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ABSTRACT

The aim of this thesis is to evaluate both abnormal and normal fluid balance during
exercise. The central theme permeating all investigations is an underlying desire to
understand exercise-associated hyponatremia. This thesis reflects a journey of scientific
investigation primarily launched by outcomes from the 1 International Consensus
Development Conference on Exercise-Associated Hyponatremia. Each individual
investigation directly follows from the results of the previous investigation. Hence, the
journey towards a greater understanding of exercise-associated hyponatremia went full
circle and ultimately encompassed the spectrum of fluid regulation and dysregulation

during exercise.

This thesis begins with a brief overview of the literature which serves to intertwine
previous knowledge with new knowledge gained from each successive study. A review
of the literature on exercise-associated hyponatremia opens the first chapter and lays
the foundation for the following eight investigations. This thesis closes with a final
summary of the literature which defends fluid balance physiology as the ultimate guide
for developing more “physiologically appropriate” fluid replacement strategies. More
specifically, the first two chapters document the abnormal regulation of serum sodium
concentration during exercise (Chapter 1: The Hyponatremia of Exercise and Chapter 2:
The Hypernatremia of Exercise) while the second two chapters investigate normal fluid
balance physiology {(Chapter 3: The Endocrine Regulation of Fluid Balance during

Exercise and Chapter 4: Proposed Fluid Replacement Strategies).

A maijority of the original data (75%) in this thesis is collected from “field” trials which
encompass both intervention and observational studies. Both asymptomatic and
symptomatic athletes are evaluated to delineate mechanisms underlying both fluid
regulation and dysregulation. Data from laboratory studies are presented to compare
the neuroendocrine response to high intensity, steady-state and prolonged endurance

running in a subset of ten well-trained runners.



The main findings from these four chapters (eight investigations and two position
statements) encompass the pathophysiology, physiology, prevention and treatment of
dysnatremias associated with exercise. The conclusions from this thesis can be

summarized as follows:

Pathophysiology of Dysnatremia:

1) Exercise-associated hyponatremia is dilutional and most likely results from a
combination of non-suppressed arginine vasopressin (AVP) secretion with
sustained fluid intake (exceeding output).

2) Exercise-associated hypernatremia primarily results from the inability to tolerate
oral fluid ingestion, secondary to nausea and vomiting.

Endocrine Physiology of Normal Fluid Balance:

3) Non-osmotic AVP stimulation appears to be heightened during prolonged
endurance exercise.

4) AVP, aldosterone, oxytocin and brain natriuretic peptide appear to participate in
the maintenance of fluid homeostasis during exercise.

5) Sweat, urine and serum sodium concentrations appear to be homeostatically
regulated and respond to small changes in AVP concentration.

Prevention of Dysnatremia:

6) Bodyweight loss is not an accurate surrogate of body fluid homeostasis during
prolonged endurance exercise.

7) Sodium supplementation is not required to maintain plasma sodium
concentrations during pro!bnged endurance exercise.

Treatment of Dysnatremia:

8) Administration of a small bolus of hypertonic saline solution rapidly reverses
altered mental status changes associated with hyponatremic encephalopathy.

9) Dysnatremia predicts a delayed recovery in collapsed marathon runners.

10) A return to normonatremia is not required for dysnatremic athletes to recover

and to be discharged from the medical tent.



OUTLINE OF THESIS

My chosen path of investigation was exercise-associated hyponatremia (EAH).

| happened to be in the medical tent of the Houston Marathon in 1999, working as a
podiatrist in charge of the podiatry/orthopedic unit, when four “coliapsed” marathon
runners were treated for presumed “dehydration” with intravenous fluids. One by one,
the condition of each runner deteriorated until all four athletes experienced seizures and
was transferred to hospital. These four runners were diagnosed with hyponatremia and
critically ill for a week with cerebral and pulmonary edema '. The very next year, the
medical team of the Houston Marathon purchased a portable electrolyte analyzer and
twenty-one cases of symptomatic hyponatremia were documented in the medical tent of
the 2000 Houston Marathon “. This growing “epidemic” of EAH in marathon runners
culminated in the high profile deaths of two female runners from hyponatremic
encephalopathy in the 2002 Boston and Marine Corp Marathons *. It was at that point
where | personally realized that this “new” complication of endurance exercise

warranted more urgent scientific attention.

Exercise-associated hyponatremia was first reported in four South African
ultramarathon runners in 1985 and hypothesized to result from fluid overload *.
Conversely, researchers investigating lronman triathletes in Hawaii suggested that EAH
resulted from excessive sodium loss *’. Over time, cases of EAH quickly progressed
from a singular phenomenon of ultraendurance activity %9 into the most common serious

21011

medical complication associated with endurance exercise . Unfortunately, the

.

scientific debate as to whether the pathophysiology of EAH was primarily dilutional **™
or depletional '"?° continued; thereby widening an academic gap that threatened the

well-being of all athietes participating in prolonged endurance activity.

My appeal for worldwide consensus in 2005 brought twelve “experts” from clinical
medicine and exercise science to Cape Town, South Africa, to evaluate the existing
evidence on EAH. The outcomes from this carefully deliberated review of the literature

were published as the Position Statement from the First International Consensus



Development Conference on Exercise-Associated Hyponatremia 1 The Consensus
Panel concluded that EAH was primarily dilutional and secondary to fluid intake in
excess of output. Evidence supporting a role for sodium supplementation during
exercise and the use of hypertonic saline in the treatment of symptomatic EAH required

further investigation, however.

Two trials were subsequently performed to help clarify the answer to these questions.
The first investigation (Study 1A) evaluated the effect of ad libitum sodium
supplementation on both performance and serum sodium concentration {{Na']) in
Ironman triathletes %2, Using a randomized-controlled prospective study design, either
sodium or placebo capsules were dispensed to triathletes prior to race start; with
instructions to consume the capsules ad libitum. It was concluded from these data that
there were no performance benefits nor adverse medical consequences associated with
supplemental sodium ingestion during prolonged endurance activity (~12 hours). More
importantly, post-race serum [Na'] did not significantly differ between those athletes
receiving sodium supplementation versus those triathletes consuming the placebo (corn
starch). Therefore, it was concluded that sodium supplementation was not required to
prevent the development of hyponatremia in athletes who lost weight during prolonged

endurance exercise.

While sodium supplementation was not required to prevent the development of EAH
during prolonged endurance activity, the administration of a small bolus of hypertonic
saline solution was deemed by the Consensus Panel to be the most appropriate
treatment strategy for symptomatic EAH %%¥2° Unfortunately, the safety and efficacy of
such a practice had not yet been tested in the field. Study 1B documented the first case
of an athlete who responded favorably to the administration of hypertonic saline within a
field setting *°. This case was atypical as the athlete’s serum [Na'] was “borderline”
throughout the entire period of observation (serum [Na'] between 132-135 mmol/L).
Reversal of both the lethargy and confusion were dramatic and rapid in this triathlete
following administration of a 50 mL bolus of 5% hypertonic saline. Therefore, the

conclusions from this one case study suggested that: 1) hypertonic saline administration



could rapidly reverse altered mental status changes resulting from hyponatremic
encephalopathy 2) hypertonic saline could be safely administered in the field and 3) the

treatment of EAH should be guided by symptomatology and not by the serum [Na'].

Further investigations detailing the exact pathophysiology and treatment of EAH were
difficult to undertake because cases of hyponatremia were becoming increasingly rare
in South African races 2"2°. Serendipitously, the incidence of hypematremia in collapsed
marathon runners seemed to surge, and the opportunity to investigate the opposite
extreme of fluid imbalance was immediately seized.

Hypernatremia can cause morbidity and mortality secondary to cellular dehydration ***".
However, no known fatalities have been causally related to exercise-associated
hypernatremia. This finding may be attributed to the existence of evolutionarily robust
physiological mechanisms (arginine vasopressin secretion combined with the

stimulation of thirst) which act to conserve body fluids .

Hypernatremia was biochemically defined as any [Na'] above 145 mmol/L and CNS
symptoms typically manifest when [Na'] exceeds 160 mmol/L *'3*3** Hypertonic
hyperosmolality caused an osmotic shift of water from the intracellular to the
extracellular compartment which leads to cellular dehydration and cerebral shrinkage.
Neurological symptoms often mimic those of hyponatremia and include: lethargy,
tremor, weakness, irritability, delirium, mental confusion, seizures and coma *'*°.
Orthostatic hypotension and tachycardia have been shown to be common features of

severe volume depletion, an expected adjunct to hypernatremia '

Study 2C of this thesis aimed to investigate the treatment of dysnatremia in collapsed
marathon runners *°. More specifically, the efficacy of oral versus intravenous (1V) fluid
administration was targeted as the main outcome measure of this randomized-
controlled prospective study. Although intravenous rehydration had been shown to

facilitate a faster restoration of plasma volume - since this method of delivery bypasses



the delay associated with gastric absorption ¥ - the clinical significance of this

practice had yet to be fully evaluated in collapsed athletes.

The unexpected, but most interesting, finding from Study 2C was that nearly half (45%)
of the collapsed cohort of ultramarathon runners were hypernatremic upon entrance into
the medical tent *°. This was the highest reported incidence of hypernatremia in
collapsed runners to date % and hypernatremia predicted a delayed recovery in this
cohort of collapsed athletes. Additionally, 45% of runners who were randomly assigned
into the oral fiuid replacement group were unable to tolerate oral fluid ingestion,
secondary to nausea and vomiting. A significant majority of those runners who could not
tolerate oral fluid ingestion were hypernatremic. Whether a return to normonatremia was
required for hypernatremic athletes to recover and be discharged from the medical tent

was not answered by that study.

Study 2D of this thesis was subsequently designed to evaluate if a return to
normonatremia was a prerequisite to the resolution of symptomatology in dysnatremic
runners. This observational study, performed at the same event the very next year,
revealed that a return to normonatremia was not required for collapsed hypernatremic
runners to recover (resolution of debilitating symptomatology) and be discharged from
the medical area. A clear majority of these collapsed ultramarathon runners were
hypernatremic (58%) upon presentation into the medical tent. Collapsed hypernatremic
runners reported significantly more vomiting (79 vs. 34%; p <0.05) than collapsed
normonatremic runners during the race. This finding suggested that hypernatremia may
have resulted from the inability to ingest and retain fluids during the race, rather than
from a defect in the thirst mecharnism during exercise. Curiously, the administration of
hypotonic or isotonic fluids to hypernatremic runners facilitated the resolution of
symptomatology and subsequent discharge from the medical area within 80 minutes of

admission.

Now that the pathogenesis and treatment of exercise-associated hypernatremia was

better identified, a greater understanding of the pathogenesis of exercise-associated



hyponatremia was necessary. The need to understand normal fluid regulation during
exercise - particularly with regard to arginine vasopressin (AVP) secretion - was
deemed a research priority by the EAH Consensus Panel ?'. Inappropriate secretion of
AVP had been identified as the likely mediator in the pathophysiology of EAH 212540
However, evidence detailing AVP secretion during prolonged endurance exercise had

been scarce and of questionable accuracy *'™*.

The syndrome of antidiuretic hormone secretion (SIADH) has been well-described as
the most common cause of hyponatremia in the clinical setting *°. AVP secretion has
been shown to be linearly related to changes in plasma osmolality above ~ 280
mOsmol/kg H20 *. At plasma osmolalities below 280 mOsmol/kg H.0, however, AVP
secretion should be suppressed to maximize free water excretion and normalize low
serum [Na']. It has been suggested that osmotic AVP secretion may be potentiated or
superceded by non-osmotic stimuli during prolonged endurance exercise 21 Therefore,
if hypoosmolality develops during exercise, plasma AVP concentrations ([AVP] p) may
not be maximally suppressed; thereby facilitating the development of EAH Plasma AVP
concentrations do not have to be outside the “normal” range for EAH to develop during
exercise: if [AVP]p is inappropriate for the degree of hypoosmolality present, than water
retention and dilutional hyponatremia will likely occur '“®. Factors which may potentiate
the secretion of AVP during exercise include hypovolemia 4748 and increased core
temperature ** while other non-osmotic stimuli to AVP secretion during exercise include

hypoglycemia *, nausea and vomiting *°, and elevated plasma concentrations of IL-6 °"

53

Study 3E of this thesis was undertaken to more critically assess the hormonal regulation
of fluid balance in well-trained runners participating in a 56 km ultramarathon. Data from

425495 or delays

previous field investigations were limited by small sample sizes (N <10)
in blood sampling which exceeded the half-lives of many fluid regulatory hormones
being evaluated *"*%44%% Therefore, 82 runners were recruited to participate in this

observational study; whereas an onsite laboratory was fashioned at race start and finish
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to ensure that all blood samples were appropriately handled for subsequent endocrine

assay.

Plasma AVP concentrations were significantly elevated immediately post-race, despite
non-significant decreases in serum [Na']. This main finding would confirm that non-
osmotic AVP stimulation may either potentiate or predominate over osmotic AVP
stimulation during prolonged endurance exercise. Therefore, it would be tempting to
speculate that the non-osmotic secretion of AVP during exercise may prevent maximal
free water excretion from occurring if hypoosmolality were to develop from exuberant
fluid consumption during exercise. This would confirm the plausible role that AVP

secretion would play in the pathophysiology of EAH.

Prolonged endurance exercise also stimulated significant elevations in the plasma
concentrations of: oxytocin, interleukin-6, brain natriuretic peptide and the majority of
adrenal steroid hormones measured (progesterone, corticosterone, aldosterone, 17-
hydroxyprogesterone, 11-deoxycortisol, cortisol, DHEA, DHEAS and androstenedione).
The increased concentrations of both oxytocin and brain natriuretic peptide were quite
curious as oxytocin had been shown to participate in fluid and sodium balance

°7% while brain natriuretic peptide had been shown to be

predominantly in animals
stimulated mainly by hypervolemia ®® (and not hypovolemia, as documented in this
study). Therefore, further investigation was deemed necessary to delineate a potential

role for both oxytocin and brain natriuretic hormone in fluid regulation during exercise.

Study 3F of this thesis recruited seven runners who had participated in Study 3E
(prolonged endurance exercise). They completed a more detailed laboratory
investigation of the endocrine regulation of fluid balance during high intensity and
steady-state running. The same fluid balance and endocrine parameters that had been
measured before and after the 56 km ultramarathon where re-measured in these same
subjects after: 1) a maximal oxygen consumption test to exhaustion (VO; max test; high

intensity run) and 2) a 60 minute run at 60% of peak treadmill speed (steady-state run).



11

Combined data from the high intensity, steady-state and prolonged endurance running
trials confirmed that both oxytocin and brain natriuretic peptide seemed to be associated
with the regulation of plasma volume and sodium concentration during exercise. These
data also confirmed relationships between fluid regulatory variables with AVP and
aldosterone secretion, which have been confirmed elsewhere '3 Therefore, Study 3F
may likely be the first study to document fluid regulatory roles for both oxytocin and
brain natriuretic peptide in humans during exercise. Since oxytocin has known anti-
diuretic effects ®*, and has facilitated the development of hyponatremia in humans at

t 65-67

res , a pathophysiological role for elevated oxytocin secretion in the development of

EAH during exercise would require further investigation.

Three well-trained female runners, who did not participate in the previous 56 km
ultramarathon, were also similarly evaluated during high intensity and steady-state
treadmill running. The addition of these three females into the laboratory trials
“palanced” the previous inequality that precluded meaningful gender analyses from
Study 3F. Therefore, Study 3G of this thesis evaluated ten runners (5 males and 5

females) during high intensity and steady-state running on a motorized treadmill.

The most significant finding from Study 3G was that both high intensity and steady state
running elicited a linear increase in both urine and sweat [Na'], both of which were
correlated with a corresponding increase in serum [Na']. Post-run [AVP]p significantly
correlated with post-run urine [Na‘] during both high intensity and steady state exercise,
but with sweat [Na'] only during steady-state running. These combined findings
suggested that serum [Na'] regulated corresponding changes in sweat and urine [Na']
during exercise via changes in [AVP]p. Therefore, the maintenance of fluid and
thermoregulatory balance was shown to be intimately linked and most likely regulated

by changes in AVP secretion

Therefore, Study 3G would be the first to support the regulation of sweat gland
secretion by changes in [AVP] p to conserve water and promote fluid homeostasis

during exercise. Since 92% of all water ®® and 87% of all sodium °? lost during exercise
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is derived from sweat, the acute regulation of sweat secretion would assist in both fluid
regulation and thermoregulation during exercise. Thus, non-osmotic AVP secretion
during exercise would limit fluid loss in both urine and sweat. This combination may
benefit water conservation during exercise but would hypothetically accelerate the
development of EAH if hypoosmolality and high fluid intakes were to persist during
prolonged endurance activity. Gender did not significantly predict any fluid regulatory

variable documented in this study.

Evidence obtained from the above-mentioned endocrine studies (Studies 3E-G)
suggested that the aim of fluid regulatory mechanisms activated during high intensity,
steady state and prolonged endurance running was to preserve plasma osmolality and
serum [Na']. These findings directly conflicted with the current fluid replacement
guidelines which recommend full replacement of bodyweight lost during exercise 2*7%7",
Therefore, Study 4H of this thesis was designed to critically evaluate if changes in
bodyweight could accurately reflect changes in serum [Na"] and plasma volume during

an lronman triathlion.

The main conclusion from this observational field study was that bodyweight loss was
not an accurate surrogate of fluid balance homeostasis during prolonged endurance
exercise. Significant bodyweight loss (~4%) occurred from pre- to post-race while both
serum [Na'] and plasma volume increased (~1%) during ~12 hours of endurance
activity °. None of the 181 male triathletes who participated in this trial reported any
adverse symptoms following the race. This suggests that a 4% bodyweight loss
following 12 hours of endurance exercise did not promote any adverse medical

consequences,

The combined findings from the investigations outlined in this thesis thereby suggest
that serum [Na'] (as a surrogate for plasma osmolality *°) may be the primary regulated
variable during exercise. Therefore, it would seem logical that fluid recommendations for
athletes participating in endurance exercise be based on the preservation of serum

[Na'] rather than on the maintenance of bodyweight. This physiological argument was
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detailed in the closing review of fluid homeostasis of this thesis. In this Position
Statement for marathon runners, it was argued that thirst be designated as the most
physiologically sound fluid replacement guide during exercise > as it is during rest *2.
These physiologically-based fluid recommendations would aim to prevent future
morbidity and mortality resulting from non-physiologically-based drinking guidelines that

are currently being promoted for athletes participating in prolonged exercise activity.
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A Review of the Literature

(This manuscript has been published as: Hew-Butler T, Almond C, Ayus JC, Dugas J,
Meeuwisse W, Noakes T, Reid S, Siegel A, Speedy D, Stuemple K, Verbalis J and
Weschler L. Consensus Statement of the 1" International Exercise-Associated
Hyponatremia Conference, Cape Town, South Africa 2005. Clin J Sport Med 2005;
15:208-213.)

INTRODUCTION

Over the past decade, exercise-associated hyponatremia (EAH) has emerged as an
important complication of prolonged endurance activity' ’. Prior to 1985, this condition
was not reported, and runners generally finished marathons with weight loss but without
serious medical complications. Abnormalities of serum sodium concentrations ([Na']),
when measured, were confined to elevated levels consistent with varying degrees of

volume depletion®"®.

In March 2005, a panel of twelve international experts on exercise physiology, sport
medicine, water metabolism and body fluid homeostésis convened in Cape Town,
South Africa, for the 1% International Exercise-Associated Hyponatremia Consensus
Development Conference. The primary goal of this panel was to review all of the
existing data on EAH and formulate an evidence-based analysis that would define the
current understanding of the pathophysiology of EAH. In particular, the panel was
constituted to facilitate integration of existing medical and scientific knowledge of other
forms of hyponatremia with the occurrence of this homeostatic imbalance during

endurance exercise.

A secondary goal of the EAH Consensus Development Conference was to prepare a
statement that would serve to curtail the growing problem of EAH by disseminating the
most current information to both medical personnel and the greater public on the
prevalence, nature and treatment of this disorder. The panel strived to clearly articulate

what we agreed upon, debate issues that we did not agree upon, and describe in detail
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what we did and did not know, including minority viewpoints that were supported by

clinical and experimental data.

The following statement reflects a concise summary of the data deliberated and

synthesized by the panel and provides a “snapshot in time” of the current state of

knowledge on EAH. New knowledge will continue to advance regarding our

understanding of EAH, and will mandate future updates to this consensus statement.

METHODS

The International Exercise-Associated Hyponatremia Consensus Development

Conference (CDC) followed the guidelines set forth by the National Institutes of Health

(NIH)'®. The basic principles governing the conduct of a CDC are summarized below:

1.

A broad based non-government, non-advocacy panel was assembled to give
balanced, objective and knowledgeable attention to the topic. Panel members
excluded anyone with scientific or commercial conflicts of interest and included
researchers in clinical medicine (C.A., J.C.A., A.S. and J.V.), sports medicine
(T.H., T.N., S.R., D.S.) and sports scientists (K.S., J.D.}.

These experts presented data in a public session, followed by inquiry and
discussion. The panel then met in an executive session to prepare the
consensus statement.

A number of specific questions were prepared and posed in advance to define
the scope and guide the direction of the conference. The principle task of the
panel was to elucidate responses to these guestions.

A systematic literature review was prepared and circulated in advance for use by
the panel in addressing the conference questions (see reference list).

The consensus statement is intended to serve as the scientific record of the
conference.

The consensus statement will be widely disseminated to achieve maximum

impact on both current health care practice and future medical research.
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The panel chairperson (W.M) did not identify with any advocacy position nor present
data on EAH™®. The chairperson was responsible for directing the plenary session and

guiding the panel's deliberations.

There was a strict criterion for invitation to the EAH Consensus Panel: publication of
original data on hyponatremia within the last five years. The U.S. Military, which has
recently come to its own consensus, was excluded''?. One delegate (L.W.) did not
present original data, but has prepared a mathematical model of EAH and was therefore

included as an invited participant®.
The following focus gquestions formed the foundation for the EAH consensus statement:

VWhat is the definition of exercise-associated hyponatremia (EAH)?

Can the severity of EAH be classified by clinical and laboratory criteria?
What is the etiology and pathophysiology of EAH?

What are the risk factors for the development of EAH?

How can EAH be prevented?

What are appropriate treatment protocols for EAH?

What advice should be disseminated for the prevention and treatment of EAH?

S O A A e

What studies should be performed to better understand EAH?

RESULTS AND DISCUSSION
1. What is the definition of exercise-associated hyponatremia (EAH)?

EAH is the occurrence of hyponatremia in individuals engaged in prolonged physical

13712146 and is defined by a serum or plasma sodium concentration ([Na']) below

activity
the normal reference range of the laboratory performing the test. For most laboratories,

this is a [Na'] less than 135 mmol/L*". EAH can occur during or after physical activity,
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, : 6:21:23-26:29-35:38-45.4
and most commonly occurs in events lasting longer than four hours!5:2123-26:29-35:384548

although at least two cases have been reported in events of shorter duration®®*

2. Can the severity of EAH be classified by clinical and laboratory criteria?

EAH should be classified using the same clinical criteria as any acute or rapid onset
hyponatremia“, As with any acute onset hyponatremia, the most important distinction is
determining the presence or absence of clinical signs and symptoms, specifically
neurological manifestations. In general, the lower the serum or plasma [Na'], the more
severe will be the neurological signs and symptoms® Individual variability is great,
however, and the numerical value of [Na'] is not a reliable index of the clinical severity

of hyponatremia, including EAH °'.

In general, milder forms of hyponatremia ([Na'] between 130-134 mmol/L) are relatively
asymptomatic and are likely to resolve spontaneously, although exceptions to this rule
have been reported’#63138394144 "gigns and symptoms of EAH tend to develop when
the serum [Na'] falls below 130 mmol/L>53%313847 Early signs and symptoms can
include: bloating, “puffiness”, nausea, vomiting, and headache. However, many of these
signs and symptoms are non-specific and can be present following prolonged exercise
in the absence of EAH’212427303646:53 'Aq the severity of EAH progresses, more serious
signs and symptoms can develop as a result of worsening cerebral edema (brain
swelling), including altered mental status (confusion, disorientation, and agitation),

seizures, respiratory distress (pulmonary edema), obtundation, coma and death’**2>

absolute indication to measure the serum or plasma [Na'].
3. What is the etiology and pathophysiology of EAH?

Current evidence strongly indicates that EAH is a dilutional hyponatremia, caused by an

increase in total body water relative to the amount of total body exchangeable Na* "#2"-

23,26-29:29,30:33:35:36,30,46:48:53.5 . . ., i
26-29293033,35:36:39.46:48:5355  Although this increase can be relative in nature, in most
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reported cases of symptomatic EAH, there is body weight gain suggestive of an
in cases that have been adequately studied appears to be consumption of hypotonic
fluids (water or sports drinks) in excess of insensible ( respiratory and gastrointestinal),

sweat and renal (Urine) fluid Iosses1;4;21-23;26—29;29;30;33:35;36;39;46;48;53.

Hyponatremia caused solely by the overconsumption of fluids has been demonstrated
at rest in athletes with and without a history of EAH>"°®, Weight gain in these athletes
occurred despite an increase in free water excretion and what appeared to be
maximally suppressed arginine vasopressin (AVP) levels (as reflected by mean urine
osmolalities <100 mOsm/kg H,O). This is consistent with known maximal urine

excretory rates of 800-1,000 ml/h in normal adults™,

During exercise, however, plasma AVP levels may not be maximally suppressed. This
has been demonstrated in a 24-hour field march during which urinary osmolalities failed
to reach the minimum concentrations expected in water loaded subjects®® and in studies
of hikers who developed hyponatremia in the Grand Canyon %. Plasma AVP levels
within “normal ranges” are physiologically inappropriate in the presence of
hyponatremia and/or hypervolemia®*'. Even small increases in circulating AVP levels
markedly reduce the maximal kidney excretory capacity®', thus increasing the
propensity to retain ingested fluids even when rates of drinking do not exceed 800-
1,000 mi/h. High urine osmolalities have been measured in athletes hospitalized with
critical hyponatremia®*?423284%50 Thig further implicates inappropriate AVP secretion as
an exacerbating factor in the development of dilutional hyponatremia during prolonged

physical activity.

Accordingly, hyponatremic athletes can present with a spectrum of urine concentrations,
ranging from the ability to excrete dilute urine freely'? to an inability to void despite
encouragement?®3°3 Thus, the risk of developing fluid overload with previously
“normal” or excessive fluid intakes is enhanced when AVP is secreted inappropriately

during prolonged exercise, as reflected by increased urine osmolality and decreased
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urine volume. A lower rate of urine production correlates significantly with a higher rate
of serum/plasma [Na'] decrease in athletes drinking excessively during exercise™.
Multiple potential stimuli to AVP secretion can exacerbate fluid retention at any time
during prolonged exercise?®'. However, given the short half life (6-8 minutes)®' of AVP,
measurement of suppressed AVP levels at time points after the cessation of physical
activity do not eliminate the possibility of inappropriate AVP secretion as a contributory

factor to the development of EAH.

Excessive Na' loss has not been demonstrated to be a primary causative factor in the
pathogenesis of EAH. Published data on Na” losses in EAH show that sodium loss is
no greater in individuals who develop EAH than in individuals who do not?'32401,
Although symptomatic EAH is largely associated with weight gain, mild or asymptomatic
EAH (generally [Na"] in the range of 130-134 mmol/L) can be associated with a
spectrum of weight change, from weight loss (-9%) to weight gain (+2%)°. The etiology
of asymptomatic EAH with weight loss has not been clearly established

3313982 However, in athletes with high sweat sodium concentrations (>100 mmol/L)®* or
high urinary sodium losses from inappropriate AVP secretion and water retention (>400
mOsm/L)**%%¢ sodium losses may play a secondary role in the pathogenesis of EAH

by either of two potential mechanisms: 1) hypovolemia produced by sodium losses can
act as a stimulus to AVP secretion, producing a secondary retention of water, as is seen
medically in some cases of diuretic-induced hyponatremia®; 2) sodium losses
themselves can worsen the degree of hyponatremia, although in most cases not nearly
as much as water retention®® when summed up over time. Further studies are needed to
fully investigate the role of sodium losses on this group of athletes who develop EAH,
particularly those with a weight loss in excess of 3% or with a large volume of sweat

over time, in warmer climates and in events lasting over 24 hours.

Ingestion of electrolyte-containing sports drinks does not prevent the development of
EAH in athletes who drink to excess'#*%%% This is due to two factors: 1) all such drinks
are hypotonic (< 135 mmol/L), and therefore will cause dilution of serum [Na'] if water is

retained in the body to excess; and 2) it is well known that even administration of
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isotonic saline will not increase serum [Na'] in hyponatremic patients with the syndrome
of inappropriate antidiuretic hormone secretion (SIADH) because in a euvolemic or
hypervolemic state, the infused sodium will be excreted in the urine rather than
retained®®. Sodium supplementation does not influence post-exercise [Na'] in athletes
who either lose®® or maintain bodyweight®®®’. However, in athletes who gain weight and
develop EAH from excessive fluid intake, the serum [Na'] is maintained somewhat
better if the sodium concentration of the ingested beverage exceeds the amount present

in currently available commercial sports drinks (i.e., >20 mmol/L)*.
4. What are risk factors for EAH?

The presence of a risk factor implies a correlation with higher rates of EAH, but not
necessarily causation. It is likely that these risk factors interact with each other and, in
some cases, may not have an independent association with EAH. Recognized risk

factors include:

o low body weight'©*°

o female SEX1 :6:7:22;30;39;54

o 4 hours exercise duration'6:2123-26:28-31,33-3538-44:48

o slow running or performance pace'*"*°

o race inexperience®®*

o excessive drinking behavior' 7263037
o high availability of drinking fluids™
o altered renal water excretory capacity (potentially impaired by drugs, such

7:234354 intrinsic renal disease or

as nonsteroidal anti-inflammatory agents
SIADH)

o extreme hot;” 122,25:26,28,32:37

or cold® environmental conditions.

In a multivariate analysis, hyponatremia was associated with weight gain, a racing time

> 4:00 hours and low body-mass-index extremes’.



28

Low sodium ingestion, from the voluntary avoidance of sports drinks, sodium
supplements or salty snacks, has not been shown to be a risk factor during events
lasting <24 hours'*®”. Published data on the cystic fibrosis genotype is inconclusive® ",
with only one documented case of EAH reported in an infantryman whose fluid intake
was high®® . Further assessment will need to be made before excluding these variables

as potential risk factors for EAH.
5. How can EAH be prevented?

EAH is caused primarily by the consumption of fluid in excess of urinary and sweat
losses. Therefore, it follows that any individual participating in endurance exercise, and
particularly those at increased risk for EAH, should avoid over consumption of fluids** "2,
There is wide variability in sweat rates and renal water excretory capacity* during
exercise, both among individuals and in the same individual depending on ambient
environmental conditions during the time of exercise; thus, blanket universal drinking
guidelines are not possible. The primary means of preventing EAH is to avoid excess
fluid retention, as manifested by weight gain, during or after exercise. There are at least
two ways to insure that weight gain does not occur during exercise: 1) drink only
according to thirst (i.e., ad fibitum)™ or 2) utilize the USATF guidelines, or analogous
methods, to estimate hourly sweat losses during exercise and avoid consuming

amounts greater than this during endurance exercise events’*.

Published data show that an education program advising athletes on the risks of

overdrinking, together with limiting fluid availability at a race, has been associated with a

275 Specifically for an

reduction in the incidence of EAH without deleterious effects
lronman distance triathlon, cycle aid station placement every 20 km, and run stations
every 2.5 km are recommended®. |n a standard marathon footrace, placement of aid

stations every 5 km has been associated with an absence of EAH'®,

There is no currently available evidence to support the suggestion that Na*

H66:7’6

supplementation prevents the development of EA nor is there any evidence that
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consumption of electrolyte-containing hypotonic fluids (i.e., sports drinks) can prevent
the development of EAH in athletes who drink to excess?®®”. Although some studies
suggest that ingestion of electrolyte-containing drinks can decrease the severity of
EAH* it is clear that this approach will not prevent the occurrence of this disorder in the

presence of overdrinking.

*  Sweat rates during sustained endurance exercise can vary markedly between
individuals, ranging from as high as >2L/h?" to as low as <250 mL/h’". Under resting
conditions, maximum rates of renal water excretion in normal individual can reach levels
as high as 1.4 /h*'. However, during sustained endurance exercise, rates of renal
water excretion can be significantly decreased by antidiuresis due to inappropriate AVP

secretion, potentially to as little as 0 to 60 mL/h (resting values)®’.
6. What are appropriate treatment protocols for laboratory confirmed EAH?

Medical facilities at endurance events should include onsite analysis of serum or plasma
[Na']®. Any athlete exhibiting signs and symptoms of acute hyponatremia listed above
should be screened for EAH by measuring plasma or serum [Na']. Based on this

determination, the following treatment protocols are advised:

Asymptomatic EAH

Asymptomatic hyponatremia is not normally detected unless an athlete has blood or
serum electrolyte concentrations tested for some other reason'=6:2931:38.39:41.44 "y
athletes with this biochemical diagnosis, oral fluid intake should be restricted until the
onset of urination. Athletes should also be advised to seek urgent medical attention if
any signs or symptoms of EAH develop within 24 h. Asymptomatic EAH is a
contraindication for the administration of intravenous normal saline, which can worsen

the degree of hyponatremia and fluid overload in some cases.
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Symptomatic — Onsite

Intravenous access must be established in athletes with symptomatic EAH, but care
must be taken to avoid the administration of isotonic or hypotonic fluids to prevent
worsening the degree of hyponatremia and fluid overload (with the exception of cases
where there is evidence of circulatory insufficiency where standard Advanced Cardiac
Life Support protocols apply)®®. Oxygen should be administered and the athlete
immediately transferred to a definitive medical care facility. The diagnosis of EAH must

be communicated to the emergency room physician upon transfer of care.

/fthe medical staff is experienced in treating hyponatremia in the field, any athlete with
EAH who exhibits signs of respiratory insufficiency, confusion, obtundaton, nausea and
vomiting can be treated with 100 ml of 3% NaCl over ten minutes to acutely raise [Na']
and decrease brain edema. This maneuver can raise the [Na'] an average of 2-3
mmol/L and should not pose any substantial danger to the patient. This therapy aims to
stabilize the athlete prior to hospital transfer without producing complications. The
efficacy of hypertonic 3% NaCl infusion treatment has been documented in the hospital

47983 and this approach has been recently proposed in the field ®’.

setting
Symptomatic — In hospital

Both clinical and laboratory reassessment must be performed upon admission, taking
care to avoid treatment delays while awaiting diagnostic tests such as brain
imaging”“¥**° Administration of hypotonic or isotonic intravenous fluids during this
reevaluation is again contraindicated because of the potential to exacerbate

hyponatremia and fluid overload.

If symptomatic EAH persists or worsens, current treatment guidelines for acute
symptomatic hyponatremia should be followed. These should entail administration of
hypertonic solutions of NaCl to immediately decrease brain edema. Several different
protocols have been employed to accomplish this goal, including the following: 1)
administer either a 100 ml or a 1 ml/kg bolus of 3% NaCl and repeat hourly at a rate of
100 mithour”™ or 2) infuse 3% NaCl at a rate of 1-2 mi/kg/hour®. Alternatively, if
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hypertonic NaCl as not immediately available, hypertonic mannitol can be administered
to accomplish this goal . Regardless of which method is chosen, treatment should be
continued until the patient regains consciousness. Subspecialty consultation is strongly
advised (nephrology/endocrinology) with regard to further therapy (e.g. loop diuretics,
fluid restriction, etc.). Plasma or serum [Na'] should be monitored every hour until the
symptoms subside and the patient is clinically stable with an appropriate urine output.
Osmotic demyelination, or central pontine myelinolysis, in association with the rapid
correction of an acute hyponatremia (i.e., <48 hour duration), has not been
reported®®and should never be an impediment to rapidly correcting hyponatremia in

symptomatic EAH 7;21-23;26;43;46;54;60.

7. What advice should be disseminated for prevention and treatment of EAH?

Athletes and coaches

Strategies aimed at preventing the over consumption of hypotonic fluids (water or sports
drinks), as outlined above, need to be communicated effectively to coaches and
athletes. Furthermore, athletes and coaches must be better educated on the signs and

symptoms of EAH regarding when to seek medical attention.

Medical directors and race directors

Aid stations should be placed at appropriately distanced intervals. Medical and race
directors should strongly consider pre-race weight measurements as a routine part of
race registration. The pre-race weights of collapsed athletes should be readily available
to medical personnel either electronically or on the athletes’ race bib number. Medical
directors should ensure the availability of onsite [Na'] analysis to screen for EAH before
medical treatment is initiated. A self audit regarding the incidence and outcome of EAH
cases is strongly advised after completion of each yearly event. Since the condition is

preventable, appropriate action should be taken to avert future recurrences.
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Medical tent staff

Medical personnel within all medical areas must be educated on the signs, symptoms
and treatment strategies of EAH. Mandatory weighing of all participants presenting to
the medical tent is strongly advised. Whether symptomatic EAH should be treated with
3% NaCl in the medical tent prior to transfer to a hospital emergency facility has not
been critically evaluated at this time. Decisions regarding use of 3% NaCl for treatment
of EAH in the field will therefore depend on the level of expertise of the medical staff on

site.

Emergency medical services and hospitals

Prior to the race or event, the medical team should establish a relationship with the local
emergency teams, medical facilities and emergency room physicians. The availability of
3% NaCl should be confirmed and the administration of 3% NaCl should be guided by

the treatment protocol detailed above.

Local media
The media should disseminate the same information that is provided to athletes and

coaches.

8. What studies should be performed to better understand EAH?

Prospective and controlled clinical trials on fluid replacement during exercise should be
performed both in the laboratory and in the field. An international registry of all cases of
EAH should be established. The following areas were identified by the Panel as

priorities for further study:

o Which cases of symptomatic EAH can be safely monitored and managed on

site rather than transferred to hospital emergency rooms?
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What are the appropriate indications for administering hypertonic NaCl in
symptomatic EAH? Should initiation of hypertonic NaCl begin onsite in the

medical tent when symptoms are severe?

Are oral hypertonic NaCl solutions of use in mild to moderate EAH? Could

they be utilized when hypertonic NaCl solutions are unavailable (i.e., onsite)?

What is the etiology of EAH when it occurs in association with weight loss?

What are the mechanisms (renal, cardiovascular, hormonal) responsible for

fluid retention during prolonged physical activity?

What is the etiology/mechanism for inappropriate (i.e., non-suppressed)

plasma AVP concentrations during endurance exercise?

What is the rate of endogenous water production or release during endurance
exercise, in particular the water complexed to muscle and liver glycogen?

How does this reduce the need to ingest fluids to replace sweat losses?
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Study 1A: Sodium supplementation is not required to maintain serum sodium
concentrations during an Ironman Triathlon

(This manuscript has been published as: Hew-Butfer T, Sharwood K, Collins M, Speedy
D, Noakes T. Sodium supplementation is not required to maintain serum sodium
concentrations during an Ironman triathlon. Brit J Sports Med 2006. 40:255-259)

INTRODUCTION

Current doctrine advises that athletes ingest between 460 — 920mg/L (20 -40 mmol L")
of sodium (Na*) during exercise ™. The prevailing theory argues that salt ingestion is
the sole method by which a fall in serum Na* concentration ([Na*]) can be prevented
during prolonged exercise. This hypothesis is based on the model which predicts that

Na" losses during exercise are large %, especially in “salty sweaters” °

including those
with the gene for cystic fibrosis “®. Failure to replace large Na* losses is then believed
to cause a progressive fall in serum [Na'] leading to the hyponatremia of exercise and,
ultimately, hyponatremic encephalopathy. It is further argued that this mechanism
becomes important during ultradistance events such as the 90km Comrades Marathon *
and the 226km Ironman triathlon ® where total sweat Na* losses might be as high as

400-650 mmol *.

Guidelines promoting increased Na' intake during exercise conflict with those recently
released by the Institute of Medicine (IOM) 7. The IOM argues that the daily adequate
intake of Na®, which is 65 mmol or 1.5 g, is sufficient for physically active individuals.
Since the median daily Na" intake in the United States is between 3.1 —~ 4.7 g (135 -
204 mmol) for men and 2.3 - 3.1 g (100 - 135 mmol) for women, additional
supplementation seems unnecessary in athletes who ingest a Western diet.
Furthermore, the body has appropriate defense mechanisms to protect against the
development of a Na" deficit during prolonged exercise. Two immediate defense

&1 o1 contraction of the

mechanisms are the release of Na* from internal body stores
extracellular fluid (ECF) volume. Contraction of the ECF volume by as little as 1 liter

(~7%) would release 140mmol (~3 g) of Na*, equivalent to the amount of Na" present in
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7.8L of the popular sports drinks Gatorade® (USA) or Energade® (South Africa) or 28L
of Powerade® (USA) "2,

Accordingly, to determine the potential role of Na" supplementation during very
prolonged exercise, this study was designed to answer the following questions: (i) Do
athletes who ingest additional Na* during a 226 km Ironman Triathlon maintain higher
serum [Na'] than those who do not ingest additional Na* ?; (ii) Are those athletes who
fail to ingest additional Na® during the Ironman Triathlon able to maintain their serum
[Na'] within the normal range, or are they at increased risk for the development of
hyponatremia ?; (iii) Is Na* supplementation associated with superior performance in
the Ironman triathlon; and (iv) Does Na" supplementation reduce the probability that

athletes will require medical care after finishing the race ?

METHODS

One hundred and forty-five triathletes competing in the 2001Cape Town Ironman
Triathlon (3.8 km swim, 180 km cycle and 42.2 km run) volunteered to participate in this
study and were randomly assigned into either a control (placebo) or experimental (Na”
supplementation) group. Before participating in this trial, each athlete signed an
informed consent form. The study was approved by the Research and Ethics

Committee of the Faculty of Health Sciences of the University of Cape Town.

Three days before the race, subjects were weighed (Adamlab JPS electronic scales,
South Africa) in racing attire and a baseline blood sample was obtained from an
antecubital vein to measure serum [Na'] (Easylyte PLUS Na/K/Cl analyzer, Bedford
MA). Participants in the control group were provided with 40 “placebo” tablets, each
filled with 596mg of starch (Cakes pride™ superfine corn flour). Subjects in the
experimental group were given 40 identical looking tablets, each containing 620mg of
table salt (244mg/10.6 mmoles of Na" with 376mg/ 10.6 mmoles of CI"). Both the Na*
containing and placebo tablets were prepared by the researchers. All athietes were

asked to ingest tablets “ad /ibitum” within a suggested range of 1-4 tablets every hour



43

and were discouraged from taking any other electrolyte-containing tablets during the
race. After the race, all subjects returned their packets so that any remaining tablets
could be counted. From this, each subject’s intake of Na" or placebo tablets could be
accurately quantified. Food and fluid intake were allowed ad /ibifum and were not
considered in this analysis. All subjects confirmed that they had not ingested

electrolyte-containing tablets other than those provided as part of the trial.

During the race, athletes were provided with access to water or the sports drink
(Energade® [Na'] = 18mmol/L) at stations placed every 20km in the cycling leg and
every 2.5km in the running leg. Seconding stations placed this infrequently are

associated with a reduced incidence of hyponatremia in the Ironman Triathlon ' .

Upon completion of the race, all subjects were immediately weighed and a venous
blood sample obtained for measurement of post race [Na']. Blood pressure and rectal
temperatures were then recorded according to the methods previously described ™.
Each athlete was then examined clinically for indicators of post-race fluid status
including the presence or absence of sweating, the ability to form saliva (spit test),
measurements of skin turgor (pinch test) and swelling of the hands (observation of the
tightness of fit of rings and watches). Where indicated, an appropriate clinical diagnosis

was made and recorded in any triathlete requiring medical care after the race.

Athletes in the experimental trial were asked specific questions regarding perceived
exercise intensity during the race, post-race muscle soreness and mental wellness, all
rated on a scale of 0 — 10 (Table 1A.1).

Data were analyzed using the STATISTICA 7.0 (Tulsa, OK, USA) software program.
Using the one-way ANOVA technique, the experimental and control groups were
compared alone and with a group consisting of all the other triathletes in the race in
which these same measurements had been made (n = 299). The Kruskal-Wallis
variation was used to evaluate non-parametric data. Statistical significance was set at p
< 0.05.
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RESULTS

Five hundred and ninety athletes successfully completed the lronman triathlon. Air
temperature during the race ranged from 15.6°C to 20.9°C with a midday value of 20°C
and an average value of 17.2°C. Average humidity was 63% with a maximum value of
79% and a minimum value of 48%. Sea temperature was 15°C. Average wind speed

was 6.4 m s with maximum gusts of 22.3 m/s (81 km h'™").

One hundred and fourteen of the 145 athletes ingested the supplemental tablets and
had complete pre and post-race data collected. Of these 114 athletes, 53 were in the
experimental group and 61 in the control group. Two hundred and ninety-nine
triathletes, who voluntarily participated in other medical research, were included as a
third comparison group. This comparison group had identical measurements obtained
during this triathlon ™ but did not ingest either placebo or Na+ supplements during the
race. Only 8-10% of the participants were female including four (8%) in the
experimental, six (10%) in the placebo and 26 (9%) in the comparison group. The small
number of female competitors precluded further evaluation of the effect of gender on

serum [Na'] and fluid balance during the race.

There were no significant differences between the three groups for age, finishing time,
pre-race [Na'], post-race [Na'], pre-race weight, weight change during the race, percent
dehydration during the race, post-race rectal temperature, post-race systolic or diastolic
blood pressures or in the prevalence of medical diagnoses (Table 1A.2). Mean post-
race serum [Na+] was unchanged from pre-race concentrations in all groups. Clinical

meastures of post-race fluid status were also not significantly different between groups.

The experimental group ingested an average of 14.7 + 8.3 (mean + SD) salt tablets
(156 + 88 mmol Na*) while the average number of starch tablets consumed by the
placebo group was 15.8 £ 10.1 (p = 0.55; NS). Measures of exercise intensity, muscle
soreness and mental weliness were also not significantly different between the control

and experimental groups (Table 1A.3).
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A significant inverse correlation was noted between the post-race serum [Na'] and the
body weight change in all groups (Figure 1A.1) so that serum [Na'] increased with
increasing body weight loss during exercise. The slope of this relationship was not
different between groups. The athlete who developed hyponatremic encephalopathy

during the race is identified (arrow).
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Table 1A.1: Measurement scales for exercise intensity, muscle soreness and mental

weliness.

EXERCISE INTENSITY

Rest

Very easy

Easy

Moderate
Somewhat hard
Hard

Very hard

Very, very hard
Maximal

DO ~NOOU S WN O

.

MUSCLE SORENESS

—

SOW~NOUMPWN -—-=O

No soreness

Very little soreness

Little soreness

Moderate soreness
Somewhat intense soreness
Intense soreness

Very intense soreness

Very, very intense soreness
Maximal soreness

MENTAL WELLNESS

.y

Best I've every felt
Fell great

Fell good

Fell okay

Somewhat depressed
Depressed

Very depressed

Very, very depressed
Maximally depressed

COX~NOUd WO




47

Table1A.2: Measured variables in three groups of triathletes completing the 2001 South

African lronman Triathlon (mean + SD).

Variable Experimental Placebo Comparison Average P-
Group Group Group {N=413) vaiue
{N=53} {N=61) (N=299)
Age
334+74 339473 353+ 8.1 350+80 0.09
{vears)
Finish time
) 758.3+£87.86 762.0 £ 100.7 741.3 +98.7 7454 +96.4 0.14
(minutes)
Pre-race [Na"}
1406 +1.7 1407 +1.7 1405+1.7 1405 +1.7 0.67
{mmol/L)
Post-race [Na']
1416 27 1405+ 35 1409 +2.7 140.9+28 0.15
{(mmol/L)
Pre-race weight
78.2+986 757 £10.2 76.4 + 10.5 785+ 104 0.36
(kg)
Pre- to Post-race
Weight change 29+1.3 3.0+17 31+1.3 31414 0.36
(kg)
Pre- to Post-race
Dehydration 36+14 3.9+2.1 4.0+ 1.6 39417 0.16
(%)
Post Race Rectal
Temperature 371406 37.4+£0.7 37.2+0.9 37.2+09 0.46
(C)
Post-race Systolic
Blood Pressure 112 +13 109 + 14 112 +17 112 + 186 0.91
{mmHg)
Post-race Diastolic
Blood Pressure 72+ 9 73 +10 73+£10 73+ 10 0.59

(mmHg)



Table 1A.3: Subjective assessment of physical condition at the end of the race in the

experimental and control groups.

Variable Experimental Control Average P-value
Exercise Intensity 6.3 2.1 6.5+2.0 6.4+2.1 0.59
Muscle Soreness 3.9+21 43+22 41+2.1 0.40
Mental Wellness 1.8+1.3 19+£1.2 1.9+13 0.62

Tablets consumed 147183 15.8 £ 10.1 15.2 + 9.1 0.55
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Figure 1A.1: Post race [Na'] versus bodyweight change in 413 athletes completing the

2001 South African Ironman Triathlon in the sodium, placebo and no supplement

groups.
O  sodium supplementation
(" = 0.29,p<0.0001)
1504 ® placebo supplementation

{7 = 0.38,p<0.0001)

X no supplementation
(= 0.17:p<0.0001)

-

E-Y

o
[l

130

Post Race [Na+]
{mmol/L)

triathlete with hyponatremic

120< encephalapathy who gained 3.8 kg
§ ¥ ¥ ¥ L ¥ ]
-10 -5 0 5
Bodyweight change
(kg)

Legend to Figure 1:

*Note that the sole athlete in this frial to develop hyponatremic encephalopathy (arrow)

was also the athlete who gained the most weight (3.8 kg) during the race.
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DISCUSSION

The first important finding of this study was that triathletes who ingested either placebo
or salt tablets “ad libitum”, or who ate and drank as they would normally, all maintained
their serum [Na'] within the normal range while exercising for a mean duration of ~12%
hours (Table 1A.2; Figure 1A.1). The sole exception (arrowed in Figure 1A.1) was one
triathlete in the placebo group who gained the most weight during exercise because he
drank to excess, ultimately developing hyponatremic encephalopathy, for which he

required hospitalization for 12 hours ™.

In this study, subjects in the experimental group ingested an average of 156 mmoles
Na' (3.6g) in addition to any Na" they might have imbibed either in sports drinks or
foods consumed during the race. These 156 mmoles Na' is equivalent to the Na®
present in nine liters of Gatorade® or Energade® or 32L of Powerade®. If, in addition,
subjects in the experimental group had ingested another 7.50 of sports drinks (as
seems probable since this equates to a fluid intake rate of 600 ml/hr for 12.75 hours),
their total Na® intake would have been only ~297 mmoles during the Ironman race. This
combined intake is substantially less than the calculated sweat Na+ loss of 400-650
mmol postulated to occur during even only nine hours of prolonged exercise *. Yet
hyponatrernia did not occur, even though it was highly probable that the majority of
these athletes developed an acute whole body Na* deficit which may have been

substantial in most of the athletes we studied.

Our finding that Na* supplementation did not alter the response of the serum [Na']
during prolonged exercise supports the findings from our previous laboratory studies
during which subjects drank sufficiently to replace either 50 or 100% of the weight they
lost during 3 hours of laboratory exercise """, as well as our earlier uncontrolled field
study of competitors in the 2000 South African Ironman triathlon '®. The absence of an
adequate control group in our previous Ironman Triathlon study limited the scientific

strength of that particular finding.
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Based on these studies, we can reasonably conclude that it is unnecessary to ingest
additional Na" supplementation during prolonged endurance exercise in order to

maintain the serum [Na'] within the normal range.

Historical evidence verifies that when athletes were advised not to drink during
exercise 'Y and hence did not ingest any Na* during prolonged exercise, they completed
prolonged exercise with elevated serum [Na*] *>%*. For example, in 1990 we showed
that only one of 101 competitors in the 1986 South African 186 km ultradistance
triathlon developed asymptomatic hyponatremia (lowest serum [Na'] = 131 mmol/L),
whereas the mean post race serum [Na'] was 142 mmol/L compared to the pre-race
value of 143 mmol/L. This was despite the fact that the only fluids available during the
race were water and Coca-Cola®, which has a very low [Na'] (3.4 mmol/L) %,

Opportunities for fluid replacement during that event were quite limited.

However, despite this evidence to the contrary, two studies are frequently quoted as
evidence that Na® ingestion during exercise is essential if a progressive fall in serum
[Na+] is to be prevented. Both studies contain important logical flaws, not least because

they encouraged trial subjects to drink to excess during exercise.

The goal of the study of Vrijens and Rehrer was for athletes to drink sufficiently to insure
that they did not lose weight during two hours of laboratory exercise 2*. Normal fluid
balance during exercise requires that some weight must be lost due to (i) the release of
stored water consequent to glycogenolysis, and (ii) irreversible loss of fuel through

substrate oxidation %%/

. As a result, athletes in any trial who do not lose weight during
exercise must complete the trial in a mild state of over-hydration. That study therefore
evaluated the effect of Na” supplementation on serum [Na'] in subjects encouraged to
over-drink during prolonged exercise. The data show that the response of the serum
[Na'] to overdrinking was determined by the renal response to exercise so that those
athletes who passed the most urine during exercise were best able to maintain their
serum [Na']. This is compatible with the conclusion that the serum [Na'] is far more

sensitive to changes in total body water [TBW] than to Na" balance during prolonged
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exercise *® and to the explanation that acute hyponatremia is always due to altered
renal function in which the rate of free water clearance fails to match the rate of free
water ingestion, whether at rest or during exercise *°. Finally only 4 of 10 subjects

completed all trials in that study, further limiting the validity of these findings.

Similarly Twerenbold et al studied athletes who drank to excess while running ~40km in
4 hours '. Since sweat rates were only ~500ml/hr whereas rates of fluid ingestion were
~1000ml/hr, subjects gained an average of 2kg weight during the run. In the presence
of this large weight gain, the ingestion of additional [Na"] predictably lessened the fall in
serum [Na'] by about 2-3 mmol/L. Yet, despite the ingestion of an additional 118 mmol
Na', the group that ingested the most Na" still developed marked hyponatremia during
exercise (mean post run serum [Na'] = 134 mmol/L). The authors’ suggestion that their
data prove that all athletes should ingest additional Na* during exercise is incorrect, as
fully argued elsewhere '2. Rather the correct conclusion is that since the single best
predictor of the post-exercise serum Na' is the change in body mass during exercise
(Figure 1A.1), avoidance of overhydration is the most important intervention necessary

to prevent the development of exercise associated hyponatremia #2932,

Another line of argument used by the proponents of Na” supplementation during
exercise is their claim that athletes carrying the gene for cystic fibrosis have much
higher sweat [Na'] than normal. As a result, these “salty sweaters” are at increased risk
of developing hyponatremia during exercise *°. However, the published evidence
contradicts this conclusion. Four separate studies show that subjects with cystic fibrosis
maintain their serum [Na" ] within the normal range during exercise ***¢. These studies
clearly establish that even patients with cystic fibrosis and who excrete a “salty sweat”
during exercise, do not need to replace their excessive Na' losses during exercise in

order to maintain their serum [Na'] within the normal range.

The second important finding of our study was that Na® supplementation was not
associated with any difference in triathlon racing performance. The intervention group

finished the race 13 minutes slower than the mean time for all other triathletes (758.3



87.6 versus 745 .4 + 96.4, p=0.14, NS) with no significant differences in finishing times
between any of the groups (Table 1A.2). An absence of association in a cross sectional
study does not, of course, exclude the possibility that a carefully controlled prospective

trial might reveal such a relationship.

Subjective scores for exercise intensity and mental wellness were also not significantly
different between the groups (Table 1A.3) suggesting that Na® supplementation did not

alter the perception of fatigue during the race.

The third important finding was that Na* supplementation did not alter the probability of
requiring medical care after the race. Weight change and percent weight loss during the
race, clinical measures of fluid status, and post race rectal temperatures and blood
pressures did not differ significantly between triathletes in the different groups (Table
1A.2). There were also no significant differences in the degree of muscle soreness

experienced by triathletes in the different groups (Table 1A.3).

Finally, subjects in the experimental and control groups chose to ingest a similar
number of supplemental tablets (14.7 + 8.3 versus 15.8 + 10.1 respectively, p=0.55,
NS). This number was substantially less than the recommended intake of 1-4 tablets
per hour. Our finding that athletes in the control group did not ingest more tablets than
those in the experimental group (who would have been less Na+ deficient since they
ingested an additional 156 mmol Na*) suggests that neither group “craved” Na™ , as is
the normal response in mammals who are Na* deficient **°. Had a Na* deficiency
been present, one would have assumed that (i) the control group would have ingested
more tablets than the experimental group, in an attempt to correct their greater Na*
deficit, whereas (ii) the experimental group would have ingested closer to the 400-600

mmol Na* that reasonable calculations suggest is lost during the Ironman triathlon.
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CONCLUSION

Triathletes competing in the 2001 South African tronman Triathlon maintained their
serum [Na'] within the normal range whether they drank the Na‘-poor drinks (water or a
sports drink with [Na'] = 18mmol/L) or whether they supplemented with ~156 mmol Na*.
The sole athlete to develop hyponatremic encephalopathy was also the only athlete to

show a substantial (3.8kg) weight gain during the race ',

Na® supplementation was not associated with a difference in triathlon performance.
Athletes in the placebo, sodium supplementation and “no” supplementation groups did
not differ in their finishing time nor in subjective measures of exercise intensity and

mental wellness, nor in the prevalence of post-race medical diagnoses.

Clinical measures of fluid status, rectal temperature, blood pressure, absolute and

percent weight loss were also not different between groups.

Therefore, predictions of the expected consequences of “large” Na® losses during
prolonged exercise are inaccurate either because athletes sweat less or have lower
sweat [Na'] than are currently believed. Alternatively, during acute states of Na® loss,
additional Na" may be released from either intracellular body stores (i.e. bone, skin) or
by contraction of the ECF volume, in order to buffer acute Na“ losses until these are

replenished by Na+ ingestion during the next meal.
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Study 1B: Case Report: The treatment of symptomatic hyponatremia with
hypertonic saline in an lronman triathlete

(This manuscript has been published as: Hew-Butler t, Anley C, Schwartz P and
Noakes T. The treatment of symptomatic hyponatremia with hypertonic saline in an
Ironman triathlete. Clin J Sport Med 2007; 17:68-69)

INTRODUCTION

Exercise-associated hyponatremia (EAH) is as an important complication of endurance
exercise '. The treatment of symptomatic cases in the field remains untested, although
the benefits of hypertonic saline administration have been recently promoted . We
present a case of “mild” but symptomatic EAH in an lronman triathlete who responded
favorably to the administration of a 50 ml bolus of 5% hypertonic saline in the medical

tent and was discharged without medical complication.
CASE REPORT

A 41 year old male triathlete finished his first [ronman Triathlon (3.8 km swim, 180 km
cycle and 42.2 km run) in 10:48 (hours: minutes). Race conditions were cloudy and
mild, with a starting temperature of 17°C, a maximum temperature of 21°C and a
moderate 32 km/h wind present throughout most of the day. This athlete admitted to
drinking > 10 L of fluid, mainly Cytomax™ (9 mmol/L sodium, 6 mmol/L potassium, 8%
carbohydrate: maltodextrin, fructose and dextrose), on the bicycle portion of the race
which he completed in 5:54 minutes (~1.7 L/hour). He stated that he was never thirsty,
but drank to “stay ahead of thirst”. He voluntarily fluid loaded two days prior to the race

by ingesting “four to five” liters of Cytomax™ per day.

During the running portion of the race, he reported having three bouts of diarrhea and
feeling “delusional” towards the end of his 3:51 run. He related urinating twice at the
beginning of the run, although his urine was “sparse” and “appeared green”. He

ingested two pain killers before and during the triathlon (an over-the-counter mix of
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acetaminophen and ibuprofen). His medical history was unremarkable, except for mild

asthma for which he did not take regular medication.

This triathlete consented to participate in a large research trial where pre race
laboratory values and a pre race weight of 68.0 kg were recorded. Upon completion of
the Ironman event, the subject presented to the research team at the finish area
complaining of nausea. His post race weight was 68.2 kg: a bodyweight gain of 0.2 kg.
Blood pressure on admission was 104/73 mmHg, pulse was 63 bpm and axillary
temperature was 35°C (Measurement of axillary temperature was part of the existing
protocol for the Ironman Medical Team and because this patient did not present with

any signs or symptoms of heat iliness, rectal temperature was not obtained).

The initial serum sodium concentration ([Na']) was 135 mmol/L (normal range: 136 —
144 mmol/L), serum potassium was 3.25 mmol/L. (normal range: 3.4 — 4.5 mmol/L) and
glucose was 4.0 mmol/l. (normal range: 4 —~ 8 mmol/L). He was placed in the
Trendelenburg position and intravenous access was established without fluid
administration: this was the protocol for a larger prospective study, formally approved by
the ethical committee at the University of Cape Town, on collapsed athletes to which the
subject had given written informed consent to participate prior to race start. The subject
was offered a choice of oral fluids, from which he chose Coke™. He drank one to two
sips of Coke™ before relating that he felt “worse”. He was sleepy, lethargic,
disinterested and did not interact voluntarily with other participants or study volunteers.
He kept his eyes closed during most of our questioning, but could answer four out of
five questions correctly in the initial assessment of consciousness (he could not recall
the date). He did not report any vomiting during the race, and never became stuporous,
comatose or obtunded within the medical tent. An intramuscular injection of 10 mg
metoclopramide, an antiemetic, was given 14 minutes after admission for persistent
nausea. Sequential serum [Na'] determinations were obtained every ~ 30 minutes
(Figure 18.1).
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The patient’s condition did not change for 100 minutes following admission. When the
third serum sodium determination decreased to 132 mmol/L, this provided clinical and
biochemical justification to administer a 50 ml bolus of 5% hypertonic saline over a
twenty minute period through an intravenous line (3% hypertonic saline is not readily
available in South Africa). Within five minutes of the start of the infusion of hypertonic
saline, the patient's mental state improved dramatically: he became awake and alert
and conversed with the medical staff. After completion of the 20 minute infusion, the

triathlete wished to stand and urinate.

The patient was discharged from the medical area 30 minutes after the hypertonic
saline infusion was completed with instructions to present to the nearest emergency
room if his symptoms reappeared and to consume fluids only according to thirst. Follow
up communication with this athlete, nine days after completion of the Ironman Triathlon,
confirmed that he recovered uneventfully, was without unusual or residual symptoms

and did not seek medical care after discharge from the medical tent.

Figure 1B.1: Sequential serum sodium determinations for the lronman triathlete. The
triathlon commenced at 07:00 and the time noted on the X-axis refers to “real-time” on
the 24 hour clock.
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DISCUSSION

This is the first published report supporting the efficacy of hypertonic saline
administration in the treatment of symptomatic EAH in the field. Although the serum
sodium concentration was only mildly lowered compared to other reported cases of
EAH encephalopathy, the rapid improvement in mental status following the
administration of hypertonic saline suggests that this triathlete’s symptoms were due to
mild hyponatremic encephalopathy which was likely reversed by the administration of

hypertonic saline.

These neurological symptoms associated with “mild” EAH are not well described, as
symptomatic hyponatremia with mental status changes generally occur when serum
[Na"] falls below 130 mmol/L * or when serum [Na'] declines precipitously over a short
time period *. This athlete’s pre race electrolyte values were within the lowest 5% found
in this cohort; perhaps indicating that this subject was maximally hydrated before the

triathlon, secondary to his “fluid loading” practices.

Although the numerical values for both serum [Na'] and bodyweight gain were not
alarming, the history and symptomatology were sufficient to suspect mild hyponatremic
encephalopathy. Non-steroidal anti-inflammatory (NSAID) use has recently been shown
to be an independent risk factor for the development of EAH ° Thus, this athlete was at
greater risk for water retention and dilutional hyponatremia because he ingested two
NSAID tablets before and during the triathlon. Furthermore, it was noted that the
maintenance of bodyweight during an lronman triathlon represented an approximately
2.5 kg weight gain, secondary to metabolic water production and substrate utilisation®.
Thus, this athlete was at least 2.7 kg overhydrated at the end of the race despite the
apparent “marginal” increase in bodyweight. Lastly, it has recently been verified that
beverages containing fructose (i.e. Cytomax™) retard the absorption of water from the
intestinal tract /. This delayed fluid absorption may have contributed to the sudden drop
in serum [Na'] to 132 mmol/L during the third sequential electrolyte evaluation; roughly

one hour after admission into the medical tent. Since the serum [Na'] in venous blood
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may be 4 mmol/L higher than that measured in arterial blood for 30 - 40 minutes after
ingesting a fluid load, the initial serum [Na'] may have been “falsely” elevated in the
initial determinations because all electrolyte evaluations were obtained through

venipuncture’.

Therefore, the combination of: 1) a history of high fluid intake, low urine output and
anti-inflammatory use with 2) clinical findings of weight gain, lethargy and confusion,
combined with 3) laboratory findings of electrolyte values below the normal range with
normal blood glucose, axillary temperature, blood pressure and pulse rates along with
4) positive treatment outcomes with the administration of a bolus of hypertonic saline all
support a diagnosis of EAH with emerging, but mild, encephalopathy. Although the
weight gain was minimal and the sequential serum sodium concentrations were mildly
reduced, neurological symptoms were present and reversed rapidly by the infusion of a
concentrated dose of 5% saline. The total amount of sodium infused was 43 mmol:
enough to raise the serum [Na"] by roughly 1 mmol/L in a 68 kg male. However, the
rapid reversal of cerebral hypoosmolality combined with the initiation of diuresis
following the intravenous administration of hypertonic saline probably most influenced
this patient’s recovery from EAH; irrespective of any change in serum [Na'] as
measured in venous blood. Administration of this small concentrated amount of sodium
was unlikely to have precipitated untoward effects, as the infusion of 50 ml of 29.2%
hypertonic saline (250 mmol/L Na") over 10 minutes has been documented in

hyponatremic patients with clinical success®.
CONCLUSION

Mild neurological symptoms resulting from mild EAH in a well frained triathlete reversed
rapidly following a bolus of intravenous hypertonic saline. Treatment of clinical
symptomatology should always take precedence over laboratory values. Hypertonic
saline can be used judiciously, and without complication, in the treatment of
symptomatic exercise-associated hyponatremia when other potential causes of collapse

have been excluded.
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From this case study, it appears that a 50 ml bolus of 5% hypertonic saline can be
safely administered in the field. Therefore, the authors’ would not hesitate to administer
such a bolus to stabilize any athlete with symptomatic hyponatremia. Waiting until
presentation to a hospital to administer a bolus of hypertonic saline, in a hyponatremic
patient with clear mental status changes/seizures, may be far more dangerous than

administration of a bolus in the field prior to transfer.
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Study 2C: Dysnatremia predicts a delayed recovery in collapsed ultramarathon
runners

(This manuscript has been published as: Hew-Butler T, Sharwood K, Boulter J, Collins
M, Tucker R, Dugas J, Shave R, George K, Cable T, Verbalis JG and Noakes T.
Dysnatremia predicts a delayed recovery in collapsed ultramarathon runners. Clin J
Sports Med 2007; 17: 289-296)

INTRODUCTION

Exercise-induced abnormalities in serum sodium concentrations ([Na']) are uncommon
! with the incidence of dysnatremia in collapsed athletes generally low. The highest
reported incidence of hypematremia in collapsed marathon runners is 25% ' while the
highest reported incidence of hyponatremia in collapsed runners is 8% %. Yet, when
present, both exercise induced hyponatremia and hypernatremia may lead to severe
central nervous system (CNS) dysfunction and death %6 The brain has a limited
capacity to adapt to rapid changes in osmolality, which produce acute changes in brain
volume ’. The rapidity with which hyponatremia or hypernatremia develops often
dictates the severity of the CNS disturbance ®. Prompt reversal of the abnormal [Na']
can ameliorate CNS dysfunction by restoring brain osmolality while normalizing cerebral

cell size.

The treatment of hypo-, normo- and hypernatremia with intravenous versus oral fluids
and the effect of initial [Na"] on recovery time has yet to be properly evaluated in
collapsed athletes. Intravenous rehydration may lead to a faster restoration of plasma
volume, since this method of delivery bypasses the delay associated with gastric
absorption, *'°. Overzealous intravenous rehydration, however, may lead to fluid
overload hyponatremia ''. Oral rehydration has been shown to ameliorate thirst '* with
the ingestion of sodium containing beverages facilitating the restoration of fluid balance

in the volume depleted state ">

This study was designed to address the following questions: 1) What is the incidence of

hyponatremia, hypernatremia and normonatremia in collapsed runners presenting to the
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medical tent of the Comrades Marathon and did initial [Na'] status influence time to
discharge; 2) Do intravenous fluids restore [Na'] to 140 mmol/L faster than the
administration of oral fluids in normonatremic and hypernatremic collapsed runners and
thus influence time to discharge. It is hypothesized that exercise-induced dysnatremias
are uncommon in collapsed athletes and that the administration of intravenous fluids will
produce a more rapid correction of the dysnatremias leading to sharter discharge times

from the medical facility.

METHODS

This study was approved by the Ethics Committee of the University of Cape Town and
the Georgetown University Institutional Review Board. Informed written consent and
pre-race bodyweights were obtained from 7,299 runners during registration for the 2005

Comrades Marathon.

Runners who “collapsed” during or following the race were triaged in the medical area.
Blood pressure, heart rate, serum sodium concentration ([Na‘]) and mental status were

immediately evaluated and the runners were placed in the Trendelenburg position.

Runners were randomized by race number into two separate groups with treatment
dictated by [Na']. All collapsed runners whose last digit of the race number was “even”
received intravenous rehydration; conversely, all runners whose last digit of their race
number was “odd” received an intravenous line to maintain venous access (placebo V)
with oral rehydration. The appropriate hypertonic (3% NaCl), isotonic (0.9% NaCVl/
normal saline) or hypotonic (0.45% NaCl/ half normal saline) fluid administered was
dependant on the post race [Na']. Appropriate fluid therapy aimed to correct [Na'} to140
mmol/L and any athlete who could not tolerate oral fluids was immediately reassigned to

the oral - intravenous rehydration group.

Subjects were treated according to the following protocol:

1) If [Na'] < 135 mmol/L: placebo IV with oral hypertonic rehydration
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Or IV hypertonic rehydration

2) If [Na"] between 135 — 140 mmol/L: placebo IV with oral isotonic rehydration
Or IV isotonic rehydration

3) If [Na"] >140 mmol/L: placebo IV with oral hypotonic rehydration
Or IV hypotonic rehydration

The volume of fluid used was calculated from the following equation °:

Change in [Na+] = infusate [Na'] - serum [Na']

*(Total Body Water + 1)

Volume of infusate Required = Change in [Na'] targeted

Change in [Na'] calculated above
*Total body water in liters (TBW) for females was calculated as: bodyweight (kg) x 0.5,

and for males: bodyweight (kg) x 0.6

Oral fluid intake was administered ad libitum, up to the calculated amount necessary to
return serum [Na'] to140 mmol/L. The identical hypotonic, isotonic and hypertonic fluids
used for 1V resuscitation were used for oral rehydration, and were flavored with a non-
caloric powdered drink mix (Crystal Light™) to enhance palatability. Although fluid
intake was encouraged, it was not forced upon the athlete. All intravenous fluids were
delivered at the maximal rate: stopcock wide open through an 18 bore catheter. Oral

fluid intake was not permitted by those runners receiving intravenous fluid resuscitation.

Clinical symptoms were documented upon admission. Each athlete was asked to recall
the frequency of fluid ingestion and urination throughout the 89 km course. Blood
pressure and heart rate were measured every 30 minutes. Mental status was assessed
using the Paris Island scale for nonfocal encephalopathy 6. Sodium ([Na]), potassium
(IK'D), chioride ([CI), bicarbonate ([HCO31), and hematocrit ([Hct]) were measured
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onsite with a portable electrolyte analyzer (Bayer-Chiron 348 ph/Blood Gas Analyser

2000, England) and repeated 30 minutes after treatment was initiated.

Any runner assigned to the oral resuscitation group but could not tolerate fluids by
mouth and was switched to intravenous fluid resuscitation had sequential serum [Na']
measurements obtained 30 minutes after the oral fluid was initiated. The within-run
standard deviation (WRSD) of the portable analyzer was 0.09 while the coefficient of
variation was 0.07% in regards to the precision and accuracy of serial serum [Na']
measurements obtained from whole blood (Operator's Manual 1996, Chiron Diagnostics
Ltd). Bodyweights were measured pre race and upon discharge from the medical tent,
as it was logistically difficult to measure collapsed runners as they entered the medical
tent. Discharge from the medical tent was authorized by the head physician (J.B.) when:
1) the runner was alert and oriented to person, place and time 2) the athlete could
ambulate without assistance. Administration of the entire calculated dose of fluid was
not a requirement for discharge. Time to discharge was the main outcome measure with

the rate of recovery of [Na'] a secondary outcome.

A cohort of 31 athletes was recruited at registration to serve as a control group. A
venous blood sample, bodyweight and blood pressure were obtained at registration and

immediately following completion of the race.

Descriptive analyses were compiled for the frequency of hyponatremic, normonatremic
and hypernatremic runners who presented to the medical tent of the Comrades
Marathon. The number of subjects in each subgroup (n) as well as in total (N) for each
variable is listed in the tables, as full data could not be obtained in every runner who
required an initial serum [Na“]. Independent t-tests were performed between
hypernatremic and normonatremic groups in Table 1, as the hyponatremic group was
too small and [Na“] values too close to the “normal” range (134 mmol/L) to define
statistically meaningful relationships. All analyses were performed using the
STATISTICA 7™ software program with significance set at p < 0.05. All data were

presented as mean + SD.
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RESULTS

11,728 athletes completed the 2005 Comrades marathon within the 12 hour time limit,
with an average finishing time of 602 minutes. The temperature in Pietermaritzburg at
the start of the race was 5°C. The peak temperature in Durban (race finish) was 24°C.
Coke™ Energade™ and water were freely available every 1.5 km. One hundred and
thirty-three runners, who had given informed consent prior to the race and had their
serum [Na'] measured on entrance to the trial, collapsed during (12%) or after (88%)
the marathon. There were no significant differences between any biochemical,
cardiovascular and symptom parameter between those athletes who collapsed during or
after the marathon. The mean finishing time for the collapsed athletes was 573 £ 92

minutes (range: 372-718 minutes).

A small majority (53%; n = 71) of collapsed athletes were normonatremic with [Na']
between 135-145 mmol/L (Table 2C.1). Fewer than 2% (n = 2) of athletes were
hyponatremic ([Na'] < 135 mmol/L) with the remaining 45% (n = 60) hypernatremic
(INa'] >145 mmol/L). Runners with a higher initial serum [Na'] spent a significantly
longer time in the medical tent compared with runners presenting to the medical tent
with a lower initial serum [Na®], with the exception of the two hyponatremic runners

(Table 2C.1; Figure 2C.1).

There were no significant differences between the finishing times or split time difference
between normonatremic and hypernatremic runners (Table 2C.1). Diastolic blood
pressure was significantly lower in normonatremic runners compared with
hypernatremic runners. All other biochemical, cardiovascular, symptom and fluid
intake/output parameters were not significantly different between normonatremic and
hypernatremic runners (Table 2C.1). The weight difference at discharge from the
medical area was identical between normonatremic and hypernatremic runners. The
hyponatremic group was too small to make any meaningful statistical conclusions, but is

included in Table 2C.1 for descriptive comparisons.



71

Normonatremic runners had lower initial [Na*] and [CI] and required a lower volume of
calculated hypotonic saline correction to return the initial [Na'] to 140 mmol/L, compared
with hypernatremic runners (Table 2C.1). Fluid administration lowered [Na'] by only 0.9
+ 2.3 mmol/L in normonatremiic runners (Figure 2C.2). This represents an error of 2.0
mmol/L in the expected response of [Na'] to the volume of fluid calculated to return the
serum [Na'] to 140 mmol/L. Fluid administration lowered [Na'] in hypernatremic runners
by 2.6 £ 2.9 mmol/L representing an average error of 5.7 mmol/l. compared to the
expected response. There were no significant differences between intravenous and oral
rehydration groups with regards to the extent of change in [Na"] from the initial value to
the first follow-up value (~30 minutes) after rehydration commenced (Figure 2C.3). The
change in [Na'] for the intravenous group was -2.1 + 3.1 mmol/L while the change in

[Na']in runners able to tolerate oral fluids was -0.7 + 1.8 mmol/L.

Tolerance to oral rehydration proved to be problematic as 45% (n = 24) of collapsed
runners assigned into the oral resuscitation group could not tolerate fluids by mouth and
were immediately switched to intravenous therapy. This specific sub-group of collapsed
athletes had a higher initial [Na'], spent a significantly longer time in the medical tent,
required larger volumes of hypotonic fluid correction, had higher hematocrits and
experienced more nausea and vomiting than those runners assigned to the oral
treatment group and were able to tolerate fluids by mouth (Table 2C.2). Collapsed
runners that were assigned to the oral group, but later switched to intravenous fluids,

decreased the initial [Na'] by -0.7 + 1.9 mmol/L.

There was wide variation in the response of [Na'] to hypotonic fluid administration in all
runners whose initial [Na'] was > 140 mmol/L. (Figure 2C.4). Serum sodium
concentrations were expected to decline in response to hypotonic fluid administration,
but in a few cases, [Na"] actually increased. The line of unity represented no change in
serum [Na'] from the initial [Na"] to the follow-up [Na'] ~30 minutes later. If the
administration of hypotonic fluids caused [Na'] to increase, then the follow up [Na']

would lie above the line of unity. If the administration of hypotonic fluids caused [Na'] to
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decrease (as would be expected), than the follow up [Na"] would lie below the line of

unity.

The 31 runners in the control group finished the race in a mean time of 608.9 £ 84.5.
The control group lost 2% bodyweight from pre to post race while serum [Na'] increased
significantly by 2.7 £ 6.0 mmol/L (p < 0.05; Table 2C.3). Systolic and diastolic blood
pressure were within normal limits pre and post race, with the degree of post race
hypotension similar to that observed in collapsed runners (Tables 2C.1 and 2C.3). None
of the control group runners collapsed or reported any adverse symptomatology. The

mean finishing time was not significantly different from that of the collapsed runners.
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Table 2C.1: Analysis of collapsed ultramarathon runners classified by initial post-race [Na"].

VARIABLE HYPONATRAEMIA NORMONATRAEMIA HYPERNATRAEMIA AVERAGE
{<135 mmol/L) {135 — 145 mmol/L.) (=145 mmoliL)
n=2 n=71 “n =60 “N=133
Finish time 596.0 £ 0.0 576.0196.0 568.2 + 88.9 572.6 £92.1
{min) n=1 n=63 n=53 N =117
Split time difference 89.0+0.0 48.2+31.8 50.0+36.4 49.4 £34.0
{min) n=1 n=52 n =47 N =100
Time in tent 146.0 £ 121.6 80.0 £ 30.7 102.2 £ 36.0 90.0£36.9
{min) n=2 n =68 n=56 N =126
Pre-race weight 65.0 £ 0.0 70.5+10.8 68.9x11.1 69.7 £ 10.0
{kg) n=1 n=48 n =44 N=93
Weight difference No data 18122 -1.8+£3.3 18428
at discharge (kg) n=0 n=33 n=32 N =65
Initial [Na+] 134.0 £ 0.0 14291+ 1.9 148.3 1 2.1 1452+ 3.6
{mmol/L} n=2 n =71 n =60 n=133
Calculated hypotonic 0.2+01 0.8 £ 0.4* 2.0%+09 14108
saline correction (L} {hypertonic: n = 2) n=64 n =59 N=123
Initial [CI-] 97.0t 2.8 103.1 4.1 106.2 £ 3.6 104.4 £4.3
{mmol/L) n=2 n=47 n =44 N=93
Initial [HCQ;-] 26.3+29 237125 234130 236128
{mmoliL) n=2 n=71i n =60 N=133
Initial [K+] 45106 51+20 4.7+08 49%15
{mmaoliL) n=2 n=70 n =60 N=132
Initial Het 485+ 6.4 51.914.7 516149 517148
(%) n=2 n =71 n =60 N =133
Glucose 53%+0.0 56+1.5 57115 57t14
(mmol) n =1 n =17 n =16 N=34
Initial Systolic BP 113+ 4 104+ 15 108 £ 18 106 £ 17
{(mmHg) n =2 n=63 n=59 N=124
Initial Diastolic BP 757 64 + 14" 691 14 67 + 14
{mmHg) n =2 n=63 n=59 N=124
Pulse 85+ 7 83+ 11 8313 83+12
{beats/min) n=2 n=61 n=58 N =121
Initial [Na+] - follow- 101 4.2 -0.9+23" -2.61+29 -1.7%28
up [Na+] n=2 n =38 n=43 N =83
Difference {(mmol/L)
ANausea 05107 0.7+05 0.8+04 07+04
n=2 n =68 n =60 o =130
AVomiting 0.5+£07 0.4+07 0.6+0.5 05206
n=2 n = 68 n =60 N=130
"Fluid Intake 1.5+ 0.7 22+1.2 20£1.0 2114
n=2 n =66 n =60 N=128
®Urination 3.0£0.0 1.7+11 1712 17214
n=2 n =66 n =59 N=129

* p<0.05 and **p<0.01 between normonatremia and hypernatremia groups only
* designates the total number of subjects with an initial [Na'] value

LEGEND {for non-continuous variables)

" Nausea and vomiting: 0 =noand 1 = yes

" Fluid intake: 0 = drank at every table, 1 = drank at every 2" table, 2 = drank at every 3" table, and

4 = drank at > every third table
@ Yrination: 0 = none, 1 = once, 2 = twice, 3 = 3 or more times




Table 2C.2: Analysis of runners on the basis of tolerance for oral fluid rehydration during

recovery.

VARIABLE ORAL GROUP ""ORAL-IV GROUP
‘n=29 “n=24
Finish time 545.4 £ 93.6 595.3 £ 85.7
{min) n=26 n= 21
Split time difference 47.3 £ 36.1 53.4 +29.3
{min) n=24 n=17
Time in tent 73.5 % 30.5" 101.9 £ 35,5
{min) n=26 n= 24
Pre-race weight 66.0+£7.5 69.7 +11.1
(kg) n=18 n=20
Weight difference -13%34 -1.0+£34
at discharge (kg) n=9 n=16
Initial [Na+] 143.8 £ 3.7 1471 3.5
{mmol/L) n=29 n=24
Calculated hypotonic saline 1.0 + 0.8 1.7+1.0
correction (L) n=29 n= 24
Initial [Cl-] 103.9+5.2 105.5+3.0
{mmol/L} n=23 n=15
Initial [HCO;-] 231+28 23.0+26
{mmol/L} n=29 n=24
Initial [K+] 49+11 49+0.8
(mmol/L} n=29 n=24
Initial Het 50.3 +4.8" 53.3+£5.3
(%) n=29 n=24
Glucose 51+1.8 57+0.8
{mmol) n=é n=7
Initial Systolic BP 103 + 14 103 £ 19
{(mmHag} n=27 =23
Initial Diastolic BP 65+ 14 65+ 15
{mmHg) n=27 n=23
Pulse 82+12 89 +10
{beats/min)} n=27 n= 21
Initial [Na+] — follow-up [Na+] H7+1.8 4.5+1.9
Difference {mmol/L) n=15 n=18§
ANausea 0.7 0.5 1.0%0.2
n=29 n=24
“Vomiting 0.4% 0.5 0.7+0.5
n=29 n=24
*Fluid Intake 2.0+1.2 19+0.9
n=28 n= 24
®Urination 156+1.1 21 %09
n=28 ne=24

*p < 0.05, *p < 0.01

" designates the total number of subjects with an initial [Na'] value

“*group originally randomized to oral therapy but were unable to tolerate such therapy

LEGEND (for non-continuous variables)
" Nausea and vomiting: 0 = no and 1 = yes

* Fluid intake: O = drank at every table, 1= drank at every 2™ table, 2 = drank at every 3 table, and

4 = drank at > every third table

@ Vrination: 0 = none, 1 = once, 2 = twice, 3 = 3 or more times




Table 2C.3: Pre and post race values for control group (asymptomatic) runners (N=31)

VARIABLE PRE RACE | POST RACE
Bodyweight 71.3+10.8 | 70.0+10.6
(kg)
[Na‘] 137.2 £4.6* | 139.9+4.1
(mmol/L)
Systolic Blood Pressure 116 £ 10 104 £ 6
(mmHg)
Diastolic Blood Pressure 66 +12 688
(mmHg)
*p<0.05

Figure 2C.1: Initial serum [Na'] at presentation versus time to discharge from the medical tent
for all subjects with different treatments (N = 126).
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Figure 2C.2: Correction of serum [Na'] in normonatremic and hypernatremic collapsed
ultramarathon runners, with a calculated dose of hypotonic fluid administration designed to
return the initial serum [Na'] to 140 mmol/L.
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Figure 2C.3: Change in [Na'] with oral and intravenous fluid resuscitation.

Change in [Na'] with
oral and intravenous fluid
replacement

B Initial [Na']
Follow up [Na'}

S
E Y
[
£

[Na']
{(mmol/L)

v Oral Oralllv
Treatment Groups

77



78

Figure 2C.4: Difference between initial [Na'] and follow-up [Na*] in athletes receiving hypotonic
fluid administration {n = 84).
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Figure 2C.5: Serum sodium concentrations in three cohorts of runners: pre-race,
asymptomatic runners post race, and symptomatic collapsed runners post race.
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DISCUSSION

The current study was unique in providing field-based data on the prevalence of
dysnatremias in collapsed runners after an ultra-endurance event and investigating the
efficacy of oral vs. intravenous therapy to correct serum [Na']. In summary, a narrow
majority (53%) of collapsed runners had a normal serum [Na'], with more hypernatremia
(45%) and less hyponatremia (2%) documented in the current cohort than has
previously been reported 2 Normonatremic runners required less fluid, recovered and
were discharged from the medical tent significantly faster than runners who presented
with either hyponatremia or hypernatremia. Furthermore, there was a significant linear
relationship between serum [Na'] and time to discharge. The impact of oral vs.

intravenous therapy for restoration of normal [Na'] was not significant.

The positive correlation between 'initia! serum [Na'] and time to discharge highlights the
potential deleterious effects of serum sodium derangements on the delayed recovery of
collapsed athletes. Although the strength of this significant relationship was statistically
weak (r = 0.27; p<0.05) this relationship confirmed our clinical suspicions that
dysnatremia significantly contributes to the ability of collapsed runners to recover and

re-establish physiological homeostasis.

The two documented cases of hyponatremia within the medical tent were both mild with
an initial [Na'] of 134 mmol/L. Both hyponatremic patients were alert and oriented upon
admission. One hyponatremic runner received 266 ml of 3% hypertonic saline
correction, in three boluses, without any apparent change in [Na’] over a 232 minute
period. Each bolus prompted a copious diuresis (2.3 L total) of electrolyte-poor water
(urine osmolality ranged from 51-396 mOsmol/kg H,0 in four samples) which, curiously,
did not change the serum [Na®] in sequential analysis. Arginine vasopressin levels were
maximally suppressed (< 1 pg/ml) only at the last blood sampling, with values between
2-3 pg/ml at initial sampling. Although collective data on these two hyponatremic
runners were insufficient to derive any statistically meaningful conclusions, the

descriptive trends suggest that these hyponatremic athletes were the slowest runners,
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spent the longest time in the medical tent, slowed down considerably during the second
half of the race, were lighter, ingested fluid and urinated more frequently on the course,
had higher HCO3-, lower hematocrit and hemoglobin concentrations and higher blood

pressure and heart rates compared with normonatremic and hypernatremic runners.

There was a shift to the right (towards hypernatremia) in the [Na'] distribution curve of
the three cohorts of athletes tested at the 2005 Comrades Marathon (Figure 2C.5)
suggesting that this is the most likely dysnatremia to occur with prolonged exercise. The
mean serum [Na'] of asymptomatic athletes tested pre-race was significantly lower than
post race, with the mean serum [Na'] of symptomatic athletes significantly higher than
that of asymptomatic athletes. This shift to the right further supports the potential for
deleterious effects from hypernatremia and possible contribution to the delayed
recovery of collapsed athletes. Since post-race bodyweights were obtained only at
discharge from the medical area, we cannot comment on the precise mechanism of the
high prevalence of hypernatremia, although volume depletion ' or the increased
activation/inappropriate inactivation of sodium stores have been postulated '®. Weight
loss has been shown to be linearly related to increases in serum [Na‘] ®, however,
suggesting that volume depletion seems the more likely cause of the hypernatremia in

this cohort of collapsed athletes.

Hypernatremic runners assigned into the oral fluid resuscitation group were less likely to
tolerate fluid intake by mouth (Table 2C.2). This subgroup of oral fluid intolerant
hypernatremic athletes (45%) spent a significantly longer time in the medical tent,
required greater amounts of fluid to return [Na“] to the desired value of 140 mmol/L and
had higher initial hematocrits compared with athletes who were able to tolerate oral
fluids. These data suggest that hypernatremic athletes lost a greater proportion of their
extracellular fluid volume during the race, even though the frequency of fluid intake and
urination were similar for athletes who could and could not tolerate oral fluids at race
finish. Since hypernatremic athletes reported significantly more nausea and vomiting
during the race, it is difficult to ascertain whether the high incidence of gastrointestinal

distress contributed to the development of hypernatremia (by the inability to ingest and
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absorb fluids along the race course), or if the development of hypernatremia contributed
to the development of gastrointestinal and other symptoms commonly 