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A pilot study on the use of silicone oil–RMN3
as heavier-than-water endotamponade agent

Abstract Aims: This work was
conducted to report an interventional
non-comparative pilot study using
Oxane HD, a mixture of ultra-purified
silicone oil and RMN3, a partially
fluorinated olefin, as heavier-than-
water internal tamponade. Methods:
Twenty-eight consecutive patients
were recruited for this study. Indica-
tions included recurrent retinal de-
tachment (RD) with proliferative
vitreoretinopathy (PVR) (stage ≥C2)
arising from inferior or posterior tears,
recurrences after vitreoretinal surgery,
penetrating trauma and combined
rhegmatogenous and choroidal de-
tachment. The patients underwent a
pars plana vitrectomy, membrane
peeling, and Oxane HD was used as
long-term internal tamponade.
Results: Oxane was removed after 88
days (range 45–96 days) and
exchanged with BSS in five eyes,
long-acting gas in 14 eyes and with
silicone oil in nine eyes. Retinal
reattachment was achieved in 15 eyes.

The overall anatomical success rate
obtained using Oxane HD was 53.5%.
In 15 patients with previous marked
scleral buckling, the success rate was
26%: in nine patients recurrent RD
occurred in the inferior sector, in five
patients new tears were detected in the
lower sectors; membrane formation
was observed in 15 eyes. In 13
patients without marked scleral
indent, the success rate was 84.6%.
There was no evidence of dispersion
and excessive inflammation.
Conclusion: Oxane HD may be a
useful tool in complicated RD with
large inferior breaks, inferior PVR or
combined rhegmatogenous, and
choroidal detachment without marked
scleral buckling, which put the eye
profile out of shape, led to a higher
failure rate and reduced the tampon-
ading effectiveness of Oxane HD.

Keywords Long-term internal
tamponade . Oxane HD . Proliferative
vitreoretinopathy . Retinal detachment

Introduction

Retinal detachment (RD) complicated by inferior retinal
breaks and proliferative vitreoretinopathy (PVR) remains
difficult to treat. The most frequently used long-term en-
dotamponade agent is silicone oil, which is lighter than
water and floats with a positive buoyancy. It is ineffective
at supporting the inferior retina, especially if there is a
slight under-fill [3]. Moreover, it always leaves a space in
the inferior sector filled by fluid where reproliferation may

occur. Therefore, a tamponade that sinks would be useful in
many situations. Several heavier-than-water endotampo-
nades have been suggested, such as perfluorocarbons [7,
14], double filling [1] and semi-fluorinated alkanes [5].
Recently we proposed the combined use of 70% F6H8 and
30% silicone oil and achieved encouraging results in a pilot
study [9] and in a multicentric non-comparative study [8].
The double filling F6H8–silicone oil was mixed inside the
eye, resulting in an effective but unstable biphasic mixture.
Further attempts were performed to develop a vitreous
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substitute that is transparent, stable and homogeneous.
Oxane HD (Bausch & Lomb) is a new “heavy silicone oil”
that was recently proposed in the treatment of complicated
retinal detachment [4, 13]. The aim of this study was to
evaluate the efficacy and safety of Oxane HD as heavier-
than-water endotamponade in the treatment of complicated
retinal detachment involving the lower quadrants of the
retina.

Materials and methods

Study design

We performed a prospective interventional non-compar-
ative study on 28 eyes of 28 consecutive patients who
were recruited from our clinic between May 2003 and
June 2004. The study was approved by the local ethics
committee.

Main outcome measures

The primary study end-point was the anatomical reattach-
ment of the retina. Cases were judged successful when
there was reattachment of the retina in the absence of any
tamponade agent.

Our secondary study goal was to record the functional
outcome and the complications, which might or might not
be related to the use of Oxane HD.

Baseline examination consisted of a detailed ophthal-
mic history, slit-lamp biomicroscopy, Goldman applanation
tonometry, and direct and indirect ophthalmoscopy. Best-
corrected visual acuity (BCVA) was reported during ex-
amination upon the subject’s entry into the study and at the
last follow-up visit; best-corrected Snellen visual acuity
was obtained and converted into a logarithm of the min-
imum angle of resolution (logMAR). The grade of PVRwas
defined according to the classification of the Retinal Society
[6]. Follow-up examinations were scheduled 1 day, 1 week,
1month, 3months after the initial surgery and 1week, 1 and
6 months after Oxane HD endotamponade removal.

Patients

Inclusion criteria consisted of retinal detachment with PVR
stage ≥C2 (according to the classification of the Retina
Society), PVR of the inferior quadrants of the retina, retinal
detachment (RD) caused by inferior giant retinal tears,
penetrating trauma and combined rhegmatogenous and
choroidal detachment.

Exclusion criteria were: age under 18 years, severe sys-
temic disease, pregnancy, any uncontrolled ocular disease
other than RD, participation in another study, missing
informed consent.

A total of 28 eyes of 28 patients were included in our
study (18 male, 10 female). The mean age was 59 years
(range 23–83 years). Twenty-five patients had previous RD
repair: 20 had undergone one surgery for RD repair, 3 had
undergone two surgeries and 2 had more than two previous
surgeries.

Out of this set of 25 eyes, recurrence of RD occurred
in 12 eyes after scleral buckling, in 6 after pars plana vit-
rectomy, in 7 after combined scleral buckling and vitrec-
tomy. Three patients had not been previously operated on.
In 11 of the previously vitrectomized eyes conventional
silicone oil had been used: in 6 eyes a recurrent RD oc-
curred with oil still in situ, while in 5 the recurrences oc-
curred after the removal. In 2 previously vitrectomized
eyes gas tamponade had been used, and the retina re-
detached after the gas reabsorption. At baseline 9 patients
were aphakic, 8 phakic and 11 pseudophakic.

On baseline examination the macula was detached in all
eyes and 15 eyes showed marked previous scleral buckling.
We defined as marked scleral buckling a large radial or
circumferential episcleral explant causing high buckle ef-
fect putting the eye profile out of shape.

Materials

Oxane HD (Bausch & Lomb) is a new “heavy silicone oil”
with a high specific gravity. It is a mixture of ultra-purified
silicone oil (Oxane 5700; Bausch & Lomb) and RMN3, a
partially fluorinated and hydrocarbonated olefin. The solu-
tion is homogeneous and stable in the presence of water, air
or perfluorocarbons. It has a density of 1.02 g/cm3 and a
viscosity of 3300 mPas. Its interfacial tension is higher than
40 mN/m.

Surgical technique

Surgery was performed in regional anesthesia. A standard
three-port pars plana vitrectomy was performed in all
patients. In six eyes silicone oil was in situ and was re-
moved. Vitrectomy was combined with cataract surgery in
five eyes. The intraocular lenses (IOLs) were left in situ.
Epiretinal membranes were peeled in 14 eyes. Peeling was
trypan blue or triamcinolone acetonide-assisted. A relaxing
retinotomy was applied in nine eyes. The retina was flat-
tened using perfluoro-n-octane, which was removed via
fluid–air exchange. Endolaser photocoagulation was car-
ried out. The vitreous cavity was then filled with Oxane
HD.

Oxane HD was removed 45–96 days after the initial
surgery in regional anesthesia, through a pars plana ap-
proach. Under endoillumination and microscopic visual-
ization, a 19-gauge Teflon tip cannula was held over the
optic disc and the Oxane HD was aspirated using the active
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aspiration of the vitrectomy system. Finally, several BSS–
air exchanges were performed.

Patients who failed to improve with Oxane HD were
given further procedures using conventional silicone oil.

Results

Anatomical results

Retinal reattachment was achieved in all eyes at the end of
vitrectomy and Oxane HD filling the vitreous cavity.

At the time of the tamponade removal with Oxane HD
still in the vitreous cavity, 19 eyes showed retinal re-
attachment and nine eyes showed recurrent RD of the
inferior retina (Fig. 1). New tears were detected in the
lower sectors in five patients. Intraoperatively, epiretinal
membranes were observed and peeled in 14 eyes. The
membranes were diffuse or localized in the inferior sector,
posterior and on top of the scleral buckling. The level of
difficulty in their removal was similar to that of the mem-
branes usually found with conventional silicone oil. Mem-
branes and inferior recurrences developed in 15 eyes where
a previous broad and marked indent was evident (height of
scleral buckle >3 mm with a steep slope and deep recesses,
or very tight encircling elements with “hourglass” distor-
tion of the globe).

Oxane HD was exchanged with BSS or air in five eyes.
In 14 eyes, Oxane HDwas exchanged with long-acting gas,
and in nine eyes it was exchanged with silicone oil, due to
diffuse epiretinal membranes or inferior recurrences.

At 6 months follow-up after the tamponade removal, 15
eyes showed retinal reattachment while 13 eyes showed
recurrent RD. In the five eyes where Oxane HD was
exchanged with BSS or air, the retina remained attached.

Out of the 14 eyes exchanged with long-acting gas, eight
cases showed a further RD recurrence. Out of the nine eyes
exchanged with conventional silicone oil, endotamponade
removal was successfully carried out in four eyes, while
five eyes underwent further surgeries. Retinal reattachment
was achieved in four out of the 15 patients with previous
marked scleral buckling (26%) and in 11 out of the 13
patients without marked scleral indent (84.6%)

Functional results

At baseline examination, the mean BCVA ranged from
+2.3 logMAR units to +1.00 (mean +1.7). At 6 months
follow-up it was +1.5 logMAR units (range +2.3 to +0.4).

BCVA remained unchanged in 12 eyes (42.9%), im-
proved in ten eyes (35.7%) and decreased in six eyes
(21.4%).

Complications

Eight eyes were phakic at baseline examination. One eye
showed marked cataract formation during Oxane HD fill-
ing and underwent cataract extraction at the time of Oxane
HD removal. During the follow-up period, two more eyes
underwent cataract surgery. Raised intraocular pressure
(IOP) was observed in four eyes with Oxane HD in situ. In
three eyes, IOP was controlled with normal medication. In
one phakic eye, part of the Oxane HD bubble was dis-
located into the anterior chamber; this was immediately
removed. No corneal damages were observed. Dispersion
or emulsification into small bubbles of Oxane HD was not
observed in the other patients. Membrane formation under
Oxane HD was observed in 15 eyes. No patient showed
intraocular inflammation with Oxane HD in situ.

Discussion

To the best of our knowledge, no randomized clinical trial
on the efficacy of heavier-than-water endotamponades has
been performed so far. Various agents have been studied
with anatomic success rates varying between 50% [1], 83%
[5], 86% [10], 94% [13] and 100% [11], depending on the
different period of follow-up and on the definition of ana-
tomic success. In fact, only Kirchhof [5] reported success-
ful retinal reattachment without any endotamponade. Using
a double filling of silicone oil and F6H8, we achieved
complete retinal attachment without any endotamponade in
77% at 12 months follow-up [9].

The overall anatomical success rate using Oxane HD in
this study was 53.5%. In the 13 patients without marked
scleral indent, the anatomic result was satisfactory, with a
success rate of 84.6%.

Fig. 1 Recurrent inferior retinal detachment with epiretinal mem-
branes near marked scleral buckling with Oxane HD in the vitreous
chamber
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In contrast, in 15 patients with previous marked scleral
buckling, the success rate was 26%. In this subgroup, re-
currences occurred in the inferior sector of nine patients
and membranes developed in 15 eyes.

We did not expect to find recurrence in the inferior sector
alone. There was a certain amount of apprehension regard-
ing superior redetachments because tamponading efficacy
with heavier-than-water endotamponades is usually in-
sufficient in the upper sector in the orthostatic position.

In fact, Wolf et al. [13] observed 18% of residual retinal
detachments in the superior quadrants with Oxane HD. For
our part, we found recurrences in the upper sectors in 10%
with the double filling (F6H8 30% and silicone oil 70%).

Therefore in the group with previous marked scleral
buckling, the goal for the use of heavier-than-water endo-
tamponade was not achieved. We wish to point out that the
severity of retinal conditions and PVR were similar in the
two groups.

The reason for this failure might be that the specific
density of Oxane HD is too light, as Wetterqvist et al.
demonstrated in model eye chamber measurements [12].
However, we are convinced that the main problem dealing
with Oxane HD is related to its low affinity to the retinal
surface.

In fact, Wetterqvist has demonstrated in an in vitro study
that a solution of F6H8 and silicone oil (with a specific
gravity of 1.06 g/cm3) has similar physical properties to
silicone oil in terms of the shape of the bubble, and thus its
ability to act as an internal tamponade agent. More recently,
Wong tested in vitro the efficiency of silicone oil, F6H8
and various tamponade solutions such as silicone oil–F6H8
(1.01, 1.02, 1.03, 1.06 g/cm3) and silicone oil–RMN3
(1.02 g/cm3) by using a model eye chamber modified with
lateral indents (personal communication). He demonstrated
that qualitatively, F6H8 made good contact with the cham-
ber and tended to fit into recesses created by the indents.
Silicone oil bubbles, in contrast, were rounded and made
poor contact; moreover, they did not fill the “nooks and
crannies”. The point is that all homogeneous solutions of
silicone oil–F6H8 and silicone oil–RMN3 tended to be-
have like silicone oil and displayed a rounded shape and
made poor contact with the sides of the buckling.

This could explain the results obtained in our series. In
fact, we achieved anatomical success when no marked
scleral buckling was present. It is likely that the Oxane HD
bubble, behaving like silicone oil, cannot fit the modifi-
cation of the eye profile caused by the indent, and leaves
the lateral recesses filled with fluid. As the exclusion of the
fluid from the surface of the retina is important to prevent
re-proliferation [5], the presence of a free space filled by
fluid surrounding the indent may account for the high
reproliferation rate (100%): epiretinal and subretinal mem-
branes were found in this group in correspondence with the
buckling.

Another explanation might be that the olefin RMN3
compound of Oxane HD might stimulate membrane for-
mation; however, it is difficult to determine whether these
proliferations were PVR membranes or a biological reac
tion due to the endotamponade.

The rate of epiretinal or subretinal membrane formation
due to heavier-than-water endotamponades is variable in
literature. De Molfetta et al. [2] found postoperative pro-
liferation in 90%, and Kirchhof et al. [5] reported macular
pucker formation in 9%. Using a double filling of F6H8
and silicone oil, we found epiretinal membranes in 37%
and subretinal membranes in 5% [9]. In his experiments,
Sparrow did not find any evidence that silicone oil and
perfluorocarbon liquids differ in stimulating cellular pro-
liferation and membrane formation [8].

On the other hand, Oxane HD showed good intraocular
tolerance with a few minor complications, and an en-
couraging success rate in the group without marked indent.
Therefore, our preliminary results suggest that it may be a
useful tool in complicated RD with large inferior breaks or
inferior PVR, and in combined retinal and choroidal de-
tachment without marked irregularity of the eye profile.

Functional results were less encouraging than anatom-
ical results because BCVA improved only in 35.7%. This
was attributed to the severe previous retinal conditions and
to the anatomic success rate.

Our study is limited by the lack of a control group;
therefore, no definite conclusions regarding the use of
Oxane HD in respect to the other endotamponades are
possible.

References

1. Bottoni F, Arpa P, Vinciguerra P,
Zenoni S, De Molfetta V (1992)
Combined silicone and fluorosilicone
oil tamponade (double filling) in the
management of complicated retinal
detachment. Ophthalmologica 204:
77–81

2. De Molfetta V, Bottoni F, Arpa P,
Vinciguerra P, Zenoni S (1992) The
effect of simultaneous internal tam-
ponade on fluid compartmentalization
and its relationship to cell proliferation.
Retina 12:S40–S45

3. Fawcett IM, Williams RI, Wong D
(1994) Contact angles of substances
used for internal tamponade in retinal
detachment surgery. Graefe’s Arch Clin
Exp Ophthalmol 232:438–444

4. Genovesi-Ebert F, Belting C, Vento A,
di Bartolo E, Palla M, Rizzo S (2004)
Heavy silicone oil as endotamponade in
complex retinal detachment. ARVO
2017:B828

1156



5. Kirchhof B, Wong D, Van Meurs J,
Hilgers RD, Macek M, Lois N, Schrage
NF (2002) Use of perfluorohexyloctane
as a long-term internal tamponade
agent in complicated retinal detachment
surgery. Am J Ophthalmol 133:95–101

6. The Retina Society Terminology Com-
mittee (1983) The classification of
retinal detachment with proliferative
vitreoretinopathy. Ophthalmology
90:121–125

7. Peyman GA, Schulman JA, Sullivan B
(1995) Perfluorocarbon liquids in oph-
thalmology. Surv Ophthalmol 39:375–
395

8. Rizzo S (2004) Ophthalmologica, in
press

9. Rizzo S (2004) Graefe’s Arch Clin Exp
Ophthalmol, in press

10. Stefaniotou MI, Aspiotis MV, Kitsos
GD, Kalogeropoulos CD, Asproudis
IC, Psilas KG (2002) Our experience
with perfluorohexyloctane (F6H8) as a
temporary endotamponade in vitreoret-
inal surgery. Eur J Ophthalmol 12:518–
522

11. Tanji TM, Peyman GA, Mehta NJ,
Millsap CM (1993) Perfluoroperhy-
drophenanthrene (Vitreon) as a short-
term vitreous substitute after complex
vitreoretinal surgery. Ophthalmic Surg
24:681–685

12. Wetterqvist C, Wong D, Williams R,
Stappler T, Herbert E, Freeburn S
(2004) Tamponade efficiency of per-
fluorohexyloctane and silicone oil so-
lutions in a model eye chamber. Br J
Ophthalmol 88:692–696

13. Wolf S, Schön V, Meier P, Wiedemann
P (2003) Silicone oil-RMN3 mixture
(“Heavy Silicone Oil”) as internal
tamponade for complicated retinal de-
tachment. Retina 23:335–342

14. Wong D, Lois N (2000) Perfluorocar-
bons and semifluorinated alkanes.
Semin Ophthalmol 15:25–35

1157


	A pilot study on the use of silicone oil–RMN3 as heavier-than-water endotamponade agent
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Study design
	Main outcome measures
	Patients
	Materials
	Surgical technique

	Results
	Anatomical results
	Functional results
	Complications

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


