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Pre-hospital intervention = getting on 

Trauma care is like cross country travel 

in San Diego



Objectives

•Review the physiologic basis of hypertonic resuscitation

•Using clinical and basic science research demonstrate 

that:

•hypertonic resuscitation is physiologic

•hypertonic solutions are safe and effective

•solute free water may be harmful



Disclaimer

•No financial interests

•No self-deception

•No immunology



BASIC SCIENCE REFRESHER



70 kg male*

42 L

28 L

14 L

3.5 L

10.5



(0.8%)



Definition of terms

• Osmolarity: refers to the number of osmotically 

active particles dissolved in solvent (without 

reference to cell volume)

• Physical property of a solution

• Tonicity: refers to the effect of dissolved 

osmotically active particles on CELL VOLUME





0.8%Plasma

mOsm
280

308

274

Ocean water: 3.5% saline
(1198 mOsm)



Ringer’s = Hartmann’s
Hartmann added the lactate and the free water



Our origin?



DETERMINANTS OF 
INTRACRANIAL PRESSURE

Δ ICP = VBrain + Vblood + VCSF + VECF + VICF + VX

Where: V = volume

CSF = cerebrospinal fluid

ECF = extracellular fluid

ICF  = intracellular fluid

X  = hematoma, edema, swelling, etc



In the beginning….

“Let there be….”

An idea…





Ideal Asanguinous solution

• Carry oxygen

• Rapidly effective in small volumes

• Increase oxygen delivery

• Preserve vital organ function

• Minimal side effects

• Long shelf life *

• Inexpensive *

* Important attributes for the military



Hypertonic Saline Solutions
Pulmonary changes due to hemorrhagic shock resuscitation 

with isotonic and hypertonic saline. Fulton RL, Fischer 

RP.Surgery. 1974; 75:881-91

The protective effect of hypertonic solutions in shock.

Messmer K, Mokry G, Jesch F. Br J Surg. 1969;56:626.

Hyperosmotic NaCl and severe hemorrhagic shock.

Velasco IT, Pontieri V, Rocha e Silva M Jr, Lopes OU. Am J 

Physiol. 1980 Nov;239(5):H664-73

The treatment of burn shock by the intravenous and oral 

administration of hypertonic lactated saline solution.

Monafo WW. J Trauma 1970;10:575-86



Clinical Study of Hypertonic 

Solutions?

• Minimal clinical data in 1976

• Monafo in burned patients

• Safe elective surgical patients?

• Standard major operation

• Homogeneous population



Surgery 1983; 94:41-51

•58 patients undergoing aortic reconstruction

•PRCT: RL or HSL (1.8%)

•Keep PCWP + 3 torr BL

•Postop for hypovolemia

•Maintenance fluids similar (0.25% saline) 
ONR contract (N-00014-76-C-0282)PHS grant (GM-24901)





Blood volume (70 ml/kg)                        5,110 ml                 5,390 ml

(open surgery)



Blood volume deficit         47%                56%

We were slow, BUT we lost a lot of blood









Conclusions

� HSL is safe and effective for intraoperative 

resuscitation of major blood loss provided 

that SNa and Sosm are monitored.

Further Investigation
•What about hostile environments?

•Marines at the BAS/FOB

•Is free water administration necessary to    

normalize the SNa and the Sosm ?  Is solute free 

water excreted to normalize them ?



Background

� Gann* and Drucker** had demonstrated that restitution 

of blood volume following hemorrhage required an 

increase in interstitial osmolarity and the extraction of 

water from cells

*Role of solute in the early restitution of blood volume after hemorrhage.
Gann DS, Carlson DE, Byrnes GJ, Pirkle JC Jr, Allen-Rowlands CF.

Surgery. 1983 Sep;94(3):439-46.

** Transcapillary refill in hemorrhage and shock

Drucker WR, Chadwick DJ, Gann DS

Arch Surg 1981; 116: 1344-1353







Surg Gynecol Obstet 1987; 164:127-136

•52 patients, major aortic reconstruction

•PRCT, same methodology, same data collected

•Same results: weight gain, physiology, etc
ONR contract (N-00014-76-C-0282)PHS grant (GM-24901)



What about hostile environments?

� Limited diagnostic capabilities

� Could we calculate the changes in osmolarity?



Is free water administration 

necessary to normalize the SNa 
and the Sosm ?  Is solute free 
water retained by the kidney to 

normalize the SNa and Sosm ?



Potassium











Primary Brain Injury



J Neurosurg 1988; 68:478-481





J Trauma 1989; 29:484-488







The only hypertonic was given in the field



J Surg Res 1991; 50:284-292 NINCDS 1-RO-1-NS 28637-01















J Trauma 1991; 31:1607-1613





J Surg Res 1996; 60:122-126

•Tolerance of human cells unknown

•Studied bovine AEC’s in vitro:

•Normoxia

•Anoxia

•Anoxia and reperfusion



Methods

• Compared mOsm: 330, 460, 530, 570

• Normoxia: 95% air, 5% CO2 (30 h)

• Anoxia/reperfusion: 95% N2, 5% CO2 ����

normoxia (6 h/24 h)

• Generates O2 free radicals and      lactate

• Viability and function determined

• Trypan blue exclusion, replating efficiency











Conclusions
� BAEC’s are tolerant of an osmolarity of 

up to 430 mOsm/L

� Viability/replating in hypertonic media 

unaffected by simulated shock and 

resuscitation

� Hyperosmolar tolerance a consequence 

of evolution from a salt water 

envirnoment?



Summary of literature

� HSL improves cardiac function with less 

fluid requirement

� Improves CBF and cerebral O2 delivery 

while lowering ICP

� Lowers intramuscular compartment 

pressures

� Does not require free water administration

� Safe: not a single reported case of CPM



Hypertonic Solutions in

Modern Trauma Care

• Brain injury to control ICP

• Brain injury associated with hypotension

• Adjuvant crystalloid for DCR

• 1:1 increases μ, hypertonic reduces μ

• Improved capillary flow

• Earlier fascial closure 

• Hemodynamic instability in the elderly



Hypertonic Solutions in

Modern Trauma Care (cont’d)

� Patients at risk for leg compartment 

syndromes

� Whenever size matters…

� Hypertonic solutions:

�3%, 5% FDA approved, but not in common use




