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1. INTRODUCTION:  

 

Formula-driven burn resuscitation may deliver too much fluid resulting in significant co-

morbidities. An alternative strategy could be the use of enteral fluid resuscitation, which has been 

explored for decades. In line with this, recent fluid therapy recommendations from the prolonged 

field care working group only mention in brief that enteral fluids have been studied in burns up to 

40% TBSA. In fact, while enteral fluids have been shown to reduce the volumes of IV fluids given, 

there is a paucity of information regarding fluid type, volumes, and efficacy. A recent randomized 

controlled trial continues to advocate for oral rehydration post-burn, but this strategy has largely 

been forgotten by current practice. In short, the need exists for a new personalized approach that 

incorporates new targets and endpoints for identifying which patients respond to resuscitation (both 

IV and enteral) versus those that do not. Burn resuscitation is not an exact science, and experienced 

providers supplement UO with static physiologic measurements (e.g., blood pressure, pulmonary 

arterial occlusion pressure, cardiac index, etc.). For IV resuscitation, a decision support system 

based on burn surface area and UO was developed at USAISR and has become commercially 

available. Both these static measurements as well as the dynamic ones listed above (PPV, SPV, 

SVV) could be incorporated into existing decision support system algorithms for identifying which 

patents respond to both enteral and IV fluids. The current proposal will characterize burn-induced 

changes in functional hemodynamic variables to determine new endpoints that will guide IV and 

enteral resuscitation. 

 

 

2. KEYWORDS: Burn, prolonged field care, urine output, arterial waveforms, intravenous 

resuscitation, endpoints, swine, crystalloid, colloid, third spacing 

 

 

3. ACCOMPLISHMENTS:   

 

What were the major goals of the project? 

Specific Aim 1: Examine temporal changes in dynamic waveform and their relationships with organ 

(dys)function after thermal injury using a 40% TBSA pig burn model. (0-10 months) 

• Objective 1a: Identify the effect of burn injury and standard of care (IV fluids) on dynamic 

waveforms. (0-7 months) 

• Objective 1b: Dosing: Define the relationship between dynamic waveforms and MOD/AKI. 

(3-10 months) 

Specific Aim 2: Use varying levels of enteral and IV fluids to alter organ perfusion in a 40% TBSA 

pig burn model to examine ensuing differences in PPV, SPV, SVV. (10-27 months) 

• Objective 2a: Determine if varying levels of IV fluids increase dynamic waveform variability. 

(10-27 months) 

• Objective 2b: Identify the efficacy of oral fluids in maintaining PPV, SVV and SPV. (10-27 

months) 

Specific Aim 3: Compare traditional resuscitation decision support algorithms (i.e., UO) to new 

algorithms containing waveform data (e.g., UO+PPV) for the ability to prevent organ damage and 

maintain organ perfusion in the 40% TBSA porcine burn model. (27-36 months) 

• Objective 3a: Perform 12-hour in vivo experiments to compare new algorithms with UO 

(n=32). (27-36 months) 



Deliverables: 

a. Knowledge products on how burn injury changes arterial waveform derivatives in real time over 

“ebb” and “flow” phases of burn shock. 

b. Identification of variables that indicate patient responsiveness to oral resuscitation can 

revolutionize burn care in prolonged field care scenarios 

c. Knowledge product indicating which variables will be advantageous to incorporate with decision 

support systems guiding burn resuscitation 

d. A refining of existing decision support to generate a personalized resuscitation approach to 

maximize responsiveness to fluids. 

e. More efficient burn care and improved outcomes for combat casualties. 

 

What was accomplished under these goals? 

Several model development animals have been run, with an unexpectedly high mortality rate. Several 

nuances to the protocol have been worked out, to include 2 more addendums that had provisions for 

increased model development animals. Despite these setbacks, several valuable pieces of information 

have been garnered, and some analyzable waveforms have been collected. Moreover, the promise of 

the waveform variations is shown in figure 1, wherein 1 animal displayed large increase in 

hemodynamic instability concurrent with waveform variations. This addresses objective 1a, wherein 

burn injury increases parameters such as PPV and SPV to a point, and then becomes wildly 

unpredictable with hemodynamic instability (i.e., burn shock and poor outcomes). 

 
 

Figure 1. PPV (top) and SPV (bottom) from one animal across the 24-hour study. Increases in the 

amount of variation is seen progressing slowly after the burn injury, which becomes pronounced as 

the animal progresses into burn shock. (hemodynamic instability).  

 

 



What opportunities for training and professional development has the project provided?    

While this project was not intended to specifically provide training or professional development, it 

has allowed Dr. Burmeister to mentor a postdoctoral fellow who is new to the institute and 

developing a similar model for examining drugs targeting hypermetabolism. This project (if 

transferred) will continue to allow for training of postdoctoral fellows and residents to get involved 

with military-relevant research.  

 

How were the results disseminated to communities of interest?    

There have not been submitted results as an abstract to date, but an example of lactate and oxygen 

consumption was presented at MRDC’s annual programmatic review.   

 

What do you plan to do during the next reporting period to accomplish the goals?   

This award is likely transferring to Uniformed Services University (USU) where Dr. Burmeister has 

accepted a new professorship position. As such, it is reasonable to expect there to be delays in 

deliverables as a new laboratory is set up, and different facilities are managed. 

 

 

4. IMPACT: 

 

What was the impact on the development of the principal discipline(s) of the project?    

Functional hemodynamic measurements (currently ignored in burn resuscitation evaluation) offer 

hope of predicting patient response to fluid. Specifically, pulse pressure variation (PPV), systolic 

pressure variation (SPV), and stroke volume variability (SVV) are easily obtained from the aortic 

waveform and are predictive of volume responsiveness perioperatively. In other patient populations, 

a resuscitation protocol that included SVV was compared to one that used only UO and MAP and 

showed decreased hospital length of stay and fewer complications. These variables likely can inform 

the response to fluids (both oral and IV) in the burn patient. 

 

What was the impact on other disciplines?    

While technology guiding fluid levels in other conditions is generally ahead of burns, principles found 

with this proposal could generally be applied to other conditions requiring fluid. As burn patients 

require large volumes of fluids for resuscitation purposes, the usefulness of these informative 

endpoints may very well be exacerbated. 

 

What was the impact on technology transfer?    

None to date, however successful implementation in burn resuscitation will be incorporated with the 

Burn Resuscitation Decision System-Mobile (BRDSS-M) is an Army-developed, FDA-cleared 

computerized fluid calculator designed to assist clinicians with fluid resuscitation for burn-injured 

patients. The Arcos Burn Navigator™ (NSN 6515-01-621-3571; list cost $14,500, sell price 

`$12,200) is the only commercial product currently available. With the proof of concept generated 

within the current proposal, the most attractive variables may be easily incorporated into decision 

support.   

 

What was the impact on society beyond science and technology? 

If successful, this proposal has the potential to improve outcomes of severely injured warfighters. 

Especially considering the challenges of care in multi-domain operations, optimization of burn 



resuscitation will help make triage and evacuation decisions and improve the response to injury which 

can accelerate return to duty rates and enhance the effectiveness of our future military. 

 

 

5. CHANGES/PROBLEMS:   

 

Changes in approach and reasons for change  

An altered SOW is being prepared to account for a change in cost and time for accommodation to 

new facilities at USU. 

 

Actual or anticipated problems or delays and actions or plans to resolve them 

1-In the past year, a significant delay was experienced due to delays in contracting at USAMRAA for 

acquisition of the DSI telemetry system. Specifically, the equipment was placed on a December 17, 

2018 order at USAISR, and the equipment did not arrive until June 26, 2019. Of note, Dr. 

Burmeister’s team attempted a quick turnaround with training on the equipment having taken place 

on July 16, 2019. 

2-Since this delay has only allowed for model development to take place, and since Dr. Burmeister is 

transferring agencies (as mentioned above), the tentative plan is to transfer this award to USU which 

will likely result in time delays. 

 

Changes that had a significant impact on expenditures 

The aforementioned transfer to USU may also impact the total cost of the award. Specifically, since 

animal costs are higher at USU, the enteral fluid component of the experimental design (for example) 

may be removed. A cost analysis is currently being performed to inform an updated SOW and budget.   

 

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or 

select agents 

Nothing to Report. 

 

Significant changes in use or care of human subjects 

Nothing to Report. 

 

Significant changes in use or care of vertebrate animals 

Nothing to Report. 

 

Significant changes in use of biohazards and/or select agents 

Nothing to Report. 

 

 

6. PRODUCTS:   

 

Publications, conference papers, and presentations    

Nothing to Report. 

 

Journal publications. 

Nothing to Report. 



Books or other non-periodical, one-time publications. 

Nothing to Report. 

 

Other publications, conference papers and presentations.  

Nothing to Report. 

 

Website(s) or other Internet site(s) 

Nothing to Report. 

 

Technologies or techniques 

Nothing to Report. 

 

Inventions, patent applications, and/or licenses 

Nothing to Report. 

 

Other Products   

Nothing to Report. 

 

 

7.  PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS: 

 

What individuals have worked on the project? 

Name:    David Burmeister 

Project Role:     PI 

Nearest person month worked: 6 

Contribution to Project: Dr. Burmeister is providing technical oversight and leadership 

of the protocol.  Specifically, he will oversee regulatory 

approval, supervise data collection and analysis, and 

coordinate team meetings to review planning and execution of 

the study. 

 

 

Name:  Jamila Duarte 

Project Role:  Research Lab Technician III 

Nearest person month worked:  6 

Contribution to Project:  Jamila assisted with animal procedures and processed 

blood/tissue samples. 

 

 

Name:  Tiffany Heard 

Project Role:  Research Lab Technician III 

Nearest person month worked:  6 

Contribution to Project:  Tiffany is performing assays that examine mitochondria 

function. 

 

 



Name:  Joshua Little 

Project Role:  Private First Class 

Nearest person month worked:  3 

Contribution to Project:  Upon availability, PFC Little runs blood Vacutainer tubes to 

our biochemistry core lab, and aliquots plasma for later 

analysis. 

 

Has there been a change in the active other support of the PD/PI(s) or senior/key personnel 

since the last reporting period?  

As mentioned above, Dr. Burmeister will be transitioning to USU. 

 

What other organizations were involved as partners?    

Nothing to Report. 
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