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The case of a 57-year-old male athlete who developed acute hypona- 
hernia during participation in a 100 mile ultra-marathon is discussed. The 
initial presentation was one of rapid neurological deterioration and tran- 
sient cardiovascular instability. Current theories on how hyponatremia 
develops in athletes are discussed. Treatment modalities, such as the 
use of hypertonic saline and the management of increased intracranial 
pressure, are addressed. With increasing tnterest in ultra-endurance 
events, the incidence of acute hyponatremia may increase. It is important 
that emergency physicians recognize this phenomenon and be familiar 
with the principles of acute intervention. (Am J Emerg Med 1994;12:441- 
444. Copyright 0 1994 by W.B. Saunders Company) 

During the past several years, an association has been 
reported in the literature between hyponatremia and partic- 
ipation in triathlons, ultra-marathons, and in a single mara- 
thon. I-9 This common electrolyte disorder is generally asso- 
ciated with a low mortality; however, hyponatremia can 
cause significant neurological sequelae and even death in 
some cases.‘“.‘r At least 10 of the reported cases of hypona- 
tremia within the population of ultra-endurance athletes 
have been life threatening.‘.3.“-9 The case of an athlete who 
developed acute symptomatic hyponatremia during partici- 
pation in a 100 mile ultra-marathon is presented, and the 
available data on incidence and pathophysiology is reviewed 
to provide insight into the treatment of hyponatremia in this 
distinct population. 

CASE REPORT 

The patient is a 57-year-old male, who was described by his son as 
an avid runner who averaged 75 to 100 miles per week. By his son’s 
report, he had complained of decreased urinary output at mile 30 of 
a IOO-mile ultra-marathon race, despite the consumption of 2 gal of 
Kool Aid (Kraft General Foods, Inc, White Plains, NY). He also 
ingested 6 to 8 Advil200 mg tablets during the race but dropped out 
after 55 miles because of painful blisters on his feet. He ingested an 
additional 2 to 3 pints of Kool Aid after the race, and then com- 
plained of dizziness. He was noted to have slurred, unintelligible 
speech. Emergency medical technicians (EMTs) were called after 
the patient collapsed and became unresponsive. 

EMTs arrived to find the patient responding only to painful stimuli 
by withdrawing. Initial vital signs included a pulse of 80 beats/min, 
blood pressure of 136/80 mm Hg, and spontaneous respiratory rate 
of 22 breaths/min. Bystanders reported that the patient may have 
had a seizure. 

On arrival at the emergency department (ED) vital signs included 
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a pulse of 69 beats/min, blood pressure of 146/86 mm Hg, respiratory 
rate of 14 breathslmin, and a temperature of 36.6”C. He was unable 
to respond verbally, but he was moving all four extremities. He was 
agitated but had no lateralizing neurological signs. His pupils were 
equal and reactive to light. Mucous membranes were moist, and skin 
turgor was normal. His oxygen saturation and glucose levels were 
within normal limits. 

The patient was sedated with 4 mg of intravenous midazolam, 
nasally intubated, and underwent computerized tomographic (CT) 
scan to evaluate acute mental status change. The CT scan was neg- 
ative for hemorrhage, midline shift, edema, or mass effect. Initial 
laboratory results were available as the patient was returned to the 
ED. Significant findings included sodium, 119 mEq/L; chloride, 89 
mEq/L; potassium, 3.6 mEq/L; bicarbonate, 13 mEq/L; and serum 
osmolality. 248. Arterial blood gas was pH = 7.43 with Pco? of 34 
mm Hg and PO, of 120 mm Hg, on Fioz of 100%. 

Two hours after presentation to ED and I hour after the CT scan, 
the patient was noted to have new onset anisocoria with the right 
pupil larger than the left. Both pupils were reactive to light. He 
developed sinus bradycardia with a heart rate of 37 beats/minute and 
a blood pressure of 39 mm Hg. One milligram of atropine was ad- 
ministered intravenously, and the heart rate and blood pressure 
promptly returned to previous levels. The patient became combative 
and was then paralyzed with 20 mg metubine intravenously. 

Three percent normal saline was immediately started at a rate of 
100 mL/h. Because of the development of anisocoria and cardiovas- 
cular instability, the patient was hyperventilated to a goal Pco, of 25 
mm Hg and was diuresed with furosemide and mannitol. A second 
CT scan was obtained and was noted to be unchanged. Further 
laboratory data became available, including a urine sodium of 
39 mEq/L. urine chloride of 29 mEq/L, and urme potassium of 32 
mEq/L. 

Three hours after admission, the serum sodium reached a nadir of 
111 mEq/L. By 12 hours after admission. the patient had received 
300 mL of lactated Ringer’s solution. 600 mL of normal saline, 500 
mL of 20% mannitol, and 600 mL of 3% normal saline, with a cor- 
responding urine output equal to 2.990 mL. The serum sodium levels 
increased to 121 after the first 12 hours. This corresponds to an 
average correction rate for serum sodium of 1.1 mEq/L/h from the 
nadir. The patient was noted to have pupils of equal size and reac- 
tivity, and he began to spontaneously open his eyes and move all 
extremities. The 3% saline drip was discontinued. 

The patient was extubated without difficulty and subsequently 
discharged on hospital day three. There was complete return of 
neurological and mental function, with no apparent sequelae. 

INCIDENCE 

Hyponatremia is a common electrolyte disorder.“,” 
Acute symptomatic hyponatremia, however, is quite uncom- 
mon and is most often seen in three distinct populations: (1) 
psychogenic polydipsia; (2) inpatients with impaired water 
excretion who are treated intravenously with hypotonic flu- 
ids; and (3) inpatients who systemically absorb electrolyte- 
free irrigating solutions during prostate surgery.13 We pro- 
pose that ultra-endurance athletes represent a fourth popu- 
lation of individuals who may develop acute hyponatremia. 
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An ultra-endurance event has no strict definition but at least 
exceeds a marathon in energy expenditure and duration. A 
marathon run is 42 km (26 miles). An ultra-marathon is a run 
over 50 miles.” An ultra-endurance event has been de- 
scribed as a triathlon extending 4 hours by Hiller’ or an 
event lasting 7 hours or more by Noakes et a1.6 

It seems that athletes who are described as being in ex- 
cellent health before racing develop acute symptomatic hy- 
ponatremia during ultra-endurance events. There are studies 
that provide insight into the incidence of hyponatremia in 
this population. One set of studies reports serum sodium 
values in asymptomatic volunteers engaged in athletic 
events. Hiller et al found none of the volunteers in a 1.5 km 
swim, 40 km bicycle, and 10 km run triathlon to have post- 
race hyponatremia, defined as serum sodium level of less 
than 135 mEq/L.3 However, in two longer events, Hiller et al 
reported that the incidence of hyponatremia increased dra- 
matically. Twenty-seven percent of athletes in a tri- 
athlon composed of a 1.9 km swim, 90.2 km bicycle race, 
and a 21.1 km run, and 29% of athletes engaged in a 3.8 km 
swim, 180 km bicycle race, and a 42.2 km run triathlon were 
found to be hyponatremic. These data suggest a trend of 
increasing frequency of hyponatremia as the length of the 
event increases. This trend is supported by the report of only 
one case of symptomatic hyponatremia in the literature as- 
sociated with participation in a 26 mile marathon. 

A second set of studies investigated the incidence of 
symptomatic hyponatremia among those athletes seeking 
medical assistance after an event. Hiller et al report 62% of 
the participants who required medical attention after one of 
the previously mentioned triathlons were hyponatremic. de- 
fined as less than 135 mEq/L.3 Noakes et al studied athletes 
who collapsed during a 90 km ultra-marathon and reported 
that 9% had a post-race serum sodium level of less than 130 
mEq/L.6 A study conducted by Irving et al identified that 3% 
of collapsed runners in a 90 km ultra-marathon had serum 
sodiums less than 130 mEq/L.’ 

The incidence of symptomatic hyponatremia among ultra- 
endurance athletes is presently not well characterized. It is 
evident that these athletes are at some increased level of risk 
for developing this complication. In 1980, 3,000 finishers 
were reported in ultra-marathons, and in 1992, more than 
10,000 finishers were reported. The number of ultra- 
marathon athletes in the United States is currently estimated 
to be approximately 5,000, and they participate in 250 events 
in the nation each year. As participation in these events 
increases, the number of cases of symptomatic hypona- 
tremia will likely increase as well. 

PATliOPliYSIOLOGY 

Hyponatremia may be defined as a decrease in serum so- 
dium concentration resulting from one or a combination of 
the following: (1) reduction of total body sodium; (2) in- 
crease in the total body water; (3) reduction of the total body 
potassium; or (4) increase in the nonaqueous components of 
the serum.” The etiology of acute symptomatic hypona- 
tremia associated with ultra-endurance exercise has not been 
established, but several mechanisms have been proposed. 

One mechanism that has been suggested is that a signifi- 

cant total body sodium loss via extensive sweating occurs 
during the event, which leads to a hypovolemic hypona- 
tremia.’ A second proposed mechanism is that the exercising 
athlete consumes excessive volumes of hypotonic fluids (Ta- 
ble 1) during the event. and this fluid is retained within the 
vascular space, resulting in a hypervolemic hypona- 
tremia.4,7,9 A third possible mechanism is a marked exercise- 
related reduction in blood flow to the gastrointestinal sys- 
tem. ” As a result, minimal amounts of consumed fluids are 
actually absorbed. Hyponatremia then occurs after comple- 
tion of the event. when return of mesenteric blood flow leads 
to massive absorption of the fluid within the gastrointestinal 
lumen. This proposed mechanism also causes hypervolemic 
hyponatremia. 

Irving et al’ provide data to support the theory that inap- 
propriate renal function during the race leads to fluid reten- 
tion in the vascular space causing a hypervolemic hypona- 
tremia. They compared data on eight collapsed athletes with 
post-race hyponatremia after running a 90 km ultra- 
marathon with data on 18 athletes without hyponatremia 
who participated in other ultra-marathons of similar magni- 
tude. They noted that sodium losses were not significantly 
different in the hyponatremic athletes implying that sweat 
losses are not causative. They also found that hyponatremic 
athletes had fluid overload despite no significant difference 
in fluid intake between the two groups. Therefore they con- 
clude that inappropriate renal function is the probable cause 
of the hyponatremia. Interestingly, the renal function of the 
athletes after the race was normal, suggesting that the renal 
insufficiency is reversible and resolves after completion of 
exercise. 

Several mechanisms are suggested to explain transient and 
inappropriate renal function.’ The first is that the intense 
exercise causes catecholamine-mediated renal vasoconstric- 
tion, decreasing the glomerular filtration rate. Glomerular 
filtration rate may also be affected by the use of nonsteroidal 
anti-inflammatory agents (NSAIDs), particularly in people 
who are dependent on prostaglandin synthesis to maintain 
renal perfusion. Additionally, NSAIDs, by their inhibition of 
prostaglandin synthesis, potentiate the renal effect of vaso- 
pressin.” A reduction in plasma volume and/or the stress of 
the event may stimulate thirst and vasopressin release con- 
tributing to free-water retention. 

The cause of exercise-induced hyponatremia in ultra- 
endurance athletes is not presently known. Reduction of to- 
tal body sodium through sweating, or increase in total body 
water secondary to ingestion of hypotonic fluids, do not 
seem to be significant mechanisms. A massive uptake of 
fluids after the completion of the race is also not the total 
explanation because the renal system should be able to han- 

TABLE 1 Electrolyte Composition 

Sodium 
Potassium 

Osmolality 

Blood 

(mEq/L) 

135-l 45 
3.5-5.0 

280-295 

Gatorade 

(mEq/L) 

21 
2 

339 

Orange 

Juice 

(mEq/L) 

1 
43 

500 

Sweat 

(mEq/L) 

1 o-1 00 
4-10 

30-230 
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dle such loads without difficulty. Therefore, inappropriate 
renal function and increased antidiuretic hormone (ADH) 
release are likely mechanisms, but this has not been clearly 
shown. 

The patient presented complained of decreasing urine out- 
put one third of the way into the race. There are no objective 
data available from before or during the race to help sub- 
stantiate this complaint. The urine and serum studies ob- 
tained in the ED show an abnormally high amount of urine 
sodium in light of the serum hyponatremia, suggesting that 
there was inappropriate ADH release and/or renal dysfunc- 
tion. 

Although the etiology of hyponatremia in these ultra- 
endurance athletes is not known, there is a clear understand- 
ing of how hyponatremia can cause the clinical presentation 
of neurological and mental status deterioration. This may be 
understood by reviewing the physiology of osmotic pres- 
sure. In the body, the extracellular and intracellular fluids 
are in a dynamic osmotic equilibrium across the selectively 
permeable cell membrane. As hyponatremia develops, a re- 
duction in the extracellular osmolality creates a gradient 
across the cell membrane. The predicted result of this gra- 
dient would be net influx of water into the cell. However, the 
amount of cerebral edema expected to occur based only on 
this osmotic gradient may not be actually observed. The 
cells of the brain are capable of modifying the effects of 
decreased cellular osmolality through two mechanisms. The 
first is the loss of intracellular osmotically active substances, 
such as potassium and organic osmolytes, into the extracel- 
lular space.‘3.18 This maintains the osmotic equilibrium 
across the cell membrane. The second defense mechanism is 
the loss of interstitial fluid around the cells of the brain pa- 
renchyma into the cerebral spinal fluid, which allows more 
potential space for any cellular edema that occursl’ 

When hyponatremia develops at a slow rate, brain tissues 
may use these “defense mechanisms” to maintain osmotic 
equilibrium; therefore, the impact of the decreased serum 
osmolality is minimized, and patients may be mildly symp- 
tomatic, if at all. However, hyponatremia that develops at a 
rate that exceeds the adaptive mechanisms of the brain may 
cause clinically significant cerebral edema.13 Because the 
cranial vault is a closed compartment, cerebral edema leads 
to an increase in the intracranial pressure. An increase in 
brain tissue volume by only 10% causes herniation of the 
brain stem that is incompatible with life.13 

MANAGEMENT 

This presentation of new and rapid mental status and neu- 
rological deterioration in a previously healthy athlete may be 
caused by a variety of etiologies. The initial differential di- 
agnosis included trauma, hemorrhage, infection, hyperther- 
mia, drugs, electrolyte abnormality, and psychiatric illness. 

The clinical characteristics of the case presented are sim- 
ilar to other cases of hyponatremia described in the litera- 
ture. Initial signs and symptoms often include disorientation, 
fatigue, nausea, dizziness, slurred speech, confusion, and 
inappropriate behavior. Findings on physical examination 
included stupor, coma, hyper-reflexia, muscle fascicula- 
tions, papilledema, anisocoria, dilated and poorly responsive 
pupils, and grand ma1 seizures. 

The initial management begins with a rapid assessment of 
airway, breathing, circulation, mental status, and neurolog- 
ical examination. Continuous monitoring of vital signs is rec- 
ommended. A rapid glucose test and blood oxygen satura- 
tion provide valuable information on easily reversible 
causes. Other laboratory studies to be obtained include com- 
plete blood cell count (CBC), electrolytes, blood urea nitro- 
gen/creatinine, and arterial blood gas. We sedated and intu- 
bated our patient for protection of the airway as his mental 
status decreased. An emergency head CT scan is indicated 
to investigate the possibility of cerebral edema, hemorrhage, 
or underlying structural lesion. After the patient’s condition 
has been stabilized initially, a more thorough secondary 
evaluation should be completed, and changes in cardiovas- 
cular, neurological and mental status must be monitored. 

Any available history is essential to direct the manage- 
ment of the patient. In this case, we quickly ruled out trauma 
and chronic health problems and learned about the patient’s 
participation in the ultra-marathon immediately proceeding 
the onset of his symptoms. We learned that his deterioration 
was rapid and that he had been well before the race. 

With the head CT scan results negative for mass effect, 
hemorrhage, midline shift, and edema, the most significant 
finding was the serum sodium concentration, which was 119 
mEq/L. We concluded that the symptoms and signs on initial 
presentation to the ED were the direct sequela of acute hy- 
ponatremia. 

The onset of anisocoria, bradycardia, and combativeness 
suggested that the patient’s intracranial pressure was ele- 
vated, with incipient herniation. To manage this problem, 
the patient was further sedated with midazolam and para- 
lyzed with metubine. Mechanical hyperventilation and ele- 
vation of the head of the bed was instituted. Furosemide and 
mannitol-induced diuresis was initiated. A second CT scan 
was obtained to look again for herniation and edema. These 
results were also negative. The cardiovascular instability 
may have been secondary to hyponatremic encephalopathy 
but not to herniation. After the second CT scan ruled out 
cerebral edema, no further mannitol was given. The initial 
sodium of 119 mEq/L dropped to 111 mEq/L despite hyper- 
tonic saline and lasix. This may have been secondary to 
inappropriate ADH- and/or mannitol-induced osmotic hy- 
ponatremia. 

The management of hyponatremia must carefully consider 
the risks and benefits of the treatment. There is a potential 
complication of treatment known as osmotic demyelination 
syndrome (ODS). ODS has been associated with serum so- 
dium correction rates greater than 20 mEq/L/d.13 Sterns 
identifies those patients at greater risk of developing ODS to 
be (1) those who have been hyponatremic for more than 48 
hours or (2) those who have serum sodium levels less than 
105 mEq/L. I3 Hyponatremia seen in ultra-endurance ath- 
letes has a rapid onset, less than 24 hours; therefore, ODS is 
unlikely to occur as a sequela of treatment. However, it is 
essential to rule out chronic hyponatremia by history or 
other means if available. 

Because of the severe and deteriorating clinical picture in 
our patient, we began correction of the hyponatremia with 
hypertonic (3%) saline. Sterns concludes that a correction 
rate of 1 to 2 mEq/L/h using 3% normal saline is the maxi- 
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mum that may be used without risk of ODS.13 Generally, a 
safe way to proceed is to give 3% normal saline at 100 mL/h 
and check serum sodium hourly. As the clinical picture im- 
proves or the sodium increases to 120 mEq/L, this aggres- 
sive therapy may be slowed, and a change to hydration with 
normal saline begun. 

SUMMARY 

There are several reported isolated cases of acute symp- 
tomatic hyponatremia associated with participation in ultra- 
marathons and ultra-triathlons. One case has been reported 
in a marathon finisher. There seems to be a relationship 
between the increasing magnitude of the event and risk of 
hyponatremia. Additionally, a significant percentage of ath- 
letes who request medical assistance after participation in 
these events may have hyponatremia. 

Based on these findings, we recommend that any ultra- 
endurance athlete who presents for medical assistance after 
an ultra-endurance event with weakness, malaise, gastroin- 
testinal complaints, or central nervous system signs and 
symptoms should be evaluated for hyponatremia. Because 
inadequate renal function may be a contributing mechanism, 
we also recommend obtaining studies to evaluate renal func- 
tion. 

Hyponatremia in conjunction with signs and symptoms of 
increased intracranial pressure warrants aggressive therapy. 
The risk of ODS must be considered seriously, but in the 
face of a deteriorating clinical picture, initiation of hyper- 
tonic saline therapy is indicated. A maximum correction rate 
of 1 to 2 mEq/L should be attained using serial measurement 
of serum sodium. As the clinical picture improves, the hy- 
pertonic therapy may be discontinued and normal saline ini- 
tiated. 

Hyponatremia may be one of the greatest risks to the 
health of participants in very prolonged athletic events. Al- 
though estimates to date of the incidence of hyponatremia 
among ultra-endurance athletes are limited, physicians at- 
tending EDs in proximity of such events should be aware 
that hyponatremia is a recognized complication of this sport. 

The authors thank Dr Maj Eisinger for her thoughtful review of 
the report. 
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