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BACKGROUND: Reducing scarring in the postoperative period is one of the main tasks of glaucoma surgery. 
AIM: To develop new modifications of sinustrabeculectomy in the surgical treatment of primary open-angle glaucoma 

normalizing and prolonging the outflow of aqueous humor along newly formed pathways.
MATERIALS AND METHODS: Surgical procedures were performed in 106 patients (109 eyes) with primary open-angle 

glaucoma of moderate and advanced stages, without any history of previous surgeries. Patients were divided into groups: 
1a — 25 patients (25 eyes) who underwent sinustrabeculectomy with the formation of grooves for the  intramuscular fluid out-
flow, 1b — 26 patients (28 eyes) who underwent of sinustrabeculectomy with scleral flap twisting, 1c — 28 patients(29 eyes) 
who underwent sinustrabeculectomy with scleral flap stitching, and the control group — 27 patients (27 eyes) who underwent 
routine sinustrabeculectomy. The follow-up duration was up to 24 months.

RESULTS: In 1 month after surgery, the average level of intramuscular pressure was comparable and remained low in 
all groups. Complete compensation of intramuscular pressure in groups 1a, 1b and 1c was observed in 80%, 75% and 76% of 
cases; partial — in 16%, 18% and 21% of cases; failure — in 4%, 7% and 3% of cases, respectively. In the control group (2), 
complete hypotensive success was noted in 55% of cases; partial — in 30% of cases; failure — in 15% of cases. 

CONCLUSIONS: Developed new methods of sinustrabeculectomy allow to obtain a prolonged hypotensive effect.
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Возможности индивидуального подхода 
к модификации синустрабекулэктомии для 
пролонгации гипотензивного эффекта
Е.А. Сулейман, С.Ю. Петров
Национальный медицинский исследовательский центр глазных болезней им. Гельмгольца, Москва, Россия

Актуальность. Снижение рубцевания в послеоперационном периоде — одна из главных задач хирургии глаукомы.
Цель — разработка новых модификаций синустрабекулэктомии в хирургическом лечении первичной открыто-

угольной глаукомы, направленных на нормализацию и пролонгацию оттока водянистой влаги по сформированным 
путям. 

Материалы и методы. Операции выполнили 106 пациентам (109 глаз), с первичной открытоугольной глаукомой 
развитой и далекозашедшей стадий, не имеющим в анамнезе предыдущих хирургических вмешательств. При вы-
полнении синустрабекулэктомии пациентов разделили на группы: 1а — 25 пациентов (25 глаз), с формированием 
бороздок для оттока внутриглазной жидкости, 1b — 26 пациентов (28 глаз), с переворотом склерального лоскута, 
1c — 28 пациентов (29 глаз), с прошиванием склерального лоскута, контрольная группа 2 — 27 пациентов (27 глаз), 
которым выполнена стандартная синустрабекулэктомия. Длительность наблюдения составила до 24 мес. 

Результаты. Спустя 1 мес. после хирургического вмешательства средний уровень офтальмотонуса был со-
поставимым и оставался низким во всех группах. К первому году исследования достигнутый уровень внутриглаз-
ного давления сохранялся как в основных, так и в контрольной группах. Полная компенсация офтальмотонуса 
в группах 1а, 1b и 1c наблюдалась в 80, 75 и 76 % случаев; частичная — в 16, 18 и 21 % случаев; неуспех — 
в 4, 7 и 3 % случаев соответственно. В контрольной группе (2) полный гипотензивный успех отмечался в 55 % случаев, 
частичный — в 30 %; неуспех — в 15 % случаев. 

Выводы. Разработанные новые методики синустрабекулэктомии позволяют получить пролонгированный гипотен-
зивный эффект.

Ключевые слова: глаукома; первичная открытоугольная глаукома; синустрабекулэктомия; модификация синус-
трабекулэктомии.
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BAcKgRound
M.M. Krasnov is considered to be the pioneer of 

the non-penetrating surgery. In 1964, he performed 
the sinusotomy — the excision of the outer wall of the 
Schlemm’s canal. V.I. Kozlov became the author of the 
non-penetrating deep sclerectomy, which is still widely 
used in glaucoma treatment. During the procedure, the 
separation and excision of a part of the limbal area with 
the Descemet’s membrane exposure was performed. 
Non-penetrating procedures were characterized by high 
safety level, but estimating surgical results, such surger-
ies caused less significant and less longstanding hypo-
tensive effect, which was accompanied by an intensive 
connective tissue formation in the location of the realized 
procedure. This resulted in the necessity for repeated 
non-penetrating procedure or for the consideration of 
the transition to penetrating surgery [1–7].

For the prolongation of the achieved hypotensive ef-
fect at remote periods after glaucoma surgery, new mod-
ifications of sinustrabeculectomy (STE) were permanently 
under way. It was proposed to create the conjunctival 
incision at the limbus, and this significantly decreased 
the percentage of intraocular fluid (IOF) external filtra-
tion during the post-op period. Penetrating deep scle-
rectomy allowed using implants and drainage systems 
more rarely. The tendency was to decrease the volume 
of removed profound tissues. In 1980, V.P. Artamonov 
proposed performing sinusotomy with a triangular scler-
al flap, as this is less traumatic, forming a penetrating 
round opening for the aqueous humor outflow in it [8]. 
A.E. Babushkin and F.R. Baltabaev (1991) proposed to 
perform sinusotomy in combination with posterior cyclo-
retraction and uveal pocket formation [9]. B.N. Alexeev, 
S.F. Pisetskaya (1985), to enhance the aqueous humor 
outflow through the trabeculum, removed the exterior 
wall of the Schlemm’s canal with a corneoscleral tissue 
fragment from the scleral spur up to the anterior limiting 
line of Schwalbe.

Nowadays, the priority in primary open-angle glauco-
ma (POAG) treatment is given to the penetrating surgery 
due to its positive results.

Thus, the aim of our study became the development of 
new sinustrabeculectomy modifications in surgical treat-
ment of POAG with an individual approach to every patient 
aimed at the decrease of scarring and at the achievement 
of the longstanding stable hypotensive effect.

MATERIALS And METHodS
In the present study, results are presented of surgi-

cal treatment of 106 patients (109 eyes) aged from 43 to 
86 years (mean age 70.24 ± 7.37 years), with POAG of de-
veloped and advanced stages without any history of sur-
gery. The main group consisted of 79 patients (82 eyes), 

among them 46 (58%) were women and 33 (42%) men. 
All patients were out- and in-patients of the glaucoma 
department of the Scientific Medical Research Centre 
of Eye Diseases named after Helmholtz of the Russian 
Ministry of Healthcare. Minimal follow-up period was 
24 months.

The indication for surgical treatment in all cases was 
the IOP decompensation at maximal hypotensive regimen.

Corresponding to the study purposes, patients were 
divided into 2 groups:

 • group 1 (main group) — 79 patients (82 eyes), who 
were divided into subgroups:
◦ 1a — 25 patients (25 eyes) STE with sulci forma-

tion for IOF outflow,
◦ 1b — 26 patients (28 eyes) STE with twisting of the 

scleral flap,
◦ 1c — 28 patients (29 eyes) STE with stitching of the 

scleral flap;
 • group 2 (control group) — 27 patients (27 eyes), in 

which standard STE was performed.
When choosing the surgical treatment type, individual 

features of scleral structure were taken into account: 
its thickness and the location of emissaries’ exit sites.

Surgical procedures were performed at the Glau-
coma Department of the Federal State Budgetary Insti-
tution “Helmholtz National Medical Research Center for 
Eye Diseases” of the Ministry of Health of the Russian 
Federation.

Sinustrabeculectomy with sulci formation for in-
traocular fluid’s outflow (Russian Federation patent 
No. 2603295). In the upper quadrant of the eyeball, a 
fornix-based conjunctival flap was made. Then, a super-
ficial rectangular scleral limbus-based flap was dissect-
ed, which included 1/3 of its thickness. Its dimensions 
were 5 mm (base) and 4 mm (lateral side). Out of more 
profound scleral layers, a profound rectangular scleral 
limbus-based flap was dissected, which included 1/3 of 
its thickness, its dimensions being 4 × 3 mm. After tra-
beculectomy and basal iridectomy, the lateral margins 
of the profound scleral flap were everted, superimposed 
and joined with a running suture (polypropylene 10–0), 
forming a roll. Upon that, along the roll’s sides, scleral 
sulci for aqueous outflow formed. Thereafter, the super-
ficial flap was put in place, covering the margins of the 
profound flap, and fixated by two sutures at its sides us-
ing polypropylene 8–0. The reposition of the conjunctival 
flap was accomplished putting two interrupted sutures 
(polypropilene 8–0) (Fig. 1). When performing this kind 
of surgical procedure, patients with high myopia were 
excluded and those with glaucoma duration of more than 
15 years.

Sinustrabeculectomy with twisting of the scleral 
flap (Russian Federation patent No. 2668703). At this 
procedure, the superficial rectangular scleral limbus-
based flap, its thickness being 2/3 of that of the sclera 
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Fig. 1. Scheme of sinustrabeculectomy modification with the for-
mation of grooves for aqueous humor outflow. 1 — superficial 
scleral flap; 2 — deep scleral flap; 3 — grooves for the aqueous 
humor outflow
Рис. 1. Схема модификации синустрабекулэктомии с формиро-
ванием бороздок для оттока внутриглазной жидкости. 1 — по-
верхностный склеральный лоскут; 2 — глубокий склеральный 
лоскут; 3 — бороздки для оттока внутриглазной жидкости

Fig. 2. Scheme of sinustrabeculectomy modification  with  scleral 
flap twisting. 1 — twisted superficial scleral flap; 2 — trabeculec-
tomy; 3 — basal iridectomy; 4 — cornea
Рис. 2. Схема модификации синустрабекулэктомии с перекру-
чиванием склерального лоскута. 1 — перекрученный поверх-
ностный склеральный лоскут; 2 — трабекулэктомия; 3 — ба-
зальная иридэктомия; 4 — роговица

Fig. 3. Scheme of sinustrabeculectomy modification with stitch-
ing of the scleral flap. 1 — combined superficial scleral flap; 
2 — trabeculectomy; 3 — basal iridectomy; 4 — cornea
Рис. 3. Схема модификации синустрабекулэктомии с прошива-
нием склерального лоскута. 1 — сосборенный поверхностный 
склеральный лоскут; 2 — трабекулэктомия; 3 — базальная 
иридэктомия; 4 — роговица

and dimensions 5 × 7 mm. After trabeculectomy and 
basal iridectomy, the scleral flap was once twisted half 
way at its middle, thereafter it was fixated at its mar-
gins to the sclera (suture material 8–0). Further on, a 
reposition of the conjunctival flap was performed with 
putting a running suture on it (Fig. 2). The surgical pro-
cedure was performed in patients, in whom the exit 
sites of vascular emissaries were located closer to the 
optic nerve, as this allowed to dissect the scleral flap 
of the required size.

Sinustrabeculectomy with stitching of the scleral flap 
(Russian Federation patent No. 2668702). In the presented 
new surgical procedure, after the scleral flap formation, 
trabeculectomy and basal iridectomy, the scleral flap was 
stitched in the middle (suture material 8–0), and spanned 
in such a manner that its width at the center decreased 
by 1/3–1/2. Further on, its margins were fixated with su-
tures. The surgery was finished by the conjunctival flap 
reposition with suturing it with a running suture (Fig. 3). 
This operation was a procedure of choice in cases with 
fairly close location of the vascular perforation of the 
sclera to the limbus.

As a traditional fistulizing method of surgery, STE 
according to standard method was performed. The con-
junctival fornix-based flap was separated in the upper 
quadrant of the eyeball. From superficial scleral layers, 
a 4 × 4 mm limbus-based flap was made. At the base of 
the flap, a 3 × 1 mm fragment of profound scleral layers 
was excised including the trabeculum and the Schlemm’s 
canal. Basal iridectomy was performed. The scleral flap 
was reset and fixated at its corners by two interrupted 
sutures (polypropylene 8–0). The reposition of the con-
junctival flap was made with putting two interrupted su-
tures (polypropylene 8–0) on it.

The examination of patients included visual acuity 
testing, refractometry, biomicroscopy, kinetic perimetry, 
non-contact tonometry, gonioscopy, ophthalmoscopy. 
As a functional method to evaluate the state of the optic 
nerve head the confocal laser scanning ophthalmoscopy 
was used (Heidelberg Engineering, Germany).

The examination of patients took place on the day 
before surgery, during the patient’s stay in the clinic. 
The full volume of examinations was carried out be-
fore the procedure, in one week, in 1 month, 3, 6, 12, 
and 24 months after surgery. The follow-up period was 
2 years.

The statistical analysis included the calculation of 
mean values (M), standard deviation (σ), Student’s indi-
ces of certainty of differences confidence (p).

RESuLTS
Analyzing the results of new surgical procedures 

elaborated by the authors of present article, we took into 
account IOP level at early and remote post-op periods, 
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Table 1. IOP values in studied subgroups at remote follow-up period (M ± σ, mm Hg)
Таблица 1. Значения внутриглазного давления в исследуемых подгруппах в отдалённые сроки наблюдения (M ± σ, мм рт. ст.)

Group, number of eyes, n
Intraocular pressure, mm Hg

baseline after 1 month after 6 months after 12 months after 24 months

Subgroup 1а, main group, 25 eyes 28.32 ± 3.72 10.44 ± 3.62 15.00 ± 4.37 15.72 ± 5.43 16.80 ± 5.28

Subgroup 1b, main group, 28 eyes 28.71 ± 3.52 10.86 ± 3.25 14.93 ± 4.63 16.61 ± 5.13 17.21 ± 5.63

Subgroup 1c, main group, 29 eyes 27.34 ± 4.20 10.93 ± 4.55 15.21 ± 3.97 16.34 ± 4.84 17.72 ± 5.49

Control group 2, 27 eyes 29.37 ± 4.48 8.89 ± 3.23 17.44 ± 4.72 16.22 ± 5.23 18.22 ± 5.35

Fig. 4. Dynamics of the intraocular pressure level at all follow-up 
periods in the group of patients after sinustrabeculectomy modifi-
cation  with the formation of grooves for the  intramuscular fluid 
outflow (subgroup 1a). The x-axis — endpoints of the study, the 
y-axis — intraocular pressure level
Рис. 4. Динамика уровня офтальмотонуса во все периоды на-
блюдения в группе у пациентов после модификации синустрабе-
кулэктомии с формированием бороздок для оттока внутриглаз-
ной жидкости (подгруппа 1а). Ось абсцисс — контрольные точки 
исследования, ось ординат — уровень внутриглазного давление

Fig. 5. Dynamics of the intraocular pressure 
level at all follow-up periods in the group of 
patients after sinustrabeculectomy modification 
with scleral flap twisting (subgroup 1b)
Рис. 5. Динамика уровня офтальмотонуса 
во все периоды наблюдения в группе у паци-
ентов после модификации синустрабекулэкто-
мии с перекрутом склерального лоскута (под-
группа 1b)
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structure and development prevalence of intra- and post-
operative complications, the status of visual functions. 
The baseline IOP: subgroup 1a — 28.24 ± 3.59 mm Hg; 
subgroup 1b — 28.71 ± 3.52 mm Hg; subgroup 1c — 
27.34 ± 4.20 mm Hg; group 2–29.30 ± 4.38 mm Hg. The dif-
ference between groups was statistically not significant 
(p ≥ 0.05). Upon release from the clinic, IOP in all patients 
was normalized: subgroup 1a — 8.32 ± 2.88 mm Hg; 
subgroup 1b — 8.75 ± 2.84 mm Hg; subgroup 1c — 
8.41 ± 2.98 mm Hg; in the control group 2–8.89 ± 3.23 mm Hg. 
The IOP control in 1 month after surgery, the mean IOP 
level was comparable and stayed low in all groups: 
subgroup 1a — 10.44 ± 3.62 mm Hg; subgroup 1b — 
10.86 ± 3. 25 mm Hg; subgroup 1c — 10.93 ± 4.55 mm Hg; 
group 2–11.81 ± 3.34 mm Hg. In 1 year of post-op fol-
low-up, the IOP normalization maintained in the main 
groups as well as in the control one (Table 1).

Figures 1–4 represent the dynamics of the IOP level at 
all follow-up periods. On diagrams, main characteristics 
of random data at different points/ for different groups of 
follow-up are shown (at the ends of vertical lines — min-
imal and maximal sampled values, in the center — mean 
value, at the margin of the rectangle — standard devia-
tions from the mean index for an individual group).

Hypotensive success was estimated as a complete 
one in the case of the IOP decrease lower than 22 mm 
Hg without any IOP-lowering therapy, as a partial one — 
with IOP-lowering therapy. As absence of success of the 
surgical procedure, the absence of the IOP-lowering ef-
fect and a repeated surgical procedure at remote post-op 
period were considered.

To the moment of the last visit, in the main group, 
a complete IOP compensation was found in the sub-
group 1a in 80% of cases (20 eyes), in 1b — in 75% 
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Fig. 6. Dynamics of the intraocular pressure level at all follow-up 
periods in the group of patients after sinustrabeculectomy modifi-
cation with scleral flap stitching (subgroup 1c)
Рис. 6. Динамика уровня офтальмотонуса во все периоды на-
блюдения в группе у пациентов после модификации синустрабе-
кулэктомии с прошиванием склерального лоскута (подгруппа 1c)

Fig. 7. Dynamics of the intraocular pressure level at all follow-
up periods in the group of patients after routine sinustrabecu-
lectomy (group 2)
Рис. 7. Динамика уровня офтальмотонуса во все периоды на-
блюдения в группе у пациентов после классической синустра-
бекулэктомии (группа 2)
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Table 2. Hypotensive efficacy of sinustrabeculectomy  in patients of studied groups by the end of the follow-up period, n
Таблица 2. Гипотензивная эффективность синустрабекулэктомии у пациентов исследуемых групп к концу срока наблюдения, n

Group Complete success Partial success General success Failure

Subgroup 1а, main group, 25 eyes 20 (80%) 4 (16%) 24 (96%) 1 (4%)

Subgroup 1b, main group, 28 eyes 21 (75%) 5 (18%) 26 (93%) 2 (7%)

Subgroup 1c, main group, 29 eyes 22 (76%) 6 (21%) 28 (96%) 1 (3%)

Control group 2, 27 eyes 15 (55%) 8 (30%) 23 (85%) 4 (15%)

Table 3. Dynamics of visual acuity at various terms
Таблица 3. Динамика остроты зрения в различные сроки

Group Before surgery In 6 months In 1 year In 2 years

Subgroup 1а, main group, 25 eyes 0.5 ± 0.20 0.4 ± 0.16 0.4 ± 0.16 0.6 ± 0.20

Subgroup 1b, main group, 28 eyes 0.5 ± 0.22 0.5 ± 0.16 0.4 ± 0.15 0.6 ± 0.12

Subgroup 1c, main group, 29 eyes 0.5 ± 0.15 0.4 ± 0.16 0.3 ± 0.16 0.6 ± 0.19

Control group 2, 27 eyes 0.5 ± 0.16 0.4 ± 0.16 0.4 ± 0.16 0.5 ± 0.22

р, significance level 1.0000 1.0000 1.0000 1.0000

Baseline 1 day 1 week 1 month 3 month 6 month 1 year 2 years Baseline 1 day 1 week 1 month 3 month 6 month 1 year 2 years

of cases (21 eyes), in 1c — in 76% of cases (22 eyes); 
partial compensation — in 16% of cases (4 eyes), 18% of 
cases (5 eyes), and 21% of cases (6 eyes); no success — 
in 4% of cases (1 eye),  7%of cases (2 eyes), and 3% of 
cases (1 eye), respectively. In the control group (group 2), 
a complete IOP-lowering success was noted in 55% of 
cases (15 eyes); partial one — in 30% of cases (8 eyes); 
no success — in 15% of cases (4 eyes) (Table 2).

The indices of central vision, kinetic and static perimetry 
obtained during the follow-up period (24 months) are pre-
sented in tables 3, 4.

At visual acuity analysis, its amelioration in all groups 
during the early post-op period was found, which could be 
explained by indirect neuroprotection (Table 3).

The reason for visual acuity worsening at remote post-op 
period was complicated cataract progression.

Summarized data of retinal tomography dynamics are 
shown in the Table 5.

At the remote period, a small negative dynamics of Rim 
area and Rim volume was noted.

Intra- and early post-op complications are presented in 
the Table 6.
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Table 4. Dynamics of  of static perimetry indices at various terms
Таблица 4. Динамика показателей статической периметрии в различные сроки

Time point Before surgery In 6 months In 1 year In 2 years

MD (dB)

Subgroup 1а –10.98 ± 2.47 –9.88 ± 2.35 –9.24 ± 2.50 –9.62 ± 2.85

Subgroup 1b –10.50 ± 2.29 –9.71 ± 2.06 –9.90 ± 2.56 –9.89 ± 2.20

Subgroup 1c –10.56 ± 2.33 –10.31 ± 2.38 –10.45 ± 2.52 –10.36 ± 2.07

Group 2 –11.12 ± 2.24 –10.50 ± 2.22 –10.60 ± 2.26 –10.69 ± 2.04

PSD (dB)

Subgroup 1а 10.73 ± 2.14 10.09 ± 2.46 9.82 ± 2.12 9.87 ± 2.16

Subgroup 1b 10.57 ± 2.42 9.98 ± 2.33 10.08 ± 2.55 10.07 ± 2.09

Subgroup 1c 10.76 ± 2.17 10.41 ± 2.07 10.85 ± 2.14 10.59 ± 2.07

Group 2 11.13 ± 2.29 10.78 ± 2.21 10.82 ± 2.35 10.66 ± 2.08

Table 5. Dynamics of retinal tomography indicators at various terms
Таблица 5. Динамика показателей ретинальной томографии в различные сроки

Study time point Before surgery In 6 months In 1 year In 2 years

Rim area, 
mm2

Subgroup 1а 1.15 ± 0.24 1.13 ± 0.24 1.09 ± 0.23 1.08 ± 0.22

Subgroup 1b 1.15 ± 0.22 1.13 ± 0.21 1.11 ± 0.22 1.10 ± 0.21

Subgroup 1c 1.14 ± 0.22 1.12 ± 0.21 1.11 ± 0.20 1.09 ± 0.28

Group 2 1.09 ± 0.30 0.10 ± 0.21 0.10 ± 0.21 1.08 ± 0.21

Rim volume, 
mm3

Subgroup 1а 1.16 ± 0.11 1.13 ± 0.14 1.10 ± 0.19 1.10 ± 0.19

Subgroup 1b 1.12 ± 0.10 1.10 ± 0.13 0.97 ± 0.20 1.10 ± 0.19

Subgroup 1c 1.10 ± 0.19 1.10 ± 0.19 1.10 ± 0.19 1.10 ± 0.19

Group 2 0.18 ± 0.15 0.17 ± 0.10 0.13 ± 0.11 1.10 ± 0.19

Table 6. Intra- and postoperative complications, n
Таблица 6. Интра- и послеоперационные осложнения, n

Complications Subgroup 1а Subgroup 1b Subgroup 1c Group 2 (control group)

Intraoperative

Shallow anterior chamber 2 (8%) – 1 (3,4%) 2 (7,4%)

Necessity in extra closure – – – 1 (3,7%)

Postoperative

Hyphema 1 (4%) – 1 (3,4%) 2 (7,4%)

Ciliochoroidal detachment 1 (4%) 1 (3,6%) – 3 (11,1%)

Ciliochoroidal detachment, requiring 
surgical treatment – – – 1 (3,7%)

Total 4 (16%) 1 (3,6%) 2 (6,8%) 9 (33,3%)

The total rate of post-op complications showed signifi-
cantly (p < 0.05) lower results after elaborated STE modifi-
cations — 4 (16%), 1 (3.6%), and 2 (6.8%) in groups 1a, 1b, 
and 1c, respectively, than after a standard STE — 9 (33.3%) 
in the group 2.

In the early post-op period, in 5 patients, there was 
a shallow anterior chamber, its deepness restored during 
2–5 days; there was no hyphema.

dIScuSSIon
In 1968, J.E. Cairns (Cambridge, Great Britain) de-

scribed a new fistulizing procedure — “trabeculectomy”. 
The point was that the conjunctival flap was limbus-
based, further on, after the excision of the subconjunc-
tival tissue up to the sclera, the scleral flap was shaped 
from the limbus being fornix-based. As next step, 
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a fragment of the scleral deep layers was removed, 
which included the trabeculum and the Schlemm’s canal. 
Thereafter, the scleral flap was tightly fixed by several 
interrupted sutures. It is highly likely that the significance 
of the post-operative subconjunctival leakage was not 
evaluated.

In 1970, P. Watson, the colleague of Cairns, proposed 
his variant of trabeculectomy (90 cases) [10, 11]. There 
were several differences revealed: the superficial scleral 
flap was carved out as limbus-based one, its thickness 
was 2/3 of the sclera. M.M. Krasnov also presented 
his data on trabeculectomy modification’s performance 
[12, 13]. In 1971, A.P. Nesterov coined the term “sinus-
trabeculectomy” (STE) and presented 100 consecutive 
cases of its successful outcomes [14].

Nevertheless, at various terms after surgical treat-
ment, the decrease of the IOP-lowering effect was noted. 
The reason for this are scarring processes of created in-
traocular fluid outflow pathways [15, 16]. Emphasis is 
laid on factors, which could lead to an excessive scarring 
of tissues. G. Brindley carried out an analysis of 591 pa-
tients (789 eyes) and draw a conclusion that patients of 
younger age as well as people with concomitant diseas-
es, such as arterial hypertension and diabetes mellitus 
have a high risk of postoperative scarring [17]. However, 
in another study, no relationship between young age and 
trabeculectomy results was found [18, 19]. Long-term 
administration of local IOP-lowering medications has a 
negative impact on the conjunctiva, and this leads to the 
decrease of the effect of STE [20, 21]. One cannot forget 
immunological factors the number of which are markers 
of risk of an excessive scarring [22].

In cases when a risk of tissue scarring at the site 
of surgery is expected, in the early postoperative pe-
riod, and sometimes intraoperatively, medications are 
used: corticosteroids, cytostatics, collagenolytics. Cor-
ticosteroids act directly on fibroblasts, which are re-
sponsible for connective tissue formation [23]. Among 
cytostatic medications, 5-fluorouracil and mitomycin C 
are used [24–26]. But for cytostatics, a high risk of side 

effects is typical, such as keratopathy, external filtration, 
uveitis.

In the remote period, when the IOP-lowering efficacy 
of surgery decreases, needling, transcorneal and laser 
treatment methods are used. Nonetheless, the desired 
result is not always achieved [27].

The presented here modifications of penetrating 
surgery in POAG patients are primarily directed on the 
formation of stable pathways for IOF outflow. This is 
achieved due to low surgical trauma, safety and ease of 
accomplishment of surgical procedure.

Thus, we developed and patented new STE modifica-
tions to treat patients with moderate and advanced stag-
es of POAG. The aim of those procedures consists in for-
mation of new IOF outflow pathways with durable result 
at a remote postoperative period with an individual ap-
proach to each patient. We established that postoperative 
IOP-lowering efficacy is identic to that of traditional STE 
at early follow-up terms, and at remote periods — the 
efficacy of new modifications appeared to be higher: to 
24 months, the mean IOP level in main groups was: 1a — 
16.80 ± 5.28, 1b — 17.21 ± 5.63, 1c — 17.72 ± 5.49 mm 
Hg; in control group 2–18.22 ± 5.35 mm Hg. Postopera-
tive complications occurred more rarely in main groups, 
than in the control one. It is proven that developed new 
STE modifications form safe IOF outflow pathways, de-
crease the total prevalence of postoperative complica-
tions in comparison to classic STE.
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