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This brief collection of articles is based on the review con-
ducted since 2008 by Tactical Combat Casualty Care 
(CoTCCC), considered relevant to the tactical, operational, 

and prehospital care communities. This publication known as 
“Journal watch” can be accessed through the link www.deployed 
medicine.com.

In this compilation, you will find important publications that refer 
to topics that are dealt with both in training and in daily practice. 
The focus is to present the most recent evidence from the years 
2020 to 2022, whose objective is none other than to serve as a 
refresher for anyone who faces patients in austere or “unconven-
tional” environments, although many of them can serve as guid-
ance in prehospital and/or civilian hospital settings.

The evidence gathers from the importance of the correct indica-
tion of the tourniquet; doses, routes of administration, and results 
of the administration of tranexamic acid; complications from cor-
rect measurement and placement of the nasopharyngeal airway; 
the importance of early administration of whole blood and blood 
products to increase survival; the technique and correct location 
of needle thoracostomy or the importance of preventing hypother-
mia and the devices to be used for prevent it, among others.

I hope, therefore, that this work will help and improve both the 
training and the care of our wounded warriors and patients.

Evidence-based principles of time, triage and treatment: 
refining the initial medical response to massive casualty 
incidents
Stacy A. Shackelford, MD, Michael A. Remley, NRP, Sean Keenan, 
MD, Russ S. Kotwal, MD, MPH, Jay B. Baker, MD, Jennifer Gur-
ney, MD, Stephen Rush, MD, and Paul Friedrichs, MD

J Trauma Acute Care Surg. 2022;93(2S Suppl 1): S160–S164.

Background: The overall approach to massive casualty triage has 
changed little in the past 200 years. As the military and civilian 
organizations prepare for the possibility of future large-scale com-
bat operations, terrorist attacks and natural disasters, potentially 
involving hundreds or even thousands of casualties, a modified 
approach is needed to conduct effective triage, initiate treatment, 
and save as many lives as possible. Methods: Military experience 
and review of analyses from the Department of Defense Trauma 
Registry are combined to introduce new concepts in triage and ini-
tial casualty management. Results: The classification of the scale 
of massive casualty (MASCAL) incidents, timeline of life-saving 
interventions, immediate first pass actions prior to formal triage 
decisions during the first hour after injury, simplification of triage 
decisions, and the understanding that ultra-MASCAL will primar-
ily require casualty movement and survival needs with few prehos-
pital life-saving medical interventions are discussed. Conclusion: 
Self aid, bystander, and first responder interventions are para-
mount and should be trained and planned extensively. Military 
and disaster planning should not only train these concepts, but 

should seek innovations to extend the timelines of effectiveness 
and to deliver novel capabilities within the timelines to the great-
est extent possible. (J Trauma Acute Care Surg. 2022;93(2S Suppl): 
S160–S164.)

Prehospital tourniquets placed on limbs without major 
vascular injuries, has the pendulum swung too far?
Timothy Legare, MD, Rebecca Schroll, MD, John P Hunt, MD, 
Juan Duchesne, MD, Alan Marr, MD, Jonathan Schoen, MD, 
MPH, Patrick Greiffenstein, MD, Lance Stuke, MD, Alison Smith, 
MD, PhD

Am Surg. 2022; 88(9):2103–2107.

Background: Combat applications of tourniquets for extremity 
trauma have led to increased civilian prehospital tourniquet use. 
Studies have demonstrated that appropriate prehospital tourniquet 
application can decrease the incidence of arrival in shock with-
out increasing limb complications. The aim of this study was to 
examine outcomes of prehospital tourniquet placement without 
definitive vascular injury. Methods: Retrospective review was per-
formed of a prospectively maintained database by the American 
Association for the Surgery of Trauma from 29 trauma centers. 
Patients in this subset analysis did not have a significant vascu-
lar injury as determined by imaging or intraoperatively. Patients 
who received prehospital tourniquets (PHTQ) were compared to 
patients without prehospital tourniquets (No-PHTQ). Outcomes 
were amputation rates, nerve palsy, compartment syndrome, and 
in-hospital mortality. Results: A total of 622 patients had no major 
vascular injury. The incidence of patients without major vascular 
injury was higher in the PHTQ group (n = 585/962, 60.8 vs n = 
37/88, 42.0%, p < .001). Cohorts were similar in age, gender, pen-
etrating mechanism, injury severity scores (ISS), abbreviated injury 
score (AIS), and mortality (p > .05). Amputation rates were 8.3% 
(n = 49/585) in the PHTQ group compared to 0% (n = 0/37) in the 
No-PHTQ group. Amputation rates were higher in PHTQ than 
No-PHTQ with similar ISS and AIS (p = .96, p = .59). The inci-
dence of nerve palsy and compartment syndrome was not different 
(p > .05). Conclusions: This study showed a significant amount of 
prehospital tourniquets are being placed on patients without vas-
cular injuries. Further studies are needed to elucidate the appropri-
ateness of prehospital tourniquets, including targeted education of 
tourniquet placement.

Use of haemostatic devices for the control of  
junctional and abdominal traumatic haemorrhage: 
a systematic review
Rhiannon Humphries, David N. Naumann, Zubair Ahmed

Trauma Care. 2022;2(1):23–34.

Abstract: Catastrophic haemorrhage accounts for up to 40% of 
global trauma related mortality and is the leading cause of prevent-
able deaths on the battlefield. Controlling abdominal and junc-
tional haemorrhage is challenging, especially in the pre-hospital 
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setting or ‘under fire’, yet there is no haemostatic agent that satis-
fies the seven characteristics of an ‘ideal haemostat’. We conducted 
a systematic search of Embase, Medline, the Cumulative Index to 
Nursing and Allied Health Literature (CINAHL), and the Web of 
Science to evaluate the feasibility and efficacy of three types of 
haemostatic devices. Participants included any trauma patient in a 
pre-hospital setting, perfused human cadavers, or healthy human 
volunteer simulations. The haemostatic devices reviewed were 
REBOA, iTClamp, and four junctional tourniquets: AAJT, CRoC, 
JETT, and SJT. The SJT had the best user survey performance of 
the junctional tourniquets, and the four junctional tourniquets 
had an overall efficacy of 26.6–100% and an application time 
of 10–203 s. The iTClamp had an efficacy of 60–100% and an 
application time of 10–60 s. REBOA had an efficacy of 71–100% 
and an application time ranging from 5 min to >80 min. In civilian 
and military trauma patients, with the use of junctional tourni-
quets, iTClamp, or REBOA, mortality varied from 0–100%. All 
of these studies were deemed low to very low in quality; hence, 
the reliability of data presented in each of the studies is called into 
question. We conclude that despite limited data for these devices, 
their use in the pre-hospital environment or ‘under fire’ is feasible 
with the correct training, portable imaging, and patient selection 
algorithms. However, higher quality studies are required to con-
firm the true efficacy of these devices.

Studies on the correct length of nasopharyngeal airways  
in adults: a literature review
Catharina Scheuermann-Poley, MD; André Lieber, MD

J Spec Oper Med. 21(3):45–50.

The use of a nasopharyngeal airway (NPA) as an adjunct airway 
device can be critically important in emergency medicine. When 
placed correctly, the device can prevent upper airway obstruction. 
The goal of our review was to learn whether there is scientific ev-
idence about the correct length and the insertion depth, and also 
possible facial landmarks, that can predict the appropriate length 
of the NPA. There has been no real consensus on how to measure 
the appropriate tube length for the NPA. Several studies have been 
able to demonstrate correlations between facial landmarks and 
body dimensions; however, we did not find any scientific evidence 
on this matter. The reviewed studies do not indicate evidence to 
support current recommended guidelines. This could potentially 
lead to both military and civilian emergency training programs 
not having the most accurate scientific information for training 
on anatomic structures and also not having a better overall under-
standing of intraoral dimensions. Emergency personnel should be 
taught validated scientific knowledge of NPAs so as to quickly de-
termine the correct tube length and how to use anatomic correla-
tions. This might require further studies on the correlations and 
perhaps radiographic measurements. A further approach includes 
adjusting the tube to its correct length according to the sufficient 
assessment and management of the airway problem.

Needle thoracentesis decompression: observations from 
postmortem computed tomography and autopsy
H. Theodore Harcke, MD; Robert L. Mabry, MD; Edward L. 
Mazuchowski, MD

J Spec Oper Med. 13(4):53–58.

Background: Needle thoracentesis decompression (NTD) is a 
recommended emergency treatment for tension pneumothorax. 
Current doctrine recognizes two suitable sites: the second inter-
costal space in the midclavicular line and the fourth or fifth inter-
costal space in the anterior axillary line. Methods: A review was 
conducted of postmortem computed tomography and autopsy 
results in 16 cases where NTD was performed as an emergency 
procedure. Results: In 16 cases with 23 attempted procedures, the 

outcome was confirmed in 17 attempts. In 7 placements, the cath-
eter was in the pleural cavity; in 7 placements, the catheter never 
entered the pleural cavity; and in 3 placements, cavity penetration 
was verified at autopsy even though the catheter was no longer in 
the cavity. Success was noted in 6 of 13 anterior attempts and 4 of 
4 lateral attempts, for an overall success rate of 59% (10 of 17). 
In the remaining 6 attempted procedures, a catheter was noted in 
the soft tissue on imaging; however, presence or absence of pleural 
cavity penetration was equivocal. All placements were attempted 
in the combat environment; no information is available about 
specifically where or by whom. Conclusion: NTD via a lateral 
approach was more successful than that via an anterior approach, 
although it was used in fewer cases. This supports the revisión of 
the Tactical Combat Casualty Care Guidelines specifying the lat-
eral approach as an alternative to an anterior approach.

Optimal anatomical location for needle chest 
decompression for tension pneumothorax:  
a multicenter prospective cohort study
N Azizi, E Ter Avest, AE Hoek, Y Admiraal-van de Pas, PJ Buizert, 
DR Peijs, I Berg, AV Rosendaal, T Boeije, V Rietveld, T Olgers, JC 
Ter Maaten; PRIDE consortium

Injury. 2020;S0020-1383(20)30888-3.

Objective: Tension pneumothorax (TP) can occur as a potentially 
life-threatening complication of chest trauma. Both the 2nd inter-
costal space in the midclavicular line (ICS2-MCL) and the 4th/5th 
intercostal space in the anterior axillary line (ICS 4/5-AAL) have 
been proposed as preferred locations for needle decompression 
(ND) of a TP. In the present study, we aimed to determine chest 
wall thickness (CWT) at ICS2-MCL and ICS4/5-AAL in normal 
weight-, overweight-, and obese patients, and to calculate theo-
retical success rates of ND for these locations based on standard 
catheter length. Methods: We performed a prospective multicenter 
study of a convenience sample of adult patients presenting in emer-
gency departments (EDs) of 2 university hospitals and 6 teaching 
hospitals participating in the PRIDE consortium. CWT was mea-
sured bilaterally in ISC2-MCL and ISC4/5-AAL with point of care 
ultrasound (POCUS), and hypothetical success rates of ND were 
calculated for both locations based on standard equipment used 
for ND. Results: A total of 392 patients was included during a 
2-week period. Mean age was 51 years (range, 18–89), 52% were 
male, and mean BMI was 25.5 (range, 16.3–45.0). Median CWT 
was 26 [IQR, 21-32] (range, 9-52) mm in ISC2-MCL, and 26 [21–
33] (range, 10–78) mm in ICS4/5-AAL (p < 0.001). CWT in ISC2-
MCL was significantly thinner than ICS4/5-AAL in overweight 
(BMI 25-30, p < 0.001) and obese (BMI >30, p = 0.016) subjects, 
but not in subjects with a normal BMI. Hypothetical failure rates 
for 45mm Venflon and 50mm angiocatheter were 2.5% and 0.8% 
for ICS2-MCL and 6.2% and 2.5% for ISC4/5-AAL (p = 0.016 
and p = 0.052, respectively). Conclusion: In overweight and obese 
subjects, the chest wall is thicker in ICS 4/5-AAL than in ICS2-
MCL, and theoretical chances of successful needle decompression 
of a tension pneumothorax are significantly higher in ICS2-MCL 
compared to ICS 4/5-AAL.

Paramedic understanding of tension pneumothorax and 
needle thoracostomy (NT) site selection

Jeffrey S Lubin, Joshua Knapp, Maude L Kettenmann

Cureus. 2020;14(7):e27013.

Introduction: Tension pneumothorax is an immediate threat to life. 
Treatment in the prehospital setting is usually achieved by needle 
thoracostomy (NT). Prehospital personnel are taught to perform 
NT, frequently in the second intercostal space (ICS) at the mid-cla-
vicular line (MCL). Previous literature has suggested that emer-
gency physicians have difficulty identifying this anatomic location 
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correctly. We hypothesized that paramedics would also have dif-
ficulty accurately identifying the proper location for NT. Meth-
ods: A prospective, observational study was performed to assess 
paramedic ability to identify the location for treatment with NT. 
Participants were recruited during a statewide Emergency Medical 
Services (EMS) conference. Subjects were asked the anatomic site 
for NT and asked to mark the site on a shirtless male volunteer. 
The site was copied onto a transparent sheet lined up against pre-
determined points on the volunteer’s chest. It was then compared 
against the correct location that had been identified using palpa-
tion, measuring tape, and ultrasound. Results: 29 paramedics par-
ticipated, with 24 (83%) in practice for more than five years and 
23 (79%) doing mostly or all 9-1-1 response. All subjects (100%) 
reported training in NT, although six (21%) had never performed 
a NT in the field. Nine paramedics (31%) recognized the second 
ICS at the MCL as the desired site for NT, with 12 (41%) spec-
ifying only the second ICS, 11 (38%) specifying second or third 
ICS, and six (21%) naming a different location (third, fourth, or 
fifth ICS). None (0%) of the 29 paramedics identified the exact 
second ICS MCL on the volunteer. Mean distance from the second 
ICS MCL was 1.37-cm (interquartile range [IQR]: 0.7-1.90) in 
the medial-lateral direction and 2.43-cm in the superior-inferior 
direction (IQR: 1.10-3.70). Overall mean distance was 3.12cm 
from the correct location (IQR: 1.90-4.50). Most commonly, the 
identified location was too inferior (93%). Allowing for a 2-cm 
radius from the correct position, eight (28%) approximated the 
correct placement. 25 (86%) were within a 5-cm radius. Conclu-
sion In this study, paramedics had difficulty identifying the correct 
anatomic site for NT. EMS medical directors may need to rethink 
training or consider alternative techniques.

Intraosseous access in the resuscitation of  
trauma patients: a literatura review
Tyler JA, Perkins Z, De’Ath HD.

Eur J Trauma Emerg Surg. 2021;47(1):47–55.

Purpose: Intraosseous (IO) catheters continue to be recommended 
in trauma resuscitation. Their utility has recently been debated due 
to concerns regarding inadequate flow rates during blood transfu-
sion and the potential for haemolysis. The objectives of this review 
was to examine the evidence for intraosseous catheters in trauma 
resuscitation and to highlight areas for future research. Methods: 
A PubMed and Embase search for articles published from Janu-
ary 1990 to August 2018 using the terms (“intra-osseous access” 
or “intraosseous access” or “IO access”) AND trauma was per-
formed. Original articles describing the use of an IO catheter in 
the resuscitation of one or more trauma patients were eligible. 
Animal, cadaveric studies, and those involving healthy volunteers 
were excluded. Results: Nine studies, comprising 1218 trauma 
patients and 1432 device insertions, were included. The insertion 
success rate was 95% and the incidence of complications 0.9%. 
Flow-rate data and evidence of haemolysis were poorly reported. 
Conclusion: Intraosseous catheters have high insertion success 
rates and a low incidence of complications in trauma patients. 
Existing evidence suggests that IO transfusion is not associated 
with haemolysis; however, further studies in humans are needed. 
There is a paucity of Flow-rate data for blood transfusion via IO 
catheters in this population, although much anecdotal evidence 
advocating their use exists.

Sternal intraosseous devices: review of the literature
Jared A. Laney, MSN, RN, FNP-BC; Jonathan Friedman, BSN, 
RN, FP-C; Andrew D. Fisher, MD, LP

West J Emerg Med. 2021;22(3):690–695.

Introduction: The intraosseous (IO) route is one of the primary 
means of vascular access in critically ill and injured patients. The 

most common sites used are the proximal humerus, proximal tibia, 
and sternum. Sternal IO placement remains an often-overlooked 
option in emergency and prehospital medicine. Due to the con-
flicts in Afghanistan and Iraq, the use of sternal IOs have increased. 
Methods: The authors conducted a limited review, searching the 
PubMed and Google Scholar databases for “sternal IO,” “sternal 
intraosseous,” and “intraosseous,” without specific date limitations. 
A total of 47 articles was included in this review. Results: Sternal 
IOs are currently FDA approved for ages 12 and older. Sternal IO 
access offers several anatomical, pharmacokinetic, hemodynamic, 
and logistical advantages over peripheral intravenous and other IO 
points of access. Sternal IO use carries many of the same risks and 
limitations as the humeral and tibial sites. Sternal IO gravity flow 
rates are sufficient for transfusing blood and resuscitation. In addi-
tion, studies demonstrated sternal IOs are safe during active CPR. 
Conclusion: The sternal IO route remains underutilized in civilian 
settings. When considering IO vascular access in adults or older 
children, medical providers should consider the sternum as the rec-
ommended IO access, particularly if the user is a novice with IO 
devices, increased flow rates are required, the patient has extremity 
trauma, or administration of a lipid soluble drug is anticipated.

Military experience in the management of pelvic 
fractures from OIF/OEF
Parker W, Despain RW, Bailey J, Elster E, Rodriguez CJ, Bradley M

BMJ Mil Health. 2020-001469.

Introduction: Pelvic fractures are a common occurrence in combat 
trauma. However, the fracture patterns and management within 
the most recent conflicts, i.e., Operation Enduring Freedom (OEF) 
and Operation Iraqi Freedom (OIF), have yet to be described, es-
pecially in the context of dismounted complex blast injury. Our 
goal was to identify the incidence, patterns of injury, and manage-
ment of pelvic fractures. Methods: We conducted a retrospective 
review on all combat-injured patients who arrived at our military 
treatment hospital between November 2010 and November 2012. 
Basic demographics, Young-Burgess fracture pattern classification, 
and treatment strategies were examined. Results: Of 562 patients 
identified within the study time period, 14% (81 of 562) were 
found to have a pelvic fracture. The vast majority (85%) were 
secondary to an improvised explosive device. The average Injury 
Severity Score for patients with pelvic fracture was 31 ± 12, and 
70% were classified as open. Of the 228 patients with any trau-
matic lower extremity amputation, 23% had pelvic fractures, while 
30% of patients with bilateral above-knee amputations also sus-
tained a pelvic fracture. The most common Young-Burgess injury 
pattern was anteroposterior compression (APC) (57%), followed 
by lateral compression (LC) (36%) and vertical shear (VS) (7%). 
Only 2% (nine of 562) of all patients were recorded as having pel-
vic binders placed in the prehospital setting. 49% of patients with 
pelvic fracture required procedural therapy, the most common of 
which was placement of a pelvic external fixator (34 of 40; 85%), 
followed by preperitoneal packing (16 of 40; 40%) and angio-
embolisation (three of 40; 0.75%). 17 (42.5%) patients required 
combinations of these three treatment modalities, the majority of 
which were a combination of external fixator and preperitoneal 
packing. The likelihood to need procedural therapy was impacted 
by injury pattern, as 72% of patients with an APC injury, 100% of 
patients with a VS injury, and 25% of patients with an LC injury 
required procedural therapy. Conclusions: Pelvic fractures were 
common concomitant injuries following blast-induced traumatic 
lower extremity amputations. APC was the most common pelvic 
fracture pattern identified. While procedural therapy was frequent, 
the majority of patients underwent conservative therapy. However, 
placement of an external fixator was the most frequently used mo-
dality. Considering angioembolisation was used in less than 1% of 
cases, in the forward deployed military environment, management 
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should focus on pelvic external fixation ± preperitoneal packing. 
Finally, prehospital pelvic binder application may be an area for 
further process improvement.

The use of tranexamic acid in Tactical Combat Casualty 
Care: TCCC Proposed Change 20-02
Brendon Drew, DO; Jonathan D Auten, DO; Andrew P Cap, MD, 
PhD; Travis G Deaton, MD; Benjamin Donham, MD; Warren C 
Dorlac, MD; Joseph J DuBose, MD, FACS, FCCM; Andrew D 
Fisher, MD, PA-C; Alan J Ginn; James Hancock, MD; John B 
Holcomb, MD; John Knight, MD; Ryan Knight, MD; Albert Ken 
Koerner, MD; Lanny F Littlejohn, MD; Matthew J Martin, MD; 
John Kip Morey; Jonathan J Morrison, MD; Martin A Schreiber, 
MD; Philip C Spinella, MD, FCCM; Benjamin Walrath, MPH, 
MD; Frank K Butler Jr, MD

J Spec Oper Med. 20(3):36–43.

The literature continues to provide strong support for the early 
use of tranexamic acid (TXA) in severely injured trauma patients. 
Questions persist, however, regarding the optimal medical and 
tactical/logistical use, timing, and dose of this medication, both 
from the published TXA literature and from the TCCC user com-
munity. The use of TXA has been explored outside of trauma, 
new dosing strategies have been pursued, and expansion of retro-
spective use data has grown, as well. These questions emphasize 
the need for a reexamination of TXA by the CoTCCC. The most 
significant updates to the TCCC Guidelines are (i) including sig-
nificant traumatic brain injury (TBI) as an indication for TXA, (ii) 
changing the dosing protocol to a single 2g IV/IO administration, 
and (iii) recommending TXA administration via slow IV/IO push.

Case series on 2g tranexamic acid flush from the  
75th Ranger Regiment casualty database
Christopher Patrick Androski, Jr, MD; William Bianchi, DO, MSc; 
Douglas L Robinson, DO, MS; Gregory J Zarow, PhD; Charles H 
Moore, MD; Travis G Deaton, MD; Brendon Drew, DO; Simon 
Corona Gonzalez; Ryan M Knight, MD

J Spec Oper Med. 20(4):85–91.

Early tranexamic acid (TXA) administration for resuscitation of 
critically injured warfighters provides a mortality benefit. The 
2019 Tactical Combat Casualty Care (TCCC) recommendations 
of a 1g drip over 10 minutes, followed by 1g drip over 8 hours, 
is intended to limit potential TXA side-effects, including hypoten-
sion, seizures, and anaphylaxis. However, this slow and cumber-
some TXA infusion protocol is difficult to execute in the tactical 
care environment. Additionally, the side-effect cautions derive 
from studies of elderly or cardiothoracic surgery patients, not 
young healthy warfighters. Therefore, the 75th Ranger Regiment 
developed and implemented a 2g intravenous or intraosseous  
(IV/IO) TXA flush protocol. We report on the first six cases of 
this protocol in the history of the Regiment. After-action reports 
revealed no incidences of post-TXA hypotension, seizures, or ana-
phylaxis. Combined, the results of this case series are encouraging 
and provide a foundation for larger studies to fully determine the 
safety of the novel 2g IV/IO TXA flush protocol toward preserv-
ing the lives of traumatically injured warfighters.

Association between prehospital tranexamic acid 
administration and outcomes of severe traumatic  
brain injury
Sebastiaan M Bossers, MD; Stephan A Loer, PhD; Frank W 
Bloemers, PhD; Dennis Den Hartog, PhD; Esther MM Van 
Lieshout, PhD; Nico Hoogerwerf, PhD; Joukje van der Naalt, 
PhD; Anthony R Absalom, MD; Saskia M Peerdeman, PhD; Lo-
thar A Schwarte, PhD; Christa Boer, PhD; Patrick Schober, PhD; 
for the BRAIN-PROTECT collaborators

JAMA Neurol. 2021;78(3):338–345.

Importance: The development and expansion of intracranial he-
matoma are associated with adverse outcomes. Use of tranexamic 
acid might limit intracranial hematoma formation, but its asso-
ciation with outcomes of severe traumatic brain injury (TBI) is 
unclear. Objective: To assess whether prehospital administration 
of tranexamic acid is associated with mortality and functional 
outcomes in a group of patients with severe TBI. Design, setting, 
and participants: This multicenter cohort study is an analysis of 
prospectively collected observational data from the Brain Injury: 
Prehospital Registry of Outcome, Treatments and Epidemiology 
of Cerebral Trauma (BRAIN-PROTECT) study in the Nether-
lands. Patients treated for suspected severe TBI by the Dutch He-
licopter Emergency Medical Services between February 2012 and 
December 2017 were included. Patients were followed up for 1 
year after inclusion. Data were analyzed from January 10, 2020, 
to September 10, 2020. Exposures: Administration of tranexamic 
acid during prehospital treatment. Main outcomes and measures: 
The primary outcome was 30-day mortality. Secondary outcomes 
included mortality at 1 year, functional neurological recovery at 
discharge (measured by Glasgow Outcome Scale), and length of 
hospital stay. Data were also collected on demographic factors, 
preinjury medical condition, injury characteristics, operational 
characteristics, and prehospital vital parameters. Results: A to-
tal of 1827 patients were analyzed, of whom 1283 (70%) were 
male individuals, and the median (interquartile range) age was 45 
(23–65) years. In the unadjusted analysis, higher 30-day mortal-
ity was observed in patients who received prehospital tranexamic 
acid (odds ratio [OR], 1.34; 95% CI, 1.16-1.55; p < .001) com-
pared with patients who did not receive prehospital tranexamic 
acid. After adjustment for confounders, no association between 
prehospital administration of tranexamic acid and mortality was 
found across the entire cohort of patients. However, a substan-
tial increase in the odds of 30-day mortality persisted in patients 
with severe isolated TBI who received prehospital tranexamic acid 
(OR, 4.49; 95% CI, 1.57–12.87; p = .005) and after multiple im-
putations (OR, 2.05; 95% CI, 1.22-3.45; p = .007). Conclusions 
and relevance: This study found that prehospital tranexamic acid 
administration was associated with increased mortality in patients 
with isolated severe TBI, suggesting the judicious use of the drug 
when no evidence for extracranial hemorrhage is present.

Update on applications and limitations of perioperative 
tranexamic acid
Prakash A Patel, MD, FASE, Julie A Wyrobek, MD, Alexander J 
Butwick, MBBS, FRCA, MS, Evan G Pivalizza, MD, Gregory MT 
Hare, MD, PhD, FRCPC, C David Mazer, MD, Susan M Goobie, 
MD, FRCPC

Anesth Analg. 2022;135(3):460–473.

Tranexamic acid (TXA) is a potent antifibrinolytic with docu-
mented efficacy in reducing blood loss and allogeneic red blood 
cell transfusion in several clinical settings. With a growing empha-
sis on patient blood management, TXA has become an integral 
aspect of perioperative blood conservation strategies. While clin-
ical applications of TXA in the perioperative period are expand-
ing, routine use in select clinical scenarios should be supported 
by evidence for efficacy. Furthermore, questions regarding optimal 
dosing without increased risk of adverse events such as throm-
bosis or seizures should be answered. Therefore, ongoing investi-
gations into TXA utilization in cardiac surgery, obstetrics, acute 
trauma, orthopedic surgery, neurosurgery, pediatric surgery, and 
other perioperative settings continue. The aim of this review is to 
provide an update on the current applications and limitations of 
TXA use in the perioperative period.
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Clinical use of tranexamic acid: evidences and 
controversies
Maria J Colomina, Laura Contreras, Patricia Guilabert, Maylin 
Koo, Esther M Ndez, Antoni Sabate

Braz J Anesthesiol. 2022;72(6):795–812.

Tranexamic acid (TXA) significantly reduces blood loss in a wide 
range of surgical procedures and improves survival rates in obstet-
ric and trauma patients with severe bleeding. Although it mainly 
acts as a fibrinolysis inhibitor, it also has an anti-inflammatory 
effect, and may help attenuate the systemic inflammatory response 
syndrome found in some cardiac surgery patients. However, the 
administration of high doses of TXA has been associated with sei-
zures and other adverse effects that increase the cost of care, and 
the administration of TXA to reduce perioperative bleeding needs 
to be standardized. Tranexamic acid is generally well tolerated, 
and most adverse reactions are considered mild or moderate. Se-
vere events are rare in clinical trials, and literature reviews have 
shown TXA to be safe in several different surgical procedures. 
However, after many years of experience with TXA in various 
fields, such as orthopedic surgery, clinicians are now querying 
whether the dosage, route and interval of administration currently 
used and the methods used to control and analyze the antifibri-
nolytic mechanism of TXA are really optimal. These issues need 
to be evaluated and reviewed using the latest evidence to improve 
the safety and effectiveness of TXA in treating intracranial hemor-
rhage and bleeding in procedures such as liver transplantation and 
cardiac, trauma, and obstetric surgery.

Pharmacokinetics of intramuscular tranexamic acid in 
bleeding trauma patients: a clinical trial
Stanislas Grassin-Delyle, Haleema Shakur-Still, Roberto Picetti, 
Lauren Frimley, Heather Jarman, Ross Davenport, William Mc-
Guinness, Phil Moss, Jason Pott, Nigel Tai, Elodie Lamy, Saïk 
Urien, Danielle Prowse, Andrew Thayne, Catherine Gilliam, Har-
vey Pynn, Ian Roberts

Br J Anaesth. 2021;126(1):201–209.

Background: Intravenous tranexamic acid (TXA) reduces bleed-
ing deaths after injury and childbirth. It is most effective when 
given early. In many countries, pre-hospital care is provided by 
people who cannot give IV injections. We examined the phar-
macokinetics of intramuscular TXA in bleeding trauma patients. 
Methods: We conducted an open-label pharmacokinetic study 
in two UK hospitals. Thirty bleeding trauma patients received a 
loading dose of TXA 1g IV, as per guidelines. The second TXA 
dose was given as two 5mL (0.5g each) IM injections. We col-
lected blood at intervals and monitored injection sites. We mea-
sured TXA concentrations using liquid chromatography coupled 
to mass spectrometry. We assessed the concentration time course 
using non-linear mixed-effect models with age, sex, ethnicity, 
body weight, type of injury, signs of shock, and glomerular fil-
tration rate as possible covariates. Results: Intramuscular TXA 
was well tolerated with only mild injection site reactions. A 
two-compartment open model with first-order absorption and 
elimination best described the data. For a 70-kg patient, aged  
44 yr without signs of shock, the population estimates were 1.94 
h–1 for IM absorption constant, 0.77 for IM bioavailability, 7.1L 
h–1 for elimination clearance, 11.7L h–1 for intercompartmental 
clearance, 16.1L volume of central compartment, and 9.4L vol-
ume of the peripheral compartment. The time to reach therapeutic 
concentrations (5 or 10mg L–1) after a single intramuscular TXA 
1g injection is 4 or 11 min, with the time above these concen-
trations being 10 or 5.6 h, respectively. Conclusions: In bleeding 
trauma patients, intramuscular TXA is well tolerated and rapidly 
absorbed.

The risk of thromboembolic events with early intravenous 
2 and 4g bolus dosing of tranexamic acid compared 
to placebo in patients with severe traumatic bleeding: 
a secondary analysis of a randomized, double-blind, 
placebo-controlled, single-center trial
Philip C. Spinella, Kelly Bochicchio, Kimberly A Thomas, Amanda 
Staudt, Susan M Shea, Anthony E Pusateri, Douglas Schuerer, Jer-
rold H Levy, Andrew P Cap, Grant Bochicchio

Transfusion. 2022;62 Suppl 1:S139–S150.

Background: Screening for the risk of thromboembolism (TE) due 
to tranexamic acid (TXA) in patients with severe traumatic injury 
has not been performed in randomized clinical trials. Our objec-
tive was to determine if TXA dose was independently associated 
with thromboembolism. Methods: This is a secondary analysis 
of a single-center, double-blinded, randomized controlled trial 
comparing placebo to a 2g or 4g intravenous TXA bolus dose 
in trauma patients with severe injury. We used multivariable dis-
crete-time Cox regression models to identify associations with risk 
for thromboembolic events within 30 days post-enrollment. Event 
curves were created using discrete-time Cox regression. Results: 
There were 50 patients in the placebo group, 49 in the 2g, and 
50 in the 4g TXA group. In adjusted analyses for thromboembo-
lism, a 2g dose of TXA had a hazard ratio (HR, 95% confidence 
interval [CI]) of 3.20 (1.12–9.11) (p = .029), and a 4g dose of 
TXA had an HR (95% CI) of 5.33 (1.94–14.63) (p = .001). Event 
curves demonstrated a higher probability of thromboembolism 
for both doses of TXA compared to placebo. Other parameters in-
dependently associated with thromboembolism include time from 
injury to TXA administration, body mass index, and total blood 
products transfused. Discussion: In patients with severe traumatic 
injury, there was a dose-dependent increase in the risk of at least 
one thromboembolic event with TXA. TXA should not be with-
held, but thromboembolism screening should be considered for 
patients receiving a dose of at least 2g TXA intravenously for trau-
matic hemorrhage.

Effect of out-of-hospital tranexamic acid vs placebo on 
6-month functional neurologic outcomes in patients with 
moderate or severe traumatic brain injury
Susan E Rowell, MD, MBA; Eric N Meier, MS; Barbara McKnight, 
PhD; Delores Kannas, RN, MS, MHA; Susanne May, PhD; Kel-
lie Sheehan, RN; Eileen M Bulger, MD; Ahamed H Idris, MD; 
Jim Christenson, MD; Laurie J Morrison, MD; Ralph J Frascone, 
MD; Patrick L Bosarge, MD; M Riccardo Colella, DO, MPH; Jay 
Johannigman, MD; Bryan A Cotton, MD; Jeannie Callum, MD; 
Jason McMullan, MD; David J Dries, MD; Brian Tibbs, MD; Neal 
J Richmond, MD; Myron L Weisfeldt, MD; John M Tallon, MD, 
MSc; John S Garrett, MD; Martin D Zielinski, MD; Tom P Auf-
derheide, MD; Rajesh R Gandhi, MD, PhD; Rob Schlamp; Bryce 
RH Robinson, MD; Jonathan Jui, MD, MPH; Lauren Klein, MD, 
MS; Sandro Rizoli, MD; Mark Gamber, DO; Michael Fleming, 
BA; Jun Hwang, MS; Laura E Vincent, RN; Carolyn Williams, 
RN; Audrey Hendrickson, MPH; Robert Simonson, DO; Patricia 
Klotz, RN; George Sopko, MD; William Witham, MD; Michael 
Ferrara, MS; Martin A Schreiber, MD

JAMA. 2020;324(10):961–974.

Importance: Traumatic brain injury (TBI) is the leading cause 
of death and disability due to trauma. Early administration of 
tranexamic acid may benefit patients with TBI. Objective: To deter-
mine whether tranexamic acid treatment initiated in the out-of-hos-
pital setting within 2 hours of injury improves neurologic outcome 
in patients with moderate or severe TBI. Design, setting, and par-
ticipants: Multicenter, double-blinded, randomized clinical trial at 
20 trauma centers and 39 emergency medical services agencies in 
the US and Canada from May 2015 to November 2017. Eligible 
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participants (N = 1280) included out-of-hospital patients with TBI 
aged 15 years or older with Glasgow Coma Scale score of 12 or 
less and systolic blood pressure of 90mmHg or higher. Interven-
tions: Three interventions were evaluated, with treatment initiated 
within 2 hours of TBI: out-of-hospital tranexamic acid (1g) bo-
lus and in-hospital tranexamic acid (1g) 8-hour infusion (bolus 
maintenance group; n = 312), out-of-hospital tranexamic acid  
(2g) bolus and in-hospital placebo 8-hour infusion (bolus only 
group; n = 345), and out-of-hospital placebo bolus and in-hospital 
placebo 8-hour infusion (placebo group; n = 309). Main out-
comes and measures: The primary outcome was favorable neu-
rologic function at 6 months (Glasgow Outcome Scale-Extended 
score >4 [moderate disability or good recovery]) in the combined 
tranexamic acid group vs the placebo group. Asymmetric signif-
icance thresholds were set at 0.1 for benefit and 0.025 for harm. 
There were 18 secondary end points, of which 5 are reported in 
this article: 28-day mortality, 6-month Disability Rating Scale 
score (range, 0 [no disability] to 30 [death]), progression of intra-
cranial hemorrhage, incidence of seizures, and incidence of throm-
boembolic events. Results: Among 1063 participants, a study drug 
was not administered to 96 randomized participants and 1 par-
ticipantwas excluded, resulting in 966 participants in the analysis 
population (mean age, 42 years; 255 [74%] male participants; 
mean Glasgow Coma Scale score, 8). Of these participants, 819 
(84.8%) were available for primary outcome analysis at 6-month 
followup. The primary outcome occurred in 65% of patients in 
the tranexamic acid groups vs 62% in the placebo group (differ-
ence, 3.5%; [90% 1-sided confidence limit for benefit, −0.9%];  
p = .16; [97.5% 1-sided confidence limit for harm, 10.2%];  
p = .84). There was no statistically significant difference in 28-
day mortality between the tranexamic acid groups vs the pla-
cebo group (14% vs 17%; difference, −2.9% [95% CI, −7.9% to 
2.1%]; p = .26), 6-month Disability Rating Scale score (6.8 vs 7.6; 
difference, −0.9 [95% CI, −2.5 to 0.7]; p = .29), or progression of 
intracranial hemorrhage (16% vs 20%; difference, −5.4% [95% 
CI, −12.8% to 2.1%]; p = .16). Conclusions and relevance: Among 
patients with moderate to severe TBI, out-of-hospital tranexamic 
acid administration within 2 hours of injury compared with pla-
cebo did not significantly improve 6-month neurologic outcome 
as measured by the Glasgow Outcome Scale-Extended.

Tranexamic acid during prehospital transport in patients 
at risk for hemorrhage after injury: a double-blind, 
placebo-controlled, randomized clinical trial
Francis X Guyette, MD, MPH; Joshua B Brown, MD, MSc; Mazen 
S Zenati, MD, PhD; Barbara J Early-Young, BSN; Peter W Adams, 
BS; Brian J Eastridge, MD; Raminder Nirula, MD, MPH; Gary A 
Vercruysse, MD; Terence O’Keeffe, MD; Bellal Joseph, MD; Louis 
H Alarcon, MD; Clifton W Callaway, MD, PhD; Brian S Zucker-
braun, MD; Matthew D Neal, MD; Raquel M Forsythe, MD; Mat-
thew R Rosengart, MD, MPH; Timothy R Billiar, MD; Donald M 
Yealy, MD; Andrew B Peitzman, MD; Jason L Sperry, MD, MPH; 
and the STAAMP Study Group

JAMA Surg. 2020;156(1):11–20.

Importance: In-hospital administration of tranexamic acid after 
injury improves outcomes in patients at risk for hemorrhage. 
Data demonstrating the benefit and safety of the pragmatic use 
of tranexamic acid in the prehospital phase of care are lacking 
for these patients. Objective: To assess the effectiveness and safety 
of tranexamic acid administered before hospitalization compared 
with placebo in injured patients at risk for hemorrhage. Design, 
setting, and participants: This pragmatic, phase 3, multicenter, 
double-blind, placebo-controlled, superiority randomized clini-
cal trial included injured patients with prehospital hypotension 
(systolic blood pressure ≤90mmHg) or tachycardia (heart rate  
≥110/min) before arrival at 1 of 4 US level 1 trauma centers, within 

an estimated 2 hours of injury, from May 1, 2015, through Oc-
tober 31, 2019. Interventions: Patients received 1g of tranexamic 
acid before hospitalization (447 patients) or placebo (456 patients) 
infused for 10 minutes in 100mL of saline. The randomization 
scheme used prehospital and in-hospital phase assignments, and 
patients administered tranexamic acid were allocated to abbre-
viated, standard, and repeat bolus dosing regimens on trauma 
center arrival. Main outcomes and measures: The primary out-
come was 30-day all-cause mortality. Results: In all, 927 patients 
(mean [SD] age, 42 [18] years; 686 [74.0%] male) were eligible 
for prehospital enrollment (460 randomized to tranexamic acid 
intervention; 467 to placebo intervention). After exclusions, the 
intention-to-treat study cohort comprised 903 patients: 447 in the 
tranexamic acid arm and 456 in the placebo arm. Mortality at 30 
days was 8.1% in patients receiving tranexamic acid compared 
with 9.9% in patients receiving placebo (difference, –1.8%; 95% 
CI, –5.6% to 1.9%; p = .17). Results of Cox proportional hazards 
regression analysis, accounting for site, verified that randomization 
to tranexamic acid was not associated with a significant reduc-
tion in 30-day mortality (hazard ratio, 0.81; 95% CI, 0.59–1.11,  
p = .18). Prespecified dosing regimens and post hoc subgroup anal-
yses found that prehospital tranexamic acid were associated with 
significantly lower 30-day mortality. When comparing tranexamic 
acid effect stratified by time to treatment and qualifying shock se-
verity in a post hoc comparison, 30-day mortality was lower when 
tranexamic acid was administered within 1 hour of injury (4.6% 
vs 7.6%; difference, −3.0%; 95% CI, −5.7% to −0.3%; p < .002). 
Patients with severe shock (systolic blood pressure ≤70mmHg) 
who received tranexamic acid demonstrated lower 30-day mortal-
ity compared with placebo (18.5% vs 35.5%; difference, −17%; 
95% CI, −25.8% to −8.1%; p < .003). Conclusions and relevance: 
In injured patients at risk for hemorrhage, tranexamic acid admin-
istered before hospitalization did not result in significantly lower 
30-day mortality. The prehospital administration of tranexamic 
acid after injury did not result in a higher incidence of thrombotic 
complications or adverse events. Tranexamic acid given to injured 
patients at risk for hemorrhage in the prehospital setting is safe and 
associated with survival benefit in specific subgroups of patients.

Efficacy and safety of tranexamic acid administration in 
traumatic brain injury patients: a systematic review and 
meta-analysis
Shoji Yokobori, Tomoaki Yatabe, Yutaka Kondo, Kosaku Kinoshita, 
the Japan Resuscitation Council (JRC) Neuroresuscitation Task 
Force and the Guidelines Editorial Committee

J Intensive Care. 2020;8:46.

Background: The exacerbation of intracranial bleeding is critical 
in traumatic brain injury (TBI) patients. Tranexamic acid (TXA) 
has been used to improve outcomes in TBI patients. However, 
the effectiveness of TXA treatment remains unclear. This study 
aimed to assess the effect of administration of TXA on clinical 
outcomes in patients with TBI by systematically reviewing the lit-
erature and synthesizing evidence of randomized controlled trials 
(RCTs). Methods: MEDLINE, the Cochrane Central Register of 
Controlled Trials, and Igaku Chuo Zasshi (ICHUSHI) Web were 
searched. Selection criteria included randomized controlled trials 
with clinical outcomes of adult TBI patients administered TXA 
or placebo within 24 hr after admission. Two investigators inde-
pendently screened citations and conducted data extraction. The 
primary “critical” outcome was all-cause mortality. The secondary 
“important” outcomes were good neurological outcome rates, en-
largement of bleeding, incidence of ischemia, and hemorrhagic in-
tracranial complications. Random effect estimators with weights 
calculated by the inverse variance method were used to report risk 
ratios (RRs). Results: A total of 640 records were screened. Seven 
studies were included for quantitative analysis. Of 10,044 patients 
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from seven of the included studies, 5076 were randomly assigned 
to the TXA treatment group, and 4968 were assigned to placebo. 
In the TXA treatment group, 914 patients (18.0%) died, while 
961 patients (19.3%) died in the placebo group. There was no sig-
nificant difference between groups (RR, 0.93; 95% confidence in-
terval, 0.86–1.01). No significant differences between the groups 
in other important outcomes were observed. Conclusions: TXA 
treatment demonstrated a tendency to reduce head trauma-re-
lated deaths in the TBI population, with no significant incidence 
of thromboembolic events. TXA treatment may therefore be sug-
gested in the initial TBI care.

Fluid resuscitation in Tactical Combat Casualty Care 
TCCC Guidelines Change 21-01. 4 November 2021
Travis Deaton, MD; Jonathan Auten, DO; Richard Betzold, MD; 
Frank Butler, MD; Terence Byrne, SOCM; Andre Cap, MD, PhD; 
Ben Donham, MD; Joseph DuBose, MD; Andrew D Fisher, MD, 
PA-C; James Hancock, MD; Victor Jourdain, MD; Ryan Knight, 
MD; Lanny Littlejohn, MD; Matthew Martin, MD; Kevin Toland, 
SOIDC; Brendon Drew, DO

J Spec Oper Med. 21(4):126–137.

Hemorrhagic shock in combat trauma remains the greatest life 
threat to casualties with potentially survivable injuries. Advances 
in external hemorrhage control and the increasing use of dam-
age control resuscitation have demonstrated significant success in 
decreasing mortality in combat casualties. Presently, an expand-
ing body of literature suggests that fluid resuscitation strategies 
for casualties in hemorrhagic shock that include the prehospital 
use of cold-stored or fresh whole blood when available, or blood 
components when whole blood is not available, are superior to 
crystalloid and colloid fluids. On the basis of this recent evidence, 
the Committee on Tactical Combat Casualty Care (TCCC) has 
conducted a review of fluid resuscitation for the combat casualty 
who is in hemorrhagic shock and made the following new recom-
mendations: (1) cold stored low-titer group O whole blood (CS-
LTOWB) has been designated as the preferred resuscitation fluid, 
with fresh LTOWB identified as the first alternate if CS-LTOWB is 
not available; (2) crystalloids and Hextend are no longer recom-
mended as fluid resuscitation options in hemorrhagic shock; (3) 
target systolic blood pressure (SBP) resuscitation goals have been 
redefined for casualties with and without traumatic brain injury 
(TBI) coexisting with their hemorrhagic shock; and (4) empiric 
prehospital calcium administration is now recommended when-
ever blood product resuscitation is required.

Balanced crystalloids versus saline in critically ill 
adults—a systematic review with meta-analysis
Naomi E Hammond, PhD, Fernando G Zampieri, PhD, Gian 
Luca Di Tanna, PhD, Tessa Garside, PhD, Derick Adigbli, PhD, 
Alexandre B Cavalcanti, MD, PhD, Flavia R Machado, MD, PhD, 
Sharon Micallef, BN, John Myburgh, PhD, Mahesh Ramanan, 
MMed, Todd W Rice, MD, Matthew W Semler, MD, Paul J Young, 
PhD, Balasubramanian Venkatesh, MD, Simon Finfer, MD, An-
thony Delaney, PhD

NEJM Evid. 2022;1(2)

Background: The comparative efficacy and safety of balanced 
crystalloid solutions and saline for fluid therapy in critically ill 
adults remain uncertain. Methods: We systematically reviewed 
randomized clinical trials (RCTs) comparing the use of balanced 
crystalloids with saline in critically ill adults. The primary out-
come was 90-day mortality after pooling data from low-risk-of-
bias trials using a random-effects model. We also performed a 
Bayesian meta-analysis to describe the primary treatment effect in 
probability terms. Secondary outcomes included the incidence of 
acute kidney injury (AKI), new treatment with renal replacement 

therapy (RRT), and ventilator-free and vasopressor-free days to 
day 28. Results: We identified 13 RCTs, comprising 35,884 par-
ticipants. From six trials (34,450 participants) with a low risk of 
bias, the risk ratio (RR) for 90-day mortality with balanced crys-
talloids versus saline was 0.96 (95% confidence interval [CI], 0.91 
to 1.01; I2 = 12.1%); using vague priors, the posterior probability 
that balanced crystalloids reduce mortality was 89.5%. The RRs 
of developing AKI and of being treated with RRT with balanced 
crystalloids versus saline were 0.96 (95% CI, 0.89 to 1.02) and 
0.95 (95% CI, 0.81 to 1.11), respectively. Ventilator-free days 
(mean difference, 0.18 days; 95% CI, 20.45 to 0.81) and vaso-
pressor-free days (mean difference, 0.19 days; 95% CI, 20.14 to 
0.51) were similar between groups. Conclusions: The estimated 
effect of using balanced crystalloids versus saline in critically ill 
adults ranges from a 9% relative reduction to a 1% relative in-
crease in the risk of death, with a high probability that the average 
effect of using balanced crystalloids is to reduce mortality.

Low titer group O whole blood resuscitation: military 
experience from the point of injury
Andrew D Fisher, MD, LP, Ethan A Miles, MD, Michael A Brous-
sard, MPAS, PA-C, Jason B Corley, MS, MT (ASCP) SBB, Ryan 
Knight, MD, Michael A Remley, NRP, SO-ATP, Andrew P Cap, 
MD, PhD, Jennifer M Gurney, MD, Stacy A Shackelford, MD

J Trauma Acute Care Surg. 2020;89(4):834–841.

Introduction: In the far forward combat environment, the use of 
whole blood is recommended for the treatment of hemorrhagic 
shock after injury. In 2016, US military special operations teams 
began receiving low titer group O whole blood (LTOWB) for use 
at the point of injury (POI). This is a case series of the initial 15 pa-
tients who received LTOWB on the battlefield. Methods: Patients 
were identified in the Department of Defense Trauma Registry, 
and charts were abstracted for age, sex, nationality, mechanism 
of injury, injuries and physiologic criteria that triggered the trans-
fusion, treatments at the POI, blood products received at the POI 
and the damage-control procedures done by the first surgical 
team, next level of care, initial interventions by the second surgical 
team, Injury Severity Score, and 30-day survival. Descriptive sta-
tistics were used to characterize the clinical data when appropri-
ate. Results: Of the 15 casualties, the mean age was 28, 50% were 
US military, and 63% were gunshot wounds. Thirteen patients 
survived to discharge, one died of wounds after arrival at the ini-
tial resuscitative surgical care, and two died prehospital. The mean 
Injury Severity Score was 21.31 (SD, 18.93). Eleven (68%) of the 
causalities received additional blood products during evacuation/
role 2 and/or role 3. Vital signs were available for 10 patients from 
the prehospital setting and 9 patients upon arrival at the first sur-
gical capable facility. The mean systolic blood pressurewas 80.5 
prehospital and 117mmHg (p = 0.0002) at the first surgical fa-
cility. The mean heart rate was 105 beats per minute prehospital 
and 87.4 beats per minute (p = 0.075) at the first surgical facil-
ity. The mean hospital stay was 24 days. Conclusion: The use of 
cold-stored LTOWB at POI is feasible during combat operations. 
Further data are needed to validate and inform best practice for 
POI transfusion.

Resuscitation with blood products in patients with 
trauma-related haemorrhagic shock receiving prehospital 
care (RePHILL): a multicentre, open-label, randomised, 
controlled, phase 3 trial
Nicholas Crombie, Heidi A Doughty, Jonathan RB Bishop, Amisha 
Desai, Emily F Dixon, James M Hancox, Mike J Herbert, Caroline 
Leech, Simon J Lewis, Mark R Nash, David N Naumann, Gemma 
Slinn, Hazel Smith, Iain M Smith, Rebekah K Wale, Alastair Wil-
son, Natalie Ives, Gavin D Perkins; RePHILL collaborative group

Lancet Haematol. 2020;9(4):e250–e261.

All articles published in the Journal of Special Operations Medicine are protected by United States  
copyright law and may not be reproduced, distributed, transmitted, displayed, or otherwise published  

without the prior written permission of Breakaway Media, LLC. Contact publisher@breakawaymedia.org



Review of Casualty Care Abstracts  |  117

Background: Time to treatment matters in traumatic haemorrhage 
but the optimal prehospital use of blood in major trauma remains 
uncertain. We investigated whether use of packed red blood cells 
(PRBC) and lyophilised plasma (LyoPlas) was superior to use of 
0.9% sodium chloride for improving tissue perfusion and reduc-
ing mortality in trauma-related haemorrhagic shock. Methods: 
Resuscitation with pre-hospital blood products (RePHILL) is a 
multicentre, allocation concealed, open-label, parallel group, ran-
domised, controlled, phase 3 trial done in four civilian prehos-
pital critical care services in the UK. Adults (age ≥16 years) with 
trauma-related haemorrhagic shock and hypotension (defined as 
systolic blood pressure <90mmHg or absence of palpable radial 
pulse) were assessed for eligibility by prehospital critial care teams. 
Eligible participants were randomly assigned to receive either up 
to two units each of PRBC and LyoPlas or up to 1L of 0.9% so-
dium chloride administered through the intravenous or intraosse-
ous route. Sealed treatment packs which were identical in external 
appearance, containing PRBC–LyoPlas or 0.9% sodium chloride, 
were prepared by blood banks and issued to participating sites ac-
cording to a randomisation schedule prepared by the coordinating 
centre (1:1 ratio, stratified by site). The primary outcome was a 
composite of episode mortality or impaired lactate clearance, or 
both, measured in the intention-to-treat population. This study is 
completed and registered with ISRCTN.com, ISRCTN62326938. 
Findings: From Nov 29, 2016, to Jan 2, 2021, prehospital critical 
care teams randomly assigned 432 participants to PRBC–LyoPlas 
(n=209) or to 0.9% sodium chloride (n=223). Trial recruitment 
was stopped before it achieved the intended sample size of 490 
participants due to disruption caused by the COVID-19 pandemic. 
The median follow-up was 9 days (IQR 1 to 34) for participants 
in the PRBC–LyoPlas group and 7 days (0 to 31) for people in 
the 0.9% sodium chloride group. Participants were mostly white 
(62%) and male (82%), had a median age of 38 years (IQR 26 to 
58), and were mostly involved in a road traffic collision (62%) 
with severe injuries (median injury severity score 36, IQR 25 to 
50). Before randomisation, participants had received on average 
430mL crystalloid fluids and tranexamic acid (90%). The com-
posite primary outcome occurred in 128 (64%) of 199 partici-
pants randomly assigned to PRBC–LyoPlas and 136 (65%) of 
210 randomly assigned to 0.9% sodium chloride (adjusted risk 
difference –0.025% [95% CI –9.0 to 9.0], p=0.996). The rates 
of transfusion-related complications in the first 24 hr after ED 
arrival were similar across treatment groups (PRBC–LyoPlas 11 
[7%] of 148 compared with 0.9% sodium chloride nine [7%] of 
137, adjusted relative risk 1.05 [95% CI 0.46–2.42]). Serious ad-
verse events included acute respiratory distress syndrome in nine 
(6%) of 142 patients in the PRBC–LyoPlas group and three (2%) 
of 130 in 0.9% sodium chloride group, and two other unexpected 
serious adverse events, one in the PRBC-LyoPlas (cerebral infarct) 
and one in the 0.9% sodium chloride group (abnormal liver func-
tion test). There were no treatment-related deaths. Interpretation: 
The trial did not show that prehospital PRBC–LyoPlas resuscita-
tion was superior to 0.9% sodium chloride for adult patients with 
trauma related haemorrhagic shock. Further research is required 
to identify the characteristics of patients who might benefit from 
prehospital transfusion and to identify the optimal outcomes for 
transfusion trials in major trauma. The decision to commit to rou-
tine prehospital transfusion will require careful consideration by 
all stakeholders. Funding: National Institute for Health Research 
Efficacy and Mechanism Evaluation.

Use of cold-stored whole blood is associated with 
improved mortality in hemostatic resuscitation of major 
bleeding: a multicenter study
Hazelton, Joshua P, DO; Ssentongo, Anna E, DrPh, MPH; Oh, 
John S, MD; Ssentongo, Paddy, MD, PhD; Seamon, Mark J, MD; 
Byrne, James P, MD, PhD; Armento, Isabella G, BS; Jenkins, 

Donald H, MD; Braverman, Maxwell A, DO; Mentzer, Caleb, 
DO; Leonard, Guy C, BS; Perea, Lindsey L, DO; Docherty, 
Courtney K, DO; Dunn, Julie A, MD; Smoot, Brittany, BS; Mar-
tin, Matthew J, MD; Badiee, Jayraan, MPH; Luis, Alejandro J, 
MD; Murray, Julie L, BSN, RN; Noorbakhsh, Matthew R, MD; 
Babowice, James E, DO; Mains, Charles MD; Madayag, Robert 
M, MD; Kaafarani, Haytham MA, MD, MPH; Mokhtari, Ava K, 
MD; Moore, Sarah A, MD; Madden, Kathleen, MD; Tanner, Allen 
2nd, MD; Redmond, Diane, MSN; Millia, David J, MD; Bran-
dolino, Amber, MS; Nguyen, Uyen, BS; Chinchilli, Vernon, PhD; 
Armen, Scott B, MD; Porter, John M, MD

Ann Surg. 2022:276(4):579–588.

Objective: The aim of this study was to identify a mortality ben-
efit with the use of whole blood (WB) as part of the resuscita-
tion of bleeding trauma patients. Background: Blood component 
therapy (BCT) is the current standard for resuscitating trauma 
patients, with WB emerging as the blood product of choice. We 
hypothesized that the use of WB versus BCT alone would result 
in decreased mortality. Methods: We performed a 14-center, pro-
spective observational study of trauma patients who received WB 
versus BCT during their resuscitation. We applied a generalized 
linear mixed-effects model with a random effect and controlled 
for age, sex, mechanism of injury (MOI), and injury severity score. 
All patients who received blood as part of their initial resuscita-
tion were included. Primary outcome was mortality, and second-
ary outcomes included acute kidney injury, deep vein thrombosis/
pulmonary embolism, pulmonary complications, and bleeding 
complications. Results: A total of 1623 [WB: 1180 (74%), BCT: 
443(27%)] patients who sustained penetrating (53%) or blunt 
(47%) injury were included. Patients who received WB had a 
higher shock index (0.98 vs 0.83), more comorbidities, and more 
blunt MOI (all p<0.05). After controlling for center, age, sex, MOI, 
and injury severity score, we found no differences in the rates of 
acute kidney injury, deep vein thrombosis/pulmonary embolism 
or pulmonary complications. WB patients were 9% less likely to 
experience bleeding complications and were 48% less likely to die 
than BCT patients (p<0.0001). Conclusions: Compared with BCT, 
the use of WB was associated with a 48% reduction in mortality 
in trauma patients. Our study supports the use of WB use in the 
resuscitation of trauma patients.

Transfusion strategies in bleeding critically ill adults: a 
clinical practice guideline from the European Society of 
Intensive Care Medicine
Alexander PJ Vlaar, Joanna C Dionne, Sanne de Bruin, Marije Wi-
jnberge, S Jorinde Raasveld, Frank EHP van Baarle, Massimo An-
tonelli, Cecile Aubron, Jacques Duranteau, Nicole P Juffermans, 
Jens Meier, Gavin J Murphy, Riccardo Abbasciano, Marcella CA 
Müller, Marcus Lance, Nathan D Nielsen, Herbert Schöchl, Bev-
erley J Hunt, Maurizio Cecconi, Simon Oczkowski

Intensive Care Med. 2021;47(12):1368–1392.

Purpose: To develop evidence-based clinical practice recommenda-
tions regarding transfusion practices and transfusion in bleeding 
critically ill adults. Methods: A taskforce involving 15 international 
experts and 2 methodologists used the GRADE approach to guide-
line development. The taskforce addressed three main topics: trans-
fusion support in massively and non-massively bleeding critically 
ill patients (transfusion ratios, blood products, and point of care 
testing) and the use of tranexamic acid. The panel developed and 
answered structured guideline questions using the population, in-
tervention, comparison, and outcomes (PICO) format. Results: The 
taskforce generated 26 clinical practice recommendations (2 strong 
recommendations, 13 conditional recommendations, 11 no rec-
ommendation), and identified 10 PICOs with insufficient evidence 
to make a recommendation. Conclusions: This clinical practice 
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guideline provides evidence-based recommendations for the man-
agement of massively and non-massively bleeding critically ill adult 
patients and identifies areas where further research is needed.

Prehospital lyophilized plasma transfusion for trauma-
induced coagulopathy in patients at risk for hemorrhagic 
shock: a randomized clinical trial
Daniel Jost, MD; Sabine Lemoine, MD; Frédéric Lemoine, CRA; 
Clément Derkenne, MD; Sébastien Beaume, MD; Vincent La-
noë, CRA; Olga Maurin, MD; Emilie Louis-Delauriere, CRA; 
Maëlle Delacote, MD; Pascal Dang-Minh, MD; Marilyn Franchin-
Frattini, MD; René Bihannic, PharmD; Dominique Savary, MD; 
Albrice Levrat, MD; Clémence Baudouin, MD; Julie Trichereau, 
MD; Marina Salomé, CRA; Benoit Frattini, MD; Vivien Hong 
Tuan Ha, MD; Romain Jouffroy, MD; Edouard Seguineau, MD; 
Rudy Titreville, MD; Florian Roquet, MD, PhD; Olivier Stibbe, 
MD; Benoit Vivien, MD, PhD; Catherine Verret, MD, PhD; Mi-
chel Bignand, MD; Stéphane Travers, MD; Christophe Martinaud, 
MD, PhD; Michel Arock, MD, PhD; Mathieu Raux, MD, PhD; 
Bertrand Prunet, MD, PhD; Sylvain Ausset, MD, PhD; Anne Sail-
liol, MD, PhD; Jean-Pierre Tourtier,MD, PhD; Prehospital Lyo-
philized Plasma (PREHO-PLYO) Study Group

JAMA Netw Open. 2020;5(7):e2223619.

Importance: Blood transfusion is a mainstay of therapy for trau-
ma-induced coagulopathy, but the optimal modalities for plasma 
transfusion in the prehospital setting remain to be defined. Ob-
jective: To determine whether lyophilized plasma transfusion can 
reduce the incidence of trauma-induced coagulopathy compared 
with standard care consisting of normal saline infusion. Design, 
setting, and participants: This randomized clinical trial was per-
formed at multiple centers in France involving prehospital medical 
teams. Participants included 150 adults with trauma who were at 
risk for hemorrhagic shock and associated coagulopathy between 
April 1, 2016, and September 30, 2019, with a 28-day follow-up. 
Data were analyzed from November 1, 2019, to July 1, 2020. 
Intervention: Patients were randomized in a 1:1 ratio to receive 
either plasma or standard care with normal saline infusion (con-
trol). Main outcomes and measures: The primary outcome was 
the international normalized ratio (INR) on arrival at the hospital. 
Secondary outcomes included the need for massive transfusion and 
30-day survival. As a safety outcome, prespecified adverse events 
included thrombosis, transfusion-related acute lung injury, and 
transfusion-associated circulatory overload. Results: Among 150 
randomized patients, 134 were included in the analysis (median age, 
34 [IQR, 26–49] years; 110 men [82.1%]), with 68 in the plasma 
group and 66 in the control group. Median INR values were 1.21 
(IQR, 1.12–1.49) in the plasma group and 1.20 (IQR, 1.10–1.39) in 
the control group (median difference, −0.01 [IQR, −0.09 to 0.08];  
p = .88). The groups did not differ significantly in the need for 
massive transfusion (7 [10.3%] vs 4 [6.1%]; relative risk, 1.78 
[95% CI, 0.42-8.68]; p = .37) or 30-day survival (hazard ratio 
for death, 1.07 [95% CI, 0.44-2.61]; p = .89). In the full inten-
tion-to-treat population (n = 150), the groups did not differ in 
the rates of any of the prespecified adverse events. Conclusions 
and relevance: In this randomized clinical trial including severely 
injured patients at risk for hemorrhagic shock and associated co-
agulopathy, prehospital transfusion of lyophilized plasma was not 
associated with significant differences in INR values vs standard 
care with normal saline infusion. Nevertheless, these findings 
show that lyophilized plasma transfusion is a feasible and safe 
procedure for this patient population.

Whole blood vs blood component therapy for transfusion 
in trauma patients: a prospective, multicenter study
Joshua P Hazelton, Anna E Ssentongo, John S Oh, Paddy Ssen-
tongo, Mark J Seamon, James P Byrne, Isabella G Armento, 

Donald H Jenkins, Maxwell A Braverman, Caleb Mentzer, Guy 
C Leonard, Lindsey L Perea, Courtney K Docherty, Julie A Dunn, 
Brittany Smoot, Matthew Martin, Jayraan Badiee, Alejandro J 
Luis, Julie L Murray, Matthew R Noorbakhsh, James E Babo-
wice, Charles Mains, Robert Madayag, Haytham Kaafarani, Ava 
Mokhtari, Annie Moore, Kathleen Madden, Allen Tanner II, Di-
ane Redmond, David J Millia, Amber Brandolino, Uyen Nguyen, 
Vernon Chinchilli, Scott Armen, John Porter

Abstract presented at the 142nd meeting of the American Surgical 
Association, Chicago, IL, April 7–9, 2022. https://meeting.american 
surgical.org/program/2022/6.cgi 

Objective: Currently, blood component therapy (BCT) is stan-
dard practice for the resuscitation of trauma patients, but recently 
whole blood (WB) transfusion has emerged as the resuscitation 
strategy of choice at select US trauma centers. Much of the data 
regarding WB is limited to small prospective or retrospective stud-
ies which have failed to demonstrate a significant benefit of WB 
versus BCT. We hypothesized that the use of WB transfusion vs 
BCT alone would result in decreased mortality in trauma patients. 
Methods: We performed a multicenter (14 verified trauma cen-
ters), prospective-observational study of patients who received 
WB vs BCT during their initial trauma resuscitation. We applied 
a generalized linear mixed-effects model with a random effect (to 
control for center) and also controlled for age, sex, mechanism 
of injury (MOI) and injury severity score (ISS). Trauma patients 
of any age who received a blood transfusion as part of their ini-
tial resuscitation were included. Primary outcome was in-hospital 
mortality and secondary outcomes included acute kidney injury 
(AKI), deep venous thrombosis (DVT), pulmonary complications, 
bleeding complications, and length of stay (LOS). Results: A total 
of 1,623 trauma patients who sustained either penetrating (53%) 
or blunt (47%) injury were included. Of the 1,623 patients, 1,180 
(73%) received at least one unit of WB while 443 (27%) received 
only BCT. Median age was 40y (IQR 11-30), 83% were male and 
median ISS was 22 (IQR 11-30). Patients who received WB had 
a higher shock index (1.08 vs 0.94), more comorbid conditions, 
and more likely had a blunt MOI (all p < 0.05). After controlling 
for center, age, sex, prehospital blood products, MOI, and ISS, 
we found no differences in the rates of AKI, DVT/PE, pulmonary 
complications, or LOS between groups. Patients who received WB 
were 9% less likely to experience a bleeding complication and 
were 48% less likely to die than those who received BCT alone 
(p<0.0001). Conclusions: Compared with standard blood compo-
nent therapy, the use of whole blood transfusion resulted in a 48% 
reduction in mortality in trauma patients. Our study supports the 
universal use of whole blood during the initial resuscitation of 
trauma patients who require a transfusion.

Hypocalcemia as a predictor of mortality and transfusion. 
A scoping review of hypocalcemia in trauma and 
hemostatic resuscitation
Shane Kronstedt, Nicholas Roberts, Ricky Ditzel, Justin Elder, Ai-
mee Steen, Kelsey Thompson, Justin Anderson, Jeffrey Siegler

Transfusion. 2022;62 Suppl 1(Suppl 1):S158–S166.

Background: Calcium plays an essential role in physiologic pro-
cesses, including trauma’s “Lethal Diamond.” Thus, inadequate 
serum calcium in trauma patients exacerbates the effects of hem-
orrhagic shock secondary to traumatic injury and subsequently 
poorer outcomes compared to those with adequate calcium levels. 
Evidence to date supports the consideration of calcium derange-
ments when assessing the risk of mortality and the need for blood 
product transfusion in trauma patients. This review aims to fur-
ther elucidate the predictive strength of this association for future 
treatment guidelines and clinical trials. Methods: Publications 
were collected on the relationship between i-Ca and the outcomes 
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of traumatic injuries from PubMed, Web of Science, and CINAHL. 
Manuscripts were reviewed to select for English language studies. 
Hypocalcemia was defined as i-Ca <1.2mmol/L. Results: Using 
PRISMA guidelines, we reviewed 300 studies, 7 of which met our 
inclusion criteria. Five papers showed an association between hy-
pocalcemia and mortality. Conclusions: In adult trauma patients, 
there has been an association seen between hypocalcemia, mor-
tality, and the need for increased blood product transfusions. It is 
possible we are now seeing an association between low calcium 
levels prior to blood product administration and an increased risk 
for mortality and need for transfusion. Hypocalcemia may serve 
as a biomarker to show these needs.

Therefore, hypocalcemia could potentially be used as an indepen-
dent predictor for multiple transfusions such that ionized calcium 
measurements could be used predictively, allowing faster adminis-
tration of blood products

Management of hypothermia in Tactical Combat  
Casualty Care: TCCC Guideline Proposed Change 20-01 
(June 2020)
BL Bennett, PhD; Gordon Giesbrecht, PhD; Ken Zafren, MD; 
Ryan Christensen; Lanny Littlejohn, MD; Brendon Drew, DO; 
Andrew Cap, MD, PhD; Ethan Miles, MD; Frank Butler, MD; 
John B Holcomb, MD; Stacy Shackelford, MD

J Spec Oper Med. 20(3):21–35.

As an outcome of combat injury and hemorrhagic shock, trau-
ma-induced hypothermia (TIH) and the associated coagulopathy 
and acidosis result in significantly increased risk for death. In an 
effort to manage TIH, the Hypothermia Prevention and Manage-
ment Kit™ (HPMK) was implemented in 2006 for battlefield ca-
sualties. Recent feedback from operational forces indicates that 
limitations exist in the HPMK to maintain thermal balance in cold 
environments, due to the lack of insulation. Consequently, based 
on lessons learned, some US Special Operations Forces are now up-
grading the HPMK after short-term use (60 minutes) by adding in-
sulation around the casualty during training in cold environments. 
Furthermore, new research indicates that the current HPMK, al-
though better than no hypothermia protection, was ranked last in 
objective and subjective measures in volunteers when compared 
with commercial and user-assembled external warming enclosure 
systems. On the basis of these observations and research findings, 
the Committee on Tactical Combat Casualty Care decided to re-
view the hypothermia prevention and management guidelines in 
2018 and to update them on the basis of these facts and that no 
update has occurred in 14 years. Recommendations are made for 
minimal costs, low cube and weight solutions to create an insu-
lated HPMK, or when the HPMK is not readily available, to create 
an improvised hypothermia (insulated) enclosure system.

Hypothermia in the combat trauma population
Steven G. Schauer, Michael D. April, Andrew D. Fisher, Wells L. 
Weymouth, Joseph K. Maddry, Kevin R. Gillespie, Jose Salinas and 
Andrew P. Cap

Prehosp Emerg Care. 2022 Sep 19;1–7.

Background: The MARCH (Massive hemorrhage, Airway, Respi-
rations, Circulation, and Hypothermia/Head injuries) algorithm 
taught to military medics includes interventions to prevent hypo-
thermia. As possible sequelae from major trauma, hypothermia is 
associated with coagulopathy and lower survival. This paper sought 
to define hypothermia within our combat trauma population using 
an outcomes-based method, and determine clinical variables asso-
ciated with hypothermia. Methods: This is a secondary analysis 
of a previously described dataset from the Department of Defense 
Trauma Registry focused on casualties who received prehospital 
care. A receiver operating curve was constructed and Youden’s 

index was used to define hypothermia within the predetermined 
population based on mortality risk. A multivariable regression 
model was used to identify associations. Results: There were 23,243 
encounters that met the inclusion criteria for this study with pa-
tients having received prehospital care and documentation of at 
least one emergency department temperature. An optimal thresh-
old of 36.2°C was found to predict mortality; 3,159 casualties had 
temperatures below this threshold (14%). Survival to discharge was 
lower among casualties with hypothermia (91% versus 98%). Hy-
pothermic casualties were less likely to undergo blanket application 
(38% versus 40%). However, they had higher proportions with Hy-
pothermia Prevention and Management Kit application (11% ver-
sus 7%) and radiant warming (2% versus 1%). On multivariable 
regression modeling, none of the hypothermia interventions were 
associated with a decreased likelihood of hypothermia. Non-hy-
pothermia interventions associated with hypothermia included 
prehospital intubation (OR 1.57, 95% CI 1.45–1.69) and blood 
product administration. Conclusions: Hypothermia, including a 
single recorded low temperature in the patient care record, was as-
sociated with worse outcomes in this combat trauma population. 
Prehospital intubation was most strongly associated with develop-
ing hypothermia. Prehospital warming interventions were not asso-
ciated with a reduction in hypothermia risk. Our dataset suggests 
that current methods for prehospital warming are inadequate.

Epidemiology, patterns of care and outcomes of 
traumatic brain injury in deployed military settings: 
implications for future military operations
Bradley A Dengler, MD, Yll Agimi, PhD, Katharine Stout, DPT, 
Krista L Caudle, PhD, Kenneth C Curley, MD, Sarah Sanjakdar, 
PhD, Malena Rone, PhD, Brian Dacanay, MS, Jonathan C Fru-
endt, MD, James B Phillips, PhD, Ana-Claire L Meyer, MD, MSHS

J Trauma Acute Care Surg. 2022;93(2):220–228.

Background: Traumatic brain injury (TBI) is prevalent and highly 
morbid among Service Members. A better understanding of TBI 
epidemiology, outcomes, and care patterns in deployed settings 
could inform potential approaches to improve TBI diagnosis and 
management. Methods: A retrospective cohort analysis of Service 
Members Defense Health Agency TCCC All Service Members 
Course. Members who sustained a TBI in deployed settings be-
tween 2001 and 2018 was conducted. Among individuals hospi-
talized with TBI, we compared the demographic characteristics, 
mechanism of injury, injury type, and severity between combat 
and noncombat injuries. We compared diagnostic tests and proce-
dures, evacuation patterns, return to duty rates and days in care 
between individuals with concussion and those with severe TBI. 
Results: There were 46,309 Servicemembers with TBI and 9,412 
who were hospitalized; of those hospitalized, 55% (4,343) had 
isolated concussion and 9% (796) had severe TBI, of whom 17% 
(132/796) had multiple injuries. Overall mortality was 2% and 
ranged from 0.1% for isolated concussion to 18% for severe TBI. 
The vast majority of TBI were evacuated by rotary wing to role 3 
or higher, including those with isolated concussion. As compared 
with severe TBI, individuals with isolated concussion had fewer 
diagnostic or surgical procedures performed. Only 6%of Service-
members with severe TBI were able to return to duty as compared 
with 54% of those with isolated concussion. Traumatic brain in-
jury resulted in 123,677 lost duty days; individuals with isolated 
concussion spent a median of 2 days in care and those with severe 
TBI spent a median of 17 days in care and a median of 6 days 
in the intensive care unit. Conclusion: While most TBI in the de-
ployed setting are mild, TBI is frequently associated with hospital-
ization and multiple injuries. Overtriage of mild TBI is common. 
Improved TBI capabilities applicable to forward settings will be 
critical to the success of future multidomain operations with lim-
itations in air superiority.
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23.4% hypertonic saline: a tactical option for the 
management of severe traumatic brain injury with 
impending or ongoing herniation
Erik DeSoucy, DO; Kelsey Cacic, MD; Brian Staak, MD; Chris 
Petersen; David Van Wyck, DO; Venkatakrishna Rajajee, MBBS; 
John Dorsch, DO; Stephen Rush, MD

J Spec Oper Med. 21(2):25–28. 

There are limited options available to the combat medic for 
management of traumatic brain injury (TBI) with impending or 
ongoing herniation. Current pararescue and Tactical Combat Ca-
sualty Care (TCCC) guidelines prescribe a bolus of 3% or 5% 

hypertonic saline. However, this fluid bears a tactical burden of 
weight (~570g) and pack volume (~500 cm3). Thus, 23.4% hyper-
tonic saline is an attractive option, because it has a lighter weight 
(80g) and pack volume (55 cm3), and it provides a similar osmotic 
load per dose. Current literature supports the use of 23.4% hy-
pertonic saline in the management of acute TBI, and evidence in-
dicates that it is safe to administer via peripheral and intraosseous 
cannulas. Current combat medic TBI treatment algorithms should 
be updated to include the use of 23.4% hypertonic saline as an 
alternative to 3% and 5% solutions, given its effectiveness and 
tactical advantages.
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