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• Variability in resuscitation practices
– No universally accepted resuscitation strategy

• Physiologic response to thermal injury
– Variable physiologic response

• Resuscitation morbidity
– It’s real and it’s deadly

• Burn Patient Challenges with depending on environment
– Military burn care / management of burns in rural areas

Burns: Last Frontier in Resuscitation



Burn Resuscitation
Why do we care?





Why do we care?
…combat, disasters, accidents 



the future is unknown…
Why do we care?





Where Do We Come From? 
What Are We? Where Are We Going?

Gauguin, 1897



Where Do We Come From? 
What Are We? Where Are We Going?

Gauguin, 1897



Plasma – History’s Full Circle



WWII: Turning Point in Burn Care

• Pre-WWII CCC Research
– US anticipated likelihood of war
– Committees on Surgery & Chemotherapeutics

• WWII huge amount of burn casualties
– Chemical debridement with pyruvic acid and starch

PRIMARY RESUSCITATION FLUID 
DURING WWII FOR BURN PATIENTS?



PRIMARY RESUSCITATION FLUID 
DURING WWII FOR BURN PATIENTS?

World War II:
PLASMA 

RESUSCITATION



WWII: PLASMA RESUSCITATION

World War II: 
Plasma for bleeding



Pearl Harbor, 7 December 1941



Pearl Harbor, 7 December 1941

World War II: 
Plasma for burns



Cocoanut Grove Fire
28 November 1942



Cocoanut Grove Fire
28 November 1942







Boston & Wartime 
~Lessons Learned~



…and Lessons Relearned



• Dr. HK Beecher from Mass General Hospital:
– 75 ml of plasma and 75 ml of isotonic crystalloid 

solution per % TBSA, with one-half given over the first 8 
hours, and one-half over the second 16 hours



The 1970’s  



Crystalloid, Component Therapy 
…and Disco



Resuscitation of the Interstitial Space



Resuscitation
….using salt water
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Fractionation of Blood



Crystalloid for burns and hemorrhage!

Resuscitation in the 1970s



Resuscitation of the Interstitial Space



Changes in Surgery





Surgical: Early Excision and Grafting
ü Readily adopted once clinical benefit was realized 
ü One of the most critical advances in modern burn care

Resuscitation: Components & Crystalloid
ü FFP safer and longer shelf life; but not adopted by burn 

community
ü Whole Blood resuscitation mostly abandoned 
ü Crystalloid was King

How does practice change?
…examine history
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The hallmark of acute 
burn management is fluid 

resuscitationmanagement



“Fluid resuscitation AND edema 
management plan”

The massive fluids 
lost during burn 

shock go into the 
‘third space’ and 

cause edema



“Fluid resuscitation AND edema 
management plan”

• Amount of fluids is based on TBSA / 
burn size

• Important to be as accurate as 
possible with burn size estimate!



Define the extent of Burn Wound
ØDepth and Surface Area

% TBSA = 2nd + 3rd degree area

Ø In adults:  "Rule of Nines” 
ØLund-Browder chart more accurate
ØThe patient’s hand = approximately 

1% TBSA

Burn Wound Injury Assessment



Rule of Hands

Patient’s hand = 1% of their body (all ages)



Lund and Browder. Surg Gyn Ob 1944;79:352-8

Resuscitation based on TBSA



• Parkland:  4ml/kg/%TBSA

• Modified Brooke: 2ml/kg/%TBSA

• ABA Consensus for 
– Adults: 2ml/kg/%TBSA
– Children: 3ml/kg/%TBSA
– Electrical: 4ml/kg/%TBSA

• Give ½ the total amount of fluid over the first 8 hrs
post-burn and the other ½ during the remaining 16 hrs

Resuscitation based on TBSA



Resuscitation Formulas: 
1st 24 Hours

Which formula should I use?

Does it matter?

Formulas are just a starting point
…..requires continuous reassessment





Fluid Begets Fluid



More Volume, More Problems

• Retrospective analysis
• Modified Brooke:

–3.8 ml/kg/TBSA
• Parkland:

–5.9 ml/kg/TBSA

• Retrospective analysis
• Increased volume of 

resuscitation = increased 
risks of complications



Over resuscitation can be DEADLY
• Airway and pulmonary edema
• ARDS
• Abdominal compartment syndrome

– Close to 100% mortality in burn patients

• Other compartments affected
– Extremity compartment syndrome
– Orbital compartment syndrome
– Cerebral compartment syndrome

Resuscitation Morbidity



Runaway Crystalloid Resuscitation





• Consider albumin in patients with larger burns to 
lower resuscitation volumes 

• Initiating resuscitation on based on 2ml/kg/%TBSA
• Monitor intraabdominal and intraocular pressures
• Did not recommend using plasma / FFP

• Mortality was not used as an outcome measure
• Paucity of studies in the scientific literature with 

sufficient power that link resuscitation to outcomes
• FFP / plasma was not recommended for 

resuscitation outside of a research protocol



• Parkland:  4ml/kg/%TBSA

• Modified Brooke: 2ml/kg/%TBSA

• ABA Consensus for 
– Adults: 2ml/kg/%TBSA
– Children: 3ml/kg/%TBSA
– Electrical: 4ml/kg/%TBSA

• Give ½ the total amount of fluid over the first 8 hrs
post-burn and the other ½ during the remaining 16 hrs

Resuscitation based on TBSA













Who is using Plasma?



Plasma Resuscitation



• Retrospective analysis of 196 patients
• Had to survive first 24h / colloid resuscitation p 24h
• Groups similar with age and %TBSA
• Groups either received albumin only or FFP only



• Age and %TBSA were 
independent predictors in the 
model and were controlled for

• Survival with Albumin: 33.8%
• Survival with FFP: 78.9%



Overall: the data is weak
- The science & physiology make sense
- Resuscitate don’t exacerbate

Plasma à Burn Resuscitation
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Burn Surgery is Bloody

Whole Blood in Burn OR!



Why not use Whole Blood in Burn OR?



Give them what they need
Give them what they bleed



PLASMA

Burn Shock = Plasma Deficit 
Resuscitate - don’t exacerbate



Resuscitation MorbidityResuscitation Morbidity is Real!



Plasma for Burn Shock



Plasma for Burn Shock



• Lowers total volume transfused

• Decreases edema and body weight

• Lower intraabdominal pressures

• Only one study demonstrating large mortality difference

Data for Plasma Resuscitation

Need better data and more studies!





…Back to Boston 
Cocoanut Grove, 1942

Frozen Plasma and Dried 
Plasma used to 

resuscitate burn patients 





We made too many wrong mistakes.
Yogi Berra 

Further Studies NeededTiming is everything



ØFFP
ØFDP
ØInflammatory modulators

ØDoes early resuscitation NOT using SALT WATER effect:
ØPneumonia / Sepsis
ØCatabolic state
ØHypertrophic scarring / Topical Plasma and PRP

ØMore trials comparing FFP to crystalloid / precision medicine

}seal & heal

We made too many wrong mistakes.
Yogi Berra 

Further Studies Needed
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Thank you


