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Abstract

The existing evidence shows great promise for plasma as the first resuscitation fluid in both 

civilian and military trauma. We embarked on the Control of Major Bleeding After Trauma 

(COMBAT) trial with the support of the Department of Defense, in order to determine if plasma-

first resuscitation yields hemostatic and survival benefits. The methodology of the COMBAT 

study represents not only three years of development work, but the integration of nearly two-

decades of technical experience with the design and implementation of other clinical trials and 

studies. Herein, we describe the key features of the study design, critical personnel and 

infrastructural elements, and key innovations. We will also briefly outline the systems engineering 

challenges entailed by this study. COMBAT is a randomized, placebo controlled, semi-blinded 

prospective Phase IIB clinical trial, conducted in a ground ambulance fleet based at a Level I 

trauma center, and part of a multicenter collaboration. The primary objective of COMBAT is to 

determine the efficacy of field resuscitation with plasma first, compared to standard of care 

(normal saline). To date we have enrolled 30 subjects in the COMBAT study. The ability to 

achieve intervention with a hemostatic resuscitation agent in the closest possible temporal 

proximity to injury is critical and represents an opportunity to forestall the evolution of the 

“bloody vicious cycle”. Thus, the COMBAT model for deploying plasma in first response units 

should serve as a model for RCTs of other hemostatic resuscitative agents.
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Introduction

Trauma induced coagulopathy (TIC) is present in up to one-third of severely injured civilian 

trauma patients and is associated with a four-fold increase in risk of mortality when present.

(1-7) Today, “hemostatic resuscitation” and “damage control” are watchwords for the 

trauma community, and the history of hemostatic resuscitation dates back at least as far as 

the use of plasma as a resuscitation fluid in World War II. Nevertheless, our understanding 

of how to intervene effectively with the massively bleeding trauma patient remains 

incomplete.(8, 9) This understanding has taken numerous turns over the intervening decades 

since the 1940s. A key milestone was the recognition of the “bloody vicious cycle” of 

hemorrhagic shock, hypothermia, acidosis and coagulopathy.(10, 11) This realization 

spawned the recommendation for empiric resuscitation with fixed ratios of plasma to PRBCs 

as early as 1981.(12) Efforts since then have focused on early intervention with the intent to 

restore hemostasis, chiefly with empiric use of various ratios of blood components.

The military experience with empiric resuscitation has strongly suggested that the 

administration of a 1:1 ratio of plasma to PRBCs yields a survival benefit.(13-16) However, 

data from civilian trauma centers in the United States suggest that a ratio of 1:2 may be more 

beneficial in this setting, and indeed highlight the potential dangers of excessive plasma use.

(17-23) Complicating the interpretation of the existing military and civilian studies of 

empiric plasma resuscitation strategies, are the patients' demographic dissimilarities, the 

differences in available interventions in terms of both blood products and transport time, and 

the necessary differences in study designs between urban trauma centers and battlefield 

environments.(15, 16, 23, 24) Therefore, according the PICO (patients, interventions, 

comparators and outcomes) format for applying the evidence of a study to care of one's own 

patients, we remain uncertain has to how to interpret the existing studies of early plasma 

resuscitation.(25, 26)

Additionally, most existing studies are complicated by survivor bias, as most are 

retrospective.(18, 27, 28) As Snyder et. al. note of their own 2009 study of blood product 

ratios: “The non-survivors in our study population did not die because they got a lower 

plasma: PRBC ratio; they got a lower ratio because they died”.(29, 30) Moreover, as most of 

the resuscitative efforts with severely injured patients have either succeeded or failed by 3-6 

hour after injury, most studies lack the detailed information about the early events in the 

patient's resuscitation to draw reliable conclusions about causality. Our recent study of goal-

directed resuscitation using thrombelastography (TEG), highlights this difficulty: patients in 

this study were enrolled based on the criteria of initiation of a massive transfusion protocol 

and by this time, valuable information about their physiologic and hematologic state from 

the time of injury onward was lost.
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These confounders of existing studies not withstanding, in aggregate the existing evidence 

shows great promise for plasma as the first resuscitation fluid in both civilian and military 

trauma. We embarked on the Control of Major Bleeding After Trauma (COMBAT) trial 

with the support of the Department of Defense, in order to determine definitively if plasma-

first resuscitation yields survival and hemostatic benefits. The considerations enumerated 

above prompted us to radically alter the approach to this clinical trial compared to previous 

ones we have engaged in. Our experience in the Polyheme trial gave us the necessary 

background to conduct a trial of intervention with blood products in the field, utilizing our 

ground ambulance fleet.(31) This ability enables us to deliver plasma at the earliest possible 

time after injury, thus maximizing the potential benefit. Development of our Multiple Organ 

Failure database project over the past 22 years, has given us experience in collecting and 

processing enormous amounts of patient data, such as the COMBAT trial will generate.(32) 

Lastly our recent experience with our trial of TEG-guided resuscitation has built a team of 

personnel adept at the collection and handling of patient samples and data at numerous, 

tightly clustered time points. While COMBAT goes beyond all of these studies in terms of 

the level of effort and detail required, they laid the essential groundwork.

Materials and Methods

The methodology of the COMBAT study represents not only three years of development 

work, but also the integration of nearly two-decades of technical experience with the design 

and implementation of other clinical trials and studies. The detailed methods and procedures 

of the COMBAT trial comprise several hundred pages of standard operating procedures. 

Herein, we will attempt only to describe the key features of the study design, critical 

personnel and infrastructural elements, and key innovations. We will also briefly outline the 

systems engineering challenges entailed by this study.

Study Design

COMBAT is a randomized, placebo controlled, semi-blinded, prospective, Phase IIB 

clinical trial, based at Denver Health Medical Center's (DHMC) Level I trauma center, with 

enrolment and interventions conducted in the ground ambulance fleet based at this center. 

The COMBAT study in Denver is one component of a larger DoD-funded multicenter trial 

of plasma-first resuscitation, including the University of Pittsburgh (principal investigator: 

Jason L. Sperry, MD) and Virginia Commonwealth University (principal investigator: Bruce 

D. Spiess, MD). Notably, the COMBAT study is the only center utilizing a frozen plasma 

product, thawed at the scene of injury. Data from the multicenter study is also utilized by the 

Transagency Collaboration for Trauma Induced Coagulopathy (TACTIC) consortium 

(principal investigator: Kenneth G. Mann, PhD), a large NIH-supported collaborative effort 

with aims focused on elucidating the basic mechanisms driving TIC.

The primary objective of COMBAT is to determine the efficacy of field resuscitation with 

plasma first, compared to standard of care (normal saline). The primary end-point is 28-day 

mortality, for which the study is powered to detect large differences (17-19%) between 

arms. Secondary endpoints include improvement in immediately post-injury coagulopathy 

and clot strength, markers of physiologic exhaustion (e.g. acidosis) and reduction in multiple 
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organ failure (MOF) and 24 hour mortality. Projected enrolment is 150 individuals (75 per 

arm) at a rate of 50 per year.

Eligibility is determined at the scene of injury, by the responding paramedics of the ground 

ambulance crew. Inclusion criteria are all traumatically injured adults with either a systolic 

blood pressure (SBP) ≤ 70 mmHg or 71-90 mmHg with an accompanying heart rate ≥108. 

Prisoners and visibly pregnant patients are excluded, as are those with isolated gunshot 

wounds to the head or requiring CPR in the field prior to enrolment. Patients may be 

enrolled at any time during their ambulance transport, but infusion of >800 mL of crystalloid 

prior to meeting criteria (for example in an initially normotensive patient who then 

decompensates and meets criteria) results in exclusion. The criteria are based upon those 

developed by the Resuscitation Outcomes Consortium (ROC) for their similarly structured 

trial of hypertonic saline as an initial resuscitation fluid.(33) Based on pilot studies, the ROC 

group determined that these vital sign criteria captured the patient population most likely to 

be in hemorrhagic shock and thus with the greatest likelihood to benefit from the 

experimental intervention. Liberalizing the criteria to all patients with an SBP ≤90 would 

only have increased enrollment by 25% while exposing many more minimally injured 

patients to the risks of the study intervention.(34, 35) In the case of the COMBAT trial, the 

need for conservative enrollment criteria is even greater, as AB plasma is a scarce medical 

resource and the potential hazards of exposure to this therapy are greater than hypertonic 

saline.

Patients are enrolled under a waiver of informed consent, as permitted under US Federal 

Regulation 21 CFR 50.24. In order to comply with this regulation, the study was conducted 

after a process of community consent, wherein the local community has been informed via 

multiple media outlets and has been provided with the option to opt out by wearing a “No 

COMBAT” bracelet or dog tags. Additionally, the waiver of consent element of the study 

design required that the study be conducted under FDA regulation, as an Investigational 

New Drug study (IND no. 15216). The ethical and practical considerations involved in 

implementing a waiver of consent in the COMBAT trial are discussed in detail elsewhere. 

(36)

The field blood sample is drawn immediately upon enrolment, prior to the administration of 

any therapy. Patients are then randomized by the act of opening a preloaded and sealed 

cooler which contains either two units of frozen plasma (FP24, approximately 250 mL 

each), which is immediately thawed and administered; or a dummy load, which prompts the 

paramedics to administer normal saline per the current standard of care. Plasma and dummy 

payloads are block randomized in lots of 20. These payloads are delivered to paramedic 

division staff in sealed aluminum cassettes by study personnel uninvolved in enrolment and 

data analysis, thus maintaining allocation concealment.

Thawing and administration of the first unit of plasma generally takes a total 6 to 7 minutes, 

by which time the second unit is thawed and hanging. Generally, this means that patients in 

the plasma arm arrive at the ED with the second unit running and having received less than 

250 mL (frequently zero) of crystalloid in the field. Patients in the control arm generally 

receive a comparable volume of normal saline, which, given our short transport times, is 
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usually less than 800 mL, thus maintaining equipoise with respect to total prehospital 

volume of resuscitation. Blinding is partial, with the paramedics blinded to therapy (i.e. 

cooler contents) until after enrolment. While we were unable to blind the admitting 

physician completely by using a placebo that resembles plasma (colorants in intravenous 

solutions are forbidden by the FDA), we have generally found that the “controlled chaos” of 

a trauma activation is sufficient to obscure the nature of the field therapy, as the paramedics 

do not report this information to the receiving staff. Upon arrival at the hospital, all study 

interventions are complete and the patient's ongoing care proceeds with all hospital staff 

blind to the field intervention (plasma or saline).

A key design feature of the COMBAT study is tightly clustered early time points for data 

and sample collection, again with the aims of removing survivor bias and detecting the most 

proximal effects of the study intervention before the effect is diluted by subsequent 

stochastic factors. Immediately upon hospital arrival collection of the next set of blood 

samples occurs, followed by samples at 2, 4, 6, 12, 24, 48, and 72 hours, and days 5 and 7 

post injury (see figure 1). Patients are followed for outcomes for 28 days or until discharged. 

This early granularity, coupled with long term follow up allows us to obtain a complete 

picture of the patients' clinical course as impacted by early intervention. Moreover, since 

most of the expected deaths and other measurable study objectives are expected to occur 

within the first 6 hours, highly detailed analysis of the patients' physiologic and coagulation 

status within this period is critical to achieving its scientific aims.

Study Metrics

In addition to the primary and secondary endpoints described above, the COMBAT study is 

designed to capture detailed biochemical and coagulation data at each of the 11 time points, 

with the aim of describing the molecular natural history of TIC and the mechanism of 

response to plasma-first resuscitation therapy. At each time point, whole blood undergoes a 

battery of 12 channels of viscoelastic hemostatic assays on the TEG® and ROTEM® 

platforms, including TEG® Platelet Mapping™. In addition, whole blood impedance 

aggregometry is performed with ADP and TRAP agonists on the ROTEM® platelet 

platform. The remaining blood is immediately chilled, centrifuged to yield platelet free 

plasma and flash frozen in liquid nitrogen. These plasma samples are used for coagulation 

factor level tests (II, V, VII, X, and XIII), cytokine and chemokine panels, proteomics, 

metabolomics and ELISAs for proteins of specific interest relevant to TIC, such as tPA, 

PAI-1, syndecan and α-enolase, among others. An additional citrated blood tube and EDTA 

tube go to the DHMC central clinical laboratory for a CBC and conventional coagulation 

tests (PT, PTT, von Clauss fibrinogen level and D-dimer level). A blood tube containing 

protease inhibitors is also collected and immediately chilled and centrifuged to yield plasma 

which, along with aliquots from the other tubes, are contributed to the Trans Agency 

Research Consortium for Trauma-Induced Coagulopathy (TACTIC) collaboration. The 

detailed sample processing procedure is described in schematic in figure 2.

Statistical Methods

COMBAT is a Phase IIB trial and is powered to detect large (17 to 19 %) differences in 

mortality or other binary outcomes (e.g. massive transfusion) between the two groups, using 
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Fisher's exact test. Power analyses for the primary and secondary endpoints were performed 

with Pass 11 (PASS 11. NCSS, LLC. Kaysville, UT, USA).The study is adequately powered 

to detect small differences between groups with regard to continuous biological data 

relevant to coagulation. For example, sample sizes of 60 and 60 achieve 80% power to 

detect a difference of 1.18 dynes/cm2 in viscoelastic clot strength (TEG G parameter) 

between the two groups (which is smaller than a clinically relevant difference) at a 

significance level (alpha) of 0.05 using a two-sided test. All power analyses account for two 

interim analyses for a total of three sequential, equally-spaced analyses, using the O'Brien-

Fleming method to calculate two-sided boundaries, assuming a 95% confidence, 80% power 

and attrition rates of 0%, 10%, and 20%. The first interim analysis will be conducted when 

n=50, the second at n=100, and the final at end of the 3-year period of accrual.

An “intent-to-treat” approach will be used for all primary and secondary outcome analyses. 

All analyses will be conducted using SAS for Windows vs. 9.3 (SAS Institute Inc., Cary 

NC, USA) on de-identified data. Outcome and effect variables that are not normally 

distributed will be either categorized or analyzed using non-parametric methods. Missing 

data will be managed during analysis using the method proposed by Sauaia et al.(37)

Effectiveness of randomization will be examined by comparing the two groups regarding 

demographic variables (age, gender), injury severity (Injury Severity Score, blunt versus 

penetrating mechanism), degree of shock (field SBP, field heart rate, field hematocrit), and a 

field coagulation measure (field INR). We will adjust all analyses of endpoints for the 

covariates showing different distribution (either statistically significant difference at p<0.05 

or clinically significant difference as determined by the DSMB).

Mobile Blood Banking

Delivery of freshly thawed, frozen AB (universal donor) plasma to trauma victims at the 

scene of injury was the greatest technical challenge faced during the design of this study. 

Early in the development of the study, we elected to use FP24, which is our locally available 

frozen plasma product, and is functionally equivalent to fresh frozen plasma (FFP), but 

conforming to a slightly different set of manufacturing standards.FP24 is plasma frozen with 

24 hours of collection, whereas FFP is required to be frozen within 8 hours of collection. 

While FP24 has slightly lower concentrations of coagulation factors than FFP, the difference 

is thought to be of minimal clinical impact, except with regard to factor VIII (which can be 

significantly lower in FP24) and the two products are generally used interchangeably, except 

for specific indications for factor VIII replacement.(38) Moreover, in our specific case, the 

local AB FP24 product from Bonfils blood center is collected at the processing facility and 

packaged immediately and is thus functionally equivalent to FFP, although labeled as FP24.

As noted above, the Denver COMBAT study is the only participant in the DoD's multicenter 

plasma-first study to utilize a frozen plasma product, thawed on demand at the scene of 

injury; whereas, the other centers use pre-thawed plasma. While pre-thawed plasma presents 

some logistical advantages, there are significant disadvantages to its use as well. Pre-thawed 

previously frozen plasma has a nominal shelf life of 5 days, but has been shown to degrade 

rapidly in terms of both its hemostatic and anti-inflammatory potential. (38-40) Moreover, 

as the targeted patient population presents infrequently (roughly 50 cases per year at our 
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center), equipping our entire fleet of 32 ambulances with thawed plasma at all times would 

result in the waste of nearly 7000 units of AB plasma per year, lost to expiration. This would 

cost over $5 million in the course of a three-year study and deplete our region of a precious 

medical resource, as AB donors comprise less than 3% of the donor pool. Lyophilized 

plasma and other room temperature stable products are not available in the United States.

Therefore, a system to store, transport, and rapidly thaw plasma in our ambulance fleet had 

to be devised. The only existing methodology for rapid plasma thawing was a microwave 

based system. This system proved unacceptable on several counts. First, its thaw times were 

unpredictable ranging from 4 to 8 minutes and occasionally far longer depending on the 

shape and volume of the plasma unit. The microwave was difficult to load and use, and 

mishandling during the stress of a trauma response could result in burned plasma, partially 

frozen plasma or punctured bags. The microwaves were also bulky and fragile and drew 

enormous amounts of electrical power, all of which rendered them unsuitable for installation 

in a vehicle. In short, the microwave system was neither sufficiently robust nor fool proof to 

be used in a mobile/first response environment, and, above all, the system did not fail safe.

Thus, we were compelled to invent an entirely new methodology for rapid plasma thawing, 

which in aggregate we refer to as the Field Plasma System (FPS) a schematic of which is 

shown in figure 3. A dry (i.e. contained circulation) warm water bath (the Plasmatherm™, 

Barkey GmbH & Co., Leopoldshoehe Germany) had recently been approved for the US 

market, and this system proved very simple to use and reliable, and was easily adapted for 

vehicular use. However, it thawed FP24 units no more rapidly that any other conventional 

warm water bath: approximately 20 minutes. This exceeded our usual ground ambulance 

transport time, but also meant that a patient in shock would require normal saline 

administration before we could thaw the first unit of plasma, undermining the central 

purpose of the study: “plasma first” resuscitation. This necessitated a complete redesign of 

our plasma packaging to increase the surface area to volume ratio. We worked with our local 

blood donation center (Bonfils Blood Center, Denver, CO) to collect donated 250 mL 

plasma units directly into oversized 2 liter bags. These were then frozen under compression 

to yield plasma units with a thin, flat form factor, which readily thawed in under 3 minutes 

in the Plasmatherm™. These units are, however, extremely fragile and must be transported 

in a padded, rigid case within an outer insulated cooler.

Storing and transporting these plasma units also presented challenges. The FDA mandates 

that FP24 and FFP be stored at or below -18° C. We had to deliver reliably frozen plasma to 

up to 44 ambulance crew shifts per day, and this plasma might stay in the field for up to 16 

hours. To supply this demand, three -30°C blood bank freezers were installed in the 

equipment room of our ambulance garage. These freezers are stocked with sufficient units of 

FP24 to supply three consecutive fleet shifts of the ambulance service, as well as bottles of 

an aqueous salt solution which changes phase at -22° C. Half of the FP24 packages actually 

contain a dummy load for the control arm of the study. Both the FP24 units and the dummy 

loads are concealed within a protective aluminum cassette to maintain blinding during 

loading and unloading of the coolers. Two FP24 units (or a dummy load) and 4 one-liter 

bottles of frozen phase change material are packed into specially designed coolers for each 

ambulance shift. These coolers consist of a5 cm layer of pentane-blown rigid polyurethane 
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foam insulation sandwiched between an inner shock absorbing cross-linked polyethylene 

foam liner and a highly durable steel outer shell constructed from a repurposed 30 mm 

ammunition can. These coolers are capable of storing the FP24 units below the mandated 

temperature of -18° C for at least 28 hours even during Summer weather conditions and can 

protect their payload from up to a 6 foot drop onto concrete. Integral with the physical 

elements of this system is the creation of an electronic (barcode-based) tracking system for 

the issuance and recovery of all fielded and consumable elements of the system. This system 

was built upon the existing system for tracking the issuance of drugs and equipment to the 

ambulance crews. Additional record keeping and quality assurance duties (e.g. maintenance 

of freezer temperature logs), as would be associated with any blood bank, had to be 

implemented by the team of vehicle service technicians (VSTs) under the DHMC Paramedic 

Command, as well as by the professional research assistants (PRAs) of the DHMC/

University of Colorado study team. A just-in-time (JIT) supply system from Bonfils Blood 

Center to replace expended units within 24 hours also had to be put in place, as we stock no 

working reserve, in order to retain the integrity of our block randomization.

Lastly, we had to provide reliable power to the Plasmatherm™ warm water bath. After field 

tests where the enormous electrical draw of the microwave units damaged the ambulances' 

charging system, it was decided that the electrical power system for the study equipment 

should be entirely self-contained. Even after changing to the lower current water bath 

system, this approach was maintained as an important safety feature, such that no possible 

failure of the FPS could render the ambulance inoperable. Wide safety margins were 

engineered into the FPS electrical components. The FPS is built around a 300 ampere-hour 

(AH) 12-volt lithium-ion battery (Smart Battery, model SB300,Tampa, FL, USA), which 

can supply power to the water bath for up to 36 hour of idle operation plus the thawing of 4 

units of FP24. A 2000 watt, 200 ampere power inverter/charger (Magnum Energy, model 

MS2012-20B, Everett, WA, USA) converts the battery's DC power to AC to run the 

Plasmatherm™ (which draws up to 1600 watts) and charges the battery in less than 4 hours 

even if completely drained and while running the Plasmatherm™. Lastly the ambulances 

and garage were fitted for connection to shore power (i.e. AC mains) at every parking spot, 

with a 20 amp, 110 volt AC service delivered to a GFCI protected, all-weather receptacle 

mounted at the end of a retractable cord reel, and coupled to an automatic plug ejection 

system on the ambulance to prevent accidental damage to the system by driving off with the 

shore line still connected. Ambulance crews and VSTs were all extensively trained on a 

“preflight” checklist for the FPS to insure operability and safety during their shift in the 

field.

Systems and Subsystems

Once the scientific aims were determined, COMBAT fundamentally became a systems 

engineering project. The FPS and plasma storage systems detailed are the most innovative 

components of the study, but represent only a small fraction of the systems, subsystems and 

integration work which comprise the whole of the COMBAT apparatus. In terms of sheer 

complexity, COMBAT (in comparison to our previous trials at DHMC) is analogous to the 

moon landing of the Apollo program, compared to the low Earth orbit of the Mercury 

program. Both human and materiel resources had to be organized into systems that 
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interlocked and overlapped. Individual personnel frequently were made responsible for the 

use and maintenance of numerous systems, from the FPS to the ambulance itself, to the 

patients' blood samples. In terms of physical equipment alone, ranging from freezers to 

batteries to thromboelastographs and cryogenic storage equipment, over 75 subsystems are 

specified in our procedures, each subdivided into numerous components in their own right. 

Figure 4 shows a highly abbreviated systems tree for the COMBAT study. In this view, only 

the “Plasma Thawing and Administration” subsystem is broken out into third and fourth 

order detail as an example. The impact of this fact is two-fold: first, studies of this kind 

necessitate the inclusion of managerial personnel with systems engineering experience from 

their inception and second, enormous amounts of manpower and extensive training of these 

personnel on all elements of the study are required for seamless and safe operation, as well 

as assuring maximization of enrolment.

Results

The authors remain blinded to the treatment arm of each patient until our first interim 

analysis. Therefore, the results presented herein are restricted to the descriptive 

characteristics of the total enrolled population. To date we have enrolled 30 subjects in the 

COMBAT study. The median patient was 32 years old (IQR 24-48) and 27 (90%) were 

male. Ten (33%) had penetrating wounds. The median time from injury to arrival at the ED 

was 29 minutes (IQR 22-32).The median NISS was 17 (IQR 9-36); the median SBP in the 

field was 70 mmHg (IQR 60-78). Seventeen patients displayed clinical signs of 

coagulopathy and15 patients required immediate transfusion of PRBCs, 5 of them massive 

(≥10 units in 6 hours).Four patients required resuscitative thoracotomy in the ED. Three 

patients (10%) died, one of massive hemorrhage from a transecting thoracic aortic injury, 

one of unsurvivable brain injury and one of multiple organ failure. Sixteen patients were 

randomized to and received FP24 in the field and 14 were randomized to and received 

standard of care treatment with normal saline. Five eligible subjects were not enrolled 

during this time period. Two of these failures to enroll were attributable to response to the 

scene from the single older-model ambulance in our fleet, which was not able to be 

equipped with the FPS due to space constraints unique to its construction. One failure was 

due to response from an ambulance whose Plasmatherm had been removed for maintenance 

immediately before the ambulance was put into service, with no spare equipment available 

at that time. One was not enrolled because of the proximity of the injury scene to the 

hospital, such that transport time was insufficient for the randomization procedure, and the 

last was not enrolled owing to the simultaneous transport of several patients from a multiple 

casualty event. Notably, during the study period to date, eight additional patients who did 

not meet COMBAT enrollment criteria suffered massive hemorrhage due to trauma, four of 

whom required resuscitative thoracotomy, and only three of whom survived.

Discussion

A prospective, placebo-controlled RCT for the use of plasma as an initial resuscitation fluid 

in trauma has been urgently needed to determine whether the civilian trauma population can 

indeed benefit from a plasma-first resuscitation strategy. The COMBAT trial was designed 

to answer this question. Through the methodology of this trial, we are giving the highest 
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quality plasma product available in the United States (frozen) as close to the time of injury 

as is theoretically possible; faster, in fact, than if we were to use lyophilized plasma, which 

takes longer to reconstitute than our specially packaged FP24 units take to thaw. Indeed, the 

only two patients we were forced to exclude owing to timing issues were a pedestrian struck 

by a car in front of the hospital who had a transport time of under a minute, and another 

patient whose prolonged extrication required that they receive more crystalloid in the field 

than allowed by study criteria.

This ability to achieve intervention with a hemostatic resuscitation agent in the closest 

possible temporal proximity to injury is critical to avoiding the survivor bias than has 

confounded previous similar studies. Moreover, it is intuitively evident in terms of achieving 

hemostasis in trauma, an ounce of prevention is worth more than a pound of cure, as to 

intervene early with a hemostatic agent represents an opportunity to forestall the evolution 

of the “bloody vicious cycle” of acidosis, hypothermia and worsening coagulopathy and 

hemorrhagic shock. Thus, the COMBAT model for deploying plasma in first response units 

should serve as a model for RCTS of other hemostatic resuscitative agents, both extant and 

on the horizon such as cryoprecipitate, fibrinogen concentrates, novel platelet formulations 

and platelet-derived agents, PCCs and even antifibrinolytics. If these agents are indeed of 

benefit in preventing or forestalling TIC, then the best chance of proving their value is by 

utilizing them in the mode of COMBAT: as early as possible, at or en route from the scene 

of injury in a rigorously controlled RCT.

Several opportunities for improvement of the COMBAT model are, however, evident. The 

major limitation of the COMBAT model is that it is prone to Type II error. This is chiefly 

due to the fact that the response and transport times of our ground ambulance fleet in the 

Denver metropolitan area are so short (usually less than 30 minutes from injury to ED 

arrival), that there is less difference in time to first plasma between field and hospital 

administration than may be present in most parts of the country. This disparity in first 

response times is particularly evident in rural areas or urban trauma centers without a 

centralized, professional ambulance system based out of their center. Our fortunate 

circumstances with regard to the organization and efficiency of our paramedic command and 

its ground ambulance service make the COMBAT study a logistical possibility, but the 

associated short transport times are a significant confounder. Now that we have established a 

safe and efficient system for delivery of frozen plasma by ground ambulance, it would be a 

logical next step to expand the study to encompass localities with far longer transport times, 

where the beneficial impact of early plasma may be more evident. This could potential 

include other austere environments such as are seen in military applications and developing 

countries, although significant infrastructural hurdles would have to be overcome. One 

promising development that may aid in the generalizability of plasma-first resuscitation is 

recent work demonstrating that group A plasma is a safe alternative to AB for unmatched 

transfusion, thus expanding the available donor pool for emergency use plasma products by 

roughly 10-fold.(41) The increasing availability of improved lyophilized plasma products 

both abroad and in the United States, provides the best hope for future generalizability of the 

results of COMBAT.
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While the COMBAT study is powered to detect changes in continuous variables such asclot 

strength, time to first PRBC requirement, and levels of specific coagulation factors, the 

infrequent nature of the very severely injured patients meeting COMBAT enrolment criteria 

mean that the study is not adequately powered to detect small benefits with regard to 

discrete variables such as mortality. Both from an ethical and scientific standpoint, it was an 

important and appropriate design consideration of this study to target only the highest acuity 

trauma patients with the highest likelihood of death. These are the patients most likely to 

receive benefit from empiric plasma therapy and least likely to be put at increased risk by an 

intervention given under a waiver of consent.

Necessarily, however, the rigorous inclusion criteria, demanded by this design feature of the 

study, exclude many badly injured patients who could conceivably benefit from early 

hemostatic resuscitation. As noted above, during this initial period, wherein 30 patients were 

enrolled in COMBAT, 8 additional patients with hemorrhagic shock, but who did not quite 

meet COMBAT criteria, were also admitted to our center from the catchment area of our 

ground ambulance fleet. These patients were, however, enrolled in our observational 

Trauma Activation Protocol (TAP) study, which, among other aims, will allow us to identify 

more accurate inclusion and exclusion criteria to target the enrolment of patients with 

significant traumatic hemorrhage (and specifically TIC) for future studies similar to 

COMBAT. Such criteria may include better scoring systems for our first responders to 

apply, the inclusion of qualitative criteria, or possibly even the application of point-of-care 

laboratory testing such as viscoelastic hemostatic assays (e.g. TEG or ROTEM) in the field. 

To this end, we have embarked upon an observational study, which runs in parallel to 

COMBAT. The Trauma Activation Protocol (TAP) study targets all high-level trauma 

activation patients who fail to meet COMBAT criteria. Blood is collected in the field on 

these patients in an identical manner to COMBAT, but no interventions are performed. The 

patients receive standard care throughout their hospital course. It is hoped that analysis of 

the outcomes, injury patterns and coagulation lab results from the field blood samples of 

these patients will yield insights as to how to structure future RCTs of hemostatic 

resuscitation in the field, in order to capture the patient population most likely to benefit 

from these interventions.
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Figure 1. COMBAT Biological Sampling Timeline
Samples are drawn at 11 time points, starting in the field, immediately before randomization 

and the administration of the initial resuscitative fluids (FP24 or normal saline). Subsequent 

samples are drawn at ED arrival and hours 2, 4, 6, 12, 24, 48 and days 5 and 7 after injury. 

The samples comprise a comprehensive battery of coagulation and other biochemical assays 

detailed in figure 2, and are typical for each time point with the exception of the field sample 

which lacks a lactate measurement (due to sample handling constraints) and the addition of a 

hepatic function panel at the 72 hour time point. At 28 days post-injury, mortality, 

complications, and other outcomes data are finalized.
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Figure 2. COMBAT Biological Sample Processing Chart
This guide is carried by the COMBAT technical staff to aid in proper sample handling and 

allocation. Five sodium citrate (blue top), one lithium heparin (green), one EDTA, and one 

protease inhibitor vacuum tube are collected at each time point. One citrate and the EDTA 

tube are sent to the DHMC central clinical laboratory for a CBC and conventional 

coagulation tests. The protease inhibitor tube is immediately chilled and centrifuged to yield 

plasma. The remaining tubes are processed according to this chart. Whole blood undergoes a 

battery of 12 channels of viscoelastic hemostatic assays on the TEG® and ROTEM® 

platforms, including TEG® Platelet Mapping™ as well as ROTEM® platelet aggregometry. 

The remaining blood is immediately chilled, centrifuged to yield platelet free plasma and 

flash frozen in liquid nitrogen. These plasma samples are used for coagulation factor level 

tests (II, V, VII, X, and XIII), cytokine and chemokine panels, proteomics, metabolomics, 

and ELISAs for proteins of specific interest relevant to trauma induced coagulopathy, 
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including tPA, PAI-1, syndecan and α-enolase. Aliquots are also contributed to the Trans 

Agency Research Consortium for Trauma-Induced Coagulopathy (TACTIC) collaboration.
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Figure 3. Field Plasma System Schematic
FP24 is stored frozen at less than -18 °C in a high performance cooler (A) passively chilled 

with a phase change material. This cooler is unpacked at the time of randomization and if it 

contains FP24 (instead of a dummy payload for the control arm) these units are transferred 

to the Plasmatherm™ dry warm water bath system (B) where they are thawed in 

approximately 3 minutes. The Plasmatherm™ is powered by a self-contained electrical 

system that is charged by connection to conventional 110 VAC mains power via a shore 

power coupling (C) when the ambulance is parked. A power inverter/battery charger (D) 

both charges a lithium-ion storage battery (E), which supplies power to the system while the 

ambulance is in the field, and converts the battery's DC power output to AC to run the 

Plasmatherm™.
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Figure 4. Systems and Subsystems of the COMBAT Study
This highly abbreviated systems tree for the COMBAT study is excerpted from the 

organizational documents used during development of the study. In this view, only the 

“Plasma Thawing and Administration” subsystem is broken out into third and fourth order 

detail as an example. If all the nested systems, subsystems and component descriptions were 

unpacked, the document would run to several hundred pages. Such organizational trees are 

essential to define and organize operational elements throughout the development of a study 

of this complexity, and also aid in the process of quality assurance and improvement.
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