
© 2012 Sagara et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article  
which permits unrestricted noncommercial use, provided the original work is properly cited.

Clinical Ophthalmology 2012:6 1273–1279

Clinical Ophthalmology

Conservative treatment for late-onset bleb leaks 
after trabeculectomy with mitomycin C  
in patients with ocular surface disease

Hideto Sagara1,2

Tomohiro Iida2,3

Kimimori Saito4

Hiroki Noji2

Masashi Ogasawara2

Hiroshi Oyamada2

1The Marui Eye Clinic, Fukushima, 
2Department of Ophthalmology, 
Fukushima Medical University School 
of Medicine, Fukushima, 3Tokyo 
Women’s Medical University, Tokyo, 
4Matuki Eye Clinic, Fukushima, Japan

Correspondence: Hideto Sagara 
Marui Eye Clinic, 1-83-3, Honjinmae  
Haramachi-ku, Minamisoma City,  
Fukushima Prefecture 975-0062, Japan 
Tel +81 244 24 0101 
Fax +81 244 24 0148 
Email hide1234@ruby.ocn.ne.jp

Background: Sodium hyaluronate and autologous serum eye drops are used to treat ocular surface 

disease (OSD) and are reported to prevent and treat late-onset bleb leaks following trabeculectomy 

with mitomycin C. In this study, we evaluated the efficacy of a combination of sodium hyaluronate 

and autologous serum eye drops and treatment for obstructive meibomian gland dysfunction as 

a therapy for late-onset bleb leaks after trabeculectomy with mitomycin C.

Methods: This was a retrospective, interventional, nonsimultaneous study of 12  subjects 

(12 eyes) of mean age of 64.3 ± 18.3 years with OSD and apparent late-onset bleb leaks 

following trabeculectomy with mitomycin C between 1998 and 2008. We compared patients 

diagnosed with leakages before July 2005, who had been treated with separate eye drop solu-

tions containing 0.1% sodium hyaluronate, 50% autologous serum, and 0.3% ofloxacin (sodium 

hyaluronate and autologous serum group, n = 7), with patients diagnosed from August 2005 to 

December 2008, who were treated with a combination of eye drops (0.1% sodium hyaluronate, 

50% autologous serum, and 0.08% levofloxacin hydrate) and eyelid massage and warm com-

presses for obstructive meibomian gland dysfunction (combination eye drop group, n = 5).

Results: Leakage was resolved in one patient (14.3%) in the separately treated sodium 

hyaluronate and autologous serum eye drop group and in five patients (100%) in the combination 

eye drop group (P = 0.015). The period after resolution of leakage with conservative treatment 

was 23 months in the one eye in the sodium hyaluronate and autologous serum group and 36–61 

(mean 52.4 ± 10.1) months in the five eyes in the combination eye drop group.

Conclusion: Late-onset bleb leaks following trabeculectomy with mitomycin C can be treated 

effectively using a combination of sodium hyaluronate and autologous serum eye drops, eyelid 

massage, and warm compresses. Furthermore, combining eye drops may improve patient adher-

ence to the drug regimen by decreasing the frequency of administration.

Keywords: ocular surface disease, bleb leak, trabeculectomy, sodium hyaluronate, autologous 

serum, meibomian gland dysfunction

Introduction
Since the introduction of 5-fluorouracil and mitomycin C for glaucoma-filtering surgery, 

the incidence of late-onset filtering bleb leaks has increased.1,2 Filtering bleb leaks can 

cause hypotony maculopathy, choroidal detachment, blebitis, and endophthalmitis.2–4 

Defects in the conjunctival epithelium covering the bleb wall are precursors to appar-

ent late-onset bleb leaks.5 If these defects remain untreated, then transconjunctival 

aqueous egress, referred to as “oozing”, occurs and may later deteriorate into point 

leaks. If the point leaks remain untreated, then profuse leakage may occur. We previ-

ously reported that conjunctival epithelial defects in the filtering bleb wall that occur 
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after trabeculectomy with mitomycin C can be treated with 

sodium hyaluronate eye drops. Furthermore, this treatment 

may prevent subsequent occurrence of apparent bleb leaks.5 

A recent study reported that autologous serum eye drops are 

not very effective for treatment of apparent bleb leaks, but 

are effective for treatment of oozing.6 Sodium hyaluronate 

and autologous serum eye drops are both used to treat ocular 

surface disease (OSD).7 Indeed, OSD may contribute to the 

occurrence of late-onset bleb leaks following trabeculectomy 

with mitomycin C.5,8

The tear film consists of an aqueous layer and a lipid layer.9 

The aqueous layer is augmented by sodium hyaluronate10 and 

autologous serum eye drops.6,7 The lipids that form the lipid 

layer are secreted by the meibomian gland. The most common 

cause of meibomian gland hyposecretion is obstructive meibo-

mian gland dysfunction.11 It is recommended that severe OSD 

be treated with a combination therapy of eye drops, as men-

tioned above, and treatments for obstructive meibomian gland 

dysfunction.7 Therefore, we hypothesized that this same com-

bination therapy may be effective for treating severe late-onset 

bleb leaks. In the present study, we attempted to treat several 

cases of OSD and severe late-onset bleb leaks by combining 

sodium hyaluronate and autologous serum eye drops with treat-

ments for obstructive meibomian gland dysfunction.

Materials and methods
Patients and treatments
This clinical study was retrospective, interventional, and non-

simultaneous, and examined a total of 12 eyes in 12 patients 

(six men and six women, mean age 64.3 ± 18.3 years) diag-

nosed with OSD and either late-onset profuse bleb leaks or 

late-onset bleb leaks with apparent leakage points5,6 follow-

ing trabeculectomy with mitomycin C. The patients were 

diagnosed at either Fukushima Medical University or the 

Marui Eye Clinic between June 1998 and December 2008. 

The inclusion criteria for the study were diagnosis of OSD 

and either late-onset profuse bleb leaks or late-onset bleb 

leaks with apparent leakage points. Late-onset bleb leaks 

were defined as leakage with a visible aqueous stream of the 

bleb wall that began more than 6 months after trabeculec-

tomy with mitomycin C. Profuse bleb leaks were defined 

as profuse, apparent bleb leaks with difficult to detect leak 

points due to the profuse aqueous stream. Exclusion criteria 

included an inability to understand the trial procedure and, 

thus, the inability to provide informed consent. The institu-

tional review board/ethics committee of Fukushima Medical 

University approved this study, and all patients provided their 

written informed consent.

Seven patients (one man and six women, mean age 

60.1 ± 21.4 years) were diagnosed with OSD and late-onset 

bleb leaks before July 2005 and were treated with 0.1% 

sodium hyaluronate (Hyalein® 0.1%, Santen Pharmaceutical 

Co, Ltd, Osaka, Japan) and 50% autologous serum eye drops 

(sodium hyaluronate and autologous serum group). These 

drops were administered six times daily. These patients were 

also simultaneously administered 0.3% ofloxacin eye drops 

(Tarivid® 0.3%, Santen) four times daily to prevent bleb infec-

tions. This conservative treatment with eye drops was contin-

ued for at least 4 months. Patients who showed resolution of 

bleb leakages were then switched to 0.1% sodium hyaluronate 

only eye drops (Hyalein 0.1%) six times daily. This revised 

treatment continued until the final follow-up examination. If 

the bleb leakages did not resolve at 4 months, then patients 

underwent surgical bleb revision. This first involved surgical 

excision of the scarred cystic conjunctiva surrounding the 

leaking bleb. In the second step of the revision, the relatively 

uninvolved conjunctiva was mobilized using a large relaxing 

incision in the superior fornix and then sutured over Tenon’s 

fascia in the area of filtration.12

Five patients (all male, mean age 70.0 ± 12.8 years) were 

diagnosed with OSD and bleb leakages after July 2005 and 

were treated with combination eye drops (containing 0.1% 

sodium hyaluronate, 50% autologous serum, and 0.08% 

levofloxacin hydrate) along with eyelid massage13 and warm 

compresses14 for obstructive meibomian gland dysfunction 

(combination eye drop group). The combination eye drops 

were administered six times a day for 4 months. Thereafter, 

0.1% sodium hyaluronate eye drops (Hyalein 0.1%) were 

administered six times daily until the f inal follow-up 

examination. A clinician performed eyelid massage once 

or twice each month. The eyelid massages used meibomian 

gland compressors (Yoshitomi meibomian gland compres-

sor, PMS GmbH, Tuttlingen, Germany) to clamp the eyelids 

without compressing the blebs. Topical anesthetic eye drops 

containing 0.4% oxybuprocaine hydrochloride (Benoxil®, 

Santen) were instilled prior to clamping. Patients were 

instructed to apply warm compresses (hot moist towels at 

approximately 40°C) to their eyelids for 5 minutes twice each 

day.14 Eyelid massage and application of warm compresses 

was performed from the start of treatment until the final 

follow-up examination.

Intraocular pressure was measured using a noncon-

tact tonometer (Tonoref®, Nidek Co, Ltd, Aichi, Japan). 

History of contact lens and anti-glaucoma eye drop use was 

determined in all patients. Patients were advised to administer 

the eye drops while in a supine position so that the drops 
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would permeate the upper bleb. Patient adherence to the eye 

drop and warm eyelid compress regimens was confirmed 

during each visit. Patients were instructed to contact the 

attending doctor as soon as possible if they experienced 

symptoms of bleb infection, such as decreased vision, eye 

pain, or conjunctival hyperemia (red eye).

Diagnosis of OSD and bleb leaks
To prevent bleb damage, moistened fluorescein strips 

were gently applied to the palpebral conjunctiva of the 

lower eyelids. Fluorescein-stained corneas and conjunctiva 

were then examined with a fundus camera (TRC-50LX, 

Topcon, Tokyo, Japan) using fluorescein angiogram mode 

to observe the condition of the ocular surface more clearly 

(Figures 1 and 2). The tear film break-up time was measured 

upon detection of leakage. The break-up time was measured 

again during the final examination of the combination eye 

drops group to evaluate the efficacy of eyelid massage and 

warm compresses. Each measurement was performed three 

times and a mean value was obtained. After the bleb leaks 

had resolved, the Schirmer test was performed without 

anesthesia. Ocular surface staining was evaluated according 

to the Oxford grading scale, ranging from grade 0 to grade 5.15 

Patients were diagnosed as abnormal when the ocular surface 

staining was . grade 1. Furthermore, patients were diagnosed 

as abnormal when the break-up time was #5 seconds and 

the Schirmer score was #5 mm, and were suspected to be 

abnormal if the break-up time was  ,10  seconds and the 

Schirmer score was ,10 mm.16

Assessment of subjective symptoms and the degree of 

ease of induction of meibomian secretion are regarded as 

effective methods for diagnosing obstructive meibomian 

Figure  1 Anterior ocular segment from an 80-year-old man in the combination 
eye drop group photographed with a fundus camera after fluorescein staining. 
(A and B) Epithelial defects (arrowheads) and bleb leakage with a leak point 
(arrow) are visible in this monochrome photograph taken in fluorescein angiogram 
mode. (C and D) Four months after the start of treatment, the epithelial defects 
and leakage had resolved, and several microcysts were observed on the bleb wall 
(arrows). (E and F) By 40 months, the bleb had contracted slightly, and the number 
of microcysts had decreased.

Figure  2 An 84-year-old man in the combination eye drop group. (A and B) 
Epithelial defects and profuse leakage are clearly visible. The leak point is unclear 
because of the profuse aqueous stream. (C and D) One month after cessation of 
treatment with the combination eye drops, the leakage (arrowheads) recurred 
due to a small point leak, and many microcysts were observed on the bleb wall. 
Treatment with combination eye drops was recommenced. (E and F) Thirty months 
after recommencement of treatment, the bleb had contracted slightly and the 
number of microcysts had decreased.
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gland dysfunction.17 However, post-trabeculectomy bleb 

formations cause ocular discomfort,18 and it is then dif-

ficult to avoid compressing the blebs when applying digital 

pressure to the tarsus to induce meibomian secretion. 

Therefore, obstructive meibomian gland dysfunction could 

not be diagnosed in the sodium hyaluronate and autologous 

serum group. While meibomian gland loss can be measured 

without compressing the brittle blebs by using a digital 

ophthalmoscope (NIDEK  F10 digital ophthalmoscope) 

in infrared reflectometry mode with an anterior segment 

adapter (Figure 3), this procedure was not developed until 

after 2005. Therefore, obstructive meibomian gland dysfunc-

tion was diagnosed by assessing lid margin abnormalities 

and meibomian gland loss17 in the combination eye drop 

group only. Four lid margin abnormalities (irregular lid 

margins, vascular engorgement, plugging of meibomian 

gland orifices, and either anterior or posterior replacement 

of the mucocutaneous junction) were used to assign a score 

from 0 to 4 based on the number of abnormalities present in 

each eye.17 The degree of meibomian gland loss in the upper 

and lower eyelids (meiboscore)17 was scored as follows: 

0 (no loss); 1 (less than one-third); 2 (between one-third 

and two-thirds); and 3 (more than two-thirds). Lid margin 

abnormality scores of $2 and summed upper and lower 

eyelid meiboscores of $3 were considered abnormal.

Preparation of autologous serum  
and combination eye drop solutions
The autologous serum used in this study was prepared by 

collecting a blood sample of approximately 40  mL from 

each patient’s antebrachial vein, which was then centrifuged 

for 15 minutes at 3000 rpm under sterile conditions. The 

50% autologous serum eye drops were prepared by diluting 

the prepared autologous serum with physiological saline 

(1:2). A 9.6 mL combination eye drop solution containing 

0.1% sodium hyaluronate, 50% autologous serum, and 0.08% 

levofloxacin hydrate was prepared by mixing 3.2 mL of 0.3% 

sodium hyaluronate (Hyalein Mini 0.3%), 4.8  mL of the 

autologous serum, and 1.6 mL of 0.5% levofloxacin hydrate 

(Cravit 0.5%). Due to the limited shelf life of this solution, 

patients were instructed to discontinue use after 2 weeks.

Statistical analysis
Group differences between continuous variables were 

assessed using the Student’s t-test. Differences between 

categorical variables were compared using either the Chi-

squared test or Fisher’s Exact test. Differences between the 

scores were evaluated using Wilcoxon’s rank sum test or 

Wilcoxon’s signed-rank test. A P value , 0.05 was consid-

ered to be statistically significant. All statistical analyses 

were performed using JMP-8® (SAS Institute, Cary, NC).

Results
Patients in the sodium hyaluronate and autologous serum 

group and in the combination eye drop group did not differ 

significantly in terms of age, diagnosis, duration of follow-up, 

break-up time upon detection of leakages, or Schirmer test 

results. The number of women in the sodium hyaluronate 

and autologous serum group was significantly higher than 

that in the combination group (Table 1). No patient had a 

history of contact lens use. All patients had been treated with 

anti-glaucoma eye drops containing benzalkonium chloride 

(0.001%–0.02%) as a preservative for more than one year. 

One patient from the combination eye drop group had profuse 

bleb leaks, and another patient had bleb leaks with apparent 

leak points. Bleb leaks were resolved in only one patient (a 

34-year-old woman) in the sodium hyaluronate and autolo-

gous serum group. Bleb leakage in this patient was relatively 

mild compared with that in other patients, and the time 

interval between the start of treatment and resolution of the 

bleb leaks was 4 months. Bleb leakages were resolved in five 

patients in the combination eye drop group, with a mean reso-

lution time of 3.2 ± 1.3 (range 2–5) months. The time period 

between leakage arrest with conservative treatment and the 

Figure 3 Image of the meibomian gland from a 74-year-old man, captured using 
a digital ophthalmoscope with eyelids inverted. Meibomian gland dropout (arrow) 
and shortening (arrowheads) can be observed.
Notes: Meibomian gland loss is particularly apparent in the areas that are in contact 
with the filtering bleb (encircled with dotted white lines). The meiboscore was 2 for 
the upper eyelid and 1 for the lower eyelid, giving a summed meiboscore of 3.
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last examination of the patient in the sodium hyaluronate 

and autologous serum group was 23 months, whereas this 

period ranged from 36 to 61 months for the five patients in 

the combination eye drop group. All other patients required 

surgical bleb revisions.

There were no statistically significant differences between 

the mean intraocular pressures in the groups at the time of 

detection of bleb leak and at the time of the last examination. 

At the last examination, the mean intraocular pressure of 

eyes that did not require bleb revision (one eye in the sodium 

hyaluronate and autologous serum group and all eyes in the 

combination eye drops group) was 12.8 ± 7.1 mmHg, and 

the intraocular pressure of the eyes that required bleb revi-

sion (six eyes in the sodium hyaluronate and autologous 

serum group) was 12.3 ± 6.6 mmHg. This difference was 

not statistically significant (P = 0.902).

The break-up time in the combination eye drop group at 

the time of detection of bleb leaks was 4.4 ± 2.1 (range 2–7) 

seconds and during the last examination was 13.6 ± 2.9 

(range 11–18) seconds. This difference in break-up time 

before and after treatment was significant (P , 0.001). Ocular 

surface staining using the Oxford scale was . grade 1 in all 

patients. However, while there was a tendency for ocular 

surface staining to improve after treatment in both groups 

(as assessed by the Oxford grading scale), this improvement 

was only significant in the combination eye drop group 

(Table 1). Epithelial defects in the bleb wall were detected 

in all patients in both groups. The epithelial defects resolved 

within 1–2 weeks of the start of treatment, and leakage 

decreased in all patients. Patients who showed resolution of 

leakage were able to use the eye drops for the full 4 months. 

On the other hand, patients who showed continued leakage 

were unable to use the eye drops for the full 4 months, and 

epithelial defects recurred more than 2 months after the start 

of treatment. Multiple microcysts in the bleb surfaces were 

observed following the start of treatment in all patients. In 

patients with bleb leakages that resolved with conservative 

treatment, the number of microcysts decreased as the blebs 

contracted following bleb resolution (Figures 1 and 2). All 

five patients in the combination eye drop group had abnormal 

lid margin abnormality scores (mean 2.8 ± 0.84) and summed 

meiboscores (mean 3.6 ± 0.89), so were diagnosed with 

obstructive meibomian gland dysfunction. The meibomian 

glands in the bleb surface contact areas were seen to drop 

out and/or shorten in all patients (Figure 3).

One patient in the combination eye drop group had 

profuse bleb leakage, which recurred one month after ces-

sation of treatment with combination eye drops (Figure 2). 

Table 1 Demographic and clinical characteristics of the patients

All patients 
(both groups)

SH and  
AS group

Combination  
eye drop group

P value

Men/women 6/6 1/6 5/0 0.015a

Age (years)b 64.3 ± 18.3 60.1 ± 21.4 70.0 ± 12.8 0.344c

Bleb leaks with apparent leak points/profuse leakaged 11/1 7/0 4/1 0.417a

Diagnosis 0.117a

Primary open-angle glaucoma 8 3 5
Secondary glaucoma 3 3 0
Developmental glaucoma 1 1 0
Bleb leakages stopped/continued 6/6 1/6 5/0 0.015a

Duration of follow-up (months)
From operation to detection of bleb leaksb 42.7 ± 45.5 27.4 ± 23.4 64.0 ± 62.4 0.269c

From resolution of bleb leaks to last examinationb 51.8 ± 14.7 51.4 ± 18.0 52.4 ± 10.1 0.908c

Intraocular pressure (mmHg)
At time of the detected bleb leaksb 8.6 ± 4.3 8.7 ± 3.1 8.4 ± 6.1 0.919c

During last examinationb 12.6 ± 6.5 13.9 ± 7.2 10.8 ± 5.6 0.449c

Tear film break-up time (seconds)b 5.7 ± 2.7 6.6 ± 2.8 4.4 ± 2.1 0.176c

Range of break-up-times (#5 sec/5 , ,10 sec/$10 sec) 6/4/2 3/2/2 3/2/0 0.424a

Schirmer test (mm)b 8.9 ± 6.1 9.1 ± 5.8 8.4 ± 6.4 0.838c

Range of Schirmer test (#5 mm/5 , ,10 mm/$10 mm) 4/1/7 2/1/4 2/0/3 0.660a

Ocular surface staining using the Oxford grading scaleb

before treatment 3.1 ± 1.2 3.4 ± 1.1 2.8 ± 1.3 0.394e

last examination 1.4 ± 1.2 2.0 ± 1.2 0.6 ± 0.9* 0.065e

Notes: P represents the difference between the SH and AS group and the combination eye drop group. aFisher’s Exact test or Chi-squared test; bmean ± standard deviation; 
cstudent’s t-test; dprofuse bleb leaks were defined as profuse, apparent bleb leaks with difficult to detect leak points due to a profuse aqueous stream; eWilcoxon’s rank sum test; 
*values during the last examination were significantly lower than before treatment within the same group by Wilcoxon’s signed rank test (P , 0.05).
Abbreviations: SH, sodium hyaluronate; AS, autologous serum.
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Treatment with combination eye drops was recommenced for 

this patient, and the leak resolved after 5 months. Treatment 

of this patient with combination eye drops continued for 

43 months, after which only the 0.1% sodium hyaluronate 

eye drops were administered for the next 14 months. For this 

patient, the duration from recommencement of combination 

eye drop therapy to resolution of bleb leakage was considered 

to be the period between the start of treatment and resolu-

tion of the bleb leak.

Discussion
Usually either conservative treatment or laser therapy is 

first used to treat late-onset bleb leaks, and surgical revi-

sion is performed when these methods prove ineffective.19 

Conservative treatment of late-onset bleb leaks includes use 

of therapeutic bandage contact lenses,20 autologous blood 

injections,21,22 and autologous serum eye drops. Surgical 

revision of late-onset filtering blebs attempts to cover the 

blebs with various membranes, such as the conjunctiva,19 

amnion,19,23 corneal lamellar grafts,24 or buccal mucous 

membranes.25 Therefore, the present study attempted to pro-

duce a membrane-like substance that could be used to cover 

the blebs during conservative treatment. We noticed that 

the tear film, which is similar to a liquid membrane, already 

covers the blebs. Combined treatment with eyelid massage 

and warm compresses to improve the lipid layer and sodium 

hyaluronate and autologous serum eye drops to improve the 

aqueous layer is very effective in augmenting the tear film. 

This treatment protects the ocular surface and improves the 

condition and stability of the tear film.7 The treatment used 

in the present study could be described as covering the defec-

tive bleb surface with a well functioning tear film to promote 

healing and stop aqueous leakage.

A previous study reported that thin and avascular bleb 

walls with a denuded epithelium and underlying full thick-

ness stromal damage (detected after trabeculectomy with 

mitomycin C) are likely to be less effective physical barriers 

against bacteria.3 These bleb walls compromise the conjunc-

tival contribution to the ocular innate immune response and 

have a high risk of complications due to infection.3,4 All 

patients in both groups in the present study showed resolution 

of epithelial defects in the bleb walls 1–2 weeks after com-

mencement of treatment. Therefore, the risk of bleb infection 

was lower for patients in this study relative to that of others 

who suffer from untreated bleb leakages with defects in the 

bleb walls. However, a relatively long treatment period was 

necessary to stop the bleb leakage. Therefore, attending 

physicians should fully explain the risks of bleb infection 

to patients, and must be prepared to treat bleb infections as 

soon as possible when they occur.

In this study, we expected to see cumulative effects 

when we initially treated patients with OSD and late-onset 

bleb leakages with separate sodium hyaluronate, autolo-

gous serum, and ofloxacin eye drops. However, while the 

epithelial defects temporarily resolved for a few months, this 

treatment method was not effective for completely resolving 

leakages in most patients. This may have been due to the dif-

ficulty that patients had in adhering to the regimen because of 

the need to administer high doses of the eye drops frequently. 

In addition, the cumulative effects of these therapies may not 

have been sufficient to treat OSD and the bleb leakages. In 

the one successful case in the sodium hyaluronate and autolo-

gous serum group, the bleb leak may have resolved because 

it was mild and the patient continued instillation of the eye 

drops until resolution. Therefore, in an attempt to resolve the 

other cases successfully, we changed the treatment method 

by combining the drops to decrease the dosage frequency. 

Moreover, we also examined obstructive meibomian gland 

dysfunction in the combination eye drop group and treated 

these patients with eyelid massage and warm compresses. It is 

very important to maintain tear film if treatment of obstructive 

meibomian gland dysfunction is to be successful. The lipids 

that form the lipid layer reduce evaporation of tear fluid26 and 

relieve the friction generated by blinking.27

Arita et al28 reported that contact lens wearers show a 

significantly greater degree of meibomian gland loss than 

nonwearers. One major cause of this loss is that contact lenses 

cause chronic irritation of the meibomian glands via the 

conjunctiva. Moreover, the authors reported that long-term 

use of anti-glaucoma eye drops promotes meibomian gland 

loss and could be a reason for the subclinical conjunctival 

inflammation caused by benzalkonium chloride.29 In the 

present study, all patients had previously been treated with 

anti-glaucoma eye drops for more than one year. In addition, 

the meibomian glands were shortened in all patients in the 

combination eye drop group, particularly in the areas that 

were in contact with the bleb surface. Therefore, chronic 

irritation of the meibomian glands by the blebs through the 

conjunctiva, coupled with inflammation induced by ben-

zalkonium chloride in the anti-glaucoma eye drops, may 

have contributed to meibomian gland loss.

Break-up time is a test of tear film stability,11 and obstruc-

tive meibomian gland dysfunction is known to shorten the 

break-up time.17 Break-up time increased after treatment in 

the combination eye drop group in the present study, sug-

gesting that this method is effective for treating obstructive 
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meibomian gland dysfunction and improving the stability 

of tear film. Microcysts that appear after improvement in 

conjunctival epithelial defects in the bleb wall are reportedly 

the result of re-epithelialization, as leakage from the area of 

defective epithelium is suppressed by the thin conjunctival 

epithelium.5 Microcysts are also frequently observed on well 

functioning thin bleb surfaces. The present findings support 

the hypothesis that the number of microcysts decreases in 

response to the thickening of the bleb wall which occurs 

when the bleb contracts.

One patient in the combination eye drop group who had 

profuse leakage required ongoing treatment for more than 

4 months. Therefore, we suggest that, instead of prescribing 

uniform treatment for all patients with late-onset bleb 

leaks, treatment should be modified according to the extent 

of leakage, the condition of the blebs, and the severity of 

OSD. Further studies involving larger patient numbers are 

needed to investigate the efficacy of the combination therapy 

described here for the treatment of patients with late-onset 

bleb leaks.
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