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ABSTRACT

Ultramarathon-associated corneal edema is a
rare phenomenon. We report a case of a patient
who presented with bilateral corneal edema
following an ultramarathon. The corneal edema
resolved without sequelae 48 h later. The
authors hypothesize that the additive effect of
enhanced glycolysis, an increased lactate level
in the aqueous humor, and oxidative stress
alters the normal endothelial regulation of the
cornea and leads to corneal edema.
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INTRODUCTION

Corneal edema is not commonly seen as a result
of athletic activities. In a survey-based investi-
gation, 173 ultramarathon runners described
their visual impairment as painless blurred
vision that resolved spontaneously 24-48 h
after they stopped running. Corneal edema was
confirmed via slit lamp examination in eight of
the runners [1]. This phenomenon was also
reported in a cyclist in a 161-km mountain bike
race [2]. Long-distance endurance sports may
have an impact on the cornea and affect its
normal mechanism of maintaining trans-
parency. For the purpose of this review, an
ultramarathon is defined as any running com-
petition longer than 26.2 miles (42.2 km), with
most races falling between 40 and 100 miles
(70-160 km). We present a case of a patient with
bilateral corneal edema occurring immediately
after an ultramarathon, and hypothesize on the
possible underlying mechanisms.

CASE REPORT

A 44-year-old white man experienced painless
bilateral blurring of vision during and after an
ultramarathon event in Park City, Utah, in April
2011. He noticed the visual impairment pri-
marily in the right eye during the last few hours
of the ultramarathon and presented to our
clinic 5h after completion of the event. This
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was his first ultramarathon and he had not had
any similar episodes of visual impairment in
previous athletic activities. Past medical history
included hyperlipidemia, controlled by ator-
vastatin (Lipitor). Family, social, surgical and
ophthalmologic histories were non-contribu-
tory. He presented to the clinic the evening
after the event. The patient involved provided
written informed consent to having his data
used for research purposes, in accordance with
the tenets of the Declaration of Helsinki.

On eye examination, the patient had visual
acuity of 20/200 OD and 20/30 OS. Intraocular
pressure was 17 mmHg OD and 18 mmHg OS.
Extraocular muscle movements were intact. The
orbits and eyelids revealed no evidence of
trauma. On slit lamp examination, the right eye
had diffuse 3+ corneal edema with a few Des-
cemet’s folds (Figs. 1 and 2) while the left eye
had trace to 1+ corneal edema located on the
nasal periphery of the cornea and dissipated at
the temporal side. The conjunctivae had no
injection and there was no corneal epithelial
abrasion in either eye. The anterior chamber,
iris and lens were normal in both eyes. There
was no evidence of pigment dispersion. A dila-
ted pupil fundus exam revealed a normal optic
nerve, vasculature and macula on the left side,
and only red reflex was appreciated in the right
eye due to corneal edema.

The patient was prescribed prednisolone
acetate 1% ophthalmic suspension QID for both
eyes. His vision subjectively recovered to his

Fig. 1 Diffuse corneal edema and Descemet’s folds in

right eye

baseline 12 h later, and an eye exam performed
48 h after the episode showed complete recov-

ery of both corneas without sequelae.
Endothelial microscopy/counting was not
performed.

DISCUSSION

Ultramarathon events have been growing in
popularity over the past decade [3]. These
events usually take place in a mountainous area
on a course mixed with trails, tough road and
significant elevation changes [4]. Men’s and
women'’s records for the Western States Endur-
ance Run, which is 161 km, are 14:46:44 and
16:47:19, respectively [5]. Many runners take
24-36 h to finish these races. As Hoeg et al.
mentioned in their investigation, environmen-
tal stimuli increase the metabolic rate of the
cornea [1]. During the race, the corneal epithe-
lium must endure wind, temperature changes
and enhanced ultraviolet (UV) light exposure,
and cope with decreased oxygen tension at
higher elevations. Unlike track runners, who
anticipate no obstacles ahead, ultramarathon
runners must constantly use their eyes to select
the best path. This visual attention reduces the
spontaneous blink rate [6], which intensifies the
physical challenge to the corneal epithelium.
Cells cope with environmental stress such as
thermal changes with enhanced glycolysis [7].
Certain mechanisms involving cellular damage
repair rely more upon glycolysis than upon
oxidative phosphorylation [8]. When the cor-
neal epithelium increases glycolysis in this
constant running state, lactate production
increases. Bonanno explained the movement of
lactate across the epithelium to the aqueous
humor in the following pattern [9]: (a) lactate is
transferred to the stroma by the lactate-proton
cotransporter located at the membrane of
epithelial cells [10]; (b) lactate moves across the
stroma by simple diffusion down the gradient to
the membrane; (c) lactate-proton cotransporter
and sodium-dependent lactate transporter
facilitate the entry of lactate into endothelial
cells; (d) lactate then exits the endothelial
membrane by lactate-proton cotransporter to
enter the anterior chamber [11]. Stromal lactate
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Fig. 2 a OCT of right eye showing diffuse thickening secondary to corneal edema, affecting the epithelium as well. b Total
corneal thickness. ¢ Epithelial corneal thickness. d Stromal corneal thickness
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Proposed Pathophysiologic Mechanism of
Corneal Edema Induced by Marathon Running

Epithelial
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Fig. 3 Possible pathophysiologic mechanisms that may result in corneal edema in individuals during an ultramarathon
(MCT monocarboxylate cotransporter or lactate cotransporter, Lac- lactate, H hydrogen, H,0 water)

accumulation has been proven to be responsible
for corneal edema, because increased osmolality
attracts water [12]. Elevated lactate levels were
detected in the blood of amateur ultramarathon
runners during a 100-km run [13]. Elevation of
blood lactate could cause increased lactate in
the aqueous humor, which would in turn
decrease the lactate gradient between endothe-
lial cells and aqueous humor, thus impairing
the facilitated transport of lactate to the

anterior chamber. We agree with Hoeg et al. [1]
that this accumulation of lactate caused by
increased production and decreased excretion is
one of the underlying mechanisms of the acute
corneal edema induced by ultramarathon run-
ning (Fig. 3).

There are other potential causes of corneal
edema during ultramarathons. High altitude
causes hypoxia and increased exposure to UV
light, and is known to induce an increase in
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central corneal thickness [14]. Hypoxia-induced
corneal edema has been shown quantitatively
in multiple studies in contact lens wearers
[15, 16]. In a study investigating how UVA-in-
duced oxidation affects different corneal cells,
Zinflou et al. found that corneal epithelial cells
can adapt more quickly than endothelial cells
[17]. The mechanism through which epithelial
cells limit UVA-induced toxicity likely involves
enhanced glycolysis to create more ATP. On the
other hand, the susceptibility of endothelium
to UVA can damage the pump function of the
endothelium, which is the driving force in
moving water out of the stroma [9]. Our patient
experienced his event at high altitude (Park
City, UT, USA, roughly 7000 feet elevation) and
endured relatively distinct temperature changes
(26.8-37.3 °C). Both could be contributing fac-
tors to the development of his corneal edema.
The definite cause of the difference in severity
of corneal edema in our patient’s eyes is
unknown, but we suggest that it may be due to
different degrees of exposure to external irri-
tants such as UV light and wind.

Other contributing factors causing corneal
edema could include (a) participants wearing
soft contact lenses; (b) participants with prior
corneal refractive surgery changing the original
structure of the anterior layers of the cornea,
which could affect the metabolism and excre-
tion of lactate into the aqueous humor; and
(c) corneal endothelial dystrophy altering the
regulation of corneal hydration.

After reviewing limited literature concerning
this matter, we hypothesize that patients who
wear soft contact lenses (especially with higher
correction), have silent guttata and subclinical
endothelial dystrophies, have a history of cor-
neal transplantation, suffer from dry eye, or
have had corneal refractive surgery such as
LASIK have a higher risk of developing corneal
edema during ultramarathon events.

Eye protection should be the most effective
method for preventing corneal edema during
long-endurance sports, since it provides shield-
ing from wind and UV light. Administration of
topical 5% hypertonic sodium chloride can
enhance corneal clarity in the event of corneal
edema. Rest or closure of the eyes would be
ideal but is probably not realistic during the

competition. Since dehydration can further
increase the blood lactate level, adequate
hydration is advised.

CONCLUSION

Ultramarathon-induced corneal edema is a rare
multifactorial phenomenon. The additive effect
of enhanced glycolysis, decreased lactate
excretion to the aqueous humor, ambient tem-
perature changes, hypoxia, and oxidative stress
caused by exposure to UV light can impact the
normal endothelial regulation of the cornea
and may lead to corneal edema. Inter-subject
variability may be the result of varying meta-
bolic rates and endothelial pump function, as
well as membrane transporter efficiency.
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