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Abstract

Background To evaluate the efficacy of intravenous erythro-
poietin (EPO) on improvement of visual function and color
vision in patients with recent indirect traumatic optic neurop-
athy (TON).

Methods In acase series, 18 eyes of 18 patients with diagnosis
of indirect TON with duration of less than 2 weeks underwent
20,000 IU intravenous EPO injections daily for 3 days. Best
corrected visual acuity (BCVA) and color vision were checked
by Ishihara test before, 1, and 3 months after injections. BCVA
and color vision were compared before, 1, and 3 months after
injections.

Results The mean BCVA improved from a baseline of 2.21+
0.97 to 1.484+1.29 and 1.31+1.27 log MAR at months 1 and
3, respectively. The differences were statistically significant
(P=0.001, P<0.001). Color vision was changed from a base-
line 2.24+4.29 to 2.94+4.64 and 3.41+5.09 plates at months
1 and 3, respectively. We observed some qualitative improve-
ment that was, however, statistically insignificant at the time
of evaluation. (P=0.063, P=0.068).

Conclusion This case series showed noticeable effect of EPO
on improvement of visual function in patients with recent
indirect TON.
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Introduction

Traumatic optic neuropathy (TON) refers to any optic nerve
damage secondary to trauma that occurs in approximately 0.5
to 5 % of closed-head injuries, and in 2.5 % patients with
maxillofacial trauma and mid-face fracture [1, 2]. TON results
in variable degrees of optic atrophy and decreased visual
function. It can be classified depending on the site of injury
or according to the mode of injury (direct or indirect). Indirect
TON results from injury to the optic nerve axons in the bony
optic canal induced by shearing forces that are transmitted to
the fibers or to the vascular supply of the nerve, and eventually
leads to retinal ganglion cell apoptosis. Currently there are
different management modalities for these patients that in-
clude (1) observation, (2) medical treatment with high-dose
steroid, and (3) optic canal decompression. The results of
these medical and surgical interventions have shown to be
uncertain with possible serious side effects or complications at
present [3—6].

There is no proven treatment for TON. It has recently been
shown that the cytokine hormone erythropoietin (EPO), which
had been long known and used as an agent to promote hema-
topoiesis, is able to reduce neuronal apoptosis and exert pro-
tective effect in experimental models of mechanical trauma,
neuronal inflammation, cerebral and retinal ischemia, and
oxidative stress, and most notably in an animal model of optic
nerve transaction [7, 8].

Recently, there are some reports about beneficial effects of
EPO in the treatment of the patients with diagnosis of non
arthritic anterior ischemic optic neuropathy [9, 10].

To the best of our knowledge, there is one report of using
EPO in TON in humans [11]. Results of recent studies on
biologic and pharmacologic effect of EPO encouraged us to
assess its effect on patients with indirect TON.

To the best of our knowledge, this is the second and largest
case series on the effect of EPO in TON. The aim of this study
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is to evaluate the effect of EPO in visual function and color
vision in recent indirect TON.

Methods

In a pilot study, all patients with diagnosis of indirect TON
who were referred to the Emam Hossein Hospital from 2010
to 2013 were included. All patients with decreased vision after
closed-head and craniofacial trauma were carefully examined
by ophthalmologists. A complete examination including
BCVA (best corrected visual acuity), RAPD (rapid afferent
papillary defect), color vision, slit-lamp examination. and
funduscopy were performed. A high resolution orbital (coro-
nal and axial) and optic canal computed tomography scan
were obtained. Patients underwent pupillary assessments with
the swinging flashlight test and grading of the RAPD with
neutral density filters by an examiner (PJS) as described by
Thompson et al. [12]. Color vision, evaluated by Ishihara
color plates were tested in each eye separately while the other
eye was occluded. Then numbers of the diagnosed plates were
considered.

The diagnosis of indirect TON was considered in the
presence of decreased visual acuity with an RAPD and defec-
tive color vision with no ocular or direct optic nerve damage.
The patients were evaluated by a neurosurgeon if there were
no indications for decompression surgery; they were included
in this study. Patients with the following criteria were includ-
ed: (1) interval between trauma and admission less than
14 days, (2) eye with normal fundus, and (3) indirect TON .
The following patients were excluded: (1) penetrating trauma,
(2) other accompanying ocular lesions that cause decreased
vision, (3) media haziness, (4) optic nerve avulsion and direct
TON, (5) eyes needing optic nerve decompression surgery, (6)
TON with blow-out fracture, (7) pregnancy, and (8) history of
thromboembolic event.

Ophthalmic examination was repeated at 1, 2, 3, and 7 days
and 1, 3 months after treatment. A general physical examina-
tion was performed by an internist before and during treatment
daily, 1, and 3 months. Blood testing including complete
blood cell count, serum urea, creatinine, and electrolytes was
done before treatment, and at 3 days, 1, and 3 months after
treatment. The study protocol and its complications, safety,
and efficacy were explained to all patients before recruitment.
Informed consent was obtained from each patient. This pilot
study was approved by the review board/ethics committee of
the ophthalmic research center of the university.

The patients received EPO 20,000 IU via intravenous
infusion line with 300 ml of normal saline over 30 min daily
for 3 days under supervision of an internist. Blood pressure
was measured on the left arm with the patient maintained in a
30 degree head-up tilt immediately before and 15, 30, 60, and
120 min after starting EPO infusion.
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Data including age, sex, type of trauma, interval between
trauma and treatment, initial visual acuity, and color vision 1
and 3 months after treatment were recorded. Data were en-
tered with software SPSS (Version 17.0, SPSS Co, Chicago,
IL, USA). They were presented using mean+SD, and frequen-
cy (%). Wilcoxon signed rank test was used for statistical
analysis. P-values less than 0.05 were considered statistically
significant.

Results

In this pilot study, 18 eyes of 18 patients with diagnosis of
indirect TON were enrolled to receive intravenous EPO. Mean
age of patients was 36 years (SD=16, range 865 years).

Demographic data and clinical characteristics of the pa-
tients are shown in Table 1. The interval time between injuries
to the treatment ranged from 8 to 240 h (66.66+74.81) Initial
visual acuity ranged between no light perception (NLP) to
3/10 with a mean of 2.21+0.97. LogMAR was improved for
NLP to 8/10 with a mean of 1.48+1.29 logMAR at 1 month
and NLP to 10/10 with a mean of 1.31+1.27 at 3 months. The
differences were statistically significant (P=0.001, P<0.001,
»<0.001). Color vision was changed from a baseline 2.24+
4.29 to 2.94+4.64 and 3.41£5.09 plates at months 1 and 3,
respectively. In spite of this objective improvement, the dif-
ference was not statistically significant (P=0.063, P=0.068)
(Table 1). No side-effects related to EPO was observed.

We evaluated the relation between the progression of
changes of visual acuity and color vision with other factors
like association with age, gender, trauma type, trauma time,
baseline BCVA, baseline APD, the interval between trauma
and management with EPO, and type of trauma in Table 2, but
we didn’t find any statistically significant relation.

Discussion

The pathophysiology of indirect TON is multifactorial and it
has been proposed that primary and secondary injury may
occur. Retinal ganglion cells (RGCs) are specialized cells
within the optic nerve and form part of an intricate chain
responsible for transmitting information to the cortex of the
brain. Following trauma there is an immediate shearing of a
portion of RGCS axons, an irreversible process with subse-
quent RGC degeneration. It is postulated that there is then an
optic nerve swelling secondary to direct mechanical trauma or
macular ischemia, thus further impairing the already compro-
mised blood supply to surviving RGCs setting up a downward
spiral toward cell death [7, 13].

EPO, a glycoprotein hormone, is synthesized predominant-
ly in the kidney and is secreted by interstitial cells of the
adrenal cortex. In response to tissue hypoxia, EPO was first
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Table 1 Demograhic specifications and visual acuity and color vision changes during follow up

ID Sex Eye Agein Trauma  Trauma VAt APD  Color
years Type Time (h)

Base 1 month 3 month Base 1 month 3 month
1 Male oD 8 Falling 96 3/100  6/10 8/10 +2 - - -
2 Male os 23 Car 12 HM 8/10 10/10 +3 0/14 0/14 0/14
3 Male oD 27 Falling 36 2/100  8/10 8/10 +3 0/14 0/14 0/14
4 Male oS 39 Falling 72 HM 1/10 1/10 +3 0/14 4/14 4/14
5 Male oD 50 Cycle 72 HM 4 M 4 M +3 0/14 0/14 0/14
6 Female OS 65 Car 48 HM M 4 M +3 0/14 0/14 0/14
7 Male os 51 Car 240 NLP NLP NLP +4 0/14 0/14 0/14
8 Male oS 23 Cycle 12 NLP HM 1M +4 0/14 0/14 0/14
9 Male oD 23 Cycle 36 NLP HM 1M +4 0/14 0/14 0/14
10 Female OD 38 Car 14 NLP NLP NLP +4 0/14 0/14 0/14
11 Male oS 24 Fallng 24 NLP NLP NLP +4 0/14 0/14 0/14
12 Female OS 42 Car 72 NLP NLP NLP +4 0/14 0/14 0/14
13 Female OD 5 Car 24 NLP NLP NLP +4 0/14 0/14 0/14
14 Male oS 26 Cycle 168 4/10 5/10 6/10 +2 10/14 10/14 10/14
15 Male oS 42 Cycle 8 3/10 2/10 4/10 +2 14/14 14/14 14/14
16 Male OD 46 Cycle 10 1M 7/10 5/10 +3 2/14 4/14 10/14
17 Male os 20 Cycle 16 5M 6/10 10/10 +2 4/14 8/14 10/14
18 Male oD 23 Car 240 1/10 6/10 7/10 +2 8/14 10/14 10/14
Mean 32 67 221 1.48 1.31 3.1 2.24/14  2.94/14 3.41/14
SD 16 75 0.97 1.29 1.27 0.8 429/14  4.64/14 5.09/14
P for Change* 0.001 <0.001 0.063 0.068

* Based on Wilcoxon singed rank test
T The value of logMAR for NLP vision was assumed to be 3.1

characterized as a hematopoietic growth factor that regulates
red blood cell production by promoting survival, proliferation,
and differentiation, and differentiation of erythroid progeni-
tors in bone marrow [14]. Recently, EPO has also been shown

Table 2 Relation between dependent and independent variables

to exhibit neuroprotective effects of neurons of the central
nervous system. Systemic administration of EPO is neuropro-
tective in animal models of stroke, mechanical trauma,
exitotoxic injury, and neuroinflammation [15].

Statistics BCVA Change Color Change
Value P Value P

Sex F Mean+SD —0.35+0.7 0.074% 0+0 0.187%

M Mean+SD —1.07+0.76 1.6+2.6
Age in years Correlation§ 0.111 0.662 0.068 0.788
Trauma Type Car Mean+SD —0.69+1.01 0.219% 04+1.1 0.244%

Cycle Mean+SD —0.99+0.59 23434

Falling Mean+SD -1.16+0.77 1+2
Trauma Time Correlation§ 0.037 0.885 —0.380 0.119
Baseline BCVA Correlation§ 0.287 0.248 —0.622 0.006
Baseline APD Correlation§ —0.266 0.285 0.282 0.257

T Based on Mann—Whitney test
1 Based on Kruskall-Wallis test

§ Based on Spearman correlation
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In other studies, long-term, high-dose EPO treatment was
found to be safe and well tolerated. They showed that high-
dose EPO had neuroprotective and neuroregenerative effects
in comparison with low-dose treatment without any side-
effects [16, 17].

Tan et al. demonstrated that the RHA/ROCK pathway was
involved in the effect of erythropoietin to promote RGCs
axonal regeneration in a rat optic nerve crush [18].

In another study that was done by Rong et al., they com-
pared that sustained EPO loaded composite microspheres on
injured RGS administrated on the optic nerve crush of rats
with multiple doses of EPO solution. They concluded a sim-
ilar neuroprotective effect between them for the new
neuroregenerative disease in the retina and central nervous
system [19].

Sullivan et al. obtained an optimal therapeutic dose of EPO
to be effective as a neuroprectant in a mouse model of optic
nerve crush injury. They found that this optimal therapeutic
dose of EPO must be administered at levels higher than is
approval for treatment of anemia in human [20].

Peripherally administered EPO can effectively cross the
blood-brain barrier [13, 17, 21], stimulate neurognesis, neu-
ronal differentiation, and activate brain neurothropic,
antiapoptotic, and anti-oxidant and anti-inflammatory signal-
ing; these mechanisms underlie these tissue protection effects
on nervous system disorders [22, 23].

Thus, EPO could potentially address many aspects of path-
ophysiologic cascade in TON. First, EPO has significant
antiapoptotic activity on RGCs that can help maintain survival
and possibly regain function following axonal damage [15,
24-26]. Second, EPO can counteract the secondary mecha-
nism of nerve damage following TON, including antioxidant
and anti-inflammatory properties thus decreasing edema and
possibility incidence and/or severity of compartment syn-
drome. Third, EPO may promote axonal regeneration follow-
ing TON [15, 26-28].

In a study that conducted by Modarres et al., they showed a
beneficial effect of intravitreal injection of erythropoietin in
patients with diagnosis of non-arthritic anterior ischemic optic
neuropathy [10].

In our study, initial BCVA improved dramatically after 1
and 3 months of systemic EPO; the differences were statisti-
cally significant. In a pilot study by Kashkouli et al., they
compared seven cases of indirect TON in eight patients who
had not received any prior specific treatment, given three
intravenous injections of 10,000 IU of EPO on three succes-
sive days. They found increased BCVA in all patients except
one after treatment with intravenous EPO [11].

Therefore, we assumed that EPO can reduce the secondary
mechanism of optic nerve damage from apoptosis while pre-
serving RGCs and also improve the neuoregneration in the
damaged axon, and ultimately improve visual function fol-
lowing TON.
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In our study, BCVA improvement occurred in 13 of 18
cases. There was an initial visual acuity of NLP in seven cases
in this series, that only two of them improved whereas,
Kashkouli et al. reported that three cases with NLP in the
EPO group showed improvement [11].

This pilot study is a preliminary report of one branch of a
multicenter randomized clinical trial of different treatment
modalities in TON (EPO, high dose steroid and placebo) that
is going on and will be reported in the future.
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