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Advisory Statement:
We recommend the emergent use of hypertonic saline for the treatment of life threatening EAH
Encephalopathy at a location determined by the medical director.
Background:
Hypertonic (3%) saline has been clearly shown to be the emergent treatment of choice for life threatening
EAH encephalopathy. Marathon runners with delirium, seizures or coma have responded well to an
intravenous 100 ml bolus to reverse cerebral edema as soon as possible at a medical facility with blood
[Na+] testing capability as determined by the race medical director. Emergent symptoms have responded
well to hypertonic (3%) saline drips in emergency rooms since 1999 3,4.

Introduction:
Revised Fluid Recommendations for Runners and Walkers was approved by the International Marathon
Medical Directors Association [IMMDA], Barcelona, Spain, 6 May 2006, to decrease risk for this
condition especially in the most susceptible runners. 1 Hypertonic (3%) Saline for Emergent Treatment of
EAH Encephalopathy is a complementary position statement to minimize morbidity and mortality from
this condition when prevention fails. Having this solution on hand is at treting facilities is critical to treat
these patients rapidly.
Exercise-associated hyponatremia (EAH) is an imbalance in body fluid homeostasis leading to a blood
sodium concentration [Na+] less than 135 mmol/L during or within 24 hours after endurance exercise.
Initially described in ultra-distance runners in 1985, 2 exercise-associated hyponatremia (EAH) was
reported in marathon runners in 1999 followed by cases of fatal pulmonary and cerebral edema in
2000.3,4,5
EAH was subsequently identified in 13% of Boston marathon runners in 2002 with over consumption of
fluids as an independent risk factor especially in slower runners. 6 Subsequent studies in collapsed Boston
marathon runners including a fatal case in that same year showed a decrease in free water excretion as a
collateral cause for EAH.7 Exertional rhabdomyolysis with release of muscle-derived interleukin(IL)-6
may account in part for this inappropriate antidiuresis based upon non-osmotic secretion of arginine
vasopressin (AVP).8 EAH fulfilled all of the diagnostic criteria for the syndrome of inappropriate
secretion of antidiuretic hormone (SIADH) first described in 1957. 9 By this paradigm, EAH occurs not
solely from over consumption of fluids but when the intake of hypotonic fluids exceeds total losses,
including a decreased ability of the kidneys to excrete free water. 10,11 This paradigm accounts for
otherwise unexpected clinical features of EAH including cases after only moderate fluid intake, with a
delayed onset after races and associated with use of non-steroidal anti-inflammatory drugs known to
enhance the action of AVP.
Given the similar clinical presentations of opposite disorders of body fluid homeostasis, blood [Na +]
testing is required to differentiate cases with hypernatremia and hyponatremia for triage to divergent
treatment protocols.12 Normal saline as indicated for the former was associated with onset of seizures in
EAH and the several reported fatalities. 3,4,5,13 In contrast, these studies demonstrated a timely and safe
recovery using hypertonic (3%) saline without any associated morbitity or mortality. 14 Some have
recommended emergent treatment with hypertonic saline using a 100 ml bolus to augment reversal of

2

cerebral edema as subsequently endorsed for sports medicine practice 11,15,16 Others clearly recommend a
hypertonic saline drip 3,4
The explanation for the clinical advantage of treatment with hypertonic saline relates to its ability to
rapidly increase blood [Na+] or tonicity by 2-3 mmol/L, which reverses the osmotic gradient for the flow
of water in brain cells. The endpoint is improvement in neurological status, which can be achieved using
the concentrations of hypertonic saline available in different venues. Successful outcomes have been
reported using 2% saline after the 2005 London marathon and 5% saline after an iron distance triathalon
in Cape Town, SA.17,18 Sequential determinations of blood [Na+] are needed to monitor compliance with
safe rates of correction as a standard of care for this condition in general medical practice. 19
The majority of marathons utilize rapid transport of collapsed runners to hospital based emergency
services, where the race medical director has an established protocol in place for hypertonic saline in
critical cases.20,21 An alternative strategy is to utilize on site blood [Na+] testing in the medical tent
(Houston, Chicago) followed by transfer of cases to the hospital for treatment. Some races currently
undertaken both [Na+] testing and initiation of hypertonic saline treatment in the field (Boston, Marine
Corps and London marathons) analogous to such pre-hospital treatment for cerebral edema in cases of
acute brain injury. 22,23,24 The goal of this IMMDA Advisory statement is to recognize the importance of
emergent use of hypertonic saline at races worldwide at a location determined by the medical director and
to ensure the availability for its use in a rapid safe fashion.

References
1. Maharam LG, Hew T, Siegel AJ, Adner M, Adams B, Pujol P. International Marathon Medical
Directors: Revised Fluid Recommendations for Runners and Walkers. Approved by IMMDA: 6
May 2006.Barcelona, Spain. Available at : http://www.aimsassociation.org/guidelines_fluid_replacement .html, accessed, 6 Dec 2006.
2. Noakes TD, Goodwin N, Rayner BL, Branken T, Taylor RKN. Water intoxication: a possible
complication during endurance exercise. Med Sci Sports Exerc 1985;17:370-375.
3. Davis D, Marino A, Vilke G, Dunford J, Videen J. Hyponatremia in marathon
runners: Experience with the inaugural Rock'n Roll Marathon. Ann Emerg Med 1999;34:S40.
4. Davis DP, Videen JS, Marino A, Vilke GM, Dunford JV, Van Camp SP et al. Exercise-associated
hyponatremia in marathon runners: a two-year experience. J.Emerg.Med. 2001;21:47-57.

3

5. Ayus JC, Varon J, Arieff AI. Hyponatremia, cerebral edema, and noncardiogenic pulmonary
edema in marathon runners. Ann Intern Med 2000;132:711-714.
6. Almond CSD, Shin AY, Fortescue EB, et al. Hyponatremia among runners in the Boston
Marathon. N Engl J Med 2005;352:1550-1556.
7. Siegel AJ, Verbalis JG, Clement S, Mendelson JH, Mello NK, Adner M et al
Hyponatremia in marathon runners due to inappropriate arginine vasopressin
secretion. Am.J.Med. 2007;120:461.e11-467.e17.
8. Siegel AJ. Exercise-associated hyponatremia: role of cytokines. Am J Med 2006;119(7A):S8792.
9. Schwartz WB, Bennett W, Curelop S, Bartter FC. A syndrome of renal sodium loss and
hyponatremia probably resulting from inappropriate secretion of antidiuretic hormone. J Am Soc
Nephrol 2001;12:2860-2870. Reprinted from: Am J Med 1957;23:529-542.
10. Hew-Butler T, Almond C, Ayus JC, et al. Consensus statement of the 1st international
exercise-associated hyponatremia consensus development conference, Cape Town, South
Africa 2005. Clin J Sport Med 2005;15:208-213.
11. Hew-Butler TD, Ayus JC, Kipps C, Maughan RJ, Mettler S, Meeuwisse WH et al.
Statement of the Second International Exercise-Associated Hyponatremia
Consensus Development Conference, New Zealand, 2007. Clin.J Sport Med
2008;18:111-21.
12. Kratz A, Siegel AJ, Verbalis JG, Adner MM, Shirey T, Lee-Lewandrowsi E, Lewandrowski KB.
Sodium status of collapsed marathon runners. Arch Pathol Lab Med 2005;129:227-230
13. Petzold A, Keir G, Appleby I. Marathon related death due to brainstem herniation in rehydrationrelated hyponatremia: a case report. J Med Case Reports 2007: 1:186.
http://www.jmedicalcasereports.com/content/1/1/186
14. Siegel AJ. Hypertonic (3%) Sodium Chloride for Emergent Treatment of Exercise-Associated
Hypotonic Encephalopathy. Sports Med 2007;37(4-5):459-62.
15. Rosner MH, Hew-Butler T. Exercise-Associated Hyponatremia. Up to Date.2008.
http://www.utdol.com/online. Accessed 05 Jan, 2009.
16. Hew-Butler T, Noakes TD, Siegel AJ. Practical Management of Exercise-Associated
Hyponatremic Encephalopathy: the Sodium Paradox of Non-Osmotic Vasopressin Secretion.
Clin J Sports Med. 2008; 18: 350-4.
17. Goudie AM, Tunstall-Pedoe DS. Kerins M, Terris J. Exercise-associated hyponatremia
after a marathon: case series. .J R Soc Med.2006 99 (7):363-7.
18. Hew-Butler T, Anley C, Schwartz P, Noakes T. The treatment of symptomatic

4

hyponatremia with hypertonic saline in an Ironman triathlete. Clin.J.Sport Med.
2007;17:68-9.
19. Verbalis JG. Disorders of body water homeostasis. Best Pract Res Clin Endocrinol Metab.
2003;17:471-503.
20. Maharam L. New York City Marathon Medical Team: protocol for hypertonic saline treatment.
of life threatening EAH. 2008. NYC Road Runners Club.
21. O’Connor FG, Pyne S, Adams WB et al. Managing Emergencies in Mass Participation Events:
Medical Triage Algorithms. USU Consortium for Health and Military Performance.
22. Cooper DJ, Myles PS, McDermott FT et al. Prehospital hypertonic saline resuscitation of
patients with severe traumatic brain injury: a randomized controlled trial. JAMA.2004;291
(11):1350-7.
23. Ziai WC, Toung TJ, Bhardwaj J. Hypertonic saline: first-line therapy for cerebral edema?
J Neurol Sci. 2007; 261 (1-2):157-66.
24. Banks CJ, Furyk JS. Emerg Med Australas. Review article: Hypertonic Saline use in
the emergency department.2008; 20(4): 294-305

5

