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Purpose: To investigate the efficacy of fortified barrier laser (FBL) on the vitreous base in
vitrectomy for rhegmatogenous retinal detachment (RRD).

Patients and methods: This was a retrospective study of patients who underwent vitrect-
omy for RRD without proliferative vitreoretinopathy. Barrier laser was applied as 3—4 rows
surrounding the break at the end of fluid-air exchange. For the FBL, 3—4 rows of laser burn
were additionally made about 0.5 clock-hour long adjacent to the break along the posterior
border of the vitreous base. The primary outcome was single surgery success rate (SSSR)
between two groups: FBL and conventional barrier laser (CBL) groups.

Results: Overall, 118 eyes were included; 50 eyes in the FBL group and 68 eyes in the CBL
group. SSSR was 100% (50/50) in the FBL group and 91.2% (62/68) in the CBL group with
a significant difference (p=0.038). Four eyes of the recurrent cases in the CBL group were
related to reopening of the break. All eyes achieved reattachment, and no differences were
found in postoperative visual acuity at 6 months.

Conclusion: FBL on the vitreous base was efficacious in improving the anatomical success
rate of vitrectomy.

Keywords: fortified barrier laser, vitreous base, rhegmatogenous retinal detachment, single
surgery success rate, vitrectomy

Summary Statement

We introduced a modified barrier laser method fortified on the vitreous base in vitrectomy for
rhegmatogenous retinal detachment. The traction force to the retina would be concentrated to the
posterior border of the vitreous base, and thus the most common reason for treatment failure was
insufficient laser placed around the anterior margin of the retinal break and residual vitreous base.
Therefore, the new technique applied additional 3—4 rows of laser burn were additionally made
about 0.5 clock-hour long adjacent to the break along the posterior border of the vitreous base.
We investigated the single surgery success rate between our fortified barrier laser group and
conventional barrier laser group. The recurrence rate was significantly lower comparing to the
conventional method. So, we think that the modified barrier laser technique fortified along the
vitreous base was a simple and effective procedure in PPV for RRD to reduce the recurrence rate

without increasing the risk of specific complications related to photocoagulation.

Introduction
Since first introduced by Machemer in 1971, pars plana vitrectomy (PPV) has been
shown to be an effective management option for rhegmatogenous retinal detachment
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(RRD).' Although scleral buckling is preferred in some
specific situations,*> PPV is now generally accepted as the
primary procedure for management of RRD. The most com-
monly used techniques consist of PPV, barrier laser photo-
coagulation, and the use of vitreous tamponade.

The goal of surgery for RRD is to achieve and maintain
retinal reattachment by treating all retinal breaks and
relieving the vitreous traction. Laser photocoagulation pro-
motes rapid adhesion between the neurosensory retina and
the retinal pigment epithelium and works as a barrier to
prevent extension of subretinal fluid.® Conventional laser
photocoagulation technique involves two-to-three rows of
laser burns being applied around each break and lattice
degeneration. The strongest and most pathologically
potent vitreoretinal traction occurs at the vitreous base.”*
Therefore, the importance of vitreous base shaving was

documented previously,”'’

and 360- degree peripheral
laser retinopexy was advocated to produce a second ora
serrata.''"'® However, intraoperative 360-degree periph-
eral laser retinopexy has several disadvantages, such as a
prolonged operating time and potential overtreatment.

The traction force to the retina would be concentrated
to the posterior border of the vitreous base, and thus the
most common reason for treatment failure was insufficient
laser placed around the anterior margin of the retinal break
and residual vitreous base.'” Accordingly, if barrier laser is
performed additionally on the vitreous base adjacent to the
retinal break, the risk of the break reopening would be
reduced, preventing recurrence as well as avoiding the
drawbacks of 360- degree retinopexy.

In the present study, we introduced a modified barrier
laser method fortified on the vitreous base, and investi-
gated its efficacy by comparing the clinical results with the
conventional method.

Patients And Methods

The current study was a retrospective, interventional, con-
secutive case series. The institutional review board of
Pusan National University Hospital approved the study
(1901-002-074), and the
informed consent was waived. The protocol complied
with the tenets of the Declaration of Helsinki.

The medical records of patients who underwent PPV,

protocol requirement for

endolaser photocoagulation, and gas tamponade for pri-
mary RRD consecutively between June 2011 and June
2018 were reviewed. The exclusion criteria were: com-
bined scleral buckling, use of silicone oil tamponade, PVR
of grade B or greater, retinal detachment due to a macular

hole, bilateral RRD, no vision in the other eye, follow-up
for less than 6 months, a history of intraocular surgery
except for uncomplicated cataract removal, and other ocu-
lar disorders that may cause bias in the interpretation of
the surgical outcomes.

All patients were operated on by the same surgeon (JE
Lee), who used the Constellation (Alcon Laboratories Inc.,
Fort Worth, TX) sutureless 23-gauge (G) or 25-G vitrect-
omy system or EVA (DORC, Zuidland, The Netherlands)
25-G vitrectomy system and a non-contact wide-angle
viewing system (Resight 700, Carl Zeiss Meditec AG,
Jena, Germany). Phacoemulsification was performed con-
currently at the surgeon’s discretion. Triamcinolone acet-
onide was injected to confirm the presence of posterior
vitreous detachment during the PPV, when required. As
much of the vitreous was removed as possible with vitr-
eous shaving. If visualization of the periphery was insuffi-
cient due to opacity or poor dilatation, the sclera was
depressed in order to localize the retinal break and remove
the vitreous. The flap of a horseshoe tear was removed
with the vitreous cutter in most cases. A small break or
both ends of a horseshoe tear were marked with endo-
diathermy. Heavy liquid was used only for bullous detach-
ment and floppy retina. After the retina was flattened by
fluid-air exchange, barrier laser was applied as follows.

The endolaser photocoagulation was performed using
two different methods; fortified barrier laser (FBL) and con-
ventional barrier laser (CBL) in the respective groups. The
FBL group underwent vitrectomy after July 2016, and the
CBL group underwent vitrectomy between June 2011 and
June 2016. In the CBL group, 3—4 rows of laser burns were
made around each break at the end of fluid-air exchange.
Lattice degeneration was also surrounded with barrier laser.
In the FBL group, after applying barrier laser as the conven-
tional method, 3—4 rows of laser burn were made additionally
about 0.5 clock-hour long adjacent to the break along the
posterior border of the vitreous base. As a result, the shape of
the laser burns looked like an ocean sunfish (Mola mola
[Linnaeus]) as shown in Figure 1. Tamponade was applied
to all eyes using non-expansible gas (room air, 18% SFg or
12% C;Fg) at the surgeon’s discretion (Figures 2 and 3). In
general, longer-acting gases were preferred for cases with an
inferior break. Patients were requested to maintain a face-
down posture for at least 1 day, regardless of the location of
the break and the tamponade agent.

A comprehensive chart review was performed to docu-
ment the clinical characteristics of each patient, including
age, sex, preoperative and postoperative best-corrected
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residual vitreous visual acuity (BCVA), intraocular pressure (IOP), lens sta-

tus, axial length, involvement of the macula, the number of
retinal breaks, the range of retinal detachment, the presence
of inferior breaks, symptom duration, the number of laser
spots, and the type of tamponade gas. Snellen visual acuity
measurements were converted to equivalent logarithm of
the minimum angle resolution (LogMAR). An inferior
break was defined as a break inside the retinal detachment
located between the 4 o’clock and 8 o’clock positions.

The primary outcome measure was a difference in the
single surgery success rate (SSSR) in the two groups,
namely the FBL group versus the CBL group. SSSR was
defined as the maintenance of the reattached retina for 3
months after a single operation without any additional
procedure.

Descriptive statistics were used to analyze the data. The
Mann—Whitney U-test was used to analyze the quantitative

Figure | Diagram showing modified barrier laser around the retinal break and
fortified along the vitreous base. variables, and the Chi-squared test for independence or

Figure 2 A case of fortified barrier laser for rhegmatogenous retinal detachment (RRD). (A) Ultra-wide field fundus photograph demonstrates RRD in 63-year-old woman
with a horseshoe tear and a small atrophic hole. (B) Fortified barrier laser was performed during vitrectomy surrounding two breaks. The flap of the horseshoe tear was
removed. (C) The retina was maintained attached after resolution of the tamponade gas.

Figure 3 A case of fortified barrier laser for rhegmatogenous retinal detachment (RRD) caused by lattice degeneration. (A) Large tear with lattice degeneration is noted in
ultra-wide field fundus photograph. (B) Barrier laser was performed surrounding the tear and lattice degeneration and was fortified along the posterior border of the
vitreous base. (C) The reattachment of the retina was maintained after resorption of the gas.
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Fisher’s exact test was used to analyze the categorical vari-
ables. A p-value of <0.05 was considered statistically sig-
nificant. The Clopper—Pearson exact interval method was
used to obtain the 95% confidence interval (CI). SPSS soft-
ware (version 22) and Microsoft Excel were used for all
statistical computations.

Results

In total, 118 eyes of 118 patients (59 men and 59 women,
mean age of 56.2) were eligible for inclusion in the study.
Of these, 50 were in the FBL group and 68 were in the
CBL group. The FBL group comprised 22 men and 28
women with a mean age of 56.3 years, while the CBL
group comprised 37 men and 31 women with a mean age
of 56.2 years. There were no significant differences
between two groups in relation to age, gender, preopera-
tive BCVA and intraocular pressure, axial length, symptom
duration, involvement of the macula, number of retinal
breaks, range of retinal detachment, lens status, presence
of inferior breaks, or number of laser shots except for the
type of tamponade agent used (Table 1).

SSSR was 100% (50 of 50 eyes) in the FBL group (95%
CI; 92.9~100%) and 91.2% (62 of 68 eyes) in the CBL group
(95% CT; 81.8~96.7%), with a significant difference between
the groups (p=0.038). The difference of SSSR in 95% CI was
0.1-16.0%. Reattachment occurred finally in all cases in both
the groups. The postoperative BCVA at 6 months was
logMAR 0.15 in the FBL group and logMAR 0.17 in the
CBL group, respectively, with no significant difference
between two groups (p=0.434) (Table 2).

Table 3 summarizes the cases with re-detached retina
in the CBL group. Four eyes of the recurrent cases had no
other breaks found during the second operation, and the
recurrence was related to reopening of the break in the
primary operation. The other two eyes had a recurrence
due to new retinal break development. Reattachment was
achieved in all cases ultimately with 1.3 additional opera-
tions on average including a surgery for removing the
silicone oil.

Discussion

The SSSR of the CBL group in the present study was com-
parable with those of 70-98% in previous studies;'” > 4 of
the 6 recurrences were due to reopening of the primary break.
In contrast, the SSSR was 100% (50/50) in the FBL group,
who underwent modified barrier laser fortified on the vitr-
eous base.

The condition of the vitreous in RRD is believed to be
important by ophthalmologists unanimously.” Traction to
the retina caused by the anterior vitreous is the principal
mechanism in the development of the retinal break, pro-
gression to retinal detachment and recurrence of RRD.
Although vigorous removal of the vitreous is advocated

by shaving the vitreous base,”'°

it is practically impossible
to remove the vitreous and its traction completely, as the
anterior vitreous is attached firmly to the retina in the
vitreous base. Accordingly, the residual peripheral vitreous
after vitrectomy may apply persistent traction resulting in
reopening of the original break or the formation of a new

break usually along the posterior margin of the vitreous

Table | Demographics Of The Fortified And Conventional Barrier Laser Groups

FBL (%) CBL (%) P
Number (total =118) 50 68
Age (mean * SD), years 56.30 + 8.58 56.18 £ 11.46 0.885
Gender(M:F) 22:28 37:31 0.264
BCVA (mean * SD), logMAR 0.70 £ 0.62 0.84 + 0.70 0.315
Intraocular pressure (mean * SD), mmHg 13.74 £ 2.94 13.50 + 3.48 0.677
Axial length (mean * SD), mm 2558 £ 2.18 25.13 £ 1.87 0.406
Duration (mean * SD), days 14.96 + 26.21 1491 + 18.94 0.154
Macula status (on:off) 31:19 34:34 0.195
Number of retinal breaks (mean * SD) 1.60 + 0.97 1.69 + 1.00 0.610
Range of retinal detachment (mean * SD), hours 3.84 £ 2.00 426 + |.46 0.063
Lens status (phakic:pseudophakic) 39:11 45:23 0.161
Inferior break (n) 10 (20.0%) 21 (30.9%) 0.210
Number of laser spots (mean * SD) 354.65 + 165.06 413.90 + 162.98 0.056
Tamponade agent (n)
Air:SF4:C5Fg 45:4:1 10:42:16 <0.001

Abbreviations: BCVA, best-corrected visual acuity; CBL, conventional barrier laser; FBL, fortified barrier laser.
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Table 2 Clinical Outcomes Of Primary Vitrectomy With
Fortified And Conventional Barrier Laser For Rhegmatogenous
Retinal Detachment

FBL (%) CBL (%) P
Single surgery success rate | 50/50 (100%) | 62/68 (91.2%) | 0.038
Final reattachment rate 50/50 (100%) | 68/68 (100%) | 1.000
BCVA at 6 months 0.15%0.16 0.17+0.18 0.434

Abbreviations: BCVA, best-corrected visual acuity; CBL, conventional barrier
laser; FBL, fortified barrier laser.

base.>* In our 6 patients with re-detachments, this compli-
cation occurred in 4 eyes because of reopening of previous
breaks, and in 2 eyes because of newly developed tears
near the vitreous base. To prevent these problems, 360-
degree peripheral laser retinopexy was proposed.''

Several case series reported that 360-degree peripheral
laser retinopexy was beneficial in improving the outcomes
of RRD surgery.''™'® However, the technique has not been
widely accepted as a routine procedure. It requires more
operating time and is a potential overtreatment that incurs
increased risk of complications related to laser photocoa-
gulation, such as postoperative inflammation, formation of
epiretinal membrane,”® and a tonic pupil.?® In addition,
there is concern that a small quantity of subretinal fluid
localized anterior to the barrier laser may be neglected in
eyes that were treated with 360-degree peripheral laser
retinopexy, and delayed detection of the recurrence
would carry a risk of proliferative vitreoretinopathy.

Our technique of FBL on the vitreous base was devel-
oped to compensate for the weakness of 360-degree per-
ipheral laser retinopexy. Traction to the retina around the
retinal break is caused by the residual vitreous, which
would be distributed circumferentially anterior to the
break. In addition, as the vitreous is attached to the retina

of the tear flap, the traction force would be concentrated at
the circumferential ends of the horseshoe tear. In an
attempt to cope with these problems, the FBL technique
in the present study fortified the adhesion between the
retina and retinal pigment epithelium along the posterior
margin of the vitreous base adjacent to the break by
applying photocoagulation in that area; as a measure of
the success of this novel approach, the recurrence rate was
significantly lower in the FBL group. The FBL technique
appeared to have several advantages that reduce the surgi-
cal time, number of laser burns and related side effects
compared to 360-degree barrier laser.

There was a significant difference between the two
groups in terms of the tamponade agents used in our
study. Long-acting non-expansible gases (SFs, CsFg)
were used as the tamponade agents in the CBL group
more frequently, whereas room air was used in most
cases in the FBL group which included more recent opera-
tions. However, we reported that the use of air for tampo-
nade in RRD was not inferior to that of perfluorinated
gases in a previous study,”’ although long-acting gas is,
in general, expected to be more efficacious than room air
in RRD.?® This fact suggests that the difference in the
tamponade gas would not be a confounding factor that
might result in a higher SSSR in the FBL group. Rather,
use of the short-acting room air tamponade would have
been encouraged by relying on the efficacy of the FBL
procedure.

There were some limitations in our present study. First,
there is the possibility of selection bias due to the retro-
spective nature of the study and the fact that the operations
were performed at different periods for the two groups.
However, the same instruments and similar techniques were
used for both groups by the highly experienced single

Table 3 Summary Of Eyes With Recurrent Cases After Primary Vitrectomy For Rhegmatogenous Retinal Detachment

Patient | Tamponade In Time To Cause Of Secondary Surgery | Number Of BCVA
No. Primary Surgery Recurrence (Days) | Recurrence Additional Surgery 6Mon
| SFe 30 Reopening PPV, endolaser, SF¢ | 20/50
2 Air 21 New tear PPV, endolaser, C3Fg | 20/60
CsFg 7 Reopening PPV, encircling, 2 20/40
endolaser,
silicone oil
4 SFe 14 Reopening PPV, endolaser, 2 20/100
Silicone oil
5 SFe 50 New tear PPV, endolaser, SF¢ | 20/25
6 SF¢ 20 Reopening PPV, endolaser, C3Fg | 20/50
Abbreviation: PPV, pars plana vitrectomy.
Clinical Ophthalmology 2019:13 submit your manuscript 2131
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surgeon, which would minimize selection and surgeon bias.
Second, the operation time was not compared between the
two groups. However, considering that there were no signifi-
cant differences between the two groups in total laser spots, it
is unlikely that the FBL procedure took significantly longer.
On the contrary, more frequent use of tamponade using
perfluorinated gases in the CBL group, which involved
extra time for preparation and infusion of the gas, probably
increased the operation time in that group. Third, the current
study included only simple RRD cases, and cases with
vitreoretinal proliferative membrane or cases treated with
combined scleral buckling were excluded. And, in our result,
six eyes were re-detached in the CBL group. But, two eyes
had a recurrence due to a new retinal tear and these cases may
seem unrelated to our new laser technique. These new tear
can be caused by another factors other than the primary laser
technique. However, these cases were included because
SSSR was compared according to the operation period and
the laser technique, so there is the possibility of bias. The
current results should be interpreted in the light of these
limitations; therefore, a future study is needed to validate
our results.

In conclusion, the modified barrier laser technique for-
tified along the vitreous base was a simple and effective
procedure in PPV for RRD to reduce the recurrence rate
without increasing the risk of specific complications
related to photocoagulation.
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