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Abstract

Purpose: To assess and compare the results of pars plana vitrectomy (PPV) with short-term perfluorocarbon liquid (PFCL)
tamponade and combined PPV with scleral buckling to treat rhegmatogenous retinal detachment (RRD) with inferior retinal
breaks complicated by proliferative vitreoretinopathy (PVR). Methods: The medical records of patients who had vitreoretinal
surgery for RRD with inferior retinal breaks complicated by PVR were reviewed. Group | had PPV with PFCL, and Group 2 had
PPV with scleral buckling. Silicone oil tamponade was used in all cases of PPV with scleral buckling. The anatomic and functional
outcomes and duration of surgery were compared between the 2 groups. Results: Group | comprised 48 eyes and Group 2, 36
eyes. No statistically significant differences were found in the demographic and baseline clinical characteristics between the groups
(P> .05). The mean (£SD) duration of the initial surgery was 42.82 * |5.25 minutes (range, 25-65) in Group | and 81.46 = 37.48
minutes (range, 45-115) in Group 2. The difference was significant (P<<.001). At the end of the follow-up period, recurrent RD
occurred in 3 eyes (6.2%) in Group | and 2 eyes (5.5%) in Group 2, with no significant difference (P>>.05). There was no significant
difference between the groups in the mean best-corrected visual acuity or mean intraocular pressure at 6 months (P>.05). Seven
eyes (14.5%) in Group | had anterior chamber cells and flares after the initial surgery. The inflammation resolved with topical
steroid application. Conclusions: The results of PPV with PFCL are similar to those of PPV with scleral buckling for managing
RRD with inferior retinal breaks complicated by PVR. Favorable anatomic and functional outcomes are maintained.
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Introduction rate can be achieved with the use of combined PPV and scleral
buckling with expansile gas and stringent head positioning or
with high-density silicone oil (SO). However, this surgical
approach is time-consuming and technically challenging for
surgeons who have less experience with the technique.>

An ideal tamponade for managing RD with inferior breaks
should have a higher specific gravity than water. Perfluoro-
carbon liquids (PFCLs) are synthetic compounds in which all

Rhegmatogenous retinal detachment (RRD) is a leading cause of
blindness and vision loss. Treatment options include pneumatic
retinopexy, scleral buckling, pars plana vitrectomy (PPV), and
combination procedures. Overall, the single-surgery success rate
is reported to be 90%.' RRD with inferior retinal breaks carries a
high risk for redetachment because of challenges of postopera-
tive patient positioning, the inadequate effects of lower density
tamponades on the inferior retina, missed retinal breaks because
of vitreous hemorrhage, and a higher risk for proliferative vitreo- ! Department of Ophthalmology, University of Health Sciences, Ankara Etlik
retinopathy (PVR).2* PVR results in membrane formation and ~ City Hospital, Ankara, Turkey )

. . L . . 2 Department of Ophthalmology, Dunya Goz Hospital, Ankara, Turkey
traction and is a common reason for initial surgical failure and D ) . .

4 epartment of Ophthalmology, Osmaniye State Hospital, Osmaniye,
redetachment. Turkey
There is an ongoing debate and a lack of consensus regarding .
the best ical approach, drainage techni laser extent, tam- Corresponding Author:
¢ best surgleal approach, drainage technique, faser extent, t Mehmet Citirik, MD, PhD, Varlik Mahallesi, Halil Sezai Erkut Caddesi,

ponade choice, and postoperative positioning for addressing infe-  yenimanalle, Ankara, 06170, Turkey.
rior RRD with PVR.>? Some have noted that a significant success  Email: mcitirik@hotmail.com




152

Journal of VitreoRetinal Diseases 9(2)

hydrogen atoms are replaced by fluorine, and their unique
physical properties (eg, transparency, low surface tension, low
viscosity, and high gravity) make them ideal for intraoperative
tamponade during PPV.” The gravity of PFCLs typically ranges
from 1.76 to 2.30, which is approximately twice as heavy as the
perfusion solution.® During PPV, PFCLs generate a downward
force against the interface when injected into the vitreous cav-
ity, flatten the detached retina, and displace subretinal fluids
anteriorly, aiding in the management of RD.

One of the first cases of PFCL use in PPV was in a patient
with an RD and advanced PVR, after which many authors
described the intraoperative usefulness of this modality in
patients with RD and PVR.? In such cases, these injections
enhance the visualization of proliferative membranes and allow
for more thorough removal during the surgical procedure.’

Although PFCLs are considered to be biologically inert, their
use as a postoperative tamponade over the long term has not been
suggested because of the potential for mechanical compression
and its disorganized effects on the retina.!? In addition, there is a
growing interest in the use of these liquids for postoperative short-
term tamponade because they eliminate the need for postoperative
facedown positioning, something that is difficult for many patients
to maintain.!"!? This is an important advantage over traditional
tamponades, including SO, sulfur hexafluoride, and perfluoropro-
pane (C,F,).

Considering the technical difficulties in performing PPV
with scleral buckling as a treatment for RRD with inferior retinal
breaks complicated by PVR, an alternative method and a more
ideal tamponade are needed. This study compared the outcomes
of PPV and PFCL with those of PPV with scleral buckling. The
goal was to recommend an alternative form of managing these
challenging cases.

Methods

This retrospective case-control study was conducted at a ter-
tiary referral center in Ankara, Turkey. All procedures were
conducted in accordance with the principles outlined in the
Declaration of Helsinki and approved by the local research eth-
ics committee. All patients provided written informed consent
before the surgical intervention.

Inclusion and Exclusion Criteria

The medical records of patients who had vitreoretinal surgery
for RRD between 2017 and 2021 were retrospectively reviewed.
Patients who fulfilled the following criteria were included in
the study: RD with a primary retinal break limited to 4 o’clock
to 8 o’clock, grade C PVR, and a minimum follow-up of 6
months after the last ophthalmic surgery. The exclusion criteria
included pediatric age; media opacity (eg, corneal opacities,
mature cataract, or vitreous hemorrhage); history of other
ocular diseases (eg, corneal diseases, glaucoma, age-related mac-
ular dystrophy, other retinal dystrophies, diabetic retinopathy

[DR], vitreomacular interface abnormalities, or uveitis); history
of ocular surgery (excluding phacoemulsification), such as
PPV, intravitreal (IVT) pharmacotherapy, or trabeculectomy;
strabismus surgery or surgery performed to treat an open-globe
injury; and a medical history that included systemic diseases or
conditions that can affect the retina, including radiotherapy,
corticosteroid use, Behget disease, or hematologic malignancy.

Short-term IVT tamponade with PFCLs has been used since
2019 at the tertiary referral center. Group 1 comprised patients
admitted between 2019 and 2021 who had combined PPV with
PFCL and who met the inclusion criteria. Group 2 comprised
patients admitted between 2017 and 2019 who had PPV with
scleral buckling and who met the inclusion criteria.

Surgical Techniques

Two experienced surgeons (M.C., M.Y.T.) performed all surgi-
cal procedures. Retrobulbar 2 mL lidocaine 2% was injected
for local anesthesia, and sedation options were available for
patients who had excessive anxiety. A standard 25-gauge trans-
conjunctival PPV system (Constellation Vision System, Alcon
Laboratories Inc) and a noncontact visualization system (EIBOS
2, Haag-Streit Surgical GmbH) were used. Phacoemulsification
and intraocular lens implantation were performed concurrently
with vitreoretinal surgery in patients with cataracts. All patients
in both groups received topical antibiotics 4 times per day for 2
weeks and topical steroids 4 times per day postoperatively, with
gradual tapering for 3 weeks postoperatively.

Pars Plana Vitrectomy With Perfluorocarbon Liquid. In Group
1, triamcinolone acetonide was administered after core vitrec-
tomy. This was followed by posterior hyaloidal membrane
removal and vitreous cutting down to the vitreous base. PVR
membranes were removed using trypan blue 0.15% (Mem-
braneBlue, DORC). If there was no reattachment, relaxing
retinotomy/retinectomy was performed with scissors or a vit-
rectomy probe, perpendicular to the traction areas. In these
cases, retinotomy/retinectomy from the peripheral field was
preferred and performed when possible. The retina was then
attached with IVT PFCL (F-Decalin, Geuder AG), and endo-
laser photocoagulation was performed around the retinotomy/
retinectomy site and retinal tears. PFCL was used as a postop-
erative tamponade, completing the first operation. Patients
were instructed to remain in a head-upright or reclined posi-
tion and to avoid face-down positioning. Figure 1 shows a
postoperative color fundus photograph and optical coherence
tomography image of a patient in Group 1.

A second surgery was scheduled 2 weeks later, and the PFCL
tamponade was removed. Additional vitreoretinal surgical pro-
cedures (membrane peeling and endolaser) were performed in
some cases while the tamponade was being removed. Air, C,F,
gas (Teknomek Medical Products), or 5000 cs SO (PDMS
5000, Micromed) tamponade was used at the surgeon’s discre-
tion. For patients who had tamponade with 5000 cs SO, the SO
was extracted 3 months later.
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Table 1. Demographic Characteristics of Group | and Group 2.
Characteristic Group | Group 2 P Value
Mean patient age (y) = SD  52.55+11.28 53.52+10.20 .78
Male-to-female ratio 35:11 28:7 .67
Mean number of breaks 2.5 2.4 92
Mean clock hours of PYR 3.1 33 A4l
Mean amount of RD 5.4 5.1 9l

clock hours

Mean duration of RD by 34 32 .86

Figure |. Fundus photographs (top) and optical coherence
tomography images (bottom) of a patient’s vitreous cavity after
perfluorocarbon liquid injection.

Pars Plana Vitrectomy With Scleral Buckling. In Group 2, a par-
tial or 360-degree perilimbal peritomy was performed. Rectus
muscles were secured with 4-0 silk sling sutures. Round sponge
scleral buckling material (style 504, DORC) was then sutured to
the sclera with 5-0 braided polyester coated with polybutylate
(Ethibond) using the mattress suture technique to achieve ade-
quate buckling without choroidal folds. The same vitreoretinal
surgical procedures were performed, including core vitrectomy,
posterior hyaloid membrane removal, vitreous base shaving,
PVR removal, retinal reattachment with PFCL, and endolaser
photocoagulation. PFCL—air and air—SO (5000 cs) exchanges
were performed, and 5000 cs SO was used in all cases as a tam-
ponade. Three months later, a second surgery was performed
and the 5000 cs SO was removed.

Clinical Evaluation

Preoperative and postoperative ocular findings as well as the
surgical duration were obtained from the medical records.
Comprehensive best-corrected visual acuity (BCVA) and intra-
ocular pressure (IOP) examinations were performed preopera-
tively and 6 months postoperatively. BCVA was evaluated
using a Snellen chart, and the data were converted to logMAR
notation for statistical analysis. The IOP was measured using

symptomatic history (d)

Abbreviations: PVR, proliferative vitreoretinopathy; RD, retinal detachment.

pneumotonometry. The anterior segment and posterior seg-
ment were examined in detail in all controls. Anterior segment
evaluation was performed by slitlamp biomicroscopy. After
pupil dilation, an examination of the posterior segment was
performed using a 90.0 D magnifying lens. In addition, a
Goldmann 3-mirror lens was used to identify retinal breaks
and tears.

Statistical Analysis

Statistical analysis was performed using SPSS software (ver-
sion 23.0, IBM Corp). The mean = SD (minimum-maximum)
was used to present descriptive statistics. The y? test was used
to compare categorical values, and the Kolmogorov-Smirnov
test was used to assess the normal distribution of variables. The
Wilcoxon test was used to compare dependent variables, and
the Mann-Whitney U test was used to assess independent vari-
ables. Statistical significance was set at P <<.05.

Results

Group 1 comprised 48 eyes of 46 patients, and Group 2 com-
prised 36 eyes of 35 patients. The mean age of patients was
52.55 = 11.28 years (range, 44-72) in Group 1 and 53.52 = 10.20
years (range, 45-70) in Group 2. The male-to-female ratio was
35:11 and 28:7, respectively. Table 1 shows the demographic
characteristics of the cases, including the number of breaks,
clock hours of PVR, number of RD clock hours, and duration of
RD based on symptomatic history. There were no statistically
significant differences between the 2 groups in demographic
characteristics (all P>.05).

Pathologic myopia, defined as a spherical equivalent greater
than —6.00 D and an axial length greater than 26.5 mm, was pres-
ent in 5 patients (10.4%) in Group | and in 3 patients (8.3%) in
Group 2. Twenty-four eyes (50%) in Group 1 and 17 eyes (47.2%)
in Group 2 were pseudophakic.

The mean BCVA was 1.96 =0.41 logMAR (range, 2.30-
1.00) in Group 1 and 2.13 = 0.31 logMAR (range, 2.30-1.30) in
Group 2. The mean IOP was 11.28 = 4.78 mm Hg (range, 4-21)
and 11.41 = 3.52 mm Hg (range, 7-16), respectively. There was
no significant between-group difference in any baseline clinical
characteristics (all P>.05).
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In Group 1, 7 eyes (14.5%) had anterior chamber inflamma-
tion of more than grade 3+ cells and flare on the third day after
the initial surgery. The inflammation resolved within 7 days
after the frequency of topical steroid application was increased.
No other PFCL-associated complications, such as significant
intraocular inflammation (eg, keratic precipitates, membrane
formation, or posterior synechiae), topical antiglaucoma agent—
resistant IOP elevation, or PFCL bubbles in the anterior cham-
ber, were noted after the first surgery. PFCL extraction was
performed 2 weeks later, as previously described.

The mean time between the first surgery and second sur-
gery was 2.64 £ 2.06 weeks (range, 2-3 weeks). Additional
vitreoretinal procedures (membrane peeling or laser treat-
ment) were performed in 24 patients (50%) during PFCL
removal under staining with trypan blue 0.15%. When the
presence of a membrane was detected (new or missed in the
previous surgery), membrane peeling was performed. For the
postoperative tamponade, air was used in 11 patients (22.9%),
C,F; in 18 patients (37.5%), and 5000 cs SO in 19 patients
(39.5%). SO removal was performed after a mean of 11.83 =
4.59 weeks (range, 7-24) in Group 2 patients who had 5000
cs SO tamponade in the second surgery.

A local explant in the inferior quadrant and vitrectomy with
SO tamponade were performed in Group 2 in all cases. The
mean duration between the first retinal surgery and the second
SO removal operation was 13.22 +4.17 weeks (range, 10-18).

The mean duration of the first surgery was 42.82 = 15.25
minutes (range, 25-65) in Group 1 and 81.46 = 37.48 minutes
(range, 45-115) in Group 2. In the second surgery, the mean time
to PFCL removal was 21.53 = 13.26 minutes (range, 15-45) in
Group 1 and the mean time to silicone removal was 32.13 = 10.67
minutes (range, 20-55) in Group 2. The duration of the initial
surgery was significantly shorter in Group 1 than in Group 2
(P<.001); however, there was no significant between-group
difference in the duration of the second surgery (P>.05). The
mean follow-up time after the final surgery was 14.39 =5.39
months (range, 6-27) in Group 1 and 15.01 £6.89 months
(range, 6-30) in Group 2. The mean follow-up time was not sig-
nificantly different between the 2 groups (P >.05).

During the first surgery, retinotomy/retinectomy was per-
formed in 13 eyes (27%) in Group 1 and in 9 eyes (25%) in
Group 2. The difference between the 2 groups was not signifi-
cant (P>.05).

Recurrent RD occurred in 3 eyes (6.2%) in Group 1 and in 2
eyes (5.5%) in Group 2 at the end of the follow-up period; the
difference was not significant (P>>.05). Patients who devel-
oped recurrent detachment in Group 1 were those in whom
C,F, was the preferred tamponade in the second surgery; no
patient with a silicone tamponade developed recurrent detach-
ment. PVR was the cause of recurrent RD in both groups. When
cases without retinectomy were compared, there was no differ-
ence in the rate of recurrent detachment between the 2 groups.

At 6 months, the mean BCVA was 1.53 £0.60 logMAR
(range, 2.30-0.70) in Group 1 and 1.70 = 0.41 logMAR (range,
2.30-1.00) in Group 2. The mean IOP was 15.71 £ 6.21 mm Hg

(range, 8-35) and 16.25 = 7.88 mm Hg (range, 8-35), respec-
tively. There was no significant difference between the groups
in the BCVA and IOP in terms of the clinical outcomes (P > .05).

Conclusions

RRD with inferior retinal breaks complicated by PVR repre-
sents a particular challenge for surgical intervention because
unfavorable outcomes after surgery are common. In recent
years, many studies have sought to identify the best treatment
option for such cases. In a study of various tamponade agents,
Schwartz et al'® found no significant advantages of 5000 c¢s SO
over 1000 cs or 5000 cs SO. In 86 cases of RRD with inferior
retinal breaks, Wickham et al'* found that the primary anatomic
success rates were similar between the PPV (gas tamponade)
group and PPV with scleral buckling group. In addition, many
studies have concluded that RRD with inferior retinal breaks
cannot be treated with PPV and gas tamponade because of the
reduced support on the inferior retina.!>!® Baumgarten et al'’
showed that PPV with scleral buckling for RRD with inferior
retinal breaks can be beneficial, especially in cases with breaks
around the 6 o’clock position.

Although there is no consensus in the vitreoretinal community
regarding which method provides better anatomic or functional
outcomes, PPV with scleral buckling has been proposed as a
treatment option for patients diagnosed with RRD who are at
high risk for developing advanced PVR.!® In our study, the con-
trol group comprised patients treated with PPV with scleral buck-
ling, and 5000 cs SO was used as the postoperative tamponade.

In a series of 325 eyes with complex RRD (PVR, trauma,
giant retinal tear, proliferative DR, or cytomegalovirus retini-
tis), Scott et al'® reported that both anatomic and functional out-
comes were comparable when 1000 cs SO and 5000 cs SO were
used. In the current study, 5000 cs SO was preferred. However,
higher rates of postoperative PVR complications have been
reported in patients treated with PPV with scleral buckling than
in those treated with PPV alone. This finding underscores the
need for a better treatment approach in such cases.!* For this
reason, the treatment in our study group comprised PPV with
PFCL. Although numerous studies have reported the outcomes
of PFCL use in patients with RRD, ours is a controlled study to
propose an alternative treatment for RRD in eyes with inferior
retinal breaks and PVR.

Naz et al*” reported significant visual improvement in complex
RRD with inferior retinal breaks after PPV with PFCL, and the
retina remained completely attached for at least 6 months in 39
(97.5%) of 40 eyes. Rofail and Lee'' documented an anatomic
success rate of 93.7% in cases of giant retinal tears without a sig-
nificant PVR. Only 1 patient experienced recurrent RD after PPV
with PFCL. Another series of 122 patients reported a high ana-
tomic success rate with combined PPV and PFCL for various
causes of RD, such as chronic RD, RD with previously failed sur-
gery, or RD with previously failed surgery.?! Chehade et al*? simi-
larly reported a 98.8% retinal reattachment rate at 12 months.
They concluded that PPV with PFCL was an effective and safe
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technique for managing various types of complex RDs, including
cases secondary to giant tears, the presence of PVR grade C, an
inferior location, traction, trauma, and redetachment.

In the current study, anatomic success was achieved in 93.8%
of patients during a prolonged follow-up period after PPV with
PFCL for treatment of RRD with inferior retinal breaks and PVR.
This high rate was similar to that of PPV with scleral buckling
and showed that the anatomic and functional outcomes were
comparable between PPV with PFCL and PPV with scleral buck-
ling, a finding that was among the most important aspects of this
study.

Therefore, PPV with PFCL may be an alternative to PPV
with scleral buckling and represents a promising practical
approach for treating RRD with inferior retinal breaks and PVR
without compromising anatomic and functional outcomes. We
found that the surgical time for PPV and PFCL was shorter than
for PPV with scleral buckling. Less surgical time results in less
anesthesia time and a shorter waiting list for surgery. It also
increases the comfort of the patient and surgeon. The techniques
in this method comprise the conventional stages of PPV, and the
duration of surgery and the required surgical effort are no longer
than those in conventional PPV. Although some patients who
had PPV with PFCL required additional surgery (for patients
who received 5000 cs SO in the second surgery), this is accept-
able considering the requirements associated with PPV with
scleral buckling (peribulbar tissue dissection, extraocular mus-
cle manipulation, buckling materials, and surgical time) and
common adverse events (strabismus and implant extrusion).

Intraocular inflammation, persistent IOP elevation, and retinal
toxicity are well-known complications of PFCL retention in the
vitreous cavity. Sigler et al*® reported a high rate of intraocular
inflammation after PPV with PFCL in their series. They also
reported that inflammation spontaneously resolves within 3 weeks
after tamponade removal in all cases, or with topical corticoste-
roid use. Rush et al** found a 36% rate of IOP elevation, which is
another sight-threatening complication. Considering that some of
these cases progressed to filtering surgery, it can be concluded that
this method should preserve only complicated cases and prevent
routine use.

Morphologic changes and retinal toxicity are other impor-
tant concerns with PFCL use.?>2¢ The clinical significance of
the retinal toxicity associated with PFCL has not yet been
shown. It is technically difficult to directly discern the retinal
toxicity of PFCL with electrophysiologic tests because of pri-
mary retinal diseases (RRD). It is known that the rates and
severities of complications are directly associated with the
duration of PFCL in the vitreous cavity.?” In the current study,
as in many previous studies, the mean PFCL application was
limited to 2 to 3 weeks.!!?%2223 This duration is considered to
be short enough to prevent significant complications and suffi-
cient enough to allow permanent retinal reattachment.?®

In this study, after the initial surgery, 7 eyes (14.5%) exhib-
ited grade 2 and 3 flare and anterior chamber inflammation.
These symptoms resolved when the frequency of topical steroid
use increased. On the other hand, no other significant adverse

effects directly attributable to PFCL were observed, and similar
results have been reported.'!?

Heavy SO, which is a mixture of hydrocarbonated olefin and
perfluorohexyloctane with SO, is used in inferior half tears and
detachments.*® The density of the routinely used SO is 0.96 g/mL,
and the force applied to the upper retinal surface is higher. In
heavy SO, the density is 1.02 to 1.06 g/mL; because it is heavier
than water, it has been used in cases of inferior half tamponades
and posterior tears.’® The most important advantages of these
oils are that they provide a good tamponade in the inferior reti-
nal quadrants where the risk for PVR is high and relaxing
retinotomies are frequently performed. In addition, they do not
require prone positioning of the patient and can be left in the eye
for up to 3 months without causing retinal toxicity.

Wolf et al®! reported that anatomic success was achieved with
1 operation in 82% of their patients with RD using heavy SO,
whereas 18% required a second operation for a superior RD.
Rizzo et al*? obtained an anatomic success rate of 53.5% with
heavy SO in their study, which included patients with RD.
Anatomic success was particularly low in patients with previous
scleral buckling and in 84.6% of the patients without scleral
buckling. The reason for the failure in cases of scleral buckling
was interpreted as the low affinity of the heavy SO to the retinal
surface and its inability to adapt to surface shape changes caused
by indentation, leading to potential gaps. It has been argued that
this causes epiretinal proliferation and recurrent RD.

The retrospective nature of the study can be considered a
limitation because important data may have been missing from
follow-up records. The relatively small number of cases is an
additional limitation. Similarly, because the study location was a
tertiary referral center and many patients came from other cities,
it is possible that the results were obtained from more delayed
and difficult surgical cases. In this study, patients were sequen-
tially assigned to 2 groups. Although the same surgeons per-
formed the combined surgery between 2017 and 2019, short-term
PFCL tamponade was performed between 2019 and 2021 and
the results of these 2 surgeries were compared.

In conclusion, this study was designed to recommend an alter-
native treatment for challenging vitreoretinal surgery. Compared
with similar studies, the primary strength of this study lies in the
incorporation of a control group, PPV with scleral buckling,
which is a recommended treatment option for addressing RRD
with inferior retinal breaks and PVR. Both groups consisted
of demographically and clinically similar cases. To anticipate
medium-term or long-term outcomes, only cases with at least 6
months of follow-up were considered for study inclusion. These
results indicate that PPV with PFCL tamponade has results simi-
lar to those of PPV with scleral buckling for managing RRD with
inferior retinal breaks and PVR without sacrificing anatomic and
functional results.

Ethical Approval

All procedures were conducted in accordance with the principles out-
lined in the Declaration of Helsinki and approved by the local research
ethics committee.
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