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ABSTRACT

INTRODUCTION: The idea to apply blood or blood product topical treatment is not new in ophthalmolo-
gy, but about 40 years ago Ralph was the first to publish this idea. The biochemical properties of serum eye 
drops are very similar to the water component of the tears. Serum contains several growth factors, includ-
ing epidermal growth factor, transforming growth factor-β and platelet-derived growth factors, nutrients 
and proteins, all of which are key components for tissue regeneration.

AIM: The aim of this article is to set a prospective study in order to identify and follow patients with laser in 
situ keratomileusis (LASIK)-induced neuropathic epitheliopathy (LINE) and analyze the benefits of the ap-
plication of 20% autologous serum drops.

MATERIALS AND METHODS: A total of 16 subjects (10 females and 6 males) at a mean age of 34 years (19 
the youngest and 41 the oldest) were recruited prospectively. All patients were seeking second opinion as 
they were bothered by discomfort, visual fluctuations, chronic red eye, and pain with different character-
istics. Each patient was advised to have a week of wash-out period when only non-preserved artificial tears 
(Hyabak 0.15%, Thea ®) were applied. Then patients were advised to apply autologous serum drops four times 
(during the day), and assessment was done on 4th and 8th week. The primary outcome parameters were oc-
ular surface disease index (OSDI), tear break-up time (TBUT) and corneal staining, the secondary included 
visual acuity and redness. Preparation of the autologous serum drops followed the in-house methodology.

RESULTS: The patients were significantly affected by their underdiagnosed condition. Statistical analysis 
of the outcome parameters demonstrated that only visual acuity did not change significantly. The main out-
come parameter OSDI presented highest improvement from 57±12 to 12±6 after 8 weeks of application of 
20% autologous serum drops. Corneal staining decreased and TBUT improved in all subjects.

CONCLUSION: Epithelial complications after LASIK are not uncommon and their recognition is the first 
step to long-term satisfaction of the patients with refractive procedures. After diagnosis of LINE after 
LASIK, especially with microkeratome, 20% autologous serum drops are an efficient long-term solution. 
The standard topical treatment usually takes 8 weeks to achieve good results. 
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All patients were seeking second opinion as they were 
bothered by discomfort, visual fluctuations, chronic 
red eye, and pain with different characteristics. Each 
patient was using different drops, most common-
ly tear substitutes, but some patients were also using 
topical cyclosporine, dexamethasone, and even anti-
biotics. Not all of those drops were prescribed by the 
operating surgeon. 

Upon inclusion of the study, ocular surface 
disease index OSDI (previously adopted to Bulgar-
ian ophthalmic patients), full history, visual acu-
ity, biomicroscopy (anterior and posterior segment), 
tear break-up time (TBUT), ocular surface staining 
(Efron scale), ocular redness (Efron scale) were es-
tablished. Each patient was advised to have a week of 
wash-out period when only non-preserved artificial 
tears (Hyabak 0.15%, Thea ®) were applied. Then pa-
tients were advised to apply serum drops four times 
(during the day), and assessment was done on the 
4th and 8th week. The primary outcome parameters 
were OSDI, TBUT and staining, the secondary visu-
al acuity and redness. 

Preparation and Handling of the Serum Drops
According to the experience of the senior au-

thor, 20% serum drops work best, so we used 6 vi-
als (yellow top) to obtain serum from each patient. 
The serum was taken in aseptic conditions and dilut-
ed with NaCl 0.9% to 20% solution, which was placed 
in sterile, sealed, monodose plastic containers. The 
package with the monodose vials was flash frozen 
at -80oC and handed to the patient in a cooler.  The 
patient was advised to freeze the package in a house 
freezer (usually -20oC) and defrost one container per 
day (which should be kept clean in the fridge area 
during the day). Some patients needed to bring a sec-
ond container to work. Each patient was given in-
structions to apply drops 4x a day during wake up 
period.

RESULTS
The demographics of the 16 recruited subjects 

is presented on Table 1.
Most of the patients had more than one symp-

tom at the time of inclusion in the study. Table 2 
summarizes the complaints of all included patients.

INTRODUCTION
The idea to apply blood or blood product topi-

cal treatment is not new in ophthalmology, but about 
40 years ago Ralph was the first to publish this idea 
(1). The biochemical properties of serum eye drops 
are very similar to the water component of the tears 
(2). Serum contains several growth factors, includ-
ing epidermal growth factor, transforming growth 
factor-β and platelet-derived growth factors, nutri-
ents and proteins, all of which are key components 
for tissue regeneration.  

Serum drops are often used by different pro-
tocols for dry eye treatment (3). More commonly 
they are used as treatment for chronic ocular surface 
problems caused by disease or infections (4–6). It is 
well known that different surgical procedures may 
also affect the ocular surface and exacerbate or ini-
tiate dry eye. One such procedure is the laser in situ 
keratomileusis (LASIK). Half of the patients would 
have dry eye after LASIK within the first week (2,7). 
This does not reduce dramatically in 4 weeks, where 
approximately 40% of the LASIK cases would expe-
rience dry eye. In half a year the percentage reduces 
to 20%, but usually these have long-term complaints 
and additional complications (8,9). Plasma-rich se-
rum, umbilical cord products, and serum drops have 
been used for treatment of dry eye after LASIK with 
different success (4). 

Although allogenic serum is a person’s own 
product, it is relatively difficult to produce and pre-
pare for prompt patient application. Having the ex-
pertise of the senior author for production of autolo-
gous serum in easy-to-use mono-doses, we set a pro-
spective study to identify and follow patients with 
LASIK-induced neuropathic epitheliopathy (LINE).

MATERIALS AND METHODS
Patients were recruited prospectively. They had 

LASIK procedure in both eyes for moderate myo-
pia, with a minimum period of 6 months prior to the 
study. Unfortunately, the information about surgical 
details like flap size, thickness, position and technol-
ogy was not available for the purpose of the study.  
We recruited 16 subjects (10 females and 6 males) at 
a mean age of 34 years (the youngest was 19 and the 
oldest—41). According to the patients’ notes the pro-
cedure went uneventful, and the vision restoration 
during the follow-up was more than 60% unaided. 
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Dynamics of the primary outcome parameters 
before, 4 and 8 weeks after the treatment are present-
ed in Table 3.

Dynamics of the secondary outcome parame-
ters before, 4 and 8 weeks after the treatment are pre-
sented in Table 4.

The statistical analysis of the outcome param-
eters showed that only visual acuity did not change 
significantly. The main outcome parameter OSDI 
demonstrated highest improvement. Analysis among 

patients with one or both eyes presenting with LINE, 
did not show any specific correlations. Interesting-
ly, the greatest improvement based on OSDI was en-
countered in patients who suffered from moderate to 
severe pain in both eyes.

DISCUSSION
LASIK is the most commonly performed refrac-

tive procedure in the world, and definitely the most 
common (more than 70%) refractive surgical proce-
dure in Bulgaria (10,11). Regardless of the equipment 
used for flap formation (microkeratome or femto-
second laser), the corneal nerves are cut and severe-

ly damaged (11,12). This reduces the basic and reflex 
tear formation, affects the blinking mechanism and 
also may lead to neurotrophic complications. More 
than 20% of the patients experienced discomfort 
from dry eye during the first year (2). Some of the pa-
tients really suffered from this condition (13). Unfor-
tunately, in our study we had no information about 

Parameter Distribution
Gender 10 F; 6 M
Age Mean of 34 y, range 19–41
Pre-operative refractive error Myopia (2.0–7.5 D)
Laterality of complains Two eyes: 13 subjects; one eye: only 3 subjects
Number of operations per eye 11: one operation; 5: one operation; one touch-up

Table 1. Demographics of the subjects diagnosed with LINE prior to inclusion in the study.

Complaint One Eye Both Eyes
Discomfort N/A 16
Visual fluctuations 2 14
Red eye 5 11
Mild pain 5 3
Moderate/severe pain 3 2

Table 2. Summary of the complains of the subjects 
diagnosed with LINE prior to inclusion in the study.

Parameter Baseline
4 Weeks After the 

Treatment with 20% 
Autologous Serum Drops

8 Weeks After the 
Treatment with 20% 

Autologous Serum Drops

Statistics
(Baseline to Endpoint)

OSDI 57 ± 12 26 ± 8 12 ± 6 P = 0.001
TBUT 7 ± 3 10 ± 5 12 ± 3 P = 0.02
Staining 3.7 2.9 1.4 P = 0.009

Table 3. Dynamics of the primary outcome parameters before, 4 and 8 weeks after the treatment with 20% autologous 
serum drops 

Parameter Baseline
4 Weeks After the 

Treatment with 20% 
Autologous Serum Drops

8 Weeks After the 
Treatment with 20% 

Autologous Serum Drops

Statistics
(Baseline to Endpoint)

Visual acuity 0.56 0.66 0.67 P = 0.06
Redness 2.7 1.9 0.9 P = 0.03

Table 4. Dynamics of the secondary outcome parameters before, 4 and 8 weeks after the treatment with 20% autologous 
serum drops 
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the surgical procedures, as the patients requested 
confidential consultation and requested their history 
to be kept from the surgical center. 

In the published literature LINE is more of-
ten associated with mechanical microkeratome than 
with femtosecond created flap (14). In Bulgaria fem-
tosecond is rarely used and therefore we should ex-
pect more patients with LINE. Our small study pro-
vides solid evidence that those patients will benefit 
from autologous serum drops. Moreover, this will 
not only help the patient, but also will support the 
surgeon in the process of faster treatment of this not 
uncommon complication.  

There are variety of methodologies to produce 
autologous serum drops. In the literature the most 
popular concentrations are 100%, 50%, and 20% 
(4,15). The latter is based on the rationale that TGF 
beta is 5 times more concentrated in the serum than 
in the tears. In this study and also in some prior stud-
ies, we demonstrated the efficiency of this concentra-
tion (4,15). Moreover, none of our patients reported 
any problems with the drops. This is important be-
cause we use unique package such as small daily con-
tainers, which might also induce difficulties when 
the patient applies their drops. 

Autologous serum drops are proven therapy 
for moderate to severe dry eye. In many countries 
they are unlicensed medication and they are subject 
of special regulations (16, 17). Most of the learned 
ophthalmology societies in Europe are having spe-
cial guidelines for preparation and application of 
such products (18). Currently, this therapy is not rec-
ommended for young children. Indications are also 
quite broad and in the literature there are occasion-
al reports of a number of rare diseases. This howev-
er provides an opportunity and eye care practitioners 
with therapeutic license must consider this option for 
ocular surface restoration. 

CONCLUSION
Epithelial complications after LASIK are not 

uncommon and their recognition is the first step 
to long-term satisfaction of the patients with refrac-
tive procedures. LINE is one of those complications, 
which even when properly recognized is often a ther-
apeutic challenge. After diagnosis of LINE after 
LASIK, especially with mechanical microkeratome, 
20% autologous serum drops are an efficient long-

term solution. The standard treatment usually takes 
8 weeks to achieve good results, but longer treatment 
might also be considered. 
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