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Abstract

Introduction: Filtration surgery is the most effective method of lowering intraocular pressure (IOP) in patients with insufficient medi-
cal control. It consists in facilitating the drainage of the intraocular fluid (IOF) from the anterior chamber to the subconjunctival space
and subsequent lowering of IOP. The formation of filtration blebs (FB) and the processes of scarring occurring in the conjunctiva are of
particular importance in glaucoma surgery. In many cases, the appearance of FB does not match the IOP values, and what causes the
failure after trabeculectomy often remains unclear. Often, over time, there is a change in the structure of the FB, as fibrous tissue grows,
which prevents the IOF drainage. Laser scanning in vivo confocal microscopy is a non-invasive study allowing the production of layered
images at the microstructural level with high resolution of both the cornea and other structures of the anterior ocular surface.

Aim: To evaluate the morphological structure and function of filtering blebs after trabeculectomy using in vivo confocal microscopy
taking into account the type of implant and when the surgery was performed.

Materials and methods: The study included 33 patients, 46 eyes with glaucoma. Twenty-six of the eyes had primary open-angle
glaucoma (POAG), 18 eyes had pseudoexfoliative glaucoma and 2 eyes had juvenile glaucoma. All patients underwent trabeculectomy
with fornix-based flap, and three of the eyes underwent retrabeculectomy. Mitomicyn C (MMC) was administered intraoperatively to all
patients. The study of the filtering bleb was performed by in vivo confocal microscopy (CFM) (Heidelberg Retina Tomograph II (HRT
II) /Rostock Cornea Module/ (Heidelberg Engineering GmbH, Heidelberg, Germany), the period from trabeculectomy and examina-
tion being from 1 year to 22 years. An Express implant was placed in 14 eyes, Ologen implant in 7 eyes, and 25 eyes had no implant
placed. In the analysis of the morphological structure of the filtering blebs, three indicators were evaluated: the type of epithelium, the
type of stroma, and blood vessels.

Results: Statistical significance was established with regard to the function and morphological structure of the filtering bleb (p=0.009).
Blebs with fine collagen mesh and dense collagen mesh demonstrate good function. In the case of blebs with insufficient function,
those with a dense collagen network and hyper-reflective tissue predominated and there were no blebs with a fine collagen network,
and in non-functioning blebs most common were those with a pronounced collagen network and hyper-reflective tissue. With regard
to vascularization, we found that the functioning blebs in the shortest postoperative period were dominated by those with one blood
vessel (stage 1) and there was no stage 3, with weak tortuosity, while in non-functioning blebs in the late postoperative period, there was
moderate to severe vascularization and tortuosity (p=0.037), (p=0.043), (p=0.047), (p=0.021). The type of implant affects the tortuosity
of the blood vessels of the filtering bleb (p=0.026). The blebs with Express implants show a slight tortuosity, followed by the blebs with
Ologen implants. The highest percentage of highly kinked blood vessels occurred in blebs without an implant.

Conclusions: In vivo confocal microscopy is an innovative method which allows visualization of the internal structure of the filtering
blebs at a cellular level, giving us a new insight into the ongoing healing processes, premising the function of the filtering blebs after
glaucoma surgery.

Keywords

confocal microscopy, bleb, trabeculectomy, glaucoma

Copyright by authors. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

905



R. Kermedchieva et al

INTRODUCTION

Filtration surgery is the most effective method of lower-
ing intraocular pressure (IOP) in patients with insufficient
medical control. It is based on facilitating the drainage of
the intraocular fluid from the anterior chamber to the sub-
conjunctival space and subsequent lowering of IOP. The
gold standard in glaucoma filtration surgery is trabeculec-
tomy in which a filtering bleb is formed in the subconjunc-
tival space where the intraocular fluid (IOF) drains.

In clinical practice, assessment of the filtering bleb
(FB) after trabeculectomy is based on its appearance and
IOP values. Through biomicroscopy, an examination and
assessment based on area, height, vascularization, and the
presence of cysts in its wall are performed.

A number of classifications have been developed, the
most common in clinical practice being the Moorfields
Bleb Grading System (MBGS) and the Indian Bleb Appear-
ance Grading Scale (BAGS). The data, based on biomicro-
scopic criteria set by those classifications do not give us
information about the morphology of the bleb at a depth.

The formation of FB and the processes of scarring
occurring in the conjunctiva are of particular importance
in glaucoma surgery. In many cases, the appearance of FB
does not match the IOP values, and the reasons for fail-
ure after trabeculectomy often remain unclear. Often, over
time, there is a change in the structure of the FB, as fibrous
tissue grows, which prevents the IOF drainage. In practice,
antifibrotic medicines such as mitomycin C (MMC), 5 flu-
orouracil (5 FU) or anti-VEGF agents are used to prevent
fibrous tissue proliferation.

Confocal microscopy (CM) permits a morphological
analysis of FB structure, visualizing microcysts in the ep-
ithelial layer of the conjunctiva, subepithelial tissue, blood
vessels, tissue density and the presence of inflammatory
cells."* Laser scanning in vivo confocal microscopy is a
non-invasive tool allowing production of layered images at
microstructural level with high resolution of both the cor-
nea and other structures of the anterior ocular surface.

AIM

In the present study, we report the results of a retrospective
study in patients after trabeculectomy with or without an
implant, in whom the morphological structure and func-
tion of the FB were assessed taking into account when sur-
gery was performed as well as age and sex.

MATERIALS AND METHODS

The study included 33 patients, 46 eyes with glaucoma. The
mean age of the study group was 66.24+11.43 years, with an
age range of 31-91 years. The relative share of both sexes was
as follows: 45.5% men (N=15) and 54.5% women (N=18),
without significant difference (p=0.623). Twenty-six of the

eyes had a primary open-angle glaucoma (POAG), 18 eyes
had pseudoexfoliative glaucoma, and 2 eyes had juvenile
glaucoma.

All patients underwent trabeculectomy with a fornix-
based flap according to the protocol, performed by two
surgeons, with three of the eyes undergoing retrabeculec-
tomy. MMC was applied intraoperatively for 2 minutes,
using a small piece of surgical sponge soaked with 0.2 mg/
ml MMC followed by copious irrigation of the operat-
ing field and the conjunctival flap at 0.9% NaCl. Express
implant was placed in 14 eyes, Ologen implant in 7 eyes,
and 25 eyes were without an implant.

All patients underwent a complete eye examination:
examination of visual acuity, biomicroscopy of the anterior
segment of the eye, examination of the fundus with 90D
lens and tonometry and pachymetry with an air contactless
tonometer.

The subject of the study was the epithelium and subepi-
thelial tissue of the conjunctiva, as well as the blood ves-
sels. The qualitative images without artefacts were carefully
selected in order to perform qualitative analysis. Each eye
was examined in less than 5 minutes and no complications
related to the study were established.

The study of the filtering bleb was performed with an
in-vivo confocal CM with Heidelberg Retina Tomograph II
(HRT II)/Rostock Cornea Module/ (Heidelberg Engineer-
ing GmbH, Heidelberg, Germany), the period from trab-
eculectomy to examination varying from 1 year to 22 years.
The device works with a diode laser at a wavelength of 670
nm, magnification of up to 800 times, lateral resolution of 1
m and vertical resolution of 4 pm.

Immediately prior to the study, the topical anaesthetic
proxymetacaine hydrochloride (Alcaine 0.5% collyre, Al-
con) was applied to the lower conjunctival sac. Disposable
PMMA applanation cap (Tomo cap), in which gel was used
(Corneregel, Baush & Lomb GmbH, Germany) as a binding
agent with the lens, was placed onto the lens of the micro-
scope. The patient was positioned on the chinstrap and the
headband of the apparatus, directing the gaze downwards
(6h). The eyelid was raised manually without exerting any
compression on the bulb, after which the applanation cap
was taken to the area 3 mm above the upper limb in the
area of the formed filtering bleb. The images were taken in
384x384 pixels with an area of 400x400 pum.

The following categories of filtering blebs were deter-
mined according to the values of IOP: 1) functioning -
IOP<18 mm Hg without any medication therapy; 2) insuf-
ficiently functioning - IOP<18 mm Hg with medication
therapy; 3) non-functioning - IOP>18 mm Hg with medi-
cation therapy.

According to the postoperative period, the following
groups were categorized: 1) up to 1 year after trabeculecto-
my; 2) from 1 to <3 years after trabeculectomy, and 3) over
>3 years after trabeculectomy.

In the analysis of the morphological structure of the fil-
tering bleb, three indicators were evaluated: the type of epi-
thelium, the type of stroma, and blood vessels.
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The choice of statistical methods was consistent with the
objectives of the present study, the measurement scales
of the data, as well as the distribution of the quantities.
All continuous variables were checked for the presence/
absence of normal distribution by the Kolmogorov-Smirn-
ov test. Normal distribution was accepted when the Kolm-
ogorov-Smirnov test showed a lack of statistical signifi-
cance (p>0.05) and at values for asymmetry (skewness)
within the permissible range (-1/+1) (George & Mallery,
2009). For continuous values with normal distribution, the
analyses were performed via parametric statistical meth-
ods. Non-parametric statistical analyses were applied to
the values measured on nominal, binary or ordinal scales.
The following methods were used in the data analysis:

Parametric methods

o Mean values and standard deviation - descriptive sta-
tistics

o T-test for independent samples in the comparison of
two groups (independent samples t-test)

o One-way analysis of variance (one-way ANOVA) for
the comparison of more than two groups

o Tukey’s post hoc test for inter-group comparisons in
the presence of statistical significance by one-way
ANOVA

Nonparametric methods

« Frequency analysis (number and %)

o Chi-square test to establish the association between
variables measured on nominal or ordinal scales

« Fisher’s exact test for comparison of proportions

« Binary logistic regression to establish the predictors of
successful function of the blebs

o Odds ratio

RESULTS

With respect to the epithelium, the examined eyes were
divided into four categories as follows: 31 without micro-
cysts, 10 with optically empty microcysts, 4 with optically
complete microcysts, and 1 with encapsulated microcysts
(Fig. 1).

Of the functioning blebs (n=15), 60% were without
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microcysts and 40% with optically empty microcysts. Of
the insufficiently functioning blebs (n=11), 72.7% were
without microcysts, 18.2% with optically empty micro-
cysts, and 9.1% with optically complete microcysts. For
non-functioning blebs (n=20), the distribution was as fol-
lows: 70% without microcysts, 10% with optically empty
microcysts, 15% with optically complete microcysts, and 5%
with encapsulated microcysts. Regardless of the function
of the blebs, those without epithelial microcysts were pre-
dominant, therefore no significant association was found
between the type of epithelium and the function of the
blebs (p=0.290).

The distribution of epithelial species according to the
postoperative period (<1 year; 1-3 years; >3 years) was as
follows: in the postoperative period <1 year, 6 blebs were
categorized, of which 50% were without microcysts, 33.3%
were with optical empty microcysts, and 16.7% were with
encapsulated microcysts. In the postoperative period >1-3
years, 10 blebs were categorized, of which 80% were with-
out microcysts and 20% were with optically empty mi-
crocysts. The remaining 30 blebs were observed in the
postoperative period >3 years. Of these, 66.7% had no mi-
crocysts, 20% had optically empty microcysts, and 13.3%
had optically complete microcysts. In all three postopera-
tive periods, two epithelial types, without microcysts and
with optically empty microcysts, predominated, with blebs
without microcysts making up the majority in all three
periods. Therefore, no significant association was found
between the type of epithelium and the postoperative peri-
od of the blebs (p=0.136). A similar trend emerged between
the different postoperative periods, but a higher percentage
of epithelium without microcysts should be noted within
the period 1-3 years.

Furthermore, no significant association was established
between the epithelial type and the presence and/or type
of implant (p=0.348). Blebs without microcysts predomi-
nated in all groups: 64% in the group without implants,
64.4% in the group with Express implants, and 85.7% in
the group with Ologen implants. Optically empty micro-
cysts were found in the group without implants (24%) and
in the group with Express implants (28.6%). Optically com-
plete microcysts were observed in a small percentage of the
group without implants (12%) and in the group with Olo-

Figure 1. In vivo confocal imaging of conjunctival epithelium with optically empty microcysts, optically complete microcysts and

encapsulated microcysts.
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gen implants (14.3%). Encapsulated microcysts were found
only in Express implants (7%).

The distribution of the blebs according to the morpho-
logical structure of the stroma is as follows: 8 blebs with a
fine collagen network, 2 with a pronounced collagen net-
work, 17 with a dense collagen network, and 19 with hyper-
reflective tissue (Fig. 2).

A significant relationship was established between
the morphological types and the function of the blebs
(p=0.009), which is explained by the following trends:

1) Two morphological types predominated in the func-
tioning blebs: fine collagen network (40%) and dense col-
lagen network (46.7%). Both types made up 86.7% of the
functioning blebs and the remaining 13.3% were distrib-
uted between blebs with a pronounced collagen network
(6.7%) and with hyper-reflective tissue (6.7%).

2) In the case of blebs with insufficient function, those
with a dense collagen network (45.50%) and with hyper-
reflective tissue (45.50%) predominated. In this morpho-
logical category, there were no blebs with a fine collagen
network, and those with a pronounced collagen network
made up only 10%.

3) In non-functioning blebs, those with hyper-reflective
tissue predominated (65%). Blebs with a dense collagen
network made up 25% of the non-functioning ones, with
a fine collagen network only 10%, and there were no blebs
with a pronounced collagen network.

We analysed and traced the relationship between the
postoperative period and the morphological structure of
the blebs. In the period <1 year, the blebs with a dense col-
lagen network made up 50%, and those with hyper-reflec-
tive tissue — 33.3%. Blebs with a fine collagen network were
only 16.7% and there were no blebs with a pronounced
collagen network. In the period 1-3 years, the distribution
of morphological species was as follows: 50% with dense
collagen network, 30% with hyper-reflective tissue, 20%
with fine collagen network and no blebs with pronounced
collagen network. In the longest postoperative period >3
years, the trend was different from the previous two. In this
period, the highest percentage was demonstrated by blebs
with hyper-reflective tissue (46.7%), followed by those with
a dense collagen network (30%). The percentage of blebs
with a fine collagen network is similar to the previous two

periods (16.7%) and only in this period were there blebs
with a pronounced collagen network (6.7%). Despite some
differences, no significant relationship was generally found
between the morphological structure of the blebs and the
postoperative period (p=0.827). In all three postoperative
periods, blebs with a dense collagen network and hyper-
reflective structure predominated.

We also examined the relationship between the mor-
phological structure of the blebs and the absence or type of
implant. In the group without implants, blebs with a dense
collagen network accounted for 32% and those with hy-
per-reflective tissue — 48%. The other two species are rare,
16% with a fine collagen network and 4% with a pronounced
collagen network. In the group with Express implants,
50% of the blebs were with a dense collagen network and
36% with hyper-reflective tissue. The other two types were
established in only 7% of cases. In the group with Ologen
implants, a different but statistically insignificant trend was
set. In this type of implants, blebs with a fine collagen net-
work predominated (42.9%), no blebs with a pronounced
collagen network were observed, and the relative share of
the other two types was 28.6%. In general, blebs of two
morphological types predominated in all groups: with a
dense collagen network and with hyper-reflective tissue,
which explains the lack of significant association between
the morphological structure of the blebs and the postoper-
ative period (p=0.464). There was a slightly different trend
in the group with Ologen implants, in which blebs with a
fine collagen network predominated, but the difference was
not significant. Due to the small number of blebs in the
individual subgroups, it can be assumed that in a greater
number of samples, more considerable differences are like-
ly to be significant.

In relation to the cystic spaces, three categories were
formed: without cystic spaces, cystic spaces without a cap-
sule, and encapsulated cystic spaces. According to the func-
tion of FB, the distribution was as follows: in functioning
FB: without cystic spaces (40%), without a capsule (46.7%),
and with a capsule (13.3%), insufficiently functioning FB:
without cystic spaces (54.5%), without a capsule (36.5%),
and with a capsule (9%), non-functioning FB: without
cystic spaces (60%), without a capsule (35%), and with a
capsule (5%). No significant relationship was observed

Figure 2. In vivo confocal imaging of conjunctival subepithelial tissue (stroma) - fine collagen network, pronounced collagen network,

dense collagen network and hyper-reflective tissue.

908

Folia Medica | 2021 | Vol. 63 | No. 6



between the function of the blebs and the cystic spaces
(p=0.793).

According to the postoperative period and cystic spac-
es, the distribution was as follows: <1 year: without cystic
spaces (83.3%), without a capsule (16.7%), and with a cap-
sule (0%), 1-3 years: without cystic spaces (50%), without a
capsule (40%), and with a capsule (10%), >3 years: without
cystic spaces (46.7%), without a capsule (43.3%), and with
a capsule (10%). There was also no significant relationship
between cystic spaces and postoperative period (p=0.290),
but it should be noted that even insignificant, the trend
shown by blebs in the shortest postoperative period was
different from that in the other two periods. In the peri-
od <1 vyear, the lack of cystic spaces reached the highest
percentage (83.3%) in comparison to the other two peri-
ods, where besides the lack of cystic spaces, cystic spaces
without a capsule were observed. Encapsulated cystic spac-
es were not observed in the shortest postoperative period
having a low relative share in the other two periods. Despite
the lack of statistical significance, in the shortest postoper-
ative period there are a higher percentage of blebs without
cystic spaces compared to the other two periods.

We also traced the relationship between cystic spaces
and the presence of an implant. Without implant: without
cystic spaces (48%), without a capsule (40%), and with a
capsule (12%), with an Express implant: without cystic
spaces (57%), without a capsule (36%), and with a capsule
(7%), with an Ologen implant: without cystic spaces (57%),
without a capsule (43%), and with a capsule (0%). No sig-
nificant relationship was reported between cystic spaces
and the presence of an implant (p=0.876). Regardless of the
absence or type of implant, two categories predominated:
without cystic spaces and cystic space without a capsule.
Encapsulated cystic spaces are observed in a low percent-
age of eyes without an implant and such with an Express
implant; they are totally absent in eyes with an Ologen
implant.

According to the number of blood vessels, three stages
were defined: stage 1 (10) includes the presence of 1 blood
vessel; stage 2 (32) involves the presence of 2 to 3 blood
vessels, and stage 3 (4) includes more than 3 blood vessels
(Fig. 3).

The relationship between blood vessels and bleb func-
tion was analysed using the chi-square test. A significant
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relationship was established between the number of blood
vessels and the function of the blebs (p=0.037), which is
mainly due to the higher percentage (40%) of functioning
blebs with one blood vessel compared to the insufficiently
functioning (9%) and non-functioning (9%) ones. In addi-
tion, the lowest stage 2 percentage was observed in func-
tioning blebs (60%) compared to 82% in the insufficiently
functioning blebs and 70% in the non-functioning ones.
We should also note the absence of stage 3 in functioning
blebs and its presence in non-functioning (15%) and insuf-
ficiently functioning (9%) blebs.

Furthermore, there was a significant correlation between
the number of blood vessels and the postoperative period
(p=0.043), <1 year: stage 1 (33.3%), stage 2 (66.7%), and
stage 3 (0%); 1-3 years: stage 1 (40%), stage 2 (40%), and
stage 3 (20%); >3 years: stage 1 (13%), stage 2 (80%), and
stage 3 (7%). Two main trends can be observed: 1) In the
shortest postoperative period (<1 year), stage 3 is missing.
2) In the longest postoperative period (>3 years), the lowest
percentage of stage 1 (13%) was established, as well as the
highest percentage (80%) of stage 2. Overall, in the longest
postoperative period, stages 2 and 3 accounted for 87%.

No significant relationship (p=0.226) was established
while monitoring the relationship between the number of
blood vessels and the type or absence of an implant. The
distribution was as follows: without an implant: stage 1
(20%), stage 2 (72%), and stage 3 (8%); with an Express im-
plant: stage 1 (36%), stage 2 (50%), and stage 3 (14%); with
an Ologen implant: stage 1 (0%), stage 2 (100%), and stage 3
(0%). Nevertheless, it should be noted that with Ologen im-
plants we established 100% presence of 2 to 3 blood vessels
(stage 2) and absence of the other two stages. In the group
with Express implant we reported the highest percentage of
stage 1 (36%), while in the group with no implant stage 2
(72%) figured with the highest percentage.

The following distribution of blood vessels was found
in terms of tortuosity: straight/unkinked (N=7), slightly
kinked (N=16), medium kinked (N=10), and highly kinked
(N=13). Regarding the relationship between tortuosity and
the function of the blebs, the distribution was as follows
- functioning IOP <18 mm Hg without therapy: straight
- 34%, slightly kinked - 47%, medium kinked - 20%,
and highly kinked - 0%; insufficiently functioning IOP
<18 mmHg with therapy: straight — 0%, slightly kinked

Figure 3. In vivo confocal imaging of conjunctival subepithelial tissue (stroma) — hyper-reflective tissue with blood vessels.
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- 27.3%, medium kinked - 27.3%, and highly kinked -
45.5%; non-functioning IOP >18 mm Hg with therapy:
straight — 10%, slightly kinked - 30%, medium kinked -
20%, and highly kinked - 40%. Between the two values a
significant correlation was established (p=0.047) with the
following trends: 1) the highest percentage of blebs with
straight and slightly kinked blood vessels was observed in
the functioning blebs (34%); 2) no highly kinked vessels
were established in the functioning blebs; 3) with insuffi-
ciently functioning and non-functioning blebs, medium
kinked and highly kinked blood vessels predominated.

While analysing the correlation between tortuosity and
the postoperative period, a statistically significant relation-
ship was established too (p=0.021). In the group <1 year:
straight — 66%, slightly kinked - 17%, medium kinked -
17%, and highly kinked - 0%; 1-3 years: straight — 10%,
slightly kinked - 50%, medium kinked - 20 %, and high-
ly kinked - 20%; >3 years: straight — 6.7%, slightly kinked
- 33.3%, medium kinked - 23.3%, and highly kinked -
36.7%. In the shortest postoperative period (<1 year) the
highest percentage of blebs with straight blood vessels
(66%) and a lack of blebs with highly kinked vessels were
established. Between 1-3 years, blebs with slightly kinked
vessels predominated (50%), while in the latest period >3
years, blebs with medium and highly kinked vessels pre-
dominated (23.30% and 36.70%, respectively).

We also traced the relationship between tortuosity and
the type of implant. Without implant: straight — 24%, slight-
ly kinked - 24%, medium kinked - 16%, and highly kinked
- 36%; Express: straight — 7.1%, slightly kinked - 64.3%,
medium kinked - 14.3%, and highly kinked - 14.3%;
Ologen: straight — 0%, slightly kinked - 14.3%, medium
kinked - 51.1%, and highly kinked - 28.6%. The results
show the presence of a statistically significant relationship
(p=0.026), with the following trends: 1) in the absence of an
implant, blebs with all stages of tortuosity were observed;
2) with Express implants, blebs with slightly kinked blood
vessels predominated (64.3%); 3) with Ologen implants,
blebs with moderately kinked blood vessels predominated
(51.1%), there being no blebs with straight blood vessels;
4) the highest percentage of highly kinked blood vessels
was observed in the absence of an implant (36%).

DISCUSSION

The performed analyses enabled us to establish statistical
significance regarding the function and morphological
structure of the filtering bleb. Blebs with fine collagen mesh
and dense collagen mesh demonstrated good function.
In the case of blebs with insufficient function, such with
a dense collagen network and hyper-reflective tissue pre-
dominated, there being no blebs with a fine collagen
network; and in non-functioning blebs, such with a pro-
nounced collagen network and hyper-reflective tissue were
the most common.

In the distribution of epithelial types relative to the func-

tion of the blebs, we did not establish any significant asso-
ciation between the type of epithelium and the function of
the blebs (p=0.290). Regarding the epithelial type and the
postoperative period and the presence of an implant, we
did not detect any statistically significant association due
to the predominant number of FB with epithelium without
microcysts (p=0.136), (p=0.348), but a higher percentage of
epithelium without microcysts in the postoperative period
of 1-3 years must be taken into account. In contrast, other
authors have reported a significant association when com-
paring the number and area of microcysts in the epitheli-
um with functioning blebs.>> Based on these data, we can
assume that dense hyper-reflective stroma is an indication
of poor FB function, confirming histopathologically that
fibrotic scarring subconjunctivally is strictly associated
with poor FB function.>®?

Although no significant correlation was established
between the postoperative period and the type of stroma
(p=0.827), the following trend can be observed: the great-
er the length of the postoperative period, the smaller the
percentage of blebs with a dense collagen network and the
higher the percentage of blebs with hyper-reflective tissue.
In both samples mentioned above (Messemer, Caglar) the
blurred type stroma occurs in the earliest postoperative pe-
riod (first 2 months — Messemer) and (first 3 months — Ca-
glar), while in our sample this type of stroma corresponds
to hyper-reflective tissue, which is represented by the high-
est percentages in insufficiently functioning (45.5%) and
non-functioning filtering blebs (65%). It must also be noted
that in our sample the follow-up period starts from 1 year,
so we have no data for such an early postoperative period
(2-3 months). Based on these results, we can hypothesize
that in the earliest postoperative period, the blurred type
stroma is a predictor of poor function over time and corre-
sponds to hyper-reflective (dense) tissue in the later post-
operative period.

When tracking the relationship between the presence
and type of implant and the type of stroma, we did not find
any significant association (p=0.464), but a different trend
emerged in the group of blebs with an Ologen implant,
where a high percentage (42.9%) in favour of fine collagen
network was established, but this difference did not reach
significance. In larger samples, more considerable differ-
ences are likely to be significant.

After analysing the relationship between cystic spaces
and the function of blebs, the postoperative period and the
type of implant, we established no statistically significant
associations in our sample. Unlike us, Messemer et al.’
reported that the lack of encapsulated cystic spaces signifi-
cantly correlated with good FB function (p=0.002).

As regards vascularization, we found that of the func-
tioning blebs in the shortest postoperative period, those
with one blood vessel (stage 1) predominated; stage 3 was
missing; they demonstrated weak tortuosity. In contrast,
non-functioning blebs in the late postoperative period
showed a moderately to severely pronounced vasculariza-
tion and tortuosity. Similar results have been reported by
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other authors**®1%11 pointing out a significant correlation
between the function and the number and the tortuosity
of blood vessels. A lack or a small number of blood vessels
with low tortuosity is characteristic of functioning blebs
and vice versa, in non-functioning FB there is pronounced
vascularization and tortuosity. In their sample, Morita et al.
detected a difference in the degree of vascularization com-
pared to the type of conjunctival flap in functioning FBs,
reporting a higher degree of vascularization in the blebs
with limbus-based conjunctival flap.1°

The type of implant affects the tortuosity of blood vessels
of the filtering bleb. Express implant blebs show slight tor-
tuosity, followed by the blebs with an Ologen implant. The
highest percentage of highly kinked blood vessels occurs in
blebs without an implant.

In filtration glaucoma surgery, confocal microscopy pro-
vides some valuable data for assessing the function of the
filtering blebs, by assessing the density of microcysts and
the density of the stroma.” The preoperative status of the
conjunctiva is also crucial for the outcome of the filtration
surgery.'? Prolonged medication therapy leads to profound
changes in the conjunctiva, most commonly manifested
with epithelial squamous metaplasia, immunoinflammato-
ry cell infiltration, activation of dendritic cells (DCs), loss
of Goblet cells (GCs), and increased collagen density. Mas-
tropasqua et al.!? report that increased dendritic cell den-
sity (DCs), low Goblet cell levels (GCs), and preoperative
conjunctival hyper-reflective stroma are significantly high-
risk factors for poor filtering bleb function and filtration
surgery failure.

Preoperative medication therapy, as a risk factor for tra-
beculectomy failure, has been reported by other authors
t00.13 The preservatives contained in the hypotensive oph-
thalmic preparations and beta blockers have a toxic effect,
while prostaglandin analogues have a stimulating effect on
the Goblet cells (GCs) in the conjunctiva. In patients who
have undergone therapy with prostaglandin analogues and
preservative-free medicaments, a higher level of Goblet
cells is maintained.

CONCLUSIONS

In vivo confocal microscopy is an innovative method that
allows visualization of the internal structure of the filtering
blebs at a cellular level, giving us a new understanding of
the ongoing healing processes which determine the func-
tion of the filtering blebs after glaucoma surgery. The meth-
od enables us to directly observe and track the histological

Confocal Microscopy of Filtering Blebs

processes and scarring mechanisms in the filtering bleb
which correlate with filtration, providing us with the possi-
bility of feasible specific treatment in order to increase the
success of glaucoma filtration surgery. It also affords oppor-
tunities for reliable prediction and tracking of the function
in relation to the morphological appearance of the blebs.
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Pe3tome

BBepaeHue: Onepanys o Guabrpanum - Hanbornee 9¢GeKTUBHbI METO CHIDKEHIS BHY TpUITasHoro faBeHus (BI7I) y maienTos
IPY HEOCTATOYHOM MeMIIMHCKOM HabmoneHny. OH COCTOUT U3 NOAAEP>KKM OTTOKa BHY TpUITas3Hoil xupkocty (BIDK) us nepenHeit
KaMepbl CyOKOHDBIOHKTMBATLHOTO IIPOCTPAHCTBA 1 HOCTeRylowero cHipkenus BITl. O6pasoBanne ¢punprpyromux nopymek (OII) u
HPOIlecc MOBPeX/EHNA TKaHell KOHBIOHKTYBBI IMEIOT 0C000e 3HaueHMe B XMPYPTIUM ITTayKOMbL. Bo MHOTHX cITy4yasx BOSHMKHOBEHMeE
®II He coBmaziaeT co sHadeHusAMy BII, u mpuumHa Heyauy MOCIe TPaOeKyI9KTOMUY YACTO OCTAeTCA HesACHOI. YacTo co BpeMeHeM
IIPOVICXOAMT M3MeHeHMe cTPYKTypbl PII mo Mepe pocta ¢pubpo3HOI TKaHM, 4TO IpenATcTBYeT oTToKy BITI. KondokanbHas Muxpo-
CKOINA C Ta3€PHBIM CKaHMPOBAHNEM in Vivo - 5T0 HeMHBa3MBHOE MCC/IEIOBAaHNE, KOTOPOE ITO3BOIAET ITOTyYaTh MHOTOC/TOVHBIE U30-
OpakeHMsA Ha MMKPOCTPYKTYPHOM YPOBHE C BBICOKMM paspelleH)ieM POrOBUIIbI M APYIYUX CTPYKTYP IepelHeil TOBEPXHOCTH I71a3a.

Lenb: Ouennts MOphOMOTNIecKy0 CTPYKTYPY 1 GYHKIUMIO GUIBTPYIOLIMX MPOKIALOK MOCTIe TPabeKYI9KTOMUN C IOMOIbIO KOH-
(boKanbHOI MUKPOCKOINY in Vivo ¢ y4éTOM TIIIa MMIUIAHTATa ¥ BpeMeH! IPOBefeHNs OlepaliniL.

Martepuanbl 1 MeToAbl: B nccnenoBanne BKIOYEHBI 33 MmanueHTa, 46 I1as ¢ IJIayKoMoit. Y 26 171a3 6blIa IepBUYHAsA OTKPBITOY-
ronbHas rnaykoma (ITIOYT), y 18 - ncepnoskcdomaTuBHas IJIayKoMa, y 2 - I0BeHIIbHASA I/IayKoMa. BceM manyeHTaMm Obl1a BBIIOTHEHA
TpabeKy/I9KTOMMUA C UCIIONb30BaHMeM JIOCKYTa Ha OCHOBE CBOJIa, @ Ha TPEX IMIa3ax - peTpobeKynsKToMus. Bcem manmeHTaM MHTpao-
nepaionHo oy Murtomuiye C (MMC). ViccnepoBanue GpuabTpalOHHON IOAYIIKM IIPOBOAVIIN C IOMOIIbIO KOH(POKaIbHOII
mukpockonuy in vivo (KPM) (Hedelberg Retina Tomograph (HRT) II / Rostock Cornea Module / Heidelberg Engineering GmbH,
Teitpenbbepr, Tepmanis), a Hepuox OT TPabeKyIIKTOMMN 1 06C/IeOBaHMs COCTaB/IsIeT OT 1 rofa fo 22 roga. Vimmianrtat Expres 6bi1
ycTaHOBIIeH B 14 rmasax, umivtantat Ologen - B 7 m1asax 1 25 171a3 6e3 uMIvtaHTata. B aHamns Mopdomornaeckoro crpoeHus Gpuabrpa-
I[VIOHHBIX [OAYLIEK ObIIM BKIIOUEHBI TPY TOKA3aTe IsA: TUII SINUTE/NsA, TUIL CTPOMBI I KPOBEHOCHBIX COCYHOB.

Pesynbratbl: CratucTuyeckas 3Ha4MMOCTb ObIIa 0OHapY>keHa B OTHOLIEHMH QYHKLUY ¥ MOP(HOTOTMYECKOI CTPYKTYpbl GUIBTPY-
towtielt mpoknagky (p=0.009). IToxyiky ¢ MeKoil KOJIar€HOBOVI CETKOJ U IVIOTHOJ KOJIIATEHOBOI CeTKOII IToKasanu cebs xoporuo. B
CTy4ae HOAYIIEK C HeOCTaTOYHON (yHKIMelt Ipeobnafany MOAYLIKA ¢ IVIOTHON KOJ/UIAT€HOBOI CEThIO U IMIeppedIeKTUBHOI TKa-
HbBIO ¥ OTCYTCTBOBA/IV IIOAYLIKM C TOHKOJ KO/I/TAT€HOBOJ CETKOIA, @ B He(pyHKIMOHMPYIOIIVX MOAYIIKAX Yallle BCero BCTPevaInch Ho-
IYLIKA C IPKO BBIPQ)KEHHOII KO/IIAaT€HOBOJ CeTKOI U runeppedIeKTUBHOI TKaHbIo. UTO KacaeTcs BaCKy/IApM3aLM, Mbl OOHAPYXI-
7, 4TO B GYHKUMOHMPYIOLUIMX MOAYIIKAX B IIO3/{HEM [IOCIEONEePALVIOHHOM IIepHOfie TIpeobmIafany IORYIIKY C OFHUM KPOBEHOCHBIM
cocynoM (ctapus 1) u He 6bIIO cTafuu 3 ¢ HM3KON CKIaA4aTOCThIO, B TO BpeMs KaK B HePyHKIMOHUPYIOLINX [OAYLIKAX B ITO3THEM
IIOCTIeOTIePALIIOHHOM IIep1ofie HabIoNaMICh YMepeHHble U TsDKelmble BacKymsipusanysa (p=0.037), (p=0.043), (p=0.047), (p=0.021).
Tun MMIUTaHTaTa BIMSET HA CKIIAJKY KPOBEHOCHBIX COCYROB QuibTpyomiert npoktanku (p=0.026). [Tonyumxkn Express cerka rodpu-
pOBaHBI, 3a HUMU ceRyloT numiantarsl Ologen. CaMbplit BBICOKMIT IIPOLEHT CU/IBHO CK/IA/{YaThIX KPOBEHOCHBIX COCYHOB MMeTT MECTO
B IOAyIIKax 6e3 MMIUIaHTaTa.

3akntoueHune: KondokanbHass MMKPOCKONNA in Vivo - 9TO MHHOBALMOHHBIN METOJ], KOTOPbII II03BOJIAET BU3YaIM3MPOBATh BHY-
TPEHHIOI0 CTPYKTYPY QMIBTPYIOMINX MTy3bIPbKOB Ha KJIETOYHOM YPOBHE, YTO HaéT HaM HOBOE IPENCTaB/IeHNe O TeKyLIMX IIPoIleccax
3)XUBJIEHNA U OIpefersieT GYHKUMIO QUIBTPYIOIINX IY3bIPHKOB IIOC/IE OIIePALII II0 IOBOAY ITTAyKOMBL.

KnwoueBble cnoBa

KOH(OKa/IbHasA MIKPOCKOMNA, ITy3BIPEK, TPabeKyI9KTOMMA, TTTayKoMa
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