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Abstract

Submacular perfluorocarbon liquid (PFCL) retention is a well-known complication of vitreoretinal surgeries;
however, the optimal surgical technique for the removal of subfoveal PFCL is yet to be determined. We
describe a novel surgical technique for the removal of retained submacular PFCL by performing a retinotomy
adjacent to the inferotemporal arcade using a 41-gauge extendible subretinal injection needle and inducing
a therapeutic retinal detachment. Through the same retinotomy, the bent 41-gauge needle was advanced
into the subretinal space to reach the PFCL bubble. Subsequently, active aspiration of PFCL was performed.
The surgical procedure was successfully performed in two patients. This technique appears to be an
effective surgical approach for removing retained submacular PFCL bubble.
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INTRODUCTION

Submacular perfluorocarbon liquid (PFCL)
retention is a rare, but well-recognized,
complication of vitreoretinal surgery.[1, 2] It is widely
accepted that subfoveal PFCL should be removed
as early as possible because of its potential toxicity
to photoreceptors and retinal pigment epithelium
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(RPE).[3, 4] Several surgical techniques have been
proposed to manage the subfoveal PFCL.[5–7]
These techniques can be divided into two cate-
gories: displacement of PFCL by inducing thera-
peutic retinal detachment (RD) and postoperative
positioning,[5] and removal of PFCL by direct aspi-
ration from the top or edge of the bubble.[6, 8–10]
However, the visual and anatomic outcomes are
variable, and the optimal surgical technique is yet
to be determined.
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Here, we report a novel technique to remove
submacular PFCL while minimizing surgical trauma
to the foveal structures.

SURGICAL METHOD

A standard three-port, 23-gauge vitrectomy was
performed. An area without major retinal vessels
adjacent to the inferotemporal vascular arcade
was considered as the retinotomy site. For an
easier access to the retinotomy site, the location of
pars plana inflow was changed from conventional
inferotemporal port to superotemporal sclerotomy.

A 41-gauge extendible subretinal injection nee-
dle (D.O.R.C International, Zuidland, Netherlands)
was attached to the viscous fluid injection system
(Stellaris PC, Bausch + Lomb) containing a balanced
salt solution (BSS). Retinotomy was performed
using the tip of the 41-gauge needle. An artificial
RD was induced by slow injection of BSS into the
subretinal space via the retinotomy [Figure 1(A)].
The RD size was increased to completely include
the subretinal PFCL bubble. The extendible needle
was bent by 75o with the aid of the endoilluminator
probe to have adequate length to reach the PFCL
bubble from the retinotomy site [Figure 1(B)]. Active
aspiration pressure was tested before inserting the
needle to avoid a sudden collapse of the subretinal
space. The bent needle was then inserted into the
retinotomy and advanced carefully in the subretinal
space to reach the PFCL bubble. Afterward, active
controlled aspiration (50–100 mmHg) of subfoveal
PFCL was performed [Figure 1(C)]. To confirm the
removal of PFCL, the aspirate was injected intrav-
itreally, and the presence of PFCL was verified.
Subsequently, retinal reattachment with PFCL or
fluid–air exchange and endolaser photocoagula-
tion of the edge of the retinotomy was performed,
and 20% sulfur hexafluoride (SF6) was used as
endotamponade. Video 1 demonstrates the surgi-
cal steps (supplemental digital content).

RESULTS

Case Report 1

A 19-year-old man was referred with retained sub-
foveal PFCL, six years after pars plana vitrectomy
for macula-off rhegmatogenous retinal detachment
(RRD). Best corrected visual acuity (BCVA) was
counting fingers at 1 meter. The presence of PFCL

Figure 1. Essential surgical steps for the removal of submacular
perfluorocarbon liquid (PFCL) using a 41-gauge extendible
subretinal injection needle. (A) Artificial retinal detachment
induction by slow injection of balanced salt solution (BSS)
through the retinotomy incision near the inferotemporal arcade
(arrow). (B) Bending the appropriate length of flexible needle
with the aid of endoilluminator. (C) Active aspiration of PFCL
bubble following needle entry into the subretinal space
(arrowhead).

was confirmed in optical coherence tomography
(OCT) [Figure 2(A)]. Surgical removal of subfoveal
PFCL was performed successfully using the afore-
mentioned technique. Two months post-surgery,
his BCVA improved to counting fingers at 3 meters,
and OCT confirmed the complete removal of PFCL
bubble [Figure 2(B)].
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Figure 2. (A) Preoperative optical coherence tomography (OCT) image showing subfoveal perfluorocarbon liquid (PFCL) bubble.
(B) Postoperative OCT image, three weeks after surgery showing the complete removal of PFCL bubble. Foveal ellipsoid zone
and external limiting membrane disruption are also present.

Figure 3. (A) Preoperative optical coherence tomography (OCT) image demonstrating large subfoveal perfluorocarbon liquid
bubble, distorting normal foveal contour. (B) Postoperative OCT image, one month after surgery, confirms the complete removal
of perfluorocarbon liquid bubble.

Case Report 2

A 53-year-old man was referred with retained
subfoveal PFCL, three months following silicone
oil removal. Silicone oil tamponade had been per-
formed during pars plana vitrectomy for RRD. BCVA
was 20/200, and OCT imaging confirmed the
presence of PFCL [Figure 3(A)]. Submacular PFCL
was removed using the same technique as case 1.
Complete removal of PFCL was verified using OCT

[Figure 3(B)]. Twomonths post-operation, his BCVA
improved to 20/70.

DISCUSSION

Although some studies have reported a stable
course of small retained subretinal PFCL,[12, 13]
many authors advocate its early removal,[14, 15] as
growing evidence suggest irreversible damage of
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photoreceptors and RPE cells due to direct PFCL
toxicity or altered retinal metabolism.[4, 16, 17] In
addition, our experience with the first patient
demonstrated that even in long-standing
cases, there is still a chance of improvement
in visual acuity following surgical removal of
PFCL.

Several studies have reported the results of
subfoveal PFCL removal.[5–7, 18] The retinotomies
have generally been performed in the foveal area,
either on the top of the PFCL bubble or adjacent
to it. Consequently, the anatomical and visual
prognoses were guarded. Our technique has the
advantage of approaching subfoveal PFCL from
a site distant to the fovea, minimizing the risks
associated with direct aspiration over or adjacent
to the subfoveal PFCL bubble, including damage
to the foveal photoreceptors and RPE cells, and
subfoveal hemorrhage. We selected the extramac-
ular location to avoid accumulation of blood in the
subfoveal area in case of accidental hemorrhage at
the retinotomy site. In the first case, we created the
retinotomy in the superotemporal location [Figure
2], however, for the second patient, the inferotem-
poral location was selected [Figures 1 and 3]. If
small bubbles of PFCL remain, the inferior location
of the RD will facilitate inferior displacement of
the bubble with postoperative positioning.[5] Laser
photocoagulation of the retinotomy edge is easy
and safe in an extramacular location.

The induced RD should be high enough to
allow an easy movement of the bent needle in
the subretinal space, avoiding any trauma to the
overlying retina and underlying RPE. Nevertheless,
it is essential to gently inject BSS, as the thinned
retinal tissue overlying PFCL bubble is susceptible
to rupture, and high injection pressure may lead to
macular hole formation.[19]

In conclusion, our novel technique appears
to be an effective surgical approach for remov-
ing retained subfoveal PFCL. Larger studies are
needed to confirm the safety of this approach.

Financial Support and Sponsorship

Nil.

Conflicts of Interest

There are no conflicts of interest.

REFERENCES

1. Shulman M, Sepah YJ, Chang S, Abrams GW, Do DV,
Nguyen QD. Management of retained subretinal perfluo-
rocarbon liquid. Ophthalmic Surg Lasers Imaging Retina
2013;44:577–583.

2. Garcia-Valenzuela E, Ito Y, Abrams GW. Risk factors for
retention of subretinal perfluorocarbon liquid in vitreoreti-
nal surgery. Retina 2004;24:746–752.

3. Georgalas I, Ladas I, Tservakis I, Taliantzis S, Gotzaridis
E, Papaconstantinou D, et al. Perfluorocarbon liquids in
vitreoretinal surgery: A review of applications and toxicity.
Cutan Ocul Toxicol 2011;30:251–262.

4. Elsing SH, Fekrat S, Green WR, Chang S, Wajer SD,
Haller JA. Clinicopathologic findings in eyes with retained
perfluoro-n-octane liquid. Ophthalmology 2001;108: 45–
48.

5. Le Tien V, Pierre-Kahn V, Azan F, Renard G, Chauvaud D.
Displacement of retained subfoveal perfluorocarbon liquid
after vitreoretinal surgery. Arch Ophthalmol 2008;126:98–
101.

6. Ting DS, Lu VH-J, Tan GS, Wong EY. A surpris-
ing visual improvement following a prolonged 5-month
retained subfoveal perfluorocarbon liquid. Int J Ophthal-
mol 2016;9:1079–1081.

7. Sakurai E, Ogura Y. Removal of residual subfoveal
perfluoro-n-octane liquid. Graefes Arch Clin Exp Ophthal-
mol 2007;245:1063–1064.

8. Roth DB, Sears JE, Lewis H. Removal of retained
subfoveal perfluoro-n-octane liquid. Am J Ophthalmol
2004;138:287–289.

9. García-Arumí J, Castillo P, López M, Boixadera A, Martínez-
Castillo V, Pimentel L. Removal of retained subretinal
perfluorocarbon liquid. Br J Ophthalmol 2008;92:1693–
1694.

10. De Cillà S, Alkabes M, Radice P, Carini E, Mateo C. Direct
transretinal removal of subfoveal perfluorocarbon liquid:
The role and timing of internal limiting membrane peeling.
Eur J Ophthalmol 2017;27:249–252.

11. Joondeph BC. Controlled aspiration of subfoveal per-
fluorocarbon liquid using a novel microcannula. Retina
2011;31:991–993.

12. Suk KK, Flynn HW. Management options for submac-
ular perfluorocarbon liquid. Ophthalmic Surg Las Im
2011;42:284–291.

13. Nowilaty SR. Ten-year follow-up of retained subfoveal
perfluoro-N-octane liquid. Retin Cases Br Rep 2007; 1:41–
43.

14. Lai JC, Postel EA, McCuen BW. Recovery of visual function
after removal of chronic subfoveal perfluorocarbon liquid.
Retina 2003;23:868–870.

15. Lesnoni G, Rossi T, Gelso A. Subfoveal liquid perfluorocar-
bon. Retina 2004;24:172–176.

16. Tewari A, Eliott D, Singh CN, Garcia-Valenzuela E, Ito Y,
Abrams GW. Changes in retinal sensitivity from retained
subretinal perfluorocarbon liquid. Retina 2009; 29:248–
250.

17. Berglin L, Ren J, Algvere PV. Retinal detachment and
degeneration in response to subretinal perfluorodecalin
in rabbit eyes. Graefe’s Arch Clin Exp Ophthalmol
1993;231:233–237.

396 J  O  V R Volume 14, Issue 3, July–September 2019



Submacular Perfluorocarbon Removal; Ghasemi Falavarjani and Anvari

18. Mirshahi A, Ghasemi F, Zarei M, Karkhaneh R, Ahmadraji
A, Polkinghorne PJ. Removal of subfoveal perfluorocarbon
liquid: Report of 3 cases. J Curr Ophthalmol2017;29:324–
328.

19. Kim JM, Woo SJ, Park KH, Chung H. Surgical removal
of retained subfoveal perfluorocarbon liquid through a
therapeutic macular hole with intravitreal PFCL injection
and gas tamponade. Korean J Ophthalmol 2013;27:392–
395.

J  O  V R Volume 14, Issue 3, July–September 2019 397


