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Autologous Serum 50% Eyedrops in the Treatment of
Persistent Corneal Epithelial Defects
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Purpose: To evaluate the success rate of treating persistent corneal
epithelial defects using 50% autologous serum eyedrops.

Methods: We reviewed the medical records of all patients seen at
our institution from September 2004 to May 2007 who had persistent
corneal epithelial defects that were nonresponsive to conventional
medical treatment and that were treated with 50% autologous serum
eyedrops. We also correlated the defect duration prior to initiation of
serum therapy with rate of epithelial healing.
Results: A total of 25 eyes of 25 patients failed conventional
medical therapy for treatment of a persistent corneal epithelial defect
and were treated with 50% autologous serum eyedrops every 2 hours
while awake. All corneas were neurotrophic, with the etiologies being
herpetic (11 eyes), postkeratoplasty (8 eyes), postkeratorefractive
surgery (1 eyes), diabetic (1 eye), post–chemical burn (1 eye), and
unknown (3 eyes). The median duration of the epithelial defects prior
to initiation of autologous serum eyedrops was 13.9 weeks (range
0.29–52 weeks). After institution of autologous serum therapy, 23 of
the 25 eyes healed in a mean time of 22.4 days. Seventeen eyes
(68.0%) healed within 4 weeks (mean 1.7 weeks) of starting therapy
with 50% autologous serum eyedrops. The number of days required
for healing was associated with the length of time the defect was open
prior to initiation of serum drops (r = 0.68, P , 0.001).
Conclusions: The use of 50% autologous serum eyedrops appears
to be an efficacious medical treatment modality for persistent corneal
epithelial defects that are recalcitrant to conventional medical therapy.
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ersistent epithelial defects (PED) of the cornea are uncommon but can have serious consequences on the health of the
eye including infection, scarring, melting, and even perforation.
Several etiologies for PED include dry eyes, corneal epithelial
stem cell deficiency, diabetes, and neurotrophic keratopathy
secondary to herpetic infections.1 In the event that a certain
etiology can be identified such as stem cell deficiency, specific
treatments can be instituted such as limbal stem cell transplantation. However, in general, traditional therapy of PED
consists of aggressive lubrication with preservative-free artificial tears and ointments, the use of bandage soft contact lenses,
pressure patching, punctal plugging, and the surgical placement
of tarsorrhaphies. Amniotic membrane grafting is a newer
therapeutic modality that has also been suggested for use in
accelerating the corneal epithelial wound healing process in
PED.2 In addition to acting as a temporary bandage on the
ocular surface, it is believed that amniotic membrane contains
growth factors and other substances that are critical to the
proliferation and migration of the corneal epithelium.
Recently, the use of autologous serum eyedrops has been
reported to be efficacious in treating a variety of ocular surface
disorders including persistent epithelial defects,1,3–5 and the
efficacy of the use of autologous serum eyedrops in the treatment of PED has been found to be superior to that of conventional therapy.6 For this disorder, most authors have used
autologous serum that has been diluted to 20% in saline.1,3,5
The aim of this study was to evaluate the success rate of
treating persistent corneal epithelial defects using 50%
autologous serum eyedrops.

METHODS
After institutional review board approval was obtained,
a retrospective chart review of all patients seen from
September 2004 to May 2007 who were treated for a PED
using autologous serum eyedrops was performed. All patients
were offered autologous serum eyedrops after failing all conventional treatment modalities consisting of lubricating drops
and ointment, punctal plugging, and bandage contact lenses or
pressure patching. A persistent epithelial defect was defined as
an epithelial defect that was healing slower than the expected
rate of healing.
Whole blood was drawn into Vacutainer tubes with clot
activator and allowed to clot at room temperature for one hour.
The blood was then centrifuged at 3,000 g for 10 minutes. The
serum was transferred aseptically to plastic conical tubes using
sterile pipettes under a laminar flow hood. Filtering and
dilution to 50% in balanced salt solution was performed, and
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5 cc of serum was aliquoted into individual eyedropper bottles,
which were then frozen at 220°C. Patients were instructed to
place all bottles of serum in their kitchen freezer and to thaw
one bottle for use at a time in the refrigerator at 4°C. Patients
were instructed to use the serum every two hours while awake
until the defect was healed. After epithelial healing occurred,
the serum eyedrops were tapered to 4 times daily for a month,
followed by tapering off of the eyedrops over another month’s
time. Patients with post-keratoplasty corneas were continued
on their current dose of topical corticosteroids, and patients
with herpetic corneas were treated with oral acyclovir at
400 mg 5 times daily. All patients were also instructed to use
topical ciprofloxacin 0.3% drops 4 times daily as well as
preservative-free artificial tears every 2 hours (alternating with
the serum drops).
Statistical analysis was performed using Microsoft Excel
(version 12; Redmond, WA) and Minitab (version 14.20;
Minitab, State College, PA). In addition to calculating the
mean defect duration prior to starting serum and the mean time
to healing after initiation of serum, we performed a regression
analysis to explore a potential linear relationship between
preserum defect duration and healing time. Potential outliers
were identified by calculating Cook’s distance (D) for each
case from leverage values and studentized residuals. The
influence of defect etiology on healing time was also explored
in a single-predictor regression model and in a multivariate
model that included both preserum defect duration and
etiology as predictors.

RESULTS
A total of 25 eyes of 25 patients failed conventional
medical therapy for treatment of a PED and were treated with
50% autologous serum eyedrops every 2 hours while awake.
All corneas were neurotrophic with the underlying etiologies
being herpetic (11 eyes), post-keratoplasty (8 eyes), postrefractive surgery (1 eye), diabetic (1 eye), post–chemical burn
(1 eye), and unknown (3 eyes). The average duration of the
defects prior to initiation of therapy with autologous serum
was 13.9 weeks (range 0.29–52 weeks). After institution of
autologous serum therapy, 23 of the 25 eyes healed in a mean
time of 22.4 days (median 14 days; Table 1): 13 eyes (52.0%)
healed within 2 weeks, 17 eyes (68.0%) healed within 4 weeks,
and 22 eyes (88.0%) healed within 8 weeks (Fig. 1). One eye
healed after 18 weeks of therapy. In the remaining 2 eyes,
which were both neurotrophic secondary to herpetic keratitis,
the epithelial defects decreased in size but did not heal within
18 weeks, and they were treated with amniotic membrane
grafting with lateral tarsorraphies.
One of the 23 eyes that initially healed with autologous
serum eyedrops developed a recurrence when the drops were
tapered to twice daily. The defect healed again after the frequency of the drops was increased to every 2 hours for 1 week.
The defect did not recur during the subsequent tapering of the
autologous serum. No cases of infectious keratitis occurred in
any of the eyes treated with autologous serum.
A linear regression model with healing time as the
response variable and pre-serum defect duration as the predictor revealed 1 outlier (93 days of defect duration prior to
q 2009 Lippincott Williams & Wilkins
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TABLE 1. Data on 23 of the 25 Eyes With Persistent Epithelial
Defects That Healed Using Autologous Serum 50% Eyedrops

Eye

Age
(Years)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
Mean
SD
Median

63
67
59
65
80
79
45
80
78
91
37
55
90
74
82
63
80
88
36
49
68
88
78
69.4
16.4
74

Etiology
Herpetic
Herpetic
Chemical burn
s/p PK
Unknown
s/p PK
Herpetic
Herpetic
s/p PK
Unknown
Diabetic
s/p PK
Herpetic
s/p PK
Herpetic
s/p PK
Unknown
Herpetic
s/p PRK
Herpetic
s/p PK
Herpetic
s/p PK

Days Open Prior to
Initiation of
Serum Therapy

Days to
Healing

27
365
22
40
18
38
87
37
2
27
127
352
215
93
105
97
23
120
15
37
260
84
50
97.4
104.0
50

6
35
4
40
8
6
14
23
7
21
7
44
26
126
29
7
25
14
5
11
43
8
7
22.4
26.1
14

s/p PK, status post-penetrating keratoplasty; PRK, photorefractive keratectomy;
SD, standard deviation.

serum and 126 days to healing after serum) based on a Cook’s
distance (D) value 1 order of magnitude higher than any other
case. The model was refit for the remaining 22 cases, and the
number of days required for healing was associated with the
length of time the defect was open prior to initiation of serum
drops (r = 0.68, P , 0.001). The resulting regression model,
which was signficant in all terms by analysis of variance (P ,
0.005), is illustrated in Figure 2 and was characterized by the
following equation: days to healing = 9.5 days + 0.085 3
(duration of defect prior to serum therapy in days).
Standard errors for the linear regression terms were
3.0 days for the constant (P = 0.005) and 0.021 for the firstorder coefficient (P , 0.001). Normal probability plots and
histogram plots of the residuals suggested that residuals were
normally distributed, and a quadratic regression did not produce
any improvement in the fit (quadratic term, P = 0.9). Healing
time did not differ significantly for patients with herpetic disease
(18 6 10 days) versus those who were postkeratoplasty (32 6
37 days) by a two-tailed Student’s t test (P = 0.4) despite a trend
toward longer and more variable healing times in postkeratoplasty patients. The preserum defect durations in the herpetic
and postkeratoplasty groups were similar (120 6 102 days and
105 6 113 days, respectively; P = 0.8). Insufficient numbers of
www.corneajrnl.com |
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FIGURE 2. A linear regression model with healing time as the
response variable and preserum defect duration as the predictor demonstrating that the number of days required for
healing was associated with the length of time the defect was
open prior to initiation of serum drops (r = 0.68, P , 0.001).

FIGURE 1. Left eye of patient 11 with a PED secondary to
diabetic keratopathy before (A) and after (B) treatment with 50%
autologous serum eyedrops. This defect was present for 127
days, and it healed in 7 days with autologous serum eyedrops.

patients were available in other categories to provide a meaningful comparison of other etologies. Etiology was also not
a signficant predictor of healing time when the 2 major
etiologies were considered as a binary variable in either a singlepredictor linear regression (P = 0.8) or a 2-predictor multivariate
linear regression with defect duration prior to serum (P = 0.6).

DISCUSSION
Published reports describing the use of autologous
serum eyedrop therapy for treating PED have demonstrated a
46.7–62.5% rate of healing of PED within 1 month of starting
autologous serum eyedrops.1,3,4 Schrader and colleagues
reported that 83.3% of their 6 patients healed with the use
of 20% autologous serum eyedrops with the concomitant use
of a bandage soft contact lens.5 In our current study, 68.0% of
eyes that were refractory to healing with conventional medical
techniques healed within 4 weeks of using 50% autologous
serum eyedrops (Table 2). In one eye, the defect recurred after
the 50% autologous serum eyedrops were tapered to twice
daily. However, the defect healed within 1 week of reinstituting
therapy with 50% autologous serum eyedrops every 2 hours.
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Two of the epithelial defects in this study, both in
herpetic eyes, did not heal after 4 months of treatment with
50% autologous serum eyedrops. Both of these eyes required
the use of invasive techniques to treat and heal the PED:
amniotic membrane graft with lateral tarsorrhapy. There were
no cases of infectious keratitis associated with the use of
autologous serum eye drops.
Across all etiologies of PED, the duration of the defect
was a predictor of how much time was required to achieve
healing with serum. Post-keratoplasty corneas tended to take
longer to heal than those affected by herpetic disease, but the
difference was not significant. The current study provided only
enough statistical power to detect a difference of 33 days
healing time between the herpetic and post-keratoplasty subgroups at the 80% power level with a = 0.05; therefore, the
lack of significance could be due to inadequate power to detect
a difference this small. A binary variable reflecting either the
herpetic or post-keratoplasty state did not correlate to healing
time either alone or in a multivariate model; these analyses
confirmed that defect duration is by far the most useful
predictor of healing time. Based on this information, it may be
reasonable to have a lower threshold for declaring an epithelial
defect as nonhealing by conventional methods, such that one
could consider the use of autologous serum earlier in the
course of the disease process so as to minimize the chances of
infection and of subepithelial haze that occur with prolonged
duration of epithelial defects.
Although most published studies have reported the use
of 20% autologous serum eyedrops for treating various ocular
surface conditions,7–14 we chose to use 50% autologous serum
because we found that our patients, especially those who are
being treated with the serum for dry eyes, enjoy the extra
viscosity of the 50% concentration as it provides a ‘‘soothing’’
sensation. While the results of our study certainly cannot claim
superiority of the use of 50% autologous serum over the use of
20% autologous serum, it does appear in this retrospective
study that the extra viscosity and the higher concentrations of
q 2009 Lippincott Williams & Wilkins
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TABLE 2. Comparison of the Success Rates of Healing of Persistent Epithelial Defects Using Autologous Serum Eyedrops
Number of eyes
Concentration of serum used (%)
Healing within:
2 weeks (%)
4 weeks cumulative (%)
.4 weeks or not healed (%)
Lost to follow-up (%)

Current Series

Tsubota et al1

Young et al3

Poon et al4

Schrader et al5

25
50

16
20

10
20

15
50 or 100

6
20

13 (52.0)
17 (68.0)
8 (32.0)
0 (0.0)

7
10
6
0

vitamins and growth factors do not appear to be detrimental to
the healing process. From this observation, it could be
hypothesized that 100% autologous serum may provide even
greater benefits in terms of the concentration of growth factors
and the greater viscosity. However, using 100% autologous
serum drops requires twice the amount of blood to be drawn
from each patient, and often times, this can be problematic
because the status of the patient’s overall health may preclude
drawing a large quantity of blood. Also, very high concentrations of serum proteins could alter the osmolarity and pH of
the preparation. Further work is therefore required to establish
whether the kinetics of wound healing and the risk of corneal
haze development would be altered favorably or unfavorably
with such modifications. Interestingly, in the series by Poon
et al, 3 of the 6 eyes (50.0%) that were treated with 100%
autologous serum healed within 4 weeks, compared to 4 of the
9 eyes (44.4%) that were treated with 50% autologous serum.4
While there were too few patients in that study to make any
conclusions, the potential of using 100% autologous serum
certainly warrants consideration.
As is inherent in all retrospective studies, there are
several limitations to the current study. Firstly, although our
definition of a persistent epithelial defect being ‘‘an epithelial
defect that was healing slower than the expected rate of
healing’’ was somewhat subjective in nature, for the most part,
this was not an issue since all but one of our patients had
epithelial defects that had not healed within 2 weeks prior to
initiation of autologous serum therapy. We did not specifically
assign a time period to label a defect as a PED for each
different etiology. In addition, although all eyes were subjected
to the same conventional medical therapies prior to resorting to
the use of autologous serum, the duration of each attempted
therapy was not uniform. Furthermore, objective assessment
of corneal sensation and objective grading of the neurotrophic
status of each cornea was not performed before or after the
serum therapy as has been performed a previous study that
investigated the use of autologous serum in the treatment of
neutrophic keratitis.15 The area of the epithelial defects was
also not accurately calculated, and information on concurrent
eyelid disease and tear function was not uniformly gathered.
Finally, as this was a retrospective study, a ‘‘washout’’ period
using no therapies prior to initiation of autologous serum
eyedrops was not performed as would be for a prospective
study. However, despite these limitations, our results do
provide useful preliminary information suggesting that 50%
autologous serum can help heal PED and that earlier
institution of this therapy may even be more beneficial.
q 2009 Lippincott Williams & Wilkins

(43.8)
(62.5)
(37.5)
(0.0)

6
6
2
2

(60.0)
(60.0)
(20.0)
(20.0)

3
7
8
0

(20.0)
(46.7)
(53.3)
(0.0)

2 (33.3)
5 (83.3)
1 (16.7)
0 (0.0)

The advantages of using autologous serum eyedrops
include that fact that it is a relatively noninvasive (only
requiring a needlestick for obtaining blood) method to heal
PED. Because the blood belongs to the patient, there is
minimal risk for acquiring transmitted diseases, and this
therapy does not involve ocular surgery. In addition, when
prepared under strict aseptic conditions, the risk of bacterial
contamination and subsequent infection is insignificant.16 It is
believed that autologous serum eyedrops are more efficacious
than traditional lubricating agents because autologous serum
contains several key components of the tear film that are
involved in the proliferation and migration of the corneal
epithelium (vitamin A, vitamin E, epidermal growth factor,
transforming growth factor-b, platelet-derived growth factor,
fibroblast growth factor, hepatocyte growth factor, fibronectin,
substance P, insulinlike growth factor, and nerve growth
factor) that are lacking, or in lower concentrations than, in
conventional artificial tears.17 In addition to its many applications for the treatment of ocular surface diseases, the uses of
autologous serum have also been explored for the treatment of
corneal epithelial abrasions in diabetic patients undergoing
vitrectomy.18 In this study, autologous serum was found to
result in a much faster closure time of corneal epithelial
wounds compared to artificial tears. Other investigators have
also confirmed this observation.19
The evidence suggesting that autologous serum is effective for treating various conditions of the ocular surface seems
to be convincing enough that some investigators have explored
using allogeneic serum donated from a family member in cases
where a patient’s serum is unsuitable for processing into
autologous serum.20,21 Furthermore, it has also been suggested
that umbilical cord serum may have even higher concentrations of the key vitamins and growth factors believed to be
involved in healing of the ocular surface than does serum, and
that this therapy may be as effective or more effective than
using autologous serum.22–27
Some of the major drawbacks to the use of autologous
serum eyedrops, however, are the logistical and regulatory
restrictions that are involved. From a logistical standpoint, the
process of preparing the serum from whole blood has been
investigated. It is known that the duration of time that the
whole blood is allowed to clot at room temperature, as well as
the speed and duration of centrifugation have a demonstrated
effect on the yield of the factors involved in the proliferation
and migration of corneal epithelial cells. Accordingly, Liu et al
have made a recommendation as to an optimized protocol for
the processing of whole blood for autologous serum.17,28 The
www.corneajrnl.com |
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manufacturing and delivery of autologous serum has subsequently been shown to be feasible in Germany29–32 and the
United Kingdom,33 but at this time not all institutions, even in
these countries, have the facilities or certification to do this;
consequently, their patients do not have access to this seemingly
effective treatment modality. Different countries will have
different regulations on the manufacturing and use of autologous serum eyedrops, but ophthalmologists should work with
their affiliated blood banks, clinical laboratories, and pharmacies
to help make this therapy available to more patients.34
Certainly, a prospective, randomized clinical trial would
need to be conducted to establish if the use of 50% autolgous
serum is superior to the use of 20% autologous serum. Given
that PED are uncommon and the underlying etiologies vary
greatly, such a clinical trial would need to be multicentered as
the sample size would likely need to be large. Alternatively,
superiority or equivalence of the two concentrations of serum
could be investigated using a more commonly seen condition
involving epithelial defects such as post-photorefractive keratectomy. Until such a study is performed, we believe that the
preliminary data gathered from this study is adequately convincing that the use of 50% autologous serum eyedrops is an
efficacious medical treatment modality for persistent corneal
epithelial defects that are recalcitrant to conventional medical
therapy.
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