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Abstract

Purpose The purpose of this study was to describe the treat-
ment of giant retinal tears (GRTs) with 25-gauge pars plana
vitrectomy (PPV) and medium-term postoperative perfluoro-
n-octane (MT-PFO).

Methods The study was a retrospective interventional case
series of consecutive patients with GRTs treated with 25-
gauge PPV and postoperative MT-PFO for a period of 2—
3 weeks. A second, staged procedure was performed in all
patients for PFO removal.

Results Twenty-three eyes of 22 patients were studied, with a
mean follow-up of 33.04+19.74 months. Successful reattach-
ment was achieved in 91.3 % of eyes (21/23) after MT-PFO.
Retinal re-detachment occurred in five eyes, which was
caused by proliferative vitreoretinopathy. Additional compli-
cations included cataract progression (n=10), foreign body
response (30.4 %, 7/23), and transient intraocular pressure
(IOP) elevation (8/23, 34.8 %). Transient IOP elevation was
associated with worse visual outcome (p=0.01).

Conclusions MT-PFO was found to be an effective and safe
technique for operative management of GRTs. In the majority
of patients, retinas remained attached without further surgical
intervention. Cataract progression, intraocular inflammation,
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and associated increased intraocular pressure are potential
complications of MT-PFO.
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Introduction

Giant retinal tears (GRTs) are full-thickness circumferential
retinal breaks extending 90° or greater (> 3 clock-hours) as-
sociated with posterior vitreous detachment. The management
of GRTs remains controversial, with several surgical methods
currently employed. Regardless of the approach, GRTs pose
specific surgical challenges due to their irregular and complex
anatomy, high rates of proliferative vitreoretinopathy (PVR),
and an increased incidence of retinal slippage and re-
detachment [1-3]. To overcome these challenges, the use of
heavy liquids such as perfluoro-n-octane (PFO) have gained
popularity in recent years, most frequently as an adjunct intra-
operative tool for unfolding and tamponade of retinal tissue.
The increased density of PFO makes it particularly useful for
intraoperative retinal flattening, management of retinal folds
and inverted retinal flaps, and prevention of retinal slippage.
Several recent reports have indicated that PFO may be safely
left in the vitreous cavity for short durations, and is thus useful
for short- and intermediate-term retinal tamponade in the set-
ting of retinal detachment and PVR [4-9].

This series focuses on a subset of GRT cases in which we
describe the use of “medium-term” postoperative PFO (MT-
PFO), as opposed to more standard approaches such as sili-
cone oil or C3F8 gas tamponade and encircling scleral buckle
elements. Traditionally, we have used longer-term agents such
as silicone oil or C3F8 for GRT cases, with or without scleral
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buckling procedures, due to the higher risk of PVR formation.
The impetus for studying medium-term tamponade with
perfluorocarbons arose from our experience with inferior ret-
inal detachment, with and without PVR [4, 5]. In our prior
published report of 157 eyes, the overall reattachment rate for
rhegmatogenous inferior retinal detachment was 87.5 %,
which parallels previously described reattachment procedure
success rates. Our follow-up study involving cases of inferior
detachment with grade C PVR or worse showed a reattach-
ment rate of 86 %, or 38/44 eyes, in these more complex cases,
with rates statistically equivalent between eyes with and with-
out previous scleral buckle.

Given the anatomic complexity and propensity for PVR
formation in GRT cases, we postulated that medium-term
tamponade with PFO may yield long-term results similar to
those of our previous series with inferior detachment,
allowing an alternative approach for repair in cases where
strict postoperative positioning or scleral buckle may not be
feasible. With this technique, we have experienced less intra-
operative posterior slippage than previously with the use of
silicone oil or gas. We often noticed increased slippage during
PFO exchange with gas or oil, which can lead to worse ana-
tomic outcomes such as macular fold formation. By unfolding
and flattening the retina in a single step, without gas or oil
exchange, we have been able to avoid posterior slippage and
reduce operating times. The duration of perfluorocarbon
tamponade was again based on our past experience with de-
tachment using MT-PFO. In our initial series, we examined
postoperative patients weekly until laser scars were mature,
and secondarily removed PFO only after that time. In summa-
ry, the purpose of the present study was to describe our expe-
rience involving 25-gauge PPV and intermediate (2-3-week
duration) MT-PFO followed by staged PFO removal in pa-
tients presenting with GRTs.

Methods
Inclusion criteria

This retrospective interventional case series evaluated consec-
utive patients presenting with large-circumferential retinal
tears measuring > 90°, or > 3 contiguous clock hours. All
operations were performed by a single surgeon (author
S.C.), and patients were recruited from a single vitreoretinal
referral center (Charles Retina Institute, Memphis, TN, USA).
The study period, including follow-up, encompassed the pe-
riod from March 2008 to April 2012. Consecutive patients
were considered only after meeting the following inclusion
criteria:

1. Age 18-75 years
2. Medically stable for surgical intervention
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3. Large retinal break with circumferential measurement of
>90°, or >3 clock-hours, in any quadrant of the retina

4. No previous ocular conditions other than refractive error,
glaucoma, or prior cataract surgery with intraocular lens
implantation

5. Willing to provide informed consent for study participation

Patients with documented prior retinal detachment repair,
previous retinal breaks requiring treatment, or complete funnel
retinal detachment were initially excluded. At the conclusion
of the study period, patients with less than 6 months of post-
operative follow-up were also excluded.

Surgical technique

The informed consent process was reviewed with all patients,
detailing the staged two-procedure approach as well as poten-
tial benefits and possible risks (known and unknown). The
surgical technique was developed by the senior author, Steve
Charles, and consisted of 25-gauge PPV with medium-term
PFO for the repair of retinal detachment, including GRTs [4,
5, 10-13]. The first procedure utilized 25-gauge PPV using a
sutureless transconjunctival approach and contact-based wide-
angle visualization. Any PVR membranes present during the
primary surgery were removed with 25-gauge internal limiting
membrane forceps before infusion of PFO (Perfluoron; Alcon
Laboratories, Inc., Fort Worth TX, USA). PFO was slowly
infused overlying the optic nerve head using a viscous fluid
controller connected to a 25-gauge dual-bore cannula
(MedOne Surgical, Inc., Sarasota, FL, USA), and the cannula
tip was positioned at the apex of the single PFO bubble and
moved anteriorly to remain in the apex as the bubble increased
in size during injection. Infusion of PFO was continued until
the retina was adequately unfolded and reattached, and a com-
plete fill of the vitreous cavity was achieved. Subretinal fluid
was allowed to egress through the giant tear during unfolding
and reattachment. If residual subretinal fluid did not adequately
exit through the primary GRT, a small peripheral retinotomy
was created to allow complete drainage of fluid during PFO
infusion. Following reattachment, all GRTs were surrounded
by confluent laser retinopexy using a straight- or flex-tipped
25-gauge endophotocoagulation probe. No cryotherapy
was performed. Postoperatively, patients were instructed to
maintain head positioning in accordance with the location of
the GRT.

Follow-up examinations were initially performed at day 1
postoperatively and again at approximately 2—3 weeks (mean,
18.78+5.17; range, 7-31 days), based on patient convenience.
At this time, a staged second procedure was performed only
after adequate pigmentation of the laser sites was noted on
indirect ophthalmoscopic examination in the clinic setting.
PFO was removed from the vitreous cavity using a silicone
soft-tip extrusion cannula. Repeat fluid/air exchange was
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performed in order to ensure that all PFO droplets were re-
moved from the vitreous cavity. Any anterior-chamber PFO
that was present was removed using a 30-gauge needle on
extrusion inserted through the limbus. Difluprednate 0.05 %
ophthalmic emulsion (Durezol; Alcon Laboratories, Inc., Fort
Worth, TX, USA) was prescribed four times daily for 2 weeks
to manage postoperative inflammation.

Serial measurement of best-corrected Snellen visual acuity
(BCVA), intraocular pressure (IOP), and dilated retinal exami-
nation were performed at all pre- and postoperative visits.
Patients with visible PFO in the anterior chamber or transient
IOP elevation were further examined using gonioscopy.
Removal of retained anterior chamber PFO was performed in
the office setting using a 30-gauge needle inserted through the
inferior limbus. If, on follow-up, any area of the retina was
found to have inadequate laser photocoagulation, it was aug-
mented using laser indirect ophthalmoscopy in the clinic setting.

Data analysis

The primary outcome measures were anatomic reattachment
and BCVA at final postoperative visit. Any postoperative com-
plication was recorded and analyzed as a secondary outcome.
The Retina Society classification system [14] was used to clas-
sify patients with PVR. The Standardization of Uveitis
Nomenclature (SUN) system was employed to categorize any
inflammation present [15]. Data including demographics, pre-
operative BCVA, BCVA at final follow-up, macula status, reop-
eration rate, PVR grade, and IOP were recorded. All BCVA was
converted to logarithm of minimum angle of resolution
(logMAR) for statistical analysis. A transient IOP elevation
was defined as IOP greater than 21 mmHg despite maximum
medical therapy and when the IOP persisted for at least two
weeks after secondary PPV. Data analysis was performed using
JMP 10 (SAS Institute Inc., Cary, NC, USA). One-way analysis
of variance (ANOVA) and Student’s t tests were used to com-
pare continuous variables among categorical variables. Bivariate
analysis using the fit line function was employed to compare
two continuous variables. Matched-pairs analysis was utilized to
compare means between continuous variables, and Fisher’s ex-
act test was used to analyze categorical variables. Statistical
significance was considered present for p values < 0.05.

Results

Twenty-three eyes in 22 patients presented with a GRT. The
study sample comprised 19 male and 3 female patients, of
whom 16 were Caucasian and 6 were African-american. The
right eye was involved in 16 cases and the left eye in 7 cases.
The mean age was 50.47+11.12 years. Eighteen eyes had no
evidence of PVR on presentation, two eyes had grade A PVR,
and three eyes had grade B PVR. Sixty-one percent (14/23) of

eyes presented with macula involving retinal detachment. The
mean initial BCVA was 1.01£0.75 logMAR units, and the
mean final BCVA was 1.08+0.81 logMAR units. The mean
visual change was a deterioration of —0.08+0.79 logMAR
units, with 11 (48 %) eyes showing visual improvement, 4
(17 %) with no change, and 8 (35 %) with decreased vision
postoperatively. The mean follow-up was 33.04419.74 months.
Anatomic reattachment was achieved in 91.3 % (n=21) of
cases after initial staged surgery. Five eyes in four patients
(23.8 %) had re-detachment due to new/recurrent PVR forma-
tion after initial successful reattachment.

Postoperative complications, encompassing both initial and
secondary postoperative periods, included foreign body re-
sponse, cataract progression, re-detachment, and transient [OP
elevation. Of the 14 initially phakic eyes, 10 eyes (71.4 %)
eventually required cataract surgery at some point during the
follow-up period, and all pre-existing cataracts progressed dur-
ing the study period. Seven eyes (30.4 %) experienced mild to
moderate inflammation. In addition, these seven eyes had a
typical PFO foreign body response, consisting of multiple ir-
regular, small, white precipitates within the indwelling PFO or
in the retinal and/or posterior lens/IOL surface. In all cases,
removal of PFO and treatment with topical corticosteroids were
sufficient to control this foreign body response within 3 weeks.
Eight of 23 eyes (34.8 %) had transient IOP elevation, with one
patient (4.3 %) requiring filtering surgery due to uncontrolled
IOP unresponsive to topical agents.

Logistic regression was used to investigate categorical var-
iables related to final BCVA and BCVA change. Visual out-
come was not associated with either age (p=0.11) or gender
(p=0.58). Mean final BCVA was slightly better among
macula-on patients (mean,0.94+0.83 logMAR) than
macula-off patients (mean, 1.17+0.81 logMAR), but this dif-
ference was not statistically significant (p=0.53, t test).
Macula-off status was significantly associated with change
(improvement) in BCVA (p=0.02). The presence of a foreign
body response was not associated with either final BCVA (p=
0.77) or BCVA change (p=0.40). Transient IOP elevation was
significantly associated with worse final BCVA (p=0.01) and
with a decrease in BCVA (p=0.03). The association of filter-
ing surgery with visual outcome was not possible to evaluate,
as the study was underpowered.

Fisher’s exact test was used to investigate the relationship
between categorical variables. Neither the foreign body re-
sponse (p=0.66, two-tailed) nor the presence of PFO in the
anterior chamber during the postoperative period (p=1.0, two-
tailed) were associated with transient IOP elevation.

Discussion

The management of GRTs poses unique surgical challenges,
given the high incidence of PVR and the complicated
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anatomical configurations and variable locations of GRTs
within the peripheral retina. Various techniques have been
employed for retinal reattachment, including the use of a scler-
al buckle [16, 17], silicone oil [18-21], intraocular gas [22,
23], and heavier-than-liquid compounds such as PFO [6, 7,
24]. The initial use of PFO in vitreoretinal surgery was as an
adjunct intraoperative tool to aid in retinal unfolding and pre-
vention of slippage during placement of long-term tamponade
agents such as silicone oil. Recently, the use of longer-
duration postoperative PFO has been reported in the literature,
with favorable results in cases of retinal detachment both with
and without PVR and of GRTs [4-7, 10, 11]. The results of the
present study indicate that a high anatomic success rate can be
achieved with medium-duration postoperative PFO in the
treatment of GRTs. Despite the need for multiple operations
and the risk of certain PFO-specific side effects, this technique
represents an effective surgical option for an otherwise chal-
lenging subset of retinal detachment disorders.

In our series, the success rate for reattachment after staged
primary repair with MT-PFO was 91.3 % (23/25). Re-
detachment remained the most frequent complication, occur-
ring in five eyes in four patients (23.8 %) over long-term
follow-up. The formation of new PVR membranes was re-
sponsible for re-detachment in all five eyes.

Excluding the foreseeable complication of re-detachment
with any GRT repair, our results also demonstrated three par-
ticular complications associated with MT-PFO: cataract pro-
gression, foreign body response, and transient IOP elevation.
The foreign body response observed in this report is similar in
appearance and frequency to our previous clinicopathologic
study, where intermediate-duration PFO was used for inferior
retinal detachment repair [25]. Twenty-eight percent of cases
developed a typical foreign body response characterized by
multiple white precipitates within the indwelling PFO, almost
identical to that in the present series. We hypothesize that the
foreign body response observed in this series is a macrophage-
predominant reaction similar to our previous report [25].
Other experimental [26] and clinicopathologic [27] studies
have described similar inflammation with the use of PFO.

Our results revealed a 30.4 % incidence of foreign body
response, a much higher percentage than those of previous
clinical studies using postoperative PFO for retinal detach-
ment [6, 8, 9]. The longer mean duration of PFO in the vitre-
ous cavity and close follow-up in the present study may have
contributed to an increased recognition of foreign body re-
sponse cases. Consistent with our earlier report [5], the pres-
ence of foreign body response did not correlate with IOP ele-
vation or anatomic or visual outcomes, and resolved within
3 weeks after PFO removal and topical corticosteroid treat-
ment. We did not observe recurrent inflammation or uveitis of
any form over the extended study period. As previously re-
ported [5], the white precipitates characteristic of the foreign
body response may hinder the removal of PFO, but to our
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knowledge, no additional significant complications have been
observed.

A more concerning complication of MT-PFO involves the
development of transient IOP elevation, with the potential
need for filtering surgery. The elevated IOP observed in sili-
cone oil studies [18, 28] led authors to investigate this com-
plication among patients treated with PFO. Several retrospec-
tive series [6—8] have found no incidence or a lower rate of
IOP elevation than our present results. In contrast, a retrospec-
tive series of inferior retinal detachment and GRTs repaired
with PPV and short-term (mean, 11 days) PFO duration [9]
reported a 35.9 % incidence of IOP > 21 mmHg, a slightly
higher percentage than our results. While the authors found no
association between patient age or the presence of inflamma-
tion and IOP elevation, a significant association was found
between IOP and the presence of PFO in the anterior chamber.
Similar to our findings, all patients in this series were satisfac-
torily controlled with topical antiglaucoma drugs. The poten-
tial for long-term IOP elevation requiring filtering surgery
makes this technique less appealing, especially for uncompli-
cated cases that may be appropriately managed with vitreous
substitutes, silicone oil, or intraocular gas. The 4.3 % rate of
patients requiring filtering surgery falls within a range similar
to our previous MT-PFO series, which found a need for filter-
ing surgery in 6 % of inferior retinal detachment surgeries [4]
and in 5 % of cases of recurrent inferior retinal detachment
repair with advanced PVR [5]. These findings require further
investigation, including nerve fiber layer analysis in patients
who develop transient IOP elevation.

The present study may be limited by a relatively small
sample size, the lack of a control group, and the potential bias
of a single-center retinal referral practice. In addition, the ex-
tensive experience of the surgeon with small-gauge vitrecto-
my may limit the application of this technique in other clinical
settings. In conclusion, MT-PFO appears to be an efficient and
safe technique for the management of giant retinal tears, and
may avoid the need for silicone oil in some patients. Potential
complications such as elevated IOP, cataract progression, and
foreign body response warrant consideration.
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