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Abstract: Palytoxin is one of the most lethal natural toxins ever discovered. This molecule
has been isolated from various marine animals, including zoanthid corals. This popular
organism is commonly found in many home saltwater aquariums due to its beauty and
survivability. As a result of an increase in popularity, an increased number of individuals are
at risk for exposure to this potentially deadly toxin. Affected patients may experience various
symptoms based on the route of exposure (ie, cutaneous contact, inhalation of aerosolized
toxin, ocular exposure, or ingestion). Ocular exposure can occur in various ways (eg, contact
with contaminated water, rubbing the eye with a dirtied hand, or direct spraying into the eye),
and incidence rates have dramatically risen in recent years. In this review, we discuss a case
of systemic toxicity from inhalation and ocular exposure to presumed palytoxin on
a zoanthid coral which resulted in an intensive care unit (ICU) stay, and corneal perforation
which required a corneal transplant. Additionally, we review what is known about the
mechanism of action of this toxin, propose a comprehensive hypothesis of its effects on
corneal cells, and discuss the prognosis and clinical management of patients with systemic
symptoms secondary to other routes of exposure.

Keywords: coral keratitis, zoanthid, palytoxin, corneal perforation, case report

Introduction

Ancient Hawaiian legend tells of a half-man half-shark god who would prey on
local fishermen. When the villagers found out the cause of the disappearing
persons, they confronted, dismembered, and burned the god. When all was finished,
they spread his cursed ashes in a nearby tidepool. “Limu-make-o-Hana” or seaweed
of death from Hana began to grow in the pool, and warriors would dip their spears
in the seaweed (which turned out to be coral) to make them lethal.’

The pool, its associated coral, and resultant toxin were discovered in 1971 and
synthesized in 1994.% The toxin was named palytoxin (PTX) and much has been learned
about its toxic potential and mechanism of action in recent years. PTX is a large (2680
kilodaltons) nonprotein naturally occurring toxin that is produced by various marine
animals such as zoanthid soft corals and microalgae.” It is one of the most lethal natural
toxins ever discovered, with a median lethal dose (LDs) of 150 ng/kg body weight IV in
mice.*

Zoanthids are popular corals in home aquariums due to their beauty and robust
nature, making them relatively easy to maintain. While some species within the
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genus carry the toxin, others are toxin-free. Since these
corals are traded and sold without distinction as to their
origin, identifying the presence of toxin based on the
specific coral is not possible without genetic testing, and
all zoanthid corals should be presumed to have toxic
potential.>® Human exposure to the toxin is rare but has
occurred with increased frequency within the last decade.
Exposure can occur through direct contact with the skin or
eyes, inhalation, or ingestion.” '°

In this paper, we report a case of palytoxin keratitis
leading to corneal perforation. Additionally, we offer
a review of the literature covering all published cases of
ocular palytoxin exposure and discuss the mechanism of
action of the toxin and prognosis after exposure. Finally,
we discuss other routes of exposure and provide an over-
view of symptomatology and prognosis of patients who
are exposed to palytoxin. This is the fourth reported case
of corneal perforation secondary to palytoxin exposure and
provides insight into the clinical course and surgical man-
agement of a patient with this toxicity that is increasing in
frequency.'!

A review of literature was done by searching the term
palytoxin singularly, or in combination with the following
words or phrases: “coral keratitis”, *
“zoanthid”,

EEINNT3

“mechanism of action”,

coral conjunctivitis”,

“soft coral”, “cytoskeleton”, “exposure”,

2 G

poisoning”, “toxicity”, “ophthal-

>

mic”, “ophthalmology”, “inflammation”,

113 t2]

eye”,
rium”, and “case report” in PubMed and Google Scholar.

“aqua-

The earliest article was published in 1993, with the most
recent reports from 2020. Additional search engines were
queried but revealed no additional cases. Searches were
done with the terms “coral keratitis” and “coral conjuncti-
vitis” and the other preceding terms. Eighteen published
case reports were identified in eleven articles, and the
results of these cases are summarized in Table 1. Finally,
PubMed searches were done to explore and synthesize the
effects of palytoxin via inhalational, gastrointestinal, and
cutaneous routes of exposure.

Case Report

A 37-year-old Hispanic male with a past medical history
significant for testicular cancer and nephrolithiasis and
unremarkable past ocular history was examined in the
hospital by the emergency department provider for right
eye pain. The previous night, the patient was handling
some coral he had bought online and cut his hand on the
rock. Additionally, upon putting the coral in his aquarium,
a plume of dust was released into the air. Within a couple

of hours, he noticed severe right eye (OD) pain. At no
point during his care did the patient have any complaints
or abnormal findings on his left eye (OS). It is possible
that he may have inadvertently touched the affected eye
(OD) with his fingers but did not recall this when he gave
his history.

The patient presented to the emergency room the morn-
ing after exposure where he was examined by an emer-
gency room provider, given erythromycin ointment and
discharged home with outpatient ophthalmology follow-
up scheduled. Over the course of that day, his previously
healthy dog got sick and died, and his cat developed
respiratory symptoms. The patient’s 17-year-old daughter
and her boyfriend also developed a cough. The patient
developed worsening eye pain and respiratory symptoms
and re-presented to the ED that same night where he was
evaluated by the ED provider, prescribed topical ciproflox-
acin, and sent home again. The patient awoke the next
morning (2 days after exposure) with eye pain and dis-
charge, difficulty breathing, epigastric abdominal pain,
streaks up his forearm, and diffuse pruritis. He re-
presented a third time to the ED, was admitted to the
hospital, and was later transferred to the ICU for increas-
ing shortness of breath and a likely diagnosis of palytoxin
exposure.

Chest and hand X-rays showed bibasilar infiltrates but
no obvious signs of infection and a head CT (obtained
over concerns for preseptal cellulitis) showed only presep-
tal tissue swelling. White blood count and C-reactive
protein were elevated (18.3 and 200, respectively, on
admission). Broad-spectrum antibiotics including merope-
nem 1000 mg three times a day, linezolid 600 mg two
times a day, and vancomycin 15mg/kg every eight hours
were all started IV by the ICU team due to his symptoms
and respiratory distress, and ophthalmology was consulted.
Exam revealed visual acuity in the right eye was counting
fingers, and he had 1+ edema of the upper and lower lids,
chemosis, 2+ conjunctival injection, diffuse superior and
peripheral punctate keratitis with a 360° edematous cornea
at the limbus. The pupil was miotic, presumed to be
secondary to pain medication. The patient was diagnosed
with presumed toxic palytoxin keratitis.
started on Tobradex (Alcon
Laboratories, Inc) four times a day, cyclopentolate 2% two

The patient was
times per day, and artificial tears every two hours while
awake. Fourteen hours later, his vital signs stabilized and
his breathing had improved. Mucus was noted in the inferior
fornix. A peripheral inflammatory ring and 1+ folds in
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Descemet’s membrane were also observed. His WBC had
improved (7.3) and broad-spectrum antibiotics were discon-
tinued. He was discharged home (now day four after expo-
sure) on his ophthalmic drops as well as ampicillin and
amoxicillin.

The following day (five days after initial exposure), he
presented to the clinic for initial evaluation with the author
(Hollingshead Eye Center, P.C., Boise, ID) for follow-up
where the patient complained of discharge and worsening
severe pain in his right eye. His left eye was asymptomatic.
He complained of feeling ‘sick to his stomach’ and had
a headache. On examination, his best-corrected visual
acuity was to hand motions OD and 20/25 OS. Slit-lamp
examination showed upper lid edema and 2+ diffuse con-
junctival injection without limbal blanching. Corneal scar-
ring, opacification, and edema were present. Fluorescein
(BioGlo Fluorescein Sodium I.P. 1 mg, Omni Lens Pvt.
Ltd.) staining revealed 95% loss of epithelial cells with
trace epithelium remaining at the corneal limbus from 10
to 1:30 clock hours. Folds in Descemet’s membrane were
present and an irregular stroma was observed. Visualization
of the anterior structures was difficult due to 2+ corneal
edema, consistent with a Grade III injury in the Hughes
classification scheme (as modified by Thoft).

After instilling proparacaine (Proparacaine
Hydrochloride Ophthalmic Solution, USP 0.5%, Alcon
Laboratories, Inc), the eye was rinsed with a full bottle
of Accu-WASH Eye Irrigating Solution (Accutome) as it
had not been previously irrigated. Following the rinse, the
patient was again numbed with proparacaine, and
a Prokera (BioTissue, Inc) amniotic membrane was placed.
Topical prednisolone 1% (brand unknown) and moxiflox-
acin 0.5% (brand unknown) were prescribed four times
a day and topical cyclopentolate 1% (brand unknown)
three times a day. A shield at night with shatter-proof
glasses and preservative-free artificial tears, one drop
hourly while awake, were recommended.

Two days later (seven days after initial exposure), the
patient was seen again with a complaint that his amniotic
membrane graft had fallen out. The examination was
unchanged with the exception that he’d now developed
thinning along the inferior limbus. The membrane was
replaced, and topical doxycycline 100mg twice a day
with oral vitamin C 1000 mg was added to his treatment
regimen. The amniotic membrane fell out again one day
later and the decision was made to leave it out since the
patient would not tolerate it. On examination four days
later (eleven days after exposure), he complained of

photophobia and a continued headache. On examination,
the opacification had worsened and worsening inferior
limbal thinning (now estimated to be 50% thinned) was
noted. The frequency of prednisolone drops was increased
to every two hours.

On follow-up one week later, there was no subjective
improvement and the eye was still in severe pain.
However, there was some improvement, with the limbal
epithelial edge healing (epithelium present from 10:00 to
2:00) but still with an 80% epithelial defect. The surface
layers of the cornea were gelatinous and a bandage contact
lens was inserted to help facilitate healing. The inferior
thinning remained stable at 50%. Over the course of sev-
eral more exams in the following two weeks, the patient’s
pain had decreased significantly, but the photophobia
remained. Additional healing was noted at the limbal
edge but with no improvement of the thinning along the
inferior limbus. The cornea continued to have a gelatinous
appearance, with the cornea appearing to shift and move
with even gentle pressure such as with the patient blinking.

On day 29 after initial exposure to palytoxin, the
patient presented emergently to the clinic with excessive
pain and a right-sided headache. He stated that he put
some pressure on his eye and eyebrow and it, “gushed
water everywhere.” Examination showed 2+ Meibomian
gland dysfunction OD and possible corneal perforation.
Intraocular pressure was unmeasurable. The iris was
adherent to the area of presumed perforation; Seidel-sign
was negative, and the cornea was so opaque and edema-
tous that the anterior chamber was difficult to visualize.
Emergent penetrating keratoplasty was scheduled at the
hospital’s earliest availability. Brimonidine 0.1% twice
a day was prescribed to minimize aqueous production in
the hopes of keeping the iris plugging the presumed cor-
neal perforation until surgery could be done.

On examination the following day, just prior to surgery,
10:00-2:00 epithelialization was stable. Severe thinning
along the limbus was noted in the 4:30-7:30 position
with a bulging overhanging ledge of swollen white cornea.
This thinning was presumed to be the site of perforation.
Bullae was present in the inferior cornea. Seidel sign was
negative along the entire cornea and limbus.

Surgery consisted of anterior and posterior synechialysis,
temporary tarsorrhaphy, and corneal transplant with an 11 mm
corneal graft into an 11 mm bed — the largest trephines avail-
able at the time of surgery. Following uneventful surgery,
a successful clear, large corneal scleral transplant with intact
sutures was noted. Postoperatively, suture removal was
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completed over the course of 17 months. Mild non-
progressive peripheral anterior synechia was noted in the
areas where the graft extended into the sclera, mild posterior
synechia, and a 2+ anterior and posterior subcapsular cataract.
Fourteen months postoperatively mild graft rejection was
noted and the patient’s prednisolone was increased from
once daily to every 2 hours for two weeks, then tapered back
to once daily. Eighteen months after penetrating keratoplasty
the final sutures were removed, the graft remained clear, and
the patient’s best spectacle-corrected visual acuity was 20/200,
pinhole 20/70 (Figure 1). At final follow-up, twenty months
following PTX exposure, scleral lens fitting allowed for 20/15
best-corrected visual acuity.

Other Case Reports

Eighteen accounts of ocular exposure to PTX have pre-
viously been reported in the literature. Our case makes
nineteen total reported cases of ocular exposure. Seventeen
cases have occurred since 2010 (89%),>”'""!7 with fifteen
occurring since 2015 (79%).”'""'7 The only case that was
reported outside of North America or Europe occurred in
Australia.'* Of the eleven cases where the cause of ocular
exposure was reported, one case was the result of aqua-
rium water splashing into the eye (9%),'? in four cases the
coral squirted toxin directly into the eye (36%),””"*'° two

18,19

reports resulted from either ocean water exposure or

rubbing the eye>'®

after handling coral (18% each), one
was “exposed to PTX gas” (9%), and one report resulted
from contaminated dust (9%) though there is a possibility

that the patient rubbed their eye and did not recall that

Figure | Right eye of the patient at nearly eighteen months following penetrating
keratoplasty. Courtesy of Dr.Ryan T Barrett file photo.

during the history. Four of the total cases (21%) had signs
of systemic toxicity.™”'> All but one case of presumed
ocular PTX exposure has led to corneal damage (95%)."*

Four cases (21%) resulted in corneal perforation.'"!’
Seven (39%) have presented with visual acuity of 20/70 or
worse.”!"1® Of the twenty one eyes with reported best
correct visual acuity (BCVA) at follow-up, nine (43%)
had 20/25 or better,””'""'*' eight (38%) had BCVA
between 20/30 and 20/90,'"'*!” with four (19%) having
best-corrected visual acuity of 20/100 or worse at final
follow-up.'"'® The mildest cases were treated conserva-
tively and had excellent outcomes; treatment was reported
in all but one case. Fourteen cases (73%) were treated with
steroids,>”''"'? though they were delayed in nine (64%)
of those patients.>'''*!®171% Seventeen patients (89%)
were treated with antibiotics.™”''"' Of the twenty-three
affected eyes, twelve eyes (52%) in nine patients required
surgical intervention in the post-exposure period.”''!%7
In eyes with surgical intervention, the most common pro-
cedures were amniotic membrane transplant (42%),”"
penetrating keratoplasty (42%),'" cataract extraction
(17%),'" lateral tarsorrhaphy (17%),'" and synechialysis
(17%)."" One eye underwent deep anterior lamellar patch
grafting,'' and one eye underwent scleral contact lens

fitting (8% each).'?

Discussion
We present a case of a patient with severe right eye pain
following handling of coral which released a cloud of dust
that had been covering the coral into the air. After two
days of outpatient antibiotic treatment, the patient awoke
with eye pain and discharge, difficulty breathing, and
systemic symptoms. He was admitted to the hospital and
later transferred to the ICU over concerns of respiratory
decline. Ophthalmic exam showed 1+ folds in Descemet’s
membrane and a peripheral inflammatory ring. His best-
corrected visual acuity was to finger count OD. He was
treated principally with steroids and antibiotics and was
given an amniotic membrane graft. Despite treatment, the
patient developed corneal scarring, opacification, and
edema and eventual corneal perforation. Penetrating kera-
toplasty, anterior and posterior synechialysis, temporary
tarsorrhaphy, and corneal transplant were used to manage
the case. Twenty months after exposure a scleral lens
allowed for best-corrected visual acuity of 20/15.

As noted in the case and subsequent literature, ocular
exposure to PTX can be a vision-threatening occurrence.
These ophthalmic cases are likely underreported and may

Clinical Ophthalmology 2021:15

submit your manuscript 151

Dove


http://www.dovepress.com
http://www.dovepress.com

Barrett et al

Dove

often be subclinical. Patients can be exposed via direct

7,13,14

spraying of the toxin into the eye, contact with con-

12,18,19

taminated water, or by rubbing the eyes after hand-

ling toxin-producing coral.>!!

Patient presentation is
nonspecific and can include pain, photophobia, a decrease
in visual acuity, hyperemia, and a foreign body
sensation.”'"'*!” Ocular findings can vary, but most often
shows conjunctival injection, a ring-shaped inflammatory
infiltrate, and folds in Descemet’s membrane.>’-!!"13:17:19
Iritis, bullae rupture, epithelial defects and corneal erosion
and ulceration, white spots on the limbus, limbal stem cell
failure, anterior chamber reactions, crystal-like foreign
bodies, and conjunctival or punctate tarsal or bulbar hemor-
rhages may also be present.”-'! 315719

For patients presenting with presumed ocular PTX
exposure, immediate irrigation or instillation of artificial
tears should be completed to remove any excess or
remaining toxin. Care should be taken not to wash toxin
that may be present in one eye into the other eye.”'? The
total time of exposure and toxic concentration is possibly
increased with contact lens use. Neurotoxic effects of PTX
may inhibit corneal nerve transmission, allowing for
longer contact time and more destructive consequences.
Thus, immediate removal of contact lenses has been
recommended.’

Subsequent management largely depends on the sever-
ity of the PTX contact as assessed clinically. Early aggres-
sive treatment with corticosteroids (eg, 1% prednisolone
acetate at least six times daily), with adjuvant antibiotic
prophylaxis, is beneficial in mild cases.'' As severity
increases, the addition of oral doxycycline, oral steroids,
and ascorbic acid should be considered as adjuvant treat-
ment to hourly topical corticosteroid use.'""1? Severe expo-
sure may necessitate surgical intervention in addition to
medical management to preserve residual visual acuity. As
was the case in our patient, corneal transplantation should
be considered in cases of corneal perforation. Other pub-
lished reports indicate that anterior lamellar patch graft
may be a viable option. To address concerns of persistent
epithelial defects, tarsorrhaphy, epithelialization stimulat-
ing eyedrops, or amniotic membrane transplants may be of
use. Finally, rigid or scleral contact lenses may improve
visual acuity in patients with residual scarring.'""'?

Although ocular exposure can be vision threatening,
the majority of cases, including all known lethal instances,
are associated with other routes of PTX contact. While
some of these reports have a verified exposure, others are

presumed based on the history.'*?® We will review case

reports published along with their PTX exposure and their
clinical course.

Cutaneous exposure to palytoxin is likely the most
common route of exposure, since handling the organism
can result in epidermal exposure. Similar to ocular expo-
sure, many cases may be subclinical and relatively asymp-
tomatic. Additionally, accidental ocular exposure is likely
to present with associated periorbital contact and may
present with eyelid swelling.'> Cutaneous exposure is
believed to result in a contact dermatitis-like reaction on
the effected skin.?’

Online aquarium forums and blogs contain many
accounts of potential PTX contact based on symptoms
after handling the coral. However, these cases are either
subclinical or unreported in the literature; thus, there are
limited published case reports on cutaneous exposure. Of
the documented reports, patients experienced local
erythema, edema, and irritation with more systemic effects
such as dizziness, nausea, a metallic taste, perioral numb-
ness, and an urticarial rash.>®**** Interestingly, not all
cases of systemic effects are associated with breaks in
the epidermal barrier,® indicating that PTX likely can be
absorbed through the skin. However, cutaneous absorption
is likely minimal as evidenced by the fact that all reported
cases were treated supportively and recovery was noted
within one week.>***%3

To our knowledge, there are fourteen published reports of
PTX forty-four
cases.””?*?433 This represents the most reported exposure

inhalational exposure  comprising
route in the literature. Of these, nearly all are associated with
inhalation of steam or vapor after attempting to clean or
remove zoanthid or palythoa from home aquariums with
the use of hot or boiling water. The cases occur worldwide,
but the majority of reported cases have occurred in the United

States. The presenting symptoms are most commonly

3,9,22,24,25,27,28,30-32 . 3222 24,25
dyspnea,>*->%2423-27:28. chest pain,>***’ cough,***>
: 9
27,28,30,32,34 tachycardla,3 9:24.27.28.3033  pausea  and/or
.. 327293033 3,30 9,24,2528-33
vomiting,”~"-“>~~>7 headaches,””" fever, =" and

myalgia or weakness.”?>2%?%2%3132 Since there is no anti-
toxin for PTX all patients received symptomatic treatment
and all recovered within one month with three exceptions
(one patient recovered in three months, one had recurring
symptoms after two years, and one had permanent neurologic
damage and respiratory symptoms after seven years of fol-
low-up).

Reported cases of foodborne gastrointestinal poisoning
are the result of unintentional consumption of various
seafood (ie, fish or crab) species contaminated with
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PTX.'%2% In these cases, it is presumed that PTX toxicity
originated from microalgae that were ingested by bottom-
feeding organisms and transmitted through the food chain
to larger organisms. Ingestion of PTX has resulted in the
only known human fatalities associated with PTX expo-
sure. There are 154 cases well summarized by Tubaro et al
with four additional cases later reported by Wu et al; of the
158 total reports, 138 cases (87.3%) had confirmed pre-
sence of PTX while 20 were diagnosed on the history and
symptomatology, 33 cases (20.9%) were ultimately lethal.

Ingestion leads to varied and progressive symptoms
that most frequently begin with metallic taste, nausea,
vomiting, fatigue, myalgias, diarrhea, extremity and peri-
oral numbness, and black urine, which may progress to
organ failure, autonomic instability, delirium. Abdominal
pain, convulsions, deafness, electrolyte abnormalities and
paralysis were also reported without an associated timeline
in some cases.'®?° Ultimately, patients may experience
hemorrhage, neurologic damage, or ventricular fibrillation
which lead to ischemia and death.’® Treatment is again
primarily supportive, though one patient who was found to
be hyperkalemic with associated EKG changes was given
with
Unfortunately, the patient developed asystole and died in

IV calcium gluconate and glucose insulin.
the ICU before the initiation of emergent hemodialysis. '’

Due to the morbidity and mortality associated with paly-
toxin exposure, avoidance of the toxin should be the primary
approach to prevention. Keepers of sea life potentially carry-
ing this toxin should observe precautions when handling
these organisms or their environment by using personal
protective equipment including eye protection. Additionally,
a reporting system to local or national health departments
may allow for tracking of sources or origin of corals allowing
officials to inform others who may have poisonous marine
life. Our findings and other reports of toxic effects reveal the
need for caution and regulation in making these f potentially
dangerous sea life available to the public.

Palytoxin exposure can affect cells through both direct
contact and indirect secondary inflammation. At present,
the toxin is known to disrupt ion pumps and the cytoske-
leton, in addition to the release of inflammatory
cytokines.**> We discuss each mechanism of action and
how it may ultimately impact the cornea.

Cells use ATP-dependent ion channels to move various
cations and anions against their concentration gradient and
allow for favorable intracellular conditions. Disruption of
this process can prove fatal to affected cells. Although the
mechanics of the process are not entirely understood,

multiple studies have helped elucidate the ability of PTX
to bind to the extracellular component of the Na+/K+
ATPase pump and transition it from a highly selective
energy-dependent pump to a cationic passive ion
channel.*® This effect results in the accumulation of intra-
cellular calcium and upregulation of downstream signaling
cascades, including the MAP kinase pathway. This has
been reported to cause neurotransmitter dysregulation as
well as neurotoxicity in neuroblastoma cell lines.* These
changes have been associated with necrotic changes on
cell morphology in multiple cell lines including skin ker-
atinocyte cell lines.*”

Molecular interactions such as these are the likely
cause of corneal epithelial cell death upon PTX exposure.
The resulting disruption of the corneal epithelium can
result in marginal ulcers and large ring-shaped inflamma-
tory responses as well as swelling of the stromal layer and
associated keratitis with penetration into the stroma and
endothelium."?

Although there is a general understanding of PTX’s
effects on ion channels, less is known about its interactions
with the cytoskeleton. The cytoskeleton regulates many
aspects of cellular function, including mechanical support,
mitosis, and vesicular transport. Actin, a central compo-
nent of the cytoskeleton, is a dynamic polymeric structure
that constantly undergoes breakdown and remodeling via
its monomers. Its function can be interfered with either by
binding individual monomers (G-actin) and preventing the
formation of microfilament polymers (F-actin) or by bind-
ing to the microfilament polymers themselves and initiat-
ing depolymerization.*®

The microfilament aspect of the cytoskeleton is highly
regulated by various actin-binding proteins (ABP). These
proteins may be affected by dysregulation of ion pumps,
which can cause increases in intracellular calcium, a known
trigger of apoptosis; and thus, cytoskeleton breakdown and
cell death. In recent years, multiple cell lines treated with
PTX have shown cytoskeletal decreases in actin as evi-
denced by laser scanning cytometry.>® Treatment with
PTX was shown to reduce F-actin levels in multiple cell
lines. Interestingly, these decreases in F-actin were also
observed in calcium-free medium, giving evidence that
PTX can directly affect the microfilament cytoskeleton.
All of these findings indicate an intra- and extracellular
cytoskeletal destructive process associated with PTX.*’
These changes in the cytoskeleton may affect the cellular
morphology, depending on cell type,*® and studies on the

Clinical Ophthalmology 2021:15

submit your manuscript

153

Dove


http://www.dovepress.com
http://www.dovepress.com

Barrett et al

Dove

effects of PTX on corneal cells are needed to understand the
effects on this specific cell population better.

One of the most commonly reported signs in ocular
exposure is the presence of inflammation, including an
inflammatory ring. PTX has been shown to increase the
expression of inflammatory cytokines (eg, IL-6, IL-8,
TNF-a, PGE,), and histamine in human keratinocytes. In
addition, these products were found in the growth media
indicating an ability for these cells to secrete these up-
regulators of inflammation. These molecules play a role in
neutrophil chemotaxis, pain, swelling, and promoting the
inflammatory response. This indicates that the presence of
PTX may attract inflammatory cells via a secondary che-
motaxic mechanism.*'

The ionic, inflammatory, and cytoskeletal effects of
PTX can result in visually devastating ocular effects. The
molecular interactions of the free-flowing ionic pumps
likely cause corneal epithelial death soon after exposure.
Disruption of the corneal epithelium and release of proin-
flammatory cytokines can lead to marginal ulcers, a large
ring-shaped inflammatory response, and swelling of the
stromal layer with associated keratitis. As the toxin bur-
rows through the superficial layers, exposure of subse-
quent stromal and endothelial tissue can lead to eventual
perforation. As the epithelial wound attempts to heal,
corneal myofibroblasts express high levels of alpha-
actin, which may be disrupted by PTX, slowing the
body’s therapeutic process.'*'* Taken together, we pro-
pose that the most likely mechanism of significant ocular
injury after PTX exposure is as follows: first, epithelial
destruction (from pump dysfunction) and inflammatory
mediators (from gene expression upregulation) cause
inflammatory cell death and infiltration into the cornea.
As these superficial cells die, the more permanent stroma
is exposed to both the toxin and inflammatory mediators
released from adjacent cells and found naturally in the
tear film.*® At high enough concentrations, proposed
direct cytokine and proteolytic activity of PTX results
in the degradation of keratocytes, collagen, and proteo-
glycans, and subsequent corneal thinning, corneal melt,
and eventual perforation.’

Prognosis

The prognosis for PTX exposure varies mainly on the
exposure route. Ingestion of PTX containing food is the
only reported route associated with mortality, though
patients were able to recover in a majority of reports.

Ocular exposure has the second-highest morbidity;

however, prompt aggressive treatment results in a return
to baseline acuity in many patients. Severe exposure, how-
ever, can lead to lasting visual defects and astigmatism;’
limbal stem cell failure with subsequent conjunctival over-
growth and permanent visual loss,'® persistent corneal
scarring and neovascularization,'? and residual best-
corrected visual acuity worse than 20/100'"'® have been
reported. Inhalational exposure can result in dire appearing
symptomatology (including an ICU stay in our patient),
but with appropriate supportive care, nearly all patients
make a full recovery.>***?*3? Cutaneous exposure is
likely underreported and is the most likely coexisting
exposure in ophthalmic patients, though symptoms are
short lived and self-resolving.'"

Conclusion

We present a case of corneal perforation associated with
exposure to toxic coral dust. This report is only the fourth
case of corneal perforation following presumed PTX expo-
sure and the first reported case of ocular palytoxin toxicity
from a dust-like substance covering the coral in question.
The surgical approach to handling these patients is not
standardized, and we hope to provide insight into possible
treatment options for patients with severe ocular PTX
exposure. Additionally, we provide a summary of the
mechanism of action, potential concurrent routes of expo-
sure, treatment options, and prognosis for patients who are
exposed to PTX. We hope that this allows for quicker
recognition and better care for patients who experience
this rare toxicity.
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