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Tears have antimicrobial, nourishing, mechanical, and
optical properties. They contain components such as
growth factors, fibronectin, and vitamins to support
proliferation, migration, and differentiation of the corneal
and conjunctival epithelium. A lack of these
epitheliotrophic factors—for example, in dry eye, can
result in severe ocular surface disorders such as persistent
epithelial defects. Recently, the use of autologous serum in
the form of eye drops has been reported as a new
treatment for severe ocular surface disorders. Serum eye
drops may be produced as an unpreserved blood
preparation. They are by nature non-allergenic and their
biomechanical and biochemical properties are similar to
normal tears. In vitro cell culture experiments showed that
corneal epithelial cell morphology and function are better
maintained by serum than by pharmaceutical tear
substitutes. Clinical cohort studies have reported its
successful use for severe dry eyes and persistent epithelial
defects. However, the protocols to prepare and use
autologous serum eye drops varied considerably between
the studies. As this can result in different biochemical
properties protocol variations may also influence the
epitheliotrophic effect of the product. Before the definitive
role of serum eye drops in the management of severe
ocular surface disease can be established in a large
randomised controlled trial this has to be evaluated in more
detail. In view of legislative restrictions and based upon the
literature reviewed here a preliminary standard operating
procedure for the manufacture of serum eye drops is
proposed.
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E
ye drops made from autologous serum are a
new therapeutic approach for ocular surface
disorders, such as persistent epithelial

defects or severe dry eyes intractable to conven-
tional therapy. Their use was first described by
Fox et al in 1984 in their search for a tear
substitute free of potentially harmful preserva-
tives.1 Later Tsubota et al realised that because of
the presence of growth factors and vitamins
serum eye drops might also have a true
epitheliotrophic potential for the ocular surface.2

Here, we review the theoretical background and
the currently available literature on the use of
this new approach and discuss some legislative
implications.

Nutrition of the ocular surface
While the corneal demand for glucose, electro-
lytes, and amino acids is supplied by the aqueous
humour, growth factors, vitamins and neuropep-
tides, which are secreted by the lacrimal gland,
support proliferation, migration, and differentia-
tion of the ocular surface epithelia.3–7 As part of
inflammatory processes additional proteins such
as the adhesion factor fibronectin, complement
factors, and antimicrobial proteins (for example,
lactoferrin, immunoglobulins) are released into
the tears from conjunctival vessels.8 9 Tears thus
have lubricating, mechanical, but also epithelio-
trophic and antimicrobial properties. A reduction
of epitheliotrophic factors or their carrier com-
promises, as in the gastrointestinal tract, the
integrity of the surface epithelia. This can lead to
epithelial defects, which as a result of compro-
mised wound healing persist and progress.
Surgical attempts to rehabilitate the ocular sur-
face in severely dry eyes fail frequently.10 11 In
this situation it is important to lubricate the
ocular surface—however, the ideal tear substi-
tute should, in addition, provide epitheliotrophic
support.

The concept of natural tear substitutes
With few exceptions pharmaceutical products
are optimised for their biomechanical properties
only.12–14 Fibronectin, vitamins, and growth
factors have been used in vitro and in vivo to
encourage epithelial wound healing. However,
owing to stability concerns and limited clinical
success, such single compound approaches failed
to become incorporated into routine clinical
management.15–17 Serum and other bodily fluids
have been used as natural tear substitutes. They
are applied as unpreserved, autologous products
and thus lack antigenicity.18 19 Serum is the fluid
component of full blood that remains after
clotting. It contains a large variety of growth
factors, vitamins, and immunoglobulins, some in
higher concentrations than in natural tears
(table 1).2 16 20 20a These epitheliotrophic factors
are thought to be responsible for the therapeutic
effect of serum observed on ocular surface
disorders.17 21–23 The growth and migration pro-
moting effects of serum on cell cultures in
general and on corneal epithelial cells are well
documented.24 25 Fox was the first to use serum

Abbreviations: BSS, balanced salt solution; EGF,
epidermal growth factor; GvHD, graft versus host disease;
Hb, haemoglobin; HBV, hepatitis B virus; HCV, hepatitis C
virus; HTLV, human T cell lymphoma virus; KCS,
keratoconjunctivitis sicca; OSD, ocular surface disease;
PED, persistent epithelial defect; RES, recurrent erosion
syndrome; rpm, rounds per minute; SLK, superior limbal
keratoconjunctivitis; SOP, standard operating procedures;
TGF-b, transforming growth factor beta
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to treat human dry eyes. However, the recent renaissance of
this therapy began when Tsubota in 1999 described its
successful use in eyes with persistent epithelial defects.

Experimental studies
Tsubota was also the first to show that serum supports
migration of an SV40 transfected human corneal epithelial
cell line in a dose dependent manner25 and that immortalised,
conjunctival epithelial cells as a sign of higher differentiation
start to express mucin-1.2 In our own dose and time response
experiments in a defined culture model, we found that serum
maintained morphology and supported proliferation of
primary human corneal epithelial cells far better than
unpreserved or preserved pharmaceutical tear substitutes.24

Ebner et al recently also showed that incubation of primary
cultures of human keratocytes with undiluted serum
increased transcription of RNA for nerve growth factor
(NGF) as well as TGF-b receptors.26

PREPARATION AND USE
The protocols to produce serum eye drops in published
reports are incomplete or vary significantly. Below we
describe our current standard operating procedures (SOP)
as well as published modifications (fig 1, table 2).

SOP at the University of Lü beck, Germany
Patients are assessed for their suitability to donate according
to the guidelines of the Bundesärztekammer and Paul Ehrlich
Institute for blood donation and use of blood products. This
includes testing for hepatitis B (HBV) and C (HCV), syphilis,
and HIV serology (HbsAg; antibodies to HCV, HIV-I/HIV-II,
HIV-NAT, syphilis; HCV-NAT) before blood is donated for the
production of eye drops. A positive serology excludes the
patient from the use of autologous serum eye drops.
Following a thorough information briefing regarding the
experimental nature, potential complications, and alternative
treatment options, informed consent is obtained. All steps are
documented on a standard operation procedure form.
Venesection is performed at the antecubital fossa under
aseptic conditions and 100 ml of whole blood are collected
into sterile containers.
The containers are left standing for 2 hours at room

temperature in an upright position to ensure complete
clotting before they are spun in a laboratory centrifuge at
3000 g for 15 minutes. The supernatant serum is removed
under sterile conditions in a laminar air flow hood with
sterile 50 ml disposable syringes. Following this protocol,
100 ml of whole blood will yield 30–35 ml of serum. The
volume retrieved is determined, diluted 1:5 with sterile
balanced salt solution (BSS), and filter sterilised (0.2 mm).
Gentle shaking ensures homogenisation before portions of
2 ml are aliquoted into sterile dropper bottles. The bottles are
sealed and labelled with the name, date of birth of the
patient, the date of production, and the instruction

‘‘Autologous blood serum for topical use in the eye. To be
stored frozen and used within 3 months after date of
production; To be discarded at the end of the day.’’ A volume
of 2 ml of the solution is—as required by the European
Pharmacopoeia addendum 2000—sent for microbiological
evaluation.
The product is available approximately 4 hours after

venesection, but is only dispatched once negative serology
and microbiology of donor and product are confirmed.
Usually the drops are applied eight times daily. A new bottle
is opened every day. It is recommended to be stored at +4 C̊
and to be discarded after 16 hours of use with regular
household waste. The remaining bottles are stored frozen
(ideally at 220 C̊) for up to 3 months. If the domestic freezer
has no thermometer it is recommended to place one inside
and control the temperature when taking a new vial out every
day. If the temperature can not be adjusted to about 220 C̊
the dispensing doctor may consider recommendation of
shorter storage episodes.

SOP of the National Blood Service in England and
Wales
Following the principles of good manufacturing practice the
National Blood Service (NBS) in England and Wales has
chosen a different approach.27

Patients are assessed for their suitability to donate
according to the British Committee for Standards in
Haematology (BCSH) guidelines for pre-deposit autologous
blood donation.28 This requires them to be in reasonably good
health, with no significant cardiovascular or cerebrovascular
disease, and free of bacterial infection. Anaemia (haemoglo-
bin (Hb) ,11 g/dl) is a relative contraindication.
Blood is collected following the same procedure as for all

volunteer blood donors, except that donation is made into a
sterile blood pack without anticoagulant. Those patients who
are not thought suitable to donate a full unit of blood
(470 ml) may have lesser amounts collected of 250–400 ml.
Routine virology testing is performed as for volunteer blood
donations in the United Kingdom (HBsAg, antibodies to
HCV, HIV I/II, human T cell lymphoma virus (HTLV) and
syphilis, HCV NAT).
The donation is stored at +4 C̊ for 2 days to allow the blood

to clot and the clot to retract fully. Serum is then separated
from the clot of blood by centrifugation (a full donation
yielding approximately 200 ml of serum), following which an
equivalent volume of sterile normal saline is then added to
the serum. The process up to this point is carried out in a
‘‘closed pack’’ system by utilising a sterile connecting device.
The diluted serum is then transferred to a laminar flow
cabinet in a positive air pressure clean room where 3 ml
aliquots of serum are dispensed into sterile screw capped
glass dropper bottles labelled with the patient’s details and
storage instructions. Five bottles from each batch are
sampled and undergo bacterial culture before release. The
bottles are recapped and transferred to a blast freezer where
the diluted serum is quickly frozen to a temperature of less
than 230 C̊. The frozen serum is stored at this temperature,
until collection by the patient, on dry ice in a sealed insulated
cardboard box. One full donation produces approximately
150 bottles. Instructions are given to the patient about
transferring the bottles to their home freezer. The shelf life
of the product is stated as 6 months from the date of
manufacture. Patients are instructed to use one bottle of
serum per day, instilling at a frequency determined by
symptoms (usually 3–6 times daily). Any remaining serum
and the bottle are discarded at the end of the day.

Variations of production
While serum from various patients will certainly not be iden-
tical, it is also known that production factors significantly

Table 1 Comparison of the biochemical properties of
normal, unstimulated human tears, and serum51 52

Tears Serum

pH 7.4 7.4
Osmolality (SD) 298 (10) 296
EGF (ng/ml) 0.2–3.0 0.5
TGF-b (ng/ml) 2–10 6–33
Vitamin A (mg/ml) 0.02 46
Lysozyme (mg/ml) (SD) 1.4 (0.2) 6
SIgA (mg/ml) (SD) 1190 (904) 2
Fibronectin (mg/ml) 21 205

EGF, epidermal growth factor; TGF-b, transforming growth factor beta;
SIgA, surface immunoglobulin A.
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influence the biochemical properties of blood derived
products (table 2). The effect of the centrifugation depends
upon the centrifugal g force and time used to spin the
sample. A centrifugation of 3000 g for 15 minutes results in
good separation of serum and blood clot, without inducing
haemolysis (fig 2).29 At a low g force or short centrifugation,
platelet membranes remain in the supernatant and in high
concentrations induce apoptosis.30 It is also important to
understand that the g force not only depends upon the

revolutions of the rotor per minute (rpm), but also on the
diameter of the rotor. Thus, g force and not rpm should be
stated in the protocol. The g force in the studies published so
far, if mentioned at all, probably varies by at least 1 log.
We recently quantified EGF and TGF-b1 in undiluted

serum samples of 10 patients and found a much lower
concentration of TGF-b1 than Tsubota, who used a lower
rpm—and thus probably a lower g force (table 3). As TGF-b
potentially slows down epithelial wound healing, Tsubota
suggested diluting the serum 1:5 with physiological saline.
However, at the same time this reduces the concentration of
other growth factors, such as EGF, that are proved to support
proliferation of corneal epithelial cells.
In addition, concentration and diluent in serum eye drops

vary significantly. Daily dosage containers are predominantly
used and discarded at the end of the day, but dilution with
chloramphenicol 0.5% which has few toxic side effects has
also been advocated to allow use of the dropper bottles for up
to 1 week.31–33 Based on in vitro results we currently use 20%
serum diluted in BSS.34

CLINICAL RESULTS
Serum eye drops have been used for severe dry eyes,
persistent epithelial defects, and superior limbal keratocon-
junctivitis as well as a supportive measure in ocular surface
reconstruction. All published studies are listed in table 4.

Serology positive:
Patient excluded from use of
autologous serum eye drops

Serology negative:
Sterile phlebotomy:

100 ml, in disposable containers

Allow clotting for 2 hours at 21°C

Centrifuge for 15 minutes at 3000 g

Informed consent

Dilute to 20% to 100% with BSS

Filter sterilise (0.2 µm) and
aliquot 2 ml portions in sterile bottles

Check for microbial contamination

Negative: hand out to patient Positive: discard

Store frozen

Use new bottle daily at 4°C,
up to hourly

Serology (HBV, HCV, HIV, syphilis)

Discard daily
(regular waste)

Return to check for
microbial contamination

Figure 1 Standard manufacturing
protocol for the preparation, storage,
and use of serum eye drops at the
University of Lübeck, Germany.

Table 2 Parameters that have to be defined in the
production of serum eye drops and previously described
variations, storage, and application

Production factor Published variations

Clotting phase 0–2 days
Centrifugal force 1500 rpm (ca 300 g) to 4000 g

(ca 5000 rpm)
Duration of centrifugation 5–20 minutes
Dilution 20%, 33%, 50%, or 100%
Diluent 0.9% NaCl, BSS, 0.5% chloramphenicol

eye drops
Container 1–6 ml in insulin syringe or dropper

bottle
Storage 220˚ to +4˚ C
Number of daily applications 3 times to hourly

rpm, rounds per minute; g, g force; BSS, balanced salt solution.
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Severe dry eye and superior limbal
keratoconjunctivitis
In 1984 Fox et al reported that a 3 week course with serum
diluted 1:2 with 0.9% NaCl solution was able to improve the
signs and symptoms in 30 eyes of 15 patients.1 When this
medication was replaced by serum diluted 1:200 or pure
diluent the discomfort increased again. Fifteen years later
Tsubota et al reported that symptoms, fluorescein, and rose
bengal staining of dry eyes in Sjögren’s syndrome were
significantly decreased after 4 weeks of 20% serum eye drops
6–10 times daily.2 Similar findings were described in patients
with dry eye because of graft versus host disease,35 36 with
symptoms improving within days, but punctate epithelial
staining improving only after months. In 14 patients with
moderate keratoconjunctivitis sicca (KCS) in graft versus
host disease (GvHD) (Schirmer test ,10 mm) the improve-
ment lasted more than 6 months, but six patients required
additional punctal occlusion. In a prospective study by Poon
et al an improvement of subjective and objective criteria of
severe dry eyes (Schirmer test ,5 mm). was found in all eyes
receiving 100% serum (n=3), but only in three out of eight
eyes on 50% serum.33 The efficacy may be dose dependent
since in a study by Takamura 94% of patients receiving eight
applications reported reduced symptoms compared to only
58% of those receiving four drops.37

However, in a placebo controlled prospective study in
severe dry eye 20% serum six times daily was not able to
improve discomfort or objective signs significantly better

than the diluent 0.9% saline.38 Since fluorescein and rose
bengal staining tended to be reduced after 2 months of
treatment, the authors concluded that a larger controlled
study was required. Noble et al compared the efficacy of
3 months of autologous serum 50% diluted in physiological
saline in a prospective clinical crossover trial as a substitute
for the conventional therapy already used by each patient.39

Ten out of 16 patients improved. Impression cytology showed
improvement in nine, no change in 10, and deterioration in
six of treated 25 eyes.
Superior limbal keratoconjunctivitis (SLK), a rare, chronic,

inflammatory disease with rose bengal staining of the corneal
and conjunctival epithelium at the 12:00 limbus is thought to
result from a localised tear film deficiency. In a prospective
cohort study 20% serum eye drops were used as additional
therapy 10 times daily for bilateral SLK. Within 4 weeks
discomfort improved in nine of 11 and epitheliopathy in all
patients. Tear break up time increased significantly and
conjunctival squamous metaplasia was reduced. When the
serum application was discontinued, discomfort increased
again.40

Overall, the efficacy of serum drop therapy varies between
30–100% for symptomatic relief, 39–61% for reduction of
fluorescein, and 33–68% for rose bengal positive epithelio-
pathy. These discrepancies may result from variations in the
study populations—that is, the degree of aqueous deficiency,
as well as from variations in the production and treatment
protocol for serum eye drops. In some, serum was used as an
additive rather than a substitute treatment and in others
therapeutic contact lenses or punctal occlusion were applied
with initiation of serum eye drops. Increasing fluid supply
rather than the epitheliotrophic nature of serum may thus
have yielded the beneficial effect. Comparison of the
published data is further limited by variations in reporting
‘‘success of treatment’’ as (a) number of patients improving
or (b) mean change of a parameter.

Recurrent erosion syndrome
Recurrent erosion syndrome (RES) is a frequent complication
of trauma or corneal basement membrane dystrophy leading
to repeated episodes of irritation, pain, epiphora, and
hyperaemia because of insufficient adhesion of the basal
epithelial layers to the underlying basement membrane. In a
prospective cohort study 11 patients with unilateral post-
traumatic RES used unspecified unpreserved pharmaceutical
tears and 20% serum eye drops three times daily for 3 months
in a tapered fashion. No comment is made as to whether
previously used alternative treatments were suspended for
the time of the serum application. Mean recurrence rate was
reduced from 2.2 to 0.028/month of follow up (mean follow
up 9.4 (SD 3.7) months). However, given the self healing
nature of post-traumatic RES and the fact that the duration
since trauma was not specified these data have to be viewed
with care.41

Persistent epithelial defects
Persistent epithelial defect (PED) can result from rheumatoid
arthritis, neurotrophic keratopathy, or dry eye.42 Tsubota in
1999 and later Garcia-Jimenez reported the use of 20% serum

Table 3 Concentration of EGF and TGF-b1 for undiluted serum in pg/ml (SD) as
analysed by a sandwich ELISA

Centrifugation condition EGF TGF-b1

Geerling53 4000 g, 10 min 802 (155) 6029 (2517)
Tsubota2 1500 rpm, 5 min 510 (80) 33 200 (6800)

Comparison of our data and results published by Tsubota (n = 10 each) illustrate the potential influence of g force
on the composition of the product.

Figure 2 Demonstration of the influence of the g force on the volume of
serum obtained from 50 ml of full blood centrifuged 2 hours after
donation for 10 minutes at (left) 3000 (g) or (right) 500 (g). (Taken from
Geerling et al, with permission of Springer Verlag, Heidelberg,
Germany.)
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in a prospective case series. Many patients also suffered from
an aqueous deficient dry eye or corneal hypaesthesia. The
PEDs had persisted despite treatment with lubricants or
bandage contact lenses for more than 2 weeks (mean 7.2 (SD
9.4) months). Ten out of 16 defects healed completely within
4 weeks of initiation of therapy. Wound closure tended to
correlate negatively with the duration of the defect before
therapy with serum.25 43 Poon used 50–100% serum eye drops
as a substitute for unpreserved pharmaceutical lubricants. In
nine of 15 eyes that had had a PED for 7.5 (SD 5.8) (range 1–
24) weeks healing started within 2 weeks and was completed
after 3.6 (SD 2.5) weeks (range 3 days–8 weeks). However,
six out of the nine defects recurred when serum eye drops
were changed back to pharmaceutical lubricants.33

In a prospective study De Souza treated 70 epithelial
defects (63 patients) with undiluted serum hourly in addition
to routine medication; 45 of these defects had occurred early
after penetrating keratoplasty.42 With a mean time of 15 (SD
17) days, the history of PED was short; 57 defects healed
within 14 (12) days, but nine (16%) recurred within
2 months when serum drops were stopped. Total mean
follow up was 12 (4) months. Neither size nor localisation of
the defect correlated significantly with success or failure, but
deeper defects showed a tendency to heal less successfully.
None of these studies however was placebo controlled.
Meanwhile, umbilical cord serum has been advocated

as an alternative treatment for promoting corneal epithelial
wound healing. In a prospective randomised controlled
clinical trial on 60 eyes this led to faster healing of PEDs
refractory to all medical management compared to auto-
logous serum. While all considerations regarding the
preparation, quality control, and legal implications are
also valid for this option, additional difficulties may be
associated with obtaining and using this allogenic blood
preparation.44

Adjunctive treatment in ocular surface reconstruction
Surgical attempts to rehabilitate severe ocular surface disease
(OSD) in absolute aqueous deficiency frequently fail. In a
prospective cohort study, 14 eyes of 11 patients who had
received a limbal stem cell graft, amniotic membrane, and/or
penetrating keratoplasty were treated with 20% serum eye
drops. Because of Stevens-Johnson syndrome or ocular
cicatricial pemphigoid, all eyes had Schirmer test results of
0 mm with nasal stimulation. During the short follow up of
20 weeks, 12 of the 14 reconstructions resulted in a stable
corneal epithelium.45 Poon confirmed this in two eyes
undergoing keratoplasty for PEDs, but epitheliopathy
recurred when the treatment was discontinued. However,
in young patients with severe OSD and absolute dry eye
surface reconstruction failed despite the use of autologous
serum eye drops.46

Complications
The number of complications in the 255 patients reported to
have been treated with serum eye drops is small. Most
authors report no complications at all. Fox et al reported no
serious complications,1 but mentioned that other users had
encountered scleral vasculitis and melting in patients with
rheumatoid arthritis. Immune complex deposition after
hourly application of 100% serum and one peripheral corneal
infiltrate and ulcer within 24 hours after initiation of serum
drops have been reported.33 47 Circulating antibodies which
are present in serum eye drops and antibodies in the cornea
could theoretically form such immune complex deposits in
the peripheral cornea and induce an inflammatory response.
In five patients with dry eyes, discomfort or epitheliopathy
increased with the use of serum eye drops and three patients
with an epithelial defect developed a microbial keratitis. A
temporary bacterial conjunctivitis was reported in a total of
five cases and eyelid eczema in two.35 36 38 However, these

Table 4 Production conditions and results of studies published. Success is defined either as number of all eyes/patients
improving or as reduction of mean baseline (as stated in the paper) of fluorescein, rose bengal positive epitheliopathy
(objective), or symptoms (subjective) score

Author Year
Concentration/
diluent

Centrifugation
(g force/
duration)

Clotting
time

Frequency/
remarks Indication

Eyes
(patients)

Success
objective

Success
subjective

Fox1 1984 33%/0.9% NaCl 500 g/10 min NR 2 hourly KCS 30 (15) RB 41% 51%; 15
(15)

Tsubota2 1999 20%/NaCl 1500 rpm/5 min NR 6–106 KCS in SS 24 (12) Fl: 55 %; RB: 68% 34 %
Rocha35 2000 33%/0.9% NaCl 500 g/10 min NR Hourly, filtered KCS in GVHD 4 (2) 4 (4) 4 (4)
Poon33 2001 50–100%/0.5%

chloramphenicol
4000 rpm
(2200 g)/10 min

2 h 86 KCS 11 (9) Fl: 6 (11) BR:
5 (11)

6 (11)

Tananuvat38 2001 20%/0.9% NaCl 4200 rpm/15 min NR 66 KCS 12 (12) Fl: 39%; RB:
33% IPC 44%

36% (NS)

Takamura37 2002 20%/0.9% NaCl 3000 rpm/10 min NR 4–86 KCS NR (26) ‘‘improved’’ 20 (26)

Ogawa36 2003 20%/0.9% NaCl 1500 rpm/5 min NR 106 KCS in GVHD 28 (14) Fl: 61%, RB 40% 30 %
McDonnell47 1988 100% NC/15–20 min 15 min 1–2 hourly PED 1 (1) IC deposition No
Tsubota25 1999 20%/NaCl 1500 rpm/5 min NR 6–106 PED 16 (15) 10 (16) NR
Poon33 2001 50–100%/0.5%

chloramphenicol
4000 rpm
(2200 g)/10 min

2 h 86 PED 15 (13) 9 (15) NR

De Souza42 2001 100% NC NR Hourly PED/PK 70 (63) 57 (70) NR
Garcia43 2003 20%/0.9% NaCl 5000 rpm/10 min NR 106 PED 11 (11) 6 (11) NR

Tsubota45 1996 20%/NaCl 1500 rpm/5 min NR J hourly LSC-Tx, PK 14 (11) 12 (14) NR
Poon33 2001 50–100%/0.5%

chloramphenicol
4000 rpm
(2200 g)/10 min

2 h 86 PK 2 (2) 2 (2) NR

Del Castillo41 2002 20%/0.9% NaCl 1500 rpm/5 min NR 36 RES 11 (11) 8 (11); RoR: 99% NR
Goto40 2001 20%/0.9% NaCl 1500 rpm/5 min NR 106 SLK 22 (11) Fl 88%, BR 91%

IPC 100%
21%,
9 (11)

Noble39 2003 50%/0.9% NaCl NR 48–72 h Replacement OSD 32 (16) IPC 9 (25) 10 (16)
Matsumoto20a 2004 20%/NaCl 3000 rpm/10 min NR 5–106 NK 14 (11) 14 (14) NR

Note that the scale used to measure these changes as well as the baseline level varied between the studies. GvHD, graft versus host disease; IC, immune complex;
IPC, impression cytology; KCS, keratoconjunctivitis sicca; LSCTX, limbal stem cell transplautation; NK, neurotrophic keratopathy; NR, not reported; NS, not
significant; OS, ocular surface; OSD, ocular surface disease; PED, persistent epithelial defect; PK, penetrating keratoplasty; Replacement, frequency equivalent to
previously applied pharmaceutical tear substitute; RoR, rate of recurrence; SLK, superior limbal keratoconjunctivitis; SS, Sjögren’s syndrome.
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complications could also have occurred in the natural course
of the disease because of other risk factors such as presence
of rheumatoid arthritis, remaining suture material, tear
deficiency, and use of bandage contact lenses.

PROBLEMS, LEGAL ASPECTS, QUALITY CONTROL,
AND COSTS
Potential disadvantages of serum eye drops are the limited
stability and the risk of infection arising for patients and
others handling serum. Published evidence on these issues is
scanty.

Stability
Tsubota et al reported that the concentration of growth
factors, vitamin A, and fibronectin in 100% and 20% serum
diluted with NaCl stored at 4 C̊ remained unchanged for
1 month and at 220 C̊ for at least 3 months.2 As with other
bodily fluids it should be expected that at 4 C̊ protein
concentrations decrease significantly in the course of weeks.
Since in developed countries access to freezers is rarely a
problem it therefore seems preferable to store unused vials of
serum frozen to optimally preserve the activity of epithelio-
trophic factors.48 However no more detailed published
evidence is available to clarify the minimum freezer
temperature required for several months of storage.

Risk of infection
One of the disadvantages of autologous serum eye drops is
the risk of inducing an infection because of, for example,
hepatitis of the donor or microbial contamination of the
initially sterile dropper bottle during prolonged use. This may
occur during preparation as well as application of the drops
either to the correct or any accidental recipient. Transmission
of HIV by a single serum droplet into one eye has been
reported at least in one case.49

Although serum is known to have antimicrobial proper-
ties, so far this has not been quantified for diluted
cryopreserved serum. When used in a hospital setting and
applied by trained personnel no contamination was observed
in week dosage dropper bottles until the fourth day.50

However, when the drops were used in a domestic setting
by the patients themselves microbial keratitis evolved in
three out of 13 eyes with PEDs treated with serum and
contamination of dropper bottles was observed despite using
0.5% chloramphenicol as a preservative.33 Since laboratory
evidence suggests that dilution with an antibiotic may reduce
the epitheliotrophic capacity of serum eye drops and ocular
surface disease often requires long term treatment, hospita-
lisation of patients for this purpose is not a suitable option
and storage of the serum product in day dosage vials seems
preferable.

Standardising the production of serum eye drops
Neither production, nor application (that is, frequency) of
serum have been standardised so far. It also remains unclear
whether the serum should be filter sterilised to remove any
corpuscular blood components. Fox recommends filtration to
remove fibrin strands, suspected to reduce the effect of serum
eye drops. The variable efficacy of serum eye drops suggests
that the parameters for their production should be standar-
dised and optimised before any meaningful placebo con-
trolled randomised clinical trial can evaluate the real
potential of this new therapy.34

Legal aspects
Autologous serum eye drops are a medical product. The
distribution of pharmaceutical products is regulated by
governmental laws in most countries. In the European
Union (EU), the manufacture and distribution of pharma-
ceuticals are regulated by the individual country; however,

several directives have been issued (1965/65, 1975/139, 1975/
318) by the European parliament and council. These
directives had to be taken into account in the laws of each
member state of the EU and led to the implementation of a
marketing authorisation to be issued by a competent
authority of each state. The marketing authorisation depends
on the proof of efficacy in clinical trials, implementation of
quality controls, reports of adverse effects, proof of expert
knowledge, and other regulatory aspects. These criteria can,
in most cases, probably only be fulfilled by professional
pharmaceutical manufacturers.
An exemption from the need to obtain marketing

authorisation is granted, if a physician manufactures or
prescribes a specific medical product to treat his own patient
on a named basis. This product has to be prepared according
to the doctor’s specifications, whose responsibility it remains
that manufacture and application are performed correctly.
Autologous serum eye drops can therefore be produced by the
physician himself or on his prescription. Since stricter
regulations, especially for blood products, may exist in
individual states every physician producing or prescribing
autologous serum eye drops has to appraise himself about
specific national regulations.
In England and Wales the NBS has supplied autologous

serum eye drops so far under a drug exemption certificate for
the purposes of a clinical trial from the regulatory body in the
United Kingdom, the Medicines and Healthcare Regulatory
Agency (MHRA).39 The NBS hopes to be able to offer this
therapy nationally in the near future, following inspection of
the procedure by the MHRA. At this stage the treatment will
continue to be monitored by the MHRA who will receive
annual safety reports.
In the United States, producers of drugs and medical

devices have to be registered with the Food and Drug
Administration (FDA). Similar to EU regulations, registration
is not necessary ‘‘for practitioners licensed by law to prescribe
or administer drugs or devices and who manufacture,
prepare, propagate, compound, or process drugs or devices
solely for use in the course of their professional practice.’’
Again, special regulations on testing and approval of drugs by
the FDA or for using blood products have to be evaluated by
the practitioner.

Quality control and patient information
Before application, the patient must be informed in writing
about the planned therapy, its experimental nature, the risks
involved (for example, bacterial contamination), and alter-
native methods of treatment. The patient’s informed consent
should be obtained. If only a small amount of blood (50–
100 ml) is taken mild anaemia or circulatory disorders need
not be considered as contraindications. However, in order to
minimise the danger of bacterial contamination, no blood
should be taken from patients with suspected septicaemia,
and to reduce the risk of viral transmission to others, patients
testing positive for HIV, HBV, HCV, or syphilis should be
excluded.
Bacterial contamination is a potential risk in the produc-

tion and use of serum eye drops. Sterile manufacturing
conditions, beginning with thorough skin disinfection, are of
the utmost importance. It is preferable that further process-
ing is performed in a closed system. A microbiological
examination of the product should be performed before
application in order to rule out bacterial contamination
resulting from the production process. To minimise the risk
of infection to third parties (for example, production or
nursing staff) it is strongly recommended that the donor is
tested for HIV, HBV, and HCV and a control system must be
implemented to ensure that the product is only used when
the microbiological and serological tests are clear.
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Before venesection and application, the identity of the
patient must be confirmed. The packaging must be clearly
labelled with the patient’s name, date of birth, a comment
that the material is an autologous blood product, which is
solely for application to the patient named, as well as the
name and address of the manufacturer and the date of
manufacture.
To minimise the variability of the product and to maximise

the safety of its use, a written version of the standard
production procedures should be established. Conscientious
documentation is indispensable for good medical and
manufacturing practice. Each step relevant to manufacture
as well as application (including the dates of application and
any unwanted effect) should be recorded. From this it
becomes obvious that strict guidelines for good manufactur-
ing, quality control and documentation must be established
and maintained before and throughout the therapeutic use of
autologous serum eye drops.

Costs
As the production of serum eye drops from autologous blood
is time consuming and labour intensive the costs of this
approach have to be considered. Table 5 shows the costs for
the production of serum eye drops for the pharmacy
department of the University of Lübeck for the year 2003.
When excluding the costs for the acquisition of the necessary
laboratory hardware (for example, laminar air flow hood,
centrifuge) the total costs of a day dosage is J2.27 for 20%
and J4.61 for 100% serum eye drops. This is approximately
equivalent to the costs of one bottle of preserved pharma-
ceutical lubricant. Since serum eye drops are reserved for
cases of OSD refractive to other forms of treatment, resulting
in severe discomfort and/or considerable economic costs to
society, this sum seems to be acceptable.

SUMMARY AND CONCLUSION
While pharmaceutical lubricants offer little to no nutrition
eye drops made from autologous serum have a tear-like
biochemical character and supply nutritional components. In
vitro studies have shown that serum supports viability,
proliferation and migration of ocular surface epithelial cells

better than unpreserved pharmaceutical tear substitutes.
Clinical studies described a variable efficacy of serum eye
drops in, for example, PEDs and dry eyes refractive to
conventional treatment. This in part can be attributed to
variations in the manufacturing protocol of serum eye drops.
The production parameters should be optimised before a
meaningful randomised, controlled clinical trial attempts to
evaluate the real therapeutic potential of this approach in
OSD. Meanwhile, the use of serum eye drops remains an
experimental approach. Therefore, all applicable legislative
restrictions should be carefully considered and well docu-
mented and informed consent should be obtained from each
patient.
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