and Rh status

A & B antigens determine ABO status

Rh (Rhesus) antigen also a major marker

Minor markers require more advanced lab 
resources, but not tactically important

GROUP A GROUP B GROUP AB GROUP O

Level of Evidence: C-LD

Presenter Notes
Presentation Notes
There are several markers on red blood cells that determine a donor or casualty’s blood type. The main ones are the A & B surface markers (antigens) that comprise the ABO system and the Rhesus factor, or Rh antigen.98 In transfusing for hemorrhagic shock, these are the markers that are most important, and also the markers that can be determined without the need for a laboratory. Other minor markers are often assessed when finding the most compatible donor for an elective transfusion when full lab capabilities are present.99

ABO and Rh blood typing can be done using an EldonCard®.100 This card has antigens impregnated on its surface, and when a donor’s or casualty’s blood is placed on the card and reacts with those antigens the reaction (or lack of reaction) can be used to determine a person’s ABO and Rh status.101 Often times the EldonCard is part of a blood typing kit that includes lancets, blood collecting sticks and a water dropper – but the cards may come alone, as well.
 
Training on blood typing and the use of EldonCards® is needed to help avoid errors in classification. A 2013 military study showed only an 80% consistency between the medical records and the test kit result interpretation, with increased accuracy found in a subset of laboratory-trained users, indicating that training may help improve accuracy.102 

Blood typing of a casualty in hemorrhagic shock may not be appropriate if low-titer type O blood is available, as it would delay the resuscitation efforts needlessly. For group-specific transfusions (e.g., B to B) in donors and casualties who have not had their blood typed recently (or the validity of prior typing is in question), blood typing using EldonCards® is appropriate.

The level of evidence supporting the guidance for Blood Typing and Field Collection, is based on meta-analysis of observational studies, lab evaluations and case studies.

98Dean L. Blood Groups and Red Cell Antigens [Internet]. Bethesda (MD): National Center for Biotechnology Information (US); 2005. Chapter 2, Blood group antigens are surface markers on the red blood cell membrane. Available from: https://www.ncbi.nlm.nih.gov/books/NBK2264/; accessed 9 Jan 22.
99Avent ND, Reid ME. The Rh blood group system: a review. Blood. 2000 (95): 375-387.
100Eldon K. Experience with ABO and Rh blood-grouping cards (Eldon cards). Br Med J. 1956; 2(5003): 1218-1220.
101EldonCard® product sheets. Available at https://www.eldoncard.com/EldonCard-types, accessed 9 Jan 22.
102Bienek DR, Perez NM. Diagnostic Accuracy of a Point-of-Care Blood Typing Kit Conducted by Potential End Users. Military Medicine. Volume 178, Issue 5, May 2013: 588–592.




Module 11: Hemorrhagic Shock Fluid Resuscitation in TFC

#TCCC-CPP-PPT-11 08 AUG 23#TCCC-CPP-PPT-11 08 AUG 23

Module 11: Hemorrhagic Shock Fluid Resuscitation in TFC

22

DETERMINING BLOOD TYPE (USING ELDONCARD®)
IN TACTICAL FIELD CARE

Video can be found on deployedmedicine.com

Presenter Notes
Presentation Notes
This video will go over the proper techniques for typing donor or casualty blood in a Tactical Field Care setting using the EldonCard®. 
Play video 
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DONOR BLOOD PRODUCT COLLECTION

HM A R C

Collection bags have needle 
attached (16-gauge)

Lower collection bag below level 
of the heart

Gently shake or agitate bag to mix 
citrate anticoagulants

Do NOT overfill the bag

Clamp and then tie off the 
collection tubing when bag is full

Donors experience mild decline in oxygen-carrying capacity, 
but no decrease in performance or cognitive function

Main blood product considerations: 

Field Expedient methods to 
determine bag is full:

6.5-inch beaded cable tie
6.5-inch zip tie
Fold and clamp bottom 1-1½ 
inches of the bag
Parachute 550 cord cut at 10 
inches wrapped around centerLevel of Evidence: C-LD

Presenter Notes
Presentation Notes
Collecting blood in a field setting involves several considerations that are not necessarily issues when collecting in a medical facility. The collection process involves establishing IV access, collecting the blood and then preparing the collected blood for transfusion. Blood typing should be done prior to collection, if it has not already been done.103

Although we previously mentioned that blood products can be administered through an 18-gauge needle, the collection should be done using the 16-gauge needle that accompanies the collection bag.104 Your donor will not be dehydrated or have been losing blood, so should have adequate veins to establish access with the 16-gauge needle. If a saline lock has already been established, it is acceptable to insert the 16-gauge needle into the saline lock port to tap that vein and see if blood can easily be donated through that access point.

The next step is to collect the blood. In general, the lower the bag below the donor’s heart the faster it will fill. There are citrate-based anticoagulants in the bag and gently agitating the bag from side to side can help distribute the citrate evenly.105 Underfilling the bag can cause citrate toxicity once transfused, leading to myocardial depression or coagulopathy, while overfilling can lead to coagulation within the bag from an insufficient ratio of anticoagulant to blood.106 If a scale were available, the bag and blood should weigh 585 gm, but it is unlikely that option will be available in the tactical environment. So, there are a few methods to prevent that from happening. The collection bag can have a 6.5-inch zip tie or beaded cable tie placed around its middle, or the bottom 1-1½ inches can be folded and clamped, and when the flow is stopped due to the resistance it will be full. Alternatively, a piece of parachute cord measuring 10 inches can be placed around the center and the flow can be stopped when the ends pull apart.107 

Although infrequent, observe for lightheadedness or vasovagal reactions with nausea and vomiting, the most common adverse events in donors.108
The third step is to prepare for transfusion. The donation should be stopped by clamping the tubing and discontinuing the IV access while applying a little pressure to the venipuncture site with a bandage. The donation lines attached to the bag should be knotted in two locations with overhand knots. Then the blood should be moved to the recipient and the transfusion initiated as soon as possible.109

It should be noted that studies have demonstrated that although donors do experience some decline in oxygen-carrying capacity, highly trained military personnel continued to perform well both at submaximal and maximal effort levels and there was no decline in cognitive function.110
The level of evidence supporting the guidance for Blood Typing and Field Collection, is based on meta-analysis of observational studies, lab evaluations and case studies.

103Cap AP, et al. Whole Blood Transfusion (CPG ID: 21). Joint Trauma System Clinical Practice Guideline. 15 May 2018. Available at https://jts.amedd.army.mil/assets/docs/cpgs/Whole_Blood_Transfusion_15_May_2018_ID21.pdf, accessed 10 Jun 22.
104WHO Guidelines on Drawing Blood: Best Practices in Phlebotomy. Geneva: World Health Organization; 2010. 4, Venipuncture for blood donation. Available from: https://www.ncbi.nlm.nih.gov/books/NBK138671/, accessed 10 Jan 22.
105Practical guidance on venipuncture for blood donation. World Health Organization guidelines on drawing blood: best practices in phlebotomy. Available at https://www.who.int/infection-prevention/publications/2card_donation_web.pdf?ua=1, accessed 10 Jan 22. 
106Sihler KC, Napolitano LM. Complications of massive transfusion. Chest. 2010; 137(1): 209–220.
107Meledeo MA, Fisher AD, Peltier GC, Miles EA, Muse WB, Kerr WB, Nessen SC, Cap AP. Volumetric control of whole blood collection in austere environments. J Trauma Acute Care Surg. 2017 Jun; 82(6S Suppl 1): S26-S32.
108Myers DJ, Collins RA. Blood Donation. [Updated 2021 Sep 10]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK525967/, accessed 10 Jan 22.
109Administration of Blood Products Instruction. Combat Medic/Corpsman Tactical Combat Casualty Care Skill Instructions. Module 11. 10 May 2021.
110Eliassen HS, Hervig T, Backlund S, et al. Immediate effects of blood donation on physical and cognitive performance: a randomized controlled double-blinded trial. J Trauma Acute Care Surg 2018; 84(6 Suppl 1): S125–31.




Module 11: Hemorrhagic Shock Fluid Resuscitation in TFC

#TCCC-CPP-PPT-11 08 AUG 23

Level of Evidence: B-R
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TRANSFUSION COMPLICATION 
IDENTIFICATION AND MANAGEMENT STRATEGIES

HM A R C

Monitor all transfusions for complication and adverse reactions:
Acute hemolysis – rupture of RBCs
Flank, chest, arm or back pain
Fever
Disseminated intravascular coagulation
Early sign – nausea

Anaphylaxis – life-threatening allergic reaction
Stridor/SOB
Hypotension
Early signs – hives, itching

 Initiate NS or LR infusion
 0.3 ml of 1:1000 epinephrine IM
 25 mg of diphenhydramine IM, IO 

or slow IV push
 If available, consider 10-40 mg 

methylprednisolone slow IV push
 Immediately find another 

compatible blood product or donor 

STOP TRANSFUSION

 Initiate NS or LR infusion
 25 mg of diphenhydramine IM 

or slow IV push
 Immediately find another compatible blood 

product or donor 

STOP TRANSFUSION

Presenter Notes
Presentation Notes
After initiating any blood product transfusion, the casualty should be monitored closely for complications. Simple issues like dislodged infusion tubing or infiltrated infusion sites occur intermittently, and are managed by establishing alternate access sites or changing supplies. But the main concern is the potential for an adverse reaction to the blood products.92

The two main categories of severe reactions are anaphylaxis and acute hemolysis.93 Anaphylaxis is a severe, potentially life-threatening allergic reaction. Signs of anaphylaxis include stridor from edema of the airways and/or pharynx, shortness of breath and/or hypotension. This may be preceded by hives or itching.94 However, these may be difficult to assess in the tactical environment. Likewise, tachycardia is not particularly helpful as your casualty is inevitably tachycardic from the hemorrhagic shock you are addressing. 

Hemolysis is the rupture of red blood cells and leakage of their contents, usually due to mismatch or incompatibility between the casualty and the donor blood products. The classic acute hemolytic transfusion reaction is described as a fever, flank pain, and red or brown urine; but in the field all three findings rarely occur. The pain may be in an arm, the chest or the back or disseminated intravascular coagulation may be present. And these signs may be preceded by nausea.95 

If these reactions occur, the transfusion should be stopped immediately and appropriate treatment for the reaction initiated. For both reaction types, the blood product transfusion should be temporarily replaced by a lactated Ringer’s or normal saline infusion. 

If the patient is in anaphylaxis the treatment of choice is 0.3ml of 1:1000 epinephrine intramuscularly (IM). This is the 0.3 mg dose found in a standard EpiPen®. Additionally, administer 25 mg of diphenhydramine, either IM or by slow IV push. It is also very important to monitor the airway, as obstructions due to soft tissue swelling can compromise the ability to move air freely. If available, you could also consider administering 10-40 mg of methylprednisolone by slow IV push.96 

If the patient is having an acute hemolytic reaction, the treatment of choice is 25 mg of diphenhydramine, either IM or by slow IV push.97
Once any reaction is stabilized, the next step is to find another compatible blood product and resume resuscitation, if clinically appropriate and tactically possible.  

Blood transfusion reactions have been well studied, both in the civilian setting and the military setting. The level of evidence supporting the guidance for identifying and managing transfusions reactions, is based on retrospective observational study.

92Suddock JT, Crookston KP. Transfusion Reactions. [Updated 2021 Aug 11]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK482202/, accessed 9 Jan 22. 
93Sahu S, Hemlata, Verma A. Adverse events related to blood transfusion. Indian J Anaesth. 2014; 58(5): 543-551.
94McLendon K, Sternard BT. Anaphylaxis. [Updated 2021 Aug 2]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK482124/, accessed 9 Jan 22.
95Harewood J, Ramsey A, Master SR. Hemolytic Transfusion Reaction. [Updated 2021 Jul 18]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK448158/, accessed 9 Jan 22.
96Administration of Blood Products Instruction. Combat Medic/Corpsman Tactical Combat Casualty Care Skill Instructions. Module 11. 10 May 2021.
97Administration of Blood Products Instruction. Combat Medic/Corpsman Tactical Combat Casualty Care Skill Instructions. Module 11. 10 May 2021.
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TACTICAL CONSIDERATIONS:
Adult EpiPens® deliver the 
recommended 0.3 mg IM dose
Casualties in hemorrhagic shock 
have poor tissue perfusion to their 
extremities reducing the delivery 
of epinephrine; use large muscle 
groups closest to the torso (in 
order of preference: thigh > deltoid 
> gluteal)

DRUG INTERACTIONS:
Antihypertensives reduce the 
pressor effects of epinephrine, 
thyroid hormones, antihistamines 
and some anti-arrhythmic 
medications increase its 
arrhythmogenic effects

25

EPINEPHRINE ADMINISTRATION 
DOSAGE(S):

0.3 mg (1:1000 solution), repeated 
every 5 to 10 minutes as necessary

ROUTE(S):
IM

INDICATIONS:
Emergency treatment of anaphylaxis 
or allergic reactions

CONTRAINDICATIONS:

None

ONSET/PEAK/DURATION:
15-30 sec (IM)/20 sec to 4 min/5-10 
min

POTENTIAL SIDE EFFECTS:
Anxiety, restlessness, tremor,
weakness, dizziness, sweating,
palpitations, pallor, nausea and
vomiting, headache, disorientation, 
and tachycardia

HM A R C

Presenter Notes
Presentation Notes

DOSAGE(S):
0.3 mg (1:1000 solution), repeated every 5 to 10 minutes as necessary

ROUTE(S):
IM or subcutaneous

INDICATIONS:
Emergency treatment of anaphylaxis or allergic reactions.

CONTRAINDICATIONS:
    None
POTENTIAL SIDE EFFECTS:
    Anxiety, restlessness, tremor,
    weakness, dizziness, sweating,
    palpitations, pallor, nausea and
    vomiting, headache,
    disorientation, and tachycardia
DRUG INTERACTIONS:
Antihypertensives reduce the pressor effects of epinephrine,
thyroid hormones, antihistamines and some anti-arrhythmic medications increase its arrhythmogenic effects

ONSET/PEAK/DURATION:
15-30 sec (IM)/20 sec to 4 min/5-10 min
TACTICAL CONSIDERATIONS:
Standard EpiPens® deliver the recommended 0.3 mg IM dose
Casualties in hemorrhagic shock have poor tissue perfusion to their extremities reducing the delivery of epinephrine; use large muscle groups closest to the torso (in order of preference: thigh > deltoid > gluteal).
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DIPHENHYDRAMINE ADMINISTRATION 
DOSAGE(S):

25 mg initial dose, may consider 
50 mg based on clinical situation; 
repeat q 4-6 hr prn; max daily 
dose 300 mg

ROUTE(S):
IM or slow IV/IO push (over one 
minute)

INDICATIONS:
Emergency treatment of 
anaphylaxis 
or allergic reactions

ONSET/PEAK/DURATION:
10 sec-20 min (IV<IO<IM)/
15 min-2 hr/2-6 hr

CONTRAINDICATIONS:
Documented hypersensitivity to
diphenhydramine, breastfeeding
mothers, use in pregnancy if clearly 
needed

POTENTIAL SIDE EFFECTS:
Sedation/somnolence/sleepiness,   
drowsiness, unsteadiness, dizziness,  
headache, rare extrapyramidal effects, 
tremor, or convulsions

HM A R C

DRUG INTERACTIONS:
Accentuates effects of other 
medications that cause 
drowsiness or decreased level of 
consciousness (sedatives, 
hypnotics)

TACTICAL CONSIDERATIONS:
There is no evidence to support 
H1‐antihistamines alone in 
emergency management of 
anaphylaxis – diphenhydramine 
should only be used as an adjunct 
to epinephrine during anaphylaxis 
management. 
Casualty weapons, 
communications, and sensitive 
equipment should be secured.

Presenter Notes
Presentation Notes
DOSAGE(S):
25 mg initial dose, may consider 50 mg based on clinical situation; repeat q 4-6 hr prn; max daily dose 300 mg

ROUTE(S):
IM, IO & IV

INDICATIONS:
Emergency treatment of anaphylaxis or allergic reactions

CONTRAINDICATIONS:
  Documented hypersensitivity to diphenhydramine, breastfeeding mothers, use in pregnancy if clearly needed

POTENTIAL SIDE EFFECTS:
   Sedation/somnolence/sleepiness, drowsiness, unsteadiness, dizziness, headache, rare extrapyramidal effects, tremor, or convulsions

DRUG INTERACTIONS:
Accentuates effects of other medications that cause drowsiness or decreased level of consciousness (sedatives, hypnotics)

ONSET/PEAK/DURATION:
10 sec-20 min (IV<IO<IM)/15 min-2 hr/2-6 hr

TACTICAL CONSIDERATIONS:
There is no evidence to support H1‐antihistamines alone in emergency management of anaphylaxis – diphenhydramine should only be used as an adjunct to epinephrine during anaphylaxis management; the slower onset and longer duration may help sustain effects of successful treatment. 
Useful for minor reactions that are not life-threatening. Casualty weapons, communications and sensitive equipment should be secured.
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DRUG INTERACTIONS:
Accentuates effects of other 
medications that cause drowsiness 
or decreased level of 
consciousness (sedatives, 
hypnotics)

TACTICAL CONSIDERATIONS:
Administer 10-40 mg IV or IO, after 
first administering epinephrine and 
diphenhydramine, when treating an 
anaphylactic reaction from a blood 
product transfusion.
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METHYLPREDNISOLONE
ADMINISTRATION 

HM A R C

CONTRAINDICATIONS:
Systemic fungal infections and known
hypersensitivity (prior allergic 
reaction); potential benefits may 
warrant use in pregnant women 
despite potential risks if the 
alternative is worse

POTENTIAL SIDE EFFECTS:
Sodium retention, fluid retention, 
potassium depletion, hyperglycemia, 
increased liver function tests, muscle 
weakness, impaired sweating, 
pancreatitis, esophagitis, urticaria or 
allergic reactions

DOSAGE(S):
10-40 mg

ROUTE(S):
Slow IV or IO push 
(over one minute)

INDICATIONS:
Blood product transfusion 
anaphylactic reaction

ONSET / PEAK / DURATION:
Immediate/1-2 min/1 hr

Presenter Notes
Presentation Notes
DOSAGE(S):
10-40 mg
ROUTE(S):
Slow IV or IO push (over one minute)
INDICATIONS:
Blood product transfusion anaphylactic reaction
CONTRAINDICATIONS:
    Systemic fungal infections and known
    hypersensitivity (prior allergic reaction); 
    potential benefits may warrant use in 
    pregnant women despite potential risks if 
    the alternative is worse
POTENTIAL SIDE EFFECTS:
   Sodium retention, fluid retention, 
   potassium depletion, hyperglycemia, 
   increased liver function tests, muscle
   weakness, impaired sweating,
   pancreatitis, esophagitis, urticaria or 
   allergic reactions

DRUG INTERACTIONS:
Accentuates effects of other medications that cause drowsiness or decreased level of consciousness (sedatives, hypnotics)

ONSET/PEAK/DURATION:
Immediate/1-2 min/1 hr

TACTICAL  CONSIDERATIONS:
Administer 10-40 mg IV or IO, after first administering epinephrine and diphenhydramine, when treating an anaphylactic reaction from a blood product transfusion.
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BLOOD DONOR COLLECTION 
IN TACTICAL FIELD CARE

Video can be found on deployedmedicine.com

Presenter Notes
Presentation Notes
This video will go over the proper techniques for collecting blood in a Tactical Field Care setting. 
Play video
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SKILL STATION
Fluid Resuscitation in Hemorrhagic Shock

Blood typing using an EldonCard®

Donor blood product collection

Casualty blood product administration

Presenter Notes
Presentation Notes
During this skill station, you will practice blood-typing using an EldonCard®, collecting blood from a donor, administering freeze-dried plasma, and transfusing blood products to a casualty in a Tactical Field Care setting. 
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FIELD BLOOD BANKING 
IN TACTICAL FIELD CARE

HM A R C

Field Blood Banking indications: When a 
theater blood supply system is unavailable, 
overwhelmed, or unable to move blood products
Key Walking Blood Bank (WBB) Features:
 Unit standard operating procedures (following JTS 

guidelines)
 Unit training program
 Pre-screened donor pool
 Blood typing capabilities
 Blood donor collection capabilities
 Transfusion capabilities
 Blood storage capabilities, when appropriate
 Documentation process (using Theater Data 

Medical Stores)

For a Walking Blood Bank to work, the unit must 
have a plan of action ready to activate and employ!

Critical Considerations for the CPP and WBB 
Management:

Quick availability and accessibility 
Storage requirements/constraints
Resource management of collection equipment
Proper handling and monitoring 
Training and skill sustainment 
Pre-screened donors 

Presenter Notes
Presentation Notes
As a Combat Paramedic/Provider, one of the duties that you are likely to encounter is the development and management of a field blood bank, also referred to as a walking blood bank (WBB). This is not a new concept for the military, as field blood banking was used frequently in World War II and Vietnam.

Ideally, a theater blood supply system will be established and provide cold stored low-titer O whole blood for casualty care.111,112 This also dates back many years with mobile blood units being used back as far as the Spanish Civil War in the years prior to World War II.113 However, in cases where forward units do not have access to an established supply chain or the need for blood has exceeded the capacity of the blood supply network, an alternate strategy is to rely on other Service members to supply whole blood on an as-needed basis.114

A properly managed walking blood bank is more involved than having blood typing, collection and transfusion capabilities, although those are key components of the system. The details of walking blood banks are outlined in detail in the JTS CPG, Whole Blood Transfusion.115 Key features include:
Development of unit standard operating procedures, following validated protocols and the JTS CPG
Implementation of a unit training program116
Prescreening of potential donors to international mandated and national standards117
Blood typing capabilities for confirmation of donor status accuracy prior to collection and transfusion
Blood collection supplies and trained personnel118
Transfusion supplies and trained personnel
Blood storage capabilities, as appropriate
Documentation of FWB donations and infectious disease testing results using the Theater Medical Data Stores Blood Portal119

111Taylor AL, Corley JB. Theater Blood Support in the Prehospital Setting. US Army Med Dep J. 2016 Apr-Sep; (2-16): 43-7.
112Armed Services Blood Program. DOD Instruction 6840.04. Available at https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/648004p.pdf; access 10 Jan 22.
113Pinkerton PH. Norman Bethune, eccentric, man of principle, man of action, surgeon, and his contribution to blood transfusion in war. Transfus Med Rev. 2007; 21(3): 255–64.
114Gurney, J.M., Holcomb, J.B. Blood Transfusion from the Military’s Standpoint: Making Last Century’s Standard Possible Today. Curr Trauma. 2017 (Rep 3): 144–155.
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CPP ROLES IN 
WALKING BLOOD BANKS

HM A R C

Assessing potential for casualties 

Knowing whether theater blood 
system meets blood requirements

Coordinating with Area Joint 
Blood Program Manager

Initiating SOPs to begin unit 
activation

Blood typing (confirming 
casualty and donor status)

Blood collection, including test 
samples

Blood transfusions

Determining situation is stable 
and blood bank is no longer 
needed

Gathering and transmitting data 
for preventive medicine POCs

Notifying donors and 
casualty of any lab 
findings

Determining when a field blood 
bank is indicated:

Activating the walking
blood bank:

Overseeing (and possibly 
performing) blood bank 
operations:

Deactivating the field blood 
bank and follow-up:

Level of Evidence: C-LD

Presenter Notes
Presentation Notes
In addition to the overall field blood bank management responsibilities, you will also be an integral part of the implementation process once the system is activated. 

Your first step will be to confirm that standard whole blood or component therapy is not available, assess the potential for casualties and the resuscitation risks (including infection prevalence and the need for preventive force protection measures), and then determine that a walking blood bank is appropriate.

The next step, in coordination with the Area Joint Blood Program Officer, will be to request emergency activation of collection of both low-titer O blood and type-specific fresh whole blood. 

Then, as a CPP, you will either oversee and/or perform several functions following the activation of the field blood bank to include:
Blood typing the casualty
Blood typing and screening donors
Collecting blood from the donors
Processing collected samples of donor blood for retrospective testing of infectious diseases
Authorizing and releasing blood for transfusion
You will also be responsible for determining when the requirements for the walking blood bank are no longer needed and deactivating the system.

A final step will be to work with the preventive medical teams and the blood program office to notify and counsel any donors who may have tested positive for infectious diseases and to ensure proper follow-up testing for blood recipients of emergency fresh whole blood donations.120

The level of evidence supporting Field Blood Banking and use in the tactical environment, is based on Meta-analysis of observational studies, lab evaluations and case studies.

120Walking Blood Bank Process Map (Appendix A). Whole Blood Transfusion (CPG ID: 21). Joint Trauma System Clinical Practice Guideline. 15 May 2018. Available at https://jts.amedd.army.mil/assets/docs/cpgs/Whole_Blood_Transfusion_15_May_2018_ID21.pdf, accessed 10 Jun 22.
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SUBJECT CATEGORY STUDY TYPES LEVEL OF 
EVIDENCE

Strategies & Techniques for Hemorrhagic 
Shock

Randomized Controlled Trials Animal Study, Lab 
evaluation observational study with limitations C-LD

Early Administration of Blood Products Meta-analysis of randomized controlled studies and 
retrospective observational B-NR

Use of Whole Blood or Component Therapies Meta-analysis of randomized controlled studies and 
retrospective observational B-NR

Transfusion Reactions Retrospective observational study B-R

Blood Typing and Field Collection Meta-analysis of observational studies, lab evaluations 
and case studies C-LD

Hypocalcemia with Blood Transfusion Retrospective observational study B-NR

Field Blood Banking Meta-analysis of observational studies, lab evaluations 
and case studies C-LD

EVIDENCE SUPPORTING 
FLUID RESUSCITATION STRATEGIES

Presenter Notes
Presentation Notes
Evidence supports the guidance for strategies and techniques in hemorrhagic shock fluid resuscitation, as well as the early administration of blood products. Likewise, the use of whole blood, cold low-titer O or fresh, and/or component blood as the resuscitation fluid of choice is supported by moderate to high levels of evidence. The use of plasma outside of component therapy has less evidence but still has moderate support. There is also support for prehospital blood typing and blood collection guidance. The guidance for the use of field blood banking is low to moderate, but increasing data is being added as the concepts evolve and are implemented.  

Schauer, S. G., April, M. D., Naylor, J. F., & Fisher, A. D. (2016). A case series of iTClamp use in austere combat environments: junctional and peripheral hemorrhage control. Journal of Special Operations Medicine: 16(4), 29-34. (C-LD - Retrospective observational study)

Evidence Based References:
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Level of 
Evidence AHA Recommendation System Terminology Explanation Why the AHA Classification System? 

A Evidence from multiple randomized clinical trials (RCT) with 
concordant results or from HIGH-QUALITY meta-analyses.

• The level of evidence 
recommendations allow readers 
to quickly glean information on 
the strength, certainty, and 
quality of evidence supporting 
each recommendation. 

• A recommendation with Level of 
Evidence (LOE) C does not imply 
that the recommendation is 
weak. 

• Although, RCTs are unavailable, 
there may be a very clear clinical 
consensus that a particular test 
or therapy is useful or effective.  

B-R
Evidence from moderate-quality trials, or a meta-analysis of 
moderate quality (RCT) followed by an R to denote 
RANDOMIZED studies

B-NR
Evidence from moderate-quality trials, or a meta-analysis of 
moderate quality followed by NR to denote NON-RANDOMIZED
studies

C-LD There is no convincing evidence and is followed by LD to 
indicate LIMITED DATA

C-EO
There is no convincing evidence and is followed by EO if the 
consensus is based on EXPERT OPINION, case studies or 
standards of care.

ASSESSING THE EVIDENCE FOR GUIDELINES

Presenter Notes
Presentation Notes
Evidence-based recommendations and guidance is the result of a careful review of studies and discussion by a panel of subject matter experts. For TCCC, the subject matter expert panels include both Committee on TCCC members and select invited subject matter experts from within both the military and civilian community, based on the specific interest area.

Why the AHA Classification System? 
The level of evidence classification combines an objective description of the existence and the types of studies supporting the recommendation and expert consensus, according to 1 of the following 3 categories1:  
Level of evidence A: recommendation based on evidence from multiple randomized trials or meta-analyses
Level of evidence B: recommendation based on evidence from a single randomized trial or nonrandomized studies
Level of evidence C: recommendation based on expert opinion, case studies, or standards of care.
The level of evidence recommendations allows readers to quickly glean information on the strength, certainty, and quality of evidence supporting each recommendation. The Level of Evidence (LOE) denotes the confidence in or certainty of the evidence supporting the recommendation, based on the type, size, quality, and consistency of pertinent research findings.2 
A recommendation with level of evidence C does not imply that the recommendation is weak. Many important clinical questions addressed in guidelines do not lend themselves to clinical trials. Although, Randomized Clinical Trials are unavailable, there may be a very clear clinical consensus that a particular test or therapy is useful or effective. 
 
1Tricoci P, Allen JM, Kramer JM, Califf RM, Smith Jr SC. Scientific Evidence Underlying the ACC/AHA Clinical Practice Guidelines. American Medical Association. 2009 Feb; Vol 301, No. 8.
2Halparin, JL. Further Evolution of the ACC/AHA Clinical Practice Guideline Recommendation Classification System. American College of Cardiology Foundation and the American Heart Association. 2016 Apr; 133:1426-1428.
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Knowledge Topics
Progressive strategies, indications, and limitations of fluid 
resuscitation for hemorrhagic shock
Appropriate fluid resuscitation techniques to prevent or 
treat hemorrhagic shock
Importance and advantages of early use of blood 
products
Resuscitation fluid of choice from most to least preferred 
Advantages of cold stored low-titer O whole blood 
(LTOWB) and fresh low-titer O whole blood (LTOWB)
Indications and administration methods of blood 
component products
Considerations and principles of field blood banking
Signs, symptoms, and treatment strategies of blood 
transfusion complications

Skills and Abilities
Blood type determination with EldonCard®

Blood Product donor collection
Administration of blood component products

34

SUMMARY

Presenter Notes
Presentation Notes
The third part of circulation management in TFC focuses on fluid resuscitation for casualties in hemorrhagic shock. Early resuscitation with whole blood, cold stored if available, or fresh if not available, is the priority in treating hemorrhagic shock.

We discussed the progressive strategies for hemorrhagic shock fluid resuscitation, including the importance of early blood product administration, the indications and techniques for administering whole blood, plasma, and red blood cells. Additionally, we highlighted the identification and management of transfusion complications.

We also discussed how to type blood using the EldonCard® and the proper techniques for collecting blood in the field environment. We also covered the basic principles of field blood banking and the role of the Combat Paramedic/Provider in establishing and overseeing a walking blood bank.

During the skills stations reviewing the use of an EldonCard®, the process for collecting blood, and learning how to transfuse blood products, you should have developed or improved your skills for performing these procedures on a battlefield.

This information and, even more so these skills, are definitely perishable. It is extremely important that you take every opportunity to repeat formal and informal training and maintain your proficiency in these skills that are not used frequently but are critical to achieving the best outcome for your casualty.




Module 11: Hemorrhagic Shock Fluid Resuscitation in TFC

#TCCC-CPP-PPT-11 08 AUG 23

Module 11: Hemorrhagic Shock Fluid Resuscitation in TFC

#TCCC-CPP-PPT-11 08 AUG 23 35

What signs of hemorrhagic shock are indications that fluid 
resuscitation is needed?

What is the preferred product for hemorrhagic fluid 
resuscitation?

When should calcium be administered during fluid 
resuscitation?

When should fluid resuscitation be discontinued?

What is an advantage of freeze-dried plasma?

CHECK ON LEARNING

Presenter Notes
Presentation Notes
Ask questions of the learners referring to key concepts from the module.

What signs of hemorrhagic shock are indications that fluid resuscitation is needed?
Answer: A casualty with a weak or absent radial pulse, or altered mental status in the absence of traumatic brain injury (TBI), needs fluid resuscitation.

What is the preferred product for hemorrhagic fluid resuscitation?
Answer: The order of preference for blood products is cold stored low-titer O whole blood; pre-screened low-titer O fresh whole blood; plasma, red blood cells (RBCs) and platelets in a 1:1:1 ratio; plasma and RBCs in a 1:1 ratio; and plasma or RBCs alone.

When should calcium be administered during fluid resuscitation? 
Answer: After the initial unit of blood products, 1 gm of calcium should be administered IV or IO. 

When should fluid resuscitation be discontinued?
Answer: The casualty should be reassessed to see if they meet the criteria for discontinuation of resuscitation – the return of radial pulses or a systolic BP >100 or improved mental status.

What is an advantage of freeze-dried plasma?
Answer: Dried plasma can be stored without refrigeration and may be carried and used by combat medical personnel when transfusion of other blood components is not logistically feasible.
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TCCC: Guidelines 
by JTS/CoTCCC

These guidelines, updated regularly, are the result of 
decisions made by CoTCCC in exploring evidence-
based research on best practices. 

PHTLS: Military Edition, Chapter 25
by NAEMT

Prehospital Trauma Life Support (PHTLS), Military 
Edition, teaches and reinforces the principles of 
rapidly assessing a trauma patient using an orderly 
approach.
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