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Received: September 4, 2022 / Accepted: October 15, 2022 / Published online: November 2, 2022
� The Author(s) 2022

ABSTRACT

Introduction: This retrospective study aimed to
assess the effectiveness of using MicroPulse
transscleral cyclophotocoagulation (lP-TSCPC)
in patients who had previously undergone pars
plana vitrectomy (PPV), depending on the
endotamponade used.

Methods: For the study, a total of 60 patients
were enrolled who underwent PPV followed by
tlP-TSCPC as a result of an increase in intraoc-
ular pressure (IOP) over the norm of 21 mmHg.
In this group of patients, 20 received silicone oil
endotamponade during PPV, 20 received sulfur
hexafluoride gas SF6, and in another 20 a dif-
ferentiated balanced salt solution (BSS) was
used.
Results: The main indications for conducting
PPV were (1) retinal detachment (silicone oil
endotamponade was used; n = 12); (2) disloca-
tion/subluxation of the patient’s own or artifi-
cial intraocular lens (balanced salt solution
(BSS) endotamponade was used; n = 11); (3) the
presence of an epiretinal membrane and/or a
macular hole (BSS endotamponade was used;
n = 9, or SF6; n = 20); and (4) hemorrhage into
the vitreous chamber (silicone oil endotam-
ponade was used; n = 8).
Conclusion: The choice of endotamponade
used during PPV was not found to determine
the effectiveness of lP-TSCPC treatment. The
effectiveness of lP-TSCPC in patients after PPV
depended, above all, on the etiology of the
disease, for which PPV was previously per-
formed. The lowest effectiveness of lP-TSCPC
was noted in cases where the reason for con-
ducting PPV was hemorrhage into the vitreous
chamber and silicone oil endotamponade was
used, while the highest effectiveness was noted
in cases where PPV was conducted owing to the
presence of an epiretinal membrane and/or a
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macular hole and SF6 endotamponade was
used.
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Endotamponade; Glaucoma; Intraocular
pressure

Key Summary Points

Why carry out this study?

Patients with glaucoma who have
previously undergone pars plana
vitrectomy (PPV) represent a particular
subset of patients with glaucoma.

The aim of the study was to assess the
effectiveness of using lP-TSCPC in
patients who previously underwent PPV,
depending on the endotamponade used.

What was learned from the study?

The effectiveness of MicroPulse
transscleral cyclophotocoagulation (lP-
TSCPC) in patients after PPV depends
mainly on the etiology of the disease for
which PPV was conducted.

The highest effectiveness was noted in
cases where PPV was conducted owing to
the presence of an epiretinal membrane
and/or a macular hole and SF6
endotamponade was used.

INTRODUCTION

Glaucoma is a progressive disease that damages
the optic nerve, leading to narrowing of the
field of view and weakening of visual acuity,
and may result in blindness. An increase in
intraocular pressure (IOP) is also noted, which
results in the loss of retinal ganglion cells [1–3].
It is estimated that primary open-angle glau-
coma (POAG) affects approximately 57.5 mil-
lion people around the world [4], and it is
estimated that, in 2040, this number will reach

approximately 111.8 million [5]. Therefore, it
constitutes a problem not only in a medical
context but also in the context of public health
[6–10].

The aim of glaucoma treatment is to reduce
intraocular pressure by reducing the production
of aqueous humor or increasing its outflow
through the conventional outflow pathway,
uveoscleral outflow pathway, or both [2, 11, 12].
A particular type of patient with glaucoma is
one who has previously undergone pars plana
vitrectomy [13, 14].

Pars plana vitrectomy (PPV) is a surgical
procedure that can be used to treat retinal and
vitreous body diseases, such as retinal detach-
ment, epiretinal membranes, macular holes,
vitreoretinal traction, or hemorrhage into the
vitreous chamber [15, 16]. Common complica-
tions following PPV include an increase in IOP,
which is predisposed by postoperative inflam-
mation, the type of endotamponade used, and
excessive or incorrectly directed laser coagula-
tion [17–20]. Two types of transscleral
cyclophotocoagulation (TSCPC), which are
used to lower IOP after PPV, can be differenti-
ated, namely traditional continuous-wave (CW-
TSCPC) and, more recently, MicroPulse TSCPC
(lP-TSCPC) (Iridex, Mountain View, CA, USA).
The former method can be considered for
advanced glaucoma with a poor visual outcome
[21, 22].

The introduction of lP-TSCPC has signifi-
cantly contributed to the reduction in the
number of side effects of classic transscleral
cyclophotocoagulation, increasing safety while
also enabling the use of this technique at a
much earlier stage of glaucoma treatment
[23–26]. This results in a reduction in drainage
resistance of the aqueous humor at the irido-
corneal angle and a reduction in IOP. This
treatment is believed to reduce the production
of aqueous humor and increase outflow
[21, 27, 28].

To the best of our knowledge, the effective-
ness of lP-TSCPC in patients who previously
underwent PPV has not been described. There-
fore, this is the first investigation of its kind.

This retrospective study aimed to assess the
effectiveness of using lP-TSCPC in patients who
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previously underwent PPV, depending on the
endotamponade used.

METHODS

This retrospective study was conducted accord-
ing to the guidelines of the Declaration of Hel-
sinki and approved by the Institution of the
Ethical Committee operating at the Academy of
Silesia in Katowice, Poland. No. 03/KEBN/2021
(15 October 2021). Informed consent was
obtained from all subjects involved in the study.
Written informed consent was obtained from
the patient(s) to publish this paper. Medical
records from 2017 to 2022 were analyzed.

Subjects

Sixty eyes of 60 patients who underwent the
PPV procedure were examined in this study,
which was followed by the lP-TSCPC procedure
owing to an increase in IOP above the norm of
21 mmHg (19.3 ± 7.2 months after PPV). In
this group of patients, 20 received silicone oil
endotamponade during PPV (58.1 ± 11.1 years
of age; IOP increase after 18.1 ± 4.2 months
after PPV), 20 received sulfur hexafluoride gas
SF6 endotamponade (57.8 ± 10.9 years of age;
20.2 ± 7.4 months after PPV), and the next 20
received differentiated balanced salt solution
(BSS) endotamponade (62.7 ± 9.1 years of age;
IOP increase 18.2 ± 8.1 months after PPV).
Table 1 presents the inclusion and exclusion
criteria from the study.

In turn, the demographic and clinical char-
acteristics of the patients included in the study
are presented in Table 2. The value of best cor-
rected visual acuity was the same before and
after the lP-TSCPC procedure.

PPV Procedure

The main indications for conducting PPV were
as follows: (1) retinal detachment (silicone oil
endotamponade was used; n = 12); (2) disloca-
tion/subluxation of the patient’s own or artifi-
cial intraocular lens [balanced salt solution
(BSS) endotamponade was used; n = 11]; (3)

epiretinal membrane and/or macular hole (BSS
endotamponade was used; n = 9, or SF6;
n = 20); and (4) hemorrhage into the vitreous
chamber (silicone oil endotamponade was used;
n = 8).

Table 1 Inclusion and exclusion criteria for the patients
qualified for lP-TSCPC who previously underwent PPV

Inclusion criteria Exclusion criteria

Over 18 years old Below 18 years old

Open-angle glaucoma,

primary open-angle

glaucoma, chronic angle

closure glaucoma, and

secondary glaucoma

Malignant glaucoma,

closed-angle glaucoma,

absolute glaucoma

Cataract previously

removed

Previous photocoagulation

of the retina

Previous pars plana

vitrectomy procedure due

to retinal detachment or

dislocation/subluxation

of the patient’s own or

artificial intraocular lens

or epiretinal membrane

and/or macular hole or

hemorrhage into the

vitreous chamber

Clouding of optical

medium preventing good-

quality OCT scans

IOP[ 21 mmHg IOP\ 21 mmHg

Diabetic macular edema

treated with anti-

endothelial growth factor

drugs (anti-VEGF)

No other coexisting retina

diseases

Other coexisting retina

diseases, such as age-

related macular

degeneration or central

retinal artery embolism/

thrombosis

PPV pars plana vitrectomy, OCT optical coherence
tomography, VEGF vascular endothelial growth factor,
IOP intraocular pressure
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The decision on the type of endotamponade
used takes place during the PPV procedure.
In situations where the indication for the pro-
cedure was retinal detachment or hemorrhage

into the vitreous chamber, silicone oil is always
used because of its bleeding-inhibiting proper-
ties. When no sub-bleeding was noted during

Table 2 Demographic and clinical characteristics of the patients included in the study

Feature Total
number of
patients
(%)

Indications for conducting PPV

Retinal
detachment

Dislocation/subluxation of
the patient’s own or
artificial intraocular lens

Epiretinal
membrane
and/or macular
hole

Hemorrhage
into the
vitreous
chamber

Ethnicity

Caucasian 60 (100%)

Age (years) 56.2 (55.2;

58.9)

Ocular comorbidities

Proliferative diabetic

retinopathy

3 (5%) 2 1

Myopia 6 (10%) 2 3 1 1

Amblyopia 1 (2%) 1

Systemic comorbidities

Hypertension 18 (30%) 10 2 3 3

Diabetes 13 (43%) 9 0 0 3

Hypertension ? diabetes 8 (13%) 7 0 0 1

Bronchial asthma 2 (3%) 1 0 1 0

logMAR BCVA 0 (-0.10;

0.10)

Number of topical

antiglaucoma drugs

3 (2;3)

Number of systematic

antiglaucoma drugs

0

Previous eye surgery

Cataracts 60 (100%)

Lens status

Pseudophthalmia 60 (100%)

Data are presented as the median (lower quartile; upper quartile)
BCVA best corrected visual acuity, PPV pars plana vitrectomy
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PPV, SF6 was used in cases where the eyeball
was flaccid, and BSS was used in other cases.

All PPV surgeries were performed by one
vitreoretinal surgeon (A.L.-B.) using the same
technique and the same vitreoretinal machine
(Constellation, Alcon, Fort Worth, TX, USA).

Intraocular Pressure Measurement

IOP was measured using the Goldmann
tonometer according to the standard protocol.
IOP values in the range 11–21 mmHg were
assumed to be correct.

All patients were followed up periodically at
the hospital eye clinic after PPV. In the situation
where an increase in IOP was observed, topical
antiglaucoma treatment was applied first,
according to current recommendations.
According to the guidelines, ‘‘IOP reduction
with initial monotherapy should be at least 20%
from baseline values,’’ and ‘‘an IOP reduction of
less than 10% should be considered as no
response to the drug.’’ In situations where an
IOP between 6 mmHg and 21 mmHg could not
be achieved, which was associated in some
patients with the need to include a third
hypotonic drug, laser therapy was considered in
accordance with the guidelines of the Polish
Ophthalmological Society [29]. Nevertheless,
the median number of visits was 4.

Antiglaucoma treatment included dorzo-
lamide hydrochloride, prostamide, brimoni-
dine, brimonidine tartrate, and thymolol.

Computer-Based Optical Coherence
Tomography (OCT)

The OCT procedure was conducted in all
patients before the lP-TSCPC procedure (time
0) as well as 30, 90, and 180 days after the pro-
cedure. The OCT examination was conducted
using the RTVue (Optovue, Fremont, Califor-
nia) device, which is a spectral optical tomo-
graph (spectra-domain OCT, SD-OCT). In the
observed group of 60 patients, OCT was
important. Despite the unsatisfactory decrease
in IOP in 15 cases, the retinal nerve fiber layer
(RNFL) values remained at a stable level
throughout the observation period.

MicroPulse Transscleral
Cyclophotocoagulation (lP-TSCPC)

The procedures took place in the operating
room. Before the operation began, the eye was
locally anesthetized using 0.5% proparacaine
hydrochloride ophthalmic solution (Alcon,
Warszawa, Poland) drops, followed by peribul-
bar anesthesia using bupivacaine hydrochloride
(Grndeks, Riga, Latvia). The procedures were
performed in the upper and lower hemispheres,
excluding 3 and 9 o’clock, with laser settings of
2500 mW and 2 9 80 s for patients with IOPs
below 30 mmHg or 2 9 90 s for patients with
IOPs above 30 mmHg.

The procedures were conducted using the
IRIDEX MP3 810 nm laser at a 31.3% duty cycle.

The postoperative regimen consisted of
topical prednisolone acetate 1% (Pred Forte,
Allergan Pte Ltd., Singapore) four times daily for
a minimum of 1 week, which could then be
tapered depending on the grade of inflamma-
tion. All preoperative antiglaucoma medica-
tions were continued initially and then adjusted
at each follow-up visit according to the IOP
level. In case a laser-induced IOP-lowering effect
was observed, antiglaucoma medications were
reduced in a stepwise manner. Decisions on
retreatment or additional incisional surgery
were made according to the details of each case
and at the clinical discretion of the surgeon.

Follow-Up

Topical treatment of glaucoma was continued
after the lP-TSCPC procedure in all patients in
accordance with current standards. Treatment
was chosen individually according to the
patient’s needs and their health. Check-ups
took place 7 days, 30 days, 90 days, and 180
days after the procedure. No complications,
such as phthisis bulbi, hypotony, hyphemia,
visual loss of light perception, macular edema,
severe pain, corneal edema, or inflammation,
were noted during the ongoing follow-up. The
success of the lP-TSCPC therapy used was
determined on the basis of the following crite-
ria: (1) an IOP value between 6 mmHg and
21 mmHg and no less than a 20% reduction on
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the 180th day of follow-up with or without IOP-
lowering drugs; (2) no need for repeat surgical
treatment or laser therapy; (3) incidence of
postoperative complications, including persis-
tent hypotony and deterioration of visual acu-
ity; (4) need for an increase in topical
antiglaucoma drugs or the need to include sys-
temic treatment.

Statistical Analysis

Statistical analysis was conducted using the
STATISTICA 13 PL program (StatSoft, Cracow,
Poland), assuming a statistical threshold of
p\0.05. Quantitative variables were first
assessed in terms of distribution normality
using the Shapiro–Wilk test (p\0.05).

Therefore, in further statistical analysis, non-
parametric tests were included—the
Kruskal–Wallis mean rank analysis test followed
by Dunn’s post hoc test (assessment of inde-
pendent variables, i.e., comparing groups of
patients at the same time; p\ 0.05) as well as
the Friedman analysis of variance (ANOVA) test
with use of Friedman’s post hoc ANOVA test
(assessment of dependent variables, i.e., chan-
ges in IOP in the same group of patients over
time; p\ 0.05). To compare two independent
variables (two different endotamponades used
during PPV for the same reason), the
Mann–Whitney U test was used (p\ 0.05). In
turn, qualitative variables were assessed using
the chi-squared test (p\0.05).

Table 3 Changes in IOP values depending on the endotamponade used during PPV over the 180-day observation period

Type of endotamponade Time Median number
of medications

IOP (mmHg) p value
(Mann–Whitney
U test)

Median Lower
quartile

Upper
quartile

Oil endotamponade 0 days 3 27 23 29 0.022

180 days 1 16 15 17

SF6 endotamponade 0 days 3 29 27 31 0.008

180 days 1 17 15 19

BSS endotamponade 0 days 3 31 28 32 0.025

180 days 1 20 19 21

Table 4 The effectiveness of the lP-TSCPC procedure in patients after PPV depends on the endotamponade used during
the procedure

Time after lP-TSCPC
procedure

Type of endotamponade v2 p < 0.05

Oil endotamponade
(n = 20)

SF6 endotamponade
(n = 20)

BSS endotamponade
(n = 20)

180 days 15 (75%) 19 (95%) 17 (85%) v2 = 3.1373

p = 0.2083

n number of cases, v2 chi-squared test results, p p value
Data are presented as the number of patients and their percentage
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RESULTS

Changes in IOP Values Depending
on the Endotamponade Used during PPV

After lP-TSCPC, the number of antiglaucoma
drugs used immediately after laser therapy
decreased from 3 to 1. Antiglaucoma drugs after

lP-TSCPC were discontinued depending on the
IOP value, with 3 patients (5%) discontinuing
them after 30 days, 18 patients (30%) discon-
tinuing them after 90 days, and 30 patients
(50%) discontinuing them on the 180th day of
follow-up. In nine patients (15%), owing to an
increase in IOP, an increase in the number of
topical antiglaucoma drugs was necessary
according to the recommendation. In none of

Table 5 Changes in IOP values after the lP-TSCPC procedure depending on the etiology of the disease for which PPV
was previously performed

Reason for PPV Endotamponade 0 days 7 days 30 days 90 days 180 days p value
IOP (mmHg) presented as median (Q1; Q3)

Retinal detachment Oil 25

(24;

26)

23

(22;

25)

16 (15;

17)

15 (14;

16)

15 (14;

16)

0.018a,b

0.017c

0.041d

0.041e

0.042f

Hemorrhage into the vitreous

chamber

Oil 29

(27;

30)

25

(24;

26)

18 (17;

19)

19 (18;

20)

17 (16;

18)

0.022a

0.021b

0.020c

0.047f

Dislocation/subluxation of the

patient’s own or artificial

intraocular lens

BSS 30

(28;

31)

29

(28;

30)

26 (25;

27)

24 (23;

26)

21 (20;

22)

0.015b

0.012c

0.005f

Retinal membrane and/or macular

hole

BSS 32

(30;

33)

31

(30;

32)

28 (27;

28)

24 (22;

25)

19 (18;

20)

0.002a

0.001b

0.001c

0.011f

0.035g

0.021h

0.018i

SF6 29

(27;

31)

26

(27;

28)

21 (19;

23)

19 (17;

20)

17 (15;

19)

Data are presented as the median and upper quartile
aStatistically significant differences in IOP values between days 0 and 30 in the group
bStatistically significant differences in IOP values between days 0 and 90 in the group
cStatistically significant differences in IOP values between days 0 and 180 in the group
dStatistically significant differences in IOP values between days 7 and 30 in the group
eStatistically significant differences in IOP values between days 7 and 90 in the group
fStatistically significant differences in IOP values between days 7 and 180 in the group
gStatistically significant differences in IOP values in the group, depending on the type of endotamponade, at 7 days
hStatistically significant differences in IOP values in the group, depending on the type of endotamponade, at 30 days
iStatistically significant differences in IOP values in the group, depending on the type of endotamponade, at 90 days
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the patients was it necessary to include systemic
therapy.

Statistical analysis showed that, regardless of
the type of endotamponade used, there was a
statistically significant decrease in IOP 180 days
after the lP-TSCPC procedure (Table 3,
p\0.05). For patients who used oil endotam-
ponade, there was a decrease in pressure of
11 mmHg, or 41%, compared with IOP values
before the lP-TSCPC procedure. For patients
who used SF6 endotamponade, the median
decrease in IOP was 12 mmHg, equivalent to
42%, and when BSS endotamponade was used,
the decrease in IOP was 11 mmHg, equivalent
to a 36% decrease compared with baseline. In
addition, the number of topical hypotensive
drugs was reduced, and there was no need for
systemic treatment (Table 3).

In the following stage, we determined the
effectiveness of the lP-TSCPC procedure in
three groups during the conducted observation.
The choice of endotamponade used during the
PPV procedure was not found to determine the
effectiveness of lP-TSCPC treatment (75%).

However, in the group of patients in whom
silicone oil endotamponade was used, the per-
centage of patients in whom treatment was
ineffective was the highest out of all three
groups (chi-squared test; p[0.05; Table 4).

Changes in IOP Values after the lP-TSCPC
Procedure, Depending on the Etiology
of the Disease for Which PPV was Previously
Performed
Net, we assessed whether the reason behind
conducting PPV had a statistically significant
influence on the increase in IOP, which was the
reason for which lP-TSCPC was conducted, as
well as its effectiveness. First, it can be deter-
mined that, regardless of the disease etiology, a
statistically significant reduction in IOP was
noted in all patients within 180 days of obser-
vation (Table 5). In the case of patients whose
cause of PPV was the epiretinal membrane or
macular hole, the type of endotamponade used
during PPV was found to significantly influence
the IOP values after lP-TSCPC at the time of
observation (p[0.05). Patients from this group

Fig. 1 Percentage decrease in IOP in patients after lP-
TSCPC, depending on the reason for conducting PPV and
the endotamponade used. lP-TSCPC MicroPulse

transscleral cyclophotocoagulation, IOP intraocular pres-
sure, PPV pars plana vitrectomy
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who used SF6 gas endotamponade in the first
180 days of observation had significantly lower
IOP values after the lP-TSCPC procedure than
those in whom BSS was used (Mann–Whitney
U test; p\ 0.05). However, no such relationship
was found in the case of silicone oil endotam-
ponade, regardless of the disease etiology,
which was the prerequisite for PPV
(Mann–Whitney U test; p[0.05). Detailed
results of changes in the IOP values, depending
on the disease etiology, a re presented in
Table 5.

Figure 1 shows the percentage decrease in
IOP on specific days of observation after the lP-
TSCPC procedure, depending on the reason for
conducting PPV, according to the type of
endotamponade, if used. IOP on day 0 of the
observation was adopted as 100% for each of

the three groups. An approximate 40% reduc-
tion in IOP after 180 days of observation in four
of the five groups was observed, whereas when
the reason for conducting PPV was disloca-
tion/subluxation of the patient’s own or artifi-
cial intraocular lens, IOP reduction was 30%.
Furthermore, the reduction in IOP was larger on
later days of observation (Fig. 1).

Next, we indicated that the lP-TSCPC pro-
cedure was most effective in the group of
patients who had previously undergone PPV
owing to the epiretinal membrane and/or
macular hole (effectiveness 100%; n = 29),
while the lowest effectiveness was noted in
patients in whom PPV was conducted owing to
hemorrhage into the vitreous chamber (effec-
tiveness 62.55%; n = 5). On the other hand, in
the group of patients in whom when PPV was
conducted owing to dislocation/subluxation of
their own or artificial intraocular lens, the
effectiveness of treatment was 85%, n = 9.
Table 6 presents the results of statistical analysis
of the effectiveness of the lP-TSCPC procedure
in patients following PPV depending on the
reason for conducting PPV at 180 days of fol-
low-up (p\ 0.05).

DISCUSSION

A significant, common complication of PPV is a
repeated rise in IOP above the normal limit, i.e.,
21 mmHg. The risk factors include, among
others, postoperative infection, use of gas as
endotamponade, excessive or incorrectly direc-
ted laser coagulation and transient cystoid
macular edema [18, 19].

In the available literature, information can
be found that indicates that the type of endo-
tamponade used is related to the risk of devel-
oping glaucoma. It has been noted that silicone
oil, which has been used for over 50 years in the
case of retinal detachment, ensuring a long
durability of endotamponade, relatively often
leads to keratopathy, glaucoma, or cataracts
[30]. One of the most common complications
that follows the use of silicone oil endotam-
ponade is glaucoma, which occurs as the result
of several pathophysiological mechanisms,
namely pupillary block, inflammatory angle

Table 6 The results of statistical analysis of the effec-
tiveness of the lP-TSCPC procedure in patients following
PPV depending on the reason for conducting PPV

Comparison group v2 p value

Retinal detachment

Hemorrhage into the vitreous

chamber

0.2778 0.5982a

Retinal detachment

Dislocation/subluxation of the

patient’s own or artificial

intraocular lens

0.1442 0.7061a

Hemorrhage into the vitreous chamber

Dislocation/subluxation of the

patient’s own or artificial

intraocular lens

0.6417 0.4231a

Retinal detachment

Epiretinal membrane/macular hole 0.805b

Hemorrhage into the vitreous chamber

Epiretinal membrane/macular hole 0.00772b

Dislocation/subluxation of own or artificial intraocular

lens

Epiretinal membrane/macular hole 0.0619b

av2 chi-squared test results with Yates correction
bResults of the Fisher extract test
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closure by synechiae, rubeosis of the iris, and
migration of emulsified and nonemulsified sili-
cone oil to the anterior chamber. The patho-
physiology of silicone-induced secondary open-
angle glaucoma (OAG) is believed to be driven
by infiltration and occlusion of the trabecular
reticulum [31–34]. The materials used for
endotamponade now vary, with sulfur hexaflu-
oride (SF6) and perfluoropropane (C3F8) gas
being used at least as often as silicone oil;
however, this depends on the indications as
well as surgical experience and preference. A
transient postoperative increase in intraocular
pressure (IOP), which is associated with the
displacement of the lens iris diaphragm, as well
as the development of closed-angle glaucoma
(CAG), which can occur with or without retinal
blockage, are some of the most frequently
observed complications associated with the use
of gas endotamponade. The use of this gas
endotamponade also presents other risks, such
as OAG [35, 36]. Reasons for these complica-
tions include, among other things, the devel-
opment of inflammation, metabolic damage of
the reticulum by gas particles, infusion of fluids,
cells, cytokines, proteins, and particulate mate-
rial [37–39]. Following PPV, a transient or per-
manent increase in IOP is not a rare occurrence
and has been described since this surgical pro-
cedure was developed [40]. IOP fluctuation has
been reported in patients who underwent reti-
nal detachment PPV ; however, good control of
IOP has been successfully achieved in most
cases [41].

In our study, we noted that the increase in
IOP at a similar timepoint after the PPV proce-
dure and the IOP value, regardless of the
endotamponade used, were at a similar level.
Nevertheless, we found the most significant
therapeutic success after lP-TSCPC in patients
where SF6 endotamponade was used (95%
effectiveness), while the lowest was noted when
silicone oil endotamponade was used (effec-
tiveness between 75% and 80%). However, sta-
tistical analysis did not indicate statistically
significant dependencies when the type of
endotamponade used was adopted as a division
criterion, which can be explained by the rela-
tively small populations of each group and the
relatively low failure rate, which in turn resulted

in the small percentage of differences in the
failure rate, depending on the endotamponade
used.

On the other hand, when the reason for
conducting PPV was taken into account, the
highest IOP output values were determined in
cases where the reason for the procedure was an
epiretinal membrane or a macular hole (median
IOP 31 mmHg), and the lowest such values were
determined in cases where there was retinal
detachment (median IOP 25 mmHg) or hemor-
rhage into the vitreous chamber (median IOP
29 mmHg), obtaining a reduction in IOP on a
similar level within 180 days of observation,
41% and 42%, respectively. The conducted sta-
tistical analysis confirmed that the effectiveness
of the lP-TSCPC procedure did not depend on
the type of endotamponade used during the
procedure, when the reason for conducting PPV
was an epiretinal membrane and/or a macular
hole, whereas the lowest (66.25%) effectiveness
was noted when the reason for PPV was hem-
orrhage into the vitreous chamber. This con-
clusion is appropriate as complete effectiveness
of treatment for PPV complications, conducted
owing to an epiretinal membrane and/or a
macular hole, was obtained regardless of whe-
ther SF6 or BSS was used.

Habash et al. conducted a nonrandomized,
prospective study covering a period of
24 months, of which 12 months was the follow-
up period after the lP-TSCPC procedure in a
group of 68 patients (39 men, 29 women) with
various forms of glaucoma. The study included
neovascular glaucoma (NVG) in 24 patients
(33.8%), primary open-angle glaucoma in 15
patients (21.1%), and secondary glaucoma in a
total of 14 patients (19.7%), including 3 cases of
aphakic glaucoma, 1 case of post-trauma, 1 case
of iridocorneal endothelial syndrome, 6 cases of
keratoplasty glaucoma, 1 case of keratopros-
thesis, and 1 case of cyst excision. Other cases
included glaucoma of undetermined etiology
(one patient, 1.4%), chronic angle closure
glaucoma (nine patients, 12.7%), pseudoexfoli-
ation glaucoma (four patients, 5.6%), microph-
thalmos (two patients, 2.8%), uveitic glaucoma
(two patients, 2.8%), and congenital glaucoma
(one patient, 1.4%). The median IOP of patients
at baseline was 35.0 mmHg (21.0–70.0 mmHg),
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and after 12 months of follow-up, the IOP value
decreased to 16.0 mmHg (8.0–32.0 mmHg) and
was statistically significant (p\0.001). The
treatment success rate was 90%, with no statis-
tically significant differences in treatment suc-
cess in cases of primary open-angle glaucoma,
chronic angle-closure glaucoma, NVG, and
secondary glaucoma (p[0.05). In addition, it
was shown that age, sex, number of antiglau-
coma medications used at the beginning of
follow-up, baseline IOP, and prior surgery did
not significantly affect the success of lP-TSCPC
treatment (p[0.05). The authors also noted a
statistically significant reduction in the number
of topical antiglaucoma medications used from
5 (range 3–5) at the beginning of the follow-up
period to 4 (range 2–4) at 12 months of follow-
up (p\0.001) and no need for systematic
glaucoma medication (acetazolamide) after
12 months of treatment (p\0.05). Otherwise,
no complications, such as phthisis bulbi,
hypotony, hyphemia, visual loss of light per-
ception, macular edema, severe pain, or corneal
edema, were noted during the follow-up. Only
one patient was found to develop inflamma-
tion. Nevertheless, approximately 18.7 months
after the procedure, there was a recurrence of
IOP increase in 19 patients, of whom 2 patients
underwent lP-TSCPC again, another 2 patients
underwent Ahmed valve implantation, 1
patient underwent deep sclerectomy, 7 patients
had their treatment increased by 1 topical
antiglaucoma drug, and 7 patients had their
increased IOP resolve spontaneously [42].

The reduction in IOP during the observation
conducted by Habash et al. [42] was higher than
that in our study; however, it should be borne in
mind that the patient population assessed by
Habash et al. had not previously undergone a
PPV procedure [42]. Habash et al. [42] reported
no complications after lP-TSCPC during our
follow-up period, although the percentage of
patients (27%) requiring follow-up treatment
afterlP-TSCPC was higher than that in our study.

Additionally, in a retrospective study, Ema-
nuel et al. evaluated the efficacy of the lP-
TSCPC procedure in a group of 84 patients (36
men, 48 women) during a mean follow-up of
12 months. The preoperative mean IOP was
27.7 mmHg. At the 6th month of follow-up, the

authors showed a reduction in IOP to
13 mmHg, an increase of 53.6%, and at the 12th
month, the mean IOP was 11.1 mmHg
(p\ 0.05), indicating a reduction from baseline
of 59.93% (p\0.05). There was also a reduction
in the number of topical antiglaucoma medi-
cations used from an average of 3.3 at baseline
to 2.0 and 2.3 at 6 and 12 months of follow-up,
respectively. These authors showed that five
patients required further interventions to
reduce their IOP. In addition, complications
such as hypotony, IOP spike, hyphemia, serous
choroidal detachment, persistent inflammation
persisting for more than 3 months, and vision
loss were noted [23].

In contrast, Kuchar et al. evaluated the effi-
cacy of the lP-TSCPC procedure in 19 patients
with glaucoma (8 men, 11 women) during a
mean follow-up of 60.3 days. The mean IOP at
the start of follow-up was 37.9 mmHg and had
dropped to a value of 22.7 mmHg, that is,
decreased by 40.1% at the end of follow-up. The
rate of treatment success was 73.7% (14
patients). The authors indicated a reduction in
topical antiglaucoma medications from 2.6
before surgery to 1.9 after surgery. In three
patients, lP-TSCPC had to be repeated, resulting
in a renewed decrease in the IOP to baseline
values. The other two patients had hypotonia
after the procedure. The only complication was
corneal edema in one patient. In conclusion,
the authors stated that short-term observation
of the results of lP-TSCPC in patients with
glaucoma indicated that this method is effective
in this group of patients. However, longer-term
follow-up is necessary [43]. Our results with
regard to the efficacy of lP-TSCPC treatment as
measured by a decrease in IOP and a decrease in
antiglaucoma medication are similar to the
observations of Habash et al. [42], Emanuel
et al. [23], and Kuchar et al. [43]. However, we
did not note any complications during the
180-day follow-up period.

Furthermore, Tan et al. indicated the safety
and effectiveness of lP-TSCPC in patients with
refractory glaucoma. These authors noted a
reduction in IOP from 39.3 ± 12.6 mmHg to
25.8 ± 14.5 mmHg 6 months after the proce-
dure, at the same time obtaining a reduction in
IOP of 32.35% [28]. Moreover, Zaarour et al.
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noted a lP-TSCPC procedure effectiveness of
81.4% 6 months after the procedure, adopting
an IOP value between 6 mmHg and 21 mmHg
or an over 20% reduction in IOP, compared
with the values before the procedure, as indi-
cators of success [44].

Williams et al., adopting the same success
criteria as Zaarour et al. [44], determined suc-
cessful treatment in 66% of patients during a
6-month observation [45]. Aquino et al. adop-
ted an IOP value in the range 6–21 mmHg and a
decrease of at least 30% in its value in
12 months as success criteria, noting successful
treatment in 75% of patients (24 eyes).

In our study, we did not observe any serious
complications, such as hypotonia. Williams
et al. noted a significantly higher number of
side effects, namely 7 patients developed
hypotonia, 21 patients developed prolonged
acute inflammation for C 3 months, 13 patients
developed loss of C 2 lines of corrected distance
visual acuity (CDVA) for C 3 months, and 2
patients developed phthisis [45]. Additionally,
in a study by Emanuel et al., the occurrence of
postoperative inflammation was noted in 46%
of patients during a 3-month observation in
addition to loss of[2 lines of CDVA in 26.2%
of patients [23]. Regarding the studies by Wil-
liams et al. and Emanuel et al., it should be
borne in mind that their patients were non-
white individuals; the proportion of African
American patients in the study conducted by
Williams et al. was 30.4%, while that in the
study by Emanuel et al. was 29%, which may
account for the higher percentage of reported
cases of postoperative inflammation and other
complications in those studies.

Aquino et al., in a randomized, comparative,
explanatory study of a group of 48 patients (48
eyes) with refractory, end-stage glaucoma
(IOP[21 mmHg), compared the safety and
efficacy profiles of CW-TSCPC and lP-TSCPC
during 18 months of follow-up. When both
eyes met the eligibility criteria for surgery, the
CW-TSCPC or lP-TSCPC procedure was per-
formed on the eye with the higher IOP. The
initial mean IOP in both groups was similar (lP-
TSCPC 36.5 mmHg versus CW-TSCPC
35.0 mmHg; p[0.05). The success of therapy,
defined by the authors as (1) a decrease in IOP

to between 6 and 21 mmHg and at least a 30%
reduction in IOP at the final follow-up with or
without IOP-lowering medications, (2) the
number of complications during 18 months of
follow-up was 52% for lP-TSCPC (12 eyes) and
30% for CW-TSCPC (7 eyes), respectivetly.
There was a higher number of complications
after the CW-TSCPC procedure than after the
lP-TSCPC procedure (p\0.01). Thus, lP-
TSCPC is a safer and more effective treatment
for elevated IOP than CW-TSCPC [27].

Although we did not compare the efficacy of
the two methods in this study, as in Aquino
et al. [27], our observation indicates that lP-
TSCPC treatment is safe. Therefore, the effec-
tiveness of the lP-TSCPC procedure, as well as
the percentage decrease in IOP after the proce-
dure, seems to depend on the baseline IOP and
prior treatment. The ethnic background of the
patients (race) and the parameters of the laser
operation during the procedure also seem
essential. In our study, all patients underwent
the same standard procedure protocol, taking
into account the laser parameters. On the other
hand, Emanuel et al. and Williams et al. utilized
a nonstandard, nonunified lP-TSCPC treatment
protocol for all patients. Williams et al. utilized
an average treatment time of 300 s in their
study, ranging from 120 to 360 s, while Ema-
nuel et al. had an average treatment time of
319 s, which ranged from 180 to 360 s [23, 45].

Our study has both strengths and weak-
nesses. Undoubtedly, to the best of our knowl-
edge, this is the first analysis of the effectiveness
of lP-TSCPC in patients after PPV. Existing
studies have described the use of this technique
in patients in whom an increase in IOP was
unrelated to PPV. We also used a modern but,
above all, safe method of treating PPV-induced
glaucoma in our patients. Significantly, the PPV
procedure, as well as the lP-TSCPC procedure,
were conducted by the same team of ophthal-
mologists specializing in vitreoretinal
microsurgery.

Of course, the next stage should be the
consideration of expanding the investigation to
a multicenter study, possibly involving patients
of different races in whom PPV is conducted
followed by a noted increase in IOP, which
becomes the prerequisite for conducting lP-
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TSCPC. Another limitation is the observation
period. Therefore, extending this period, as well
as monitoring the long-term effects of the
treatment procedure, should be considered.
This will be a valuable supplement to existing
research. In addition, it would be advisable to
include patients who have not followed the
recommendations.

CONCLUSION

The effectiveness of lP-TSCPC in patients after
PPV probably depends on the etiology of the
disease for which the PPV is conducted. The
lowest effectiveness of lP-TSCPC was observed
in cases where the reason behind conducting
the PPV procedure was hemorrhage into the
vitreous chamber and silicone oil endotam-
ponade was used, while the highest effective-
ness was shown in cases where PPV was
conducted owing to an epiretinal membrane
and/or a macular hole and SF6 endotamponade
was used.
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