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Background: To evaluate retinal reattachment, visual functional results, and complications rates after total tamponade (TT) with 
perfluorocarbon liquid (PFCL) and silicone oil (SO) for 2 days followed by PFCL-SO exchange in complex retinal detachment (RD).
Methods: Retrospective study including 52 consecutive eyes with complex RD and advanced proliferative vitreoretinopathy, who 
underwent vitrectomy with TT. Patients underwent first surgery by 25-Gauge vitrectomy and partial PFCL-SO exchange (approxi
mately 60% PFCL 40% SO fill) followed by second surgery with extraction of the PFCL and complete SO fill.
Results: After a mean follow-up period of 25.15 ± 6.6 months, the retina remained reattached in 48/52 eyes (92.3%) including 28 eyes 
(58.3%) without SO and 20 eyes (41.7%) with prolonged SO tamponade. Visual acuity improved in 45 eyes (86.6%) (P<0.001), 
remained stable in 4 eyes (7.7%) and decreased in 3 eyes (5.7%). Complications consisted in mild anterior chamber inflammation in 10 
eyes, ocular hypertension in 12 eyes, and cataract in 10 eyes.
Conclusion: Two-day TT with PFCL and SO may be considered in complex RD with advanced proliferative vitreoretinopathy 
especially in monocular patients. Further studies with longer follow-up period and retinal electrophysiologic assessment may be needed.
Keywords: complex retinal detachment, proliferative vitreoretinopathy, monocular patient, perfluorocarbon liquid, silicone oil, 
positioning

Plain Language Summary
We studied anatomic and functional outcomes after two-day total-tamponade with perfluorocarbon liquid and silicone oil followed by PFCL- 
SO exchange in complex retinal detachment. Mean follow-up period was 25.15 months; Retina reattached in 92.3% of eyes; Visual acuity 
improved in 86.6% of eyes (P<0.001). Complications were inflammation (10 eyes), ocular hypertension (12 eyes), and cataract (10 eyes).

Introduction
Vitreo-retinal surgery has benefited from many advances over the past 30 years including the development of intra- 
operative tamponade agents like perfluorocarbon liquids (PFCL) which improved anatomic and visual outcomes. 
However, the treatment of complex retinal detachment (RD) remains a challenge, and numerous studies on different 
modalities of PFCL use have been reported with varying success rates and complications.1–5

Complex RDs are characterized by advanced proliferative vitreoretinopathy (PVR) which is the major risk factor for 
RD surgery failure. In addition, inferior PVR makes reattachment of the inferior retina difficult to achieve with 
conventional pars plana vitrectomy.2,6

PFCL have been demonstrated to be well tolerated for intraoperative and short-term post-operative tamponade. 
Double filling with PFCL and silicone oil (SO) for at least 5 weeks has been reported to be effective in tamponading the 
inferior and superior retina at the same time.7,8
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The aim of our study was to evaluate retinal reattachment, visual functional results, and complications rates after total 
tamponade (TT) with PFCL and SO for 2 days followed by PFCL–SO exchange.

Patients and Methods
This is a retrospective study including 52 consecutive eyes from 52 patients with complex RD, who underwent 
vitrectomy with TT between March 2016 and February 2021 at the Clinique Ophtalmologique de Tunis.

Patients included in the study had complex rhegmatogenous RD associated with grade C PVR regardless of the size and the 
number of breaks and variable capability for post-operative positioning. PVR was classified according the Machemer’s 
classification defined as the presence of full thickness rigid retinal folds in one area with heavily condensate vitreous organization.9

The minimum follow-up period was 12 months.
The TT approach was decided based on clinical presentation during preoperative ophthalmic examination or 

intraoperatively, in cases where complete retinal reattachment could not be achieved.
Exclusion criteria were: exudative RD, tractional RD, primary rhegmatogenous RD with grade A or B PVR. Patients 

with follow-up under 12 months were also excluded from the study.
For each patient, the following data were recorded: age, gender, medical history, pre and postoperative best-corrected 

visual acuity (BCVA), anterior segment inflammation, lens status, intra-ocular pressure (IOP), retina status with RD 
classification according to the classification of Retina Society Terminology committee (1991),9 cataract extraction and 
retinectomy rates, duration of SO tamponade, and complications rate.

The study respected the tenets of the Declaration of Helsinki, was approved by the institutional committee (Comité 
d’éthique de la Clinique Ophtalmologique de Tunis), and written informed consent was obtained from all patients or legal 
guardian before the surgical procedure.

Surgical Technique
25-gauge pars plana vitrectomy was performed by an experienced vitreo-retinal surgeon (OT) with Constellation® Vision 
system – Alcon using non-contact wide-field visualization system (BIOM). Surgery included complete vitreous removal, 
injection of PFCL (DK-Line perfluorocarbon liquids Bausch and Lomb), PVR dissection (bimanual if necessary, with the use 
of chandelier), and endo-laser photocoagulation. As decided preoperatively because of advanced PVR or when complete retinal 
reattachment could not be achieved, we left PFCL in the vitreous cavity and complete with SO injection (oxane 1300 silicone oil 
(Bausch and Lomb)). The proportions of PFCL and SO obtained were estimated approximately to 60% PFCL and 40% SO.

In some cases, retinectomy and cataract extraction with intraocular lens (IOL) implantation were additionally 
performed. With the understanding of the complementary physical tamponade properties of SO and PFCL, these patients 
were not required to follow any specific postoperative positioning protocol (Figure 1).

After 2 days of TT with 60% PFCL–40% SO, the patients underwent a second surgical procedure with 3 trocars 
(25G): for endolight, PFCL canula and for SO injection. Gentle aspiration of PFCL was performed by the operator aid 
simultaneously to SO injection which was made by the surgeon and controlled by the foot pedal (Video S1).

With the understanding of the complementary physical tamponade properties of SO and PFCL, these patients were 
not required to follow any specific postoperative positioning protocol (Figure 1).

All patients were given mixed topical steroids and antibiotics 5 times daily with tapering over 4 weeks.
Follow-up visits were performed at days 1 and 3, weeks 1, 2 and 4, then every 3 months thereafter. Removal of SO 

(ROSO) was performed after at least 3 months, if indicated.
Post-operative ophthalmic examination included BCVA, anterior segment examination, IOP, and fundus examination. 

OCT (Optovue, Angiovue) was performed in some cases. Anterior chamber inflammation was graded according to the 
SUN (Standardization of Uveitis Nomenclature) working group classification.10

The primary outcome measure was the retinal reattachment rate at the final ophthalmic examination (at least after 12 
months of follow-up). The secondary outcome measures were the final BCVA and postoperative complications.
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Statistical Analysis
Statistical analysis was performed with SPSS 20.0 (SPSS Inc., Chicago, IL, USA). Data were expressed as mean ± 
standard deviation (SD). BCVA was converted to the logarithm of the minimum angle of resolution LogMAR for 
statistical analysis and was reported using Snellen fraction visual acuity.11 Mean final BCVA was compared with baseline 
using paired t-test and changes were reported in letters of improvements (ETDRS).11 Pearson correlation coefficient was 
used to correlate variables. P value < 0.05 was considered statistically significant.

Result
Preoperative Characteristics
Fifty-two consecutive eyes of 52 patients with complex RD were included in the study. Patient demographics and 
baseline clinical characteristics are summarized in Table 1.

Thirty-seven patients were male and 15 were female. The mean age was 38.75 years. Six patients had undergone 
previous RD surgery using vitrectomy (3 eyes) and scleral buckling surgery (3 eyes). Mean pre-operative BCVA was 2.3 
log MAR (Snellen fraction ranging from 0 to 2/200), and 18 patients (34.6%) were monocular. Characteristics of RD in 
terms of size and number of breaks and PVR are summarized in Table 2.

Figure 1 Schematic drawing representing the location of perfluorocarbon liquid and silicone oil in the vitreous cavity depending on the position of the head. (A) insufficient 
tamponade of the inferior retina with silicone oil only (B) Upright position head (Ci and Cii) tilted head. Note that superior and inferior retina are always tamponaded 
regardless of the position of the head.
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Surgical Characteristics
During the first surgery, 6/39 phakic eyes (15.4%) underwent cataract extraction with IOL implantation, and 8/52 eyes (15.4%) 
had retinectomy. After two-days of PFCL-SO TT, the second surgery was performed including completion of laser photo
coagulation in 41 eyes (78.8%), cataract extraction with IOL implantation in one eye and retinectomy in one eye.

Anatomic Results
ROSO was performed in 33 eyes (63.5%) at 7.6 ± 4.9 months (3–24 months) according to the criteria in Table 2. Five eyes needed 
SO reinjection because of recurrence of partial RD. After a mean follow-up period of 25.15 ± 6.6 months, the retina remained 
reattached in 48 eyes (92.3%) including 28 eyes (58.3%) without SO and 20 eyes (41.7%) with prolonged SO tamponade 
(Figures 2–5).

Table 1 Baseline Demographic and Clinical Characteristics

Age in years, (mean ± SD; (range)) 38.75 ± 17.9; (5–74)

Follow-up in months, (mean ± SD; (range)) 25.15 ± 6.6; (12–40)

Duration of RD in weeks, (mean ± SD; (range)) 16.6 ± 12.1; (4–56)

Best Corrected Visual Acuity, (mean ± SD; (range)) 2.3 ± 0.35 (2.8–1.8) LogMAR

Lens status, number (%)

Phakic/no cataract 27

Phakic/ cataract 12

Aphakic 2

Intraocular lens 11

Medical history and previous surgery

Vitrectomy for RD 3

Scleral buckling surgery 3

Cataract surgery 13

Congenital glaucoma surgery 2

Penetrating ocular trauma 2

Contusive trauma 2

Trisomy 21 1

Table 2 Characteristics of Retinal Detachment and 
Retinal Breaks

Number of eyes (%)

Retinal tears

Giant retinal tear between 90 and 180° 10 (19.2%)

Giant retinal tear > 180° 6 (11.5%)

Multiple retinal tears 12 (23.1%)

Proliferative vitreoretinopathy

Grade C proliferative vitreoretinopathy 52 (100%)

Anterior 48 (92.3%)

Posterior 52 (100%)
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Figure 2 A 14 years-old boy with complex retinal detachment. (A) First surgical procedure, intraoperative fundus photography. (Ai) Before vitrectomy: retinal detachment 
with advanced proliferative vitreoretinopathy. (Aii) End of vitrectomy: total tamponade of the retina with perfluorocarbon liquid and silicone oil. (B) Second surgical 
procedure, intraoperative fundus photography (Bi) Perfluorocarbon liquid – silicone oil exchange. (Bii) Retinal tamponade with silicone oil. (C) Postoperative optical 
coherence tomography after 1 month: macular reattachment.
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ROSO was not performed in 20 eyes with reattached retina for several reasons which are summarized in Table 3. Patients 
who were unwilling to undergo further surgeries were monitored closely for complications of prolonged SO tamponade.

Functional Results
VA improved in 45 eyes (86.5%), was remained stable in 4 eyes (7.7%) and decreased in 3 eyes (5.8%). The mean 
postoperative BCVA at the final visit was 1.1 ± 0.57 (2.8–0.2) logMAR with Snellen fraction ranging from 0 to 6/200 and 

Figure 3 A 42 years-old monocular man with complex retinal detachment. (A) preoperative ocular ultrasonography: retinal detachment with advanced proliferative 
vitreoretinopathy. (B) postoperative optical coherence tomography after 4 months: macular reattachment with irregularities in the retinal pigment epithelium.
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Figure 4 Long term follow-up in a 36 years-old man with complex retinal detachment in his right eye. (Ai and Aii) preoperative ocular ultrasonography: retinal detachment 
with advanced proliferative vitreoretinopathy. Visual acuity was 2.3 logMar (B and C) Postoperative fundus photography and optical coherence tomography after 28 mois: 
retinal reattachment under silicone oil prolonged tamponade. Visual acuity improved to 1 logMAR. Silicone oil was not removed because the patient was unwilling to 
undergo further surgeries.
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32.9 ± 19.5 ETDRS letters of improvement (−2.00 to 73 letters). The difference from the preoperative BCVA was 
statistically significant (P<0.001) (Figure 6).

Thirty-six patients (69.2%) had a final postoperative BCVA of 1.00 log MAR or better. Subjective visual improve
ment was noticed by 47 patients (90.4%) and a gain of autonomy in everyday life was reported by the 18 monocular 
patients and/or their family members.

Complications
Complications occurred in 18 eyes (34.6%). Anterior chamber inflammation less than grade 2+ cells and flare was 
noticed in 8 eyes (15.4%) during the initial 2 days after the first surgery and in 2 eyes (3.8%) after the second surgery, 
and resolved with increased topic steroids frequency. Ocular hypertension occurred in 12 eyes (23.1%) and was managed 
with topical antiglaucoma treatment in all eyes and with additional systemic acetazolamide in 5 eyes. Ten eyes developed 
cataract during the postoperative follow-up. We did not notice PFCL migration to the anterior chamber in any case.

Correlations
No statistically significant correlation was found between postoperative BCVA and preoperative BCVA, number of 
previous surgeries, or removal of SO.

Figure 5 Rates of retinal reattachment and recurrence of retinal detachment.

Table 3 Reasons for Prolonged Silicone Oil Tamponade

Number of eyes (%) 20 eyes

High risk for recurrence of retinal detachment 7 (35%)

Reinjection of silicone oil 5 (25%)

Intraocular pressure between 6 and 10 mmHg 2 (10%)

Patients unwilling to undergo further surgeries 6 (30%)
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Discussion
We report the results of surgical repair with vitrectomy and two-day TT by SO and PFCL in eyes with complex RD and 
advanced PVR. These eyes are generally thought to have a high risk of surgical failure after conventional vitrectomy and 
were considered inoperable by many vitreoretinal surgeons in our current series.

Retina reattachment was achieved in 92.3% of eyes (48/52) with improvement of BCVA in 86.5% (45/52 eyes) and 
subjective visual improvement with a gain of autonomy in everyday life noticed in all the 18 monocular patients.

Complex RD is commonly associated with advanced PVR, vitreous hemorrhage, ocular trauma, giant retinal tear and/ 
or multiple or posterior retinal breaks even without PVR. In our study, we included eyes with RD associated with grade 
C PVR regardless of the size and the number of breaks.

Different surgical techniques have been used for complex RD with anatomic success rates varying from 50% to 100% 
versus 30% to 75% offered by conventional vitrectomy or association of vitrectomy and scleral buckling surgery.1,8,12–23

Among these techniques, the use of PFCL for 7 days with supine positioning followed by PFCL-SO exchange7,8,24 as 
well as use of light and heavy SO or F6H8 and SO for 8 to 10 weeks have been popularized.25 Some of the complications 
and the limitations of these previous techniques include the need for strict postoperative supine positioning, SO 
emulsification, inflammation, and insufficient tamponade of the superior retina.25,26

Our anatomic and functional results are in line with those of the different techniques for complex RD. But the 
inclusion criteria were different, especially the severity and the duration of the RD.

In a prospective study using double retinal tamponade with PFCL and C3F8 gas during 4 to 7 weeks for 
rhegmatogenous RD with inferior breaks, Abdelkader et al27 reported an anatomical success rate of 93.3%. Our results 
were comparable, but in our series, the mean duration of RD was 16.6 weeks which may be associated with a more 
severe PVR. In our study, prolonged SO tamponade was needed in 20/48 eyes (41.7%) to achieve permanent retinal 
reattachment.

PFCL is usually used for temporary intraoperative tamponade facilitating retinal stabilization during vitrectomy and is 
generally removed and replaced with SO at the end of surgery. Different studies demonstrated the safety of PFCL when 
used for short-term postoperative tamponade in complicated RD. Most of these studies used PFCL for a period ranging 
from 5 days to 2 months to obtain adequate chorioretinal laser scars which are reported to develop within 2 weeks after 
surgery.1,7,8,24,28

Figure 6 Boxplot chart of preoperative and final postoperative logMAR best corrected visual acuity. 
Abbreviation: BCVA, best corrected visual acuity.
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We used total tamponade and decided to remove PFCL after 2 days. The aim of this short postoperative tamponade 
was to unfold the retina and to relax PVR which may allow a better reattachment of the retina. In fact, remaining and 
adherent PVR were very easier to remove after the two days of total tamponade with PFCL and SO.

In our study, the TT was indicated preoperatively because of the advanced PVR (all eyes had grade C PVR) or 
intraoperatively when complete retinal reattachment could not be achieved.

The anatomic rate of success of vitrectomy with relaxing retinectomy varies from 47% to 95% in various studies.29 

Hocaoglu et al30 reported 94% of retinal attachment rate after retinotomy/retinectomy in 126 eyes with RD complicated 
by advanced anterior PVR. They reported a negative correlation between postoperative visual acuity and more extensive 
retinectomy and concluded that retinectomy should be performed at a milder stage of PVR. In our study, retinectomy was 
not needed in the majority of eyes, and was only necessary in 9 eyes (17.3%).

It is important to note that our technique does not require any limitation on postoperative positioning in our patients. 
The presence of PFCL and SO simultaneously had the distinct advantage of tamponade of the upper and the lower retina 
regardless of the position of the head (Figure 1). This property is particularly useful in uncooperative subjects where 
postoperative positioning may be impossible to obtain.

In our study, mild complications occurred in 18 eyes (34.6%). Mild intraocular inflammation was noticed in 10 eyes 
(19.2%) at the 2-day visit. Notably, this is a lower rate than that reported by Sigler et al,31 (32%) who used a long period 
of PFCL tamponade in their series (2–3 weeks).

Ocular hypertension occurred in 12 eyes (23.1%), comparable to the rates reported in the literature ranging from 4.8% 
to 36%.7,24,31 All patients responded to medical anti-glaucoma treatment and no one required filtrating surgery.

At the final visit, SO tamponade was still needed in 20/48 eyes (41.7%) because of the risk of RD recurrence. This 
finding was in line with reported results by Vidne-Hay et al,32 who demonstrated the safety of long-term silicone oil 
tamponade (>12 months) in 43 eyes with complicated retinal detachment.

Our study had some limitations including its retrospective design, the lack of a control group, the need for 2 surgical 
procedures with the consequent cost effectiveness.

However, we noticed many advantages of short-term TT with PFCL and SO for complex RD with advanced PVR. 
Our technique allowed reattachment of the retina in 92.3% of eyes. In addition, a functional visual improvement was seen 
as early the first day after the exchange. Another important practical advantage was the lack of requirement for 
postoperative positioning.

In conclusion, we suggest that surgeons consider two-day TT with PFCL and SO in complex RD with advanced PVR. 
Further studies with longer follow-up period and retinal electrophysiologic assessment may be needed to better 
investigate the results of this technique.
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