American Journal of Ophthalmology Case Reports 25 (2022) 101337

Contents lists available at ScienceDirect cmakl "
AMERICAN

JOURNAL OF
OPHTHALMOLOGY

American Journal of Ophthalmology Case Reports

CASE REPORTS

journal homepage: www.ajocasereports.com/

ELSEVIER

Perfluorocarbon liquid assisted drainage and tamponade associated retinal
displacement: A unifying theory on the etiology of retinal folds, slippage
and retinal displacement

a,b 1 a,b a,b,c,”™

Samara B. Marafon ™", Verena R. Juncal ", Rajeev H. Muni

@ Department of Ophthalmology, St. Michael’s Hospital/Unity Health Toronto, Toronto, ON, Canada
Y Department of Ophthalmology and Vision Sciences, University of Toronto, Toronto, ON, Canada
¢ Kensington Vision and Research Centre, Toronto, ON, Canada

ARTICLE INFO ABSTRACT

Keywords:

Retinal displacement
Retinal slippage
Macular fold
Perfluorocarbon liquid

Purpose: To determine the integrity of re-attachment in a macula-off detachment repaired with pars plana vit-
rectomy using perfluorocarbon liquid (PFO) assisted drainage and short-term tamponade with no air-fluid ex-
change and to discuss a unifying theory on the etiology of retinal malappositions including retinal displacement
(stretch), retinal slippage and full-thickness macular folds.

Observations: Significant retinal displacement was observed on fundus autofluorescence imaging following retinal
detachment repair using PFO, along with significant metamorphopsia and aniseikonia. The retinal displacement
was in the exact direction as the flow of subretinal fluid during the PFO assisted drainage.

Conclusions and importance: Routine use of PFO to assist with drainage and leaving it in as a short-term tam-
ponade for uncomplicated retinal detachment repair may result in inadvertent retinal displacement as a result of
the forced flow of subretinal fluid leading to a stretch of the retina. This case supports a unifying theory on the
etiology of retinal malappositions including retinal displacement (stretch), retinal slippage and full thickness
macular fold. Retinal malappositions occur because of the flow of subretinal fluid either a) induced by the
buoyant force of the tamponade and gravity in a direction related to post-operative head position (often towards
inferior periphery) in the case of retinal displacement (stretch) or b) from anterior to posterior during air-fluid
exchange in the case of full-thickness macular fold with posterior redundancy and anterior stretch or slippage.

1. Introduction

Anatomic integrity of retinal re-attachment may influence functional
outcomes. The occurrence of retinal displacement following rhegma-
togenous retinal detachment (RRD) repair with pars plana vitrectomy
(PPV) was hypothesized by the presence of retinal vessel printings
(RVPs) on fundus autofluorescence (FAF) imaging.l’2 The optimal sur-
gical technique to avoid retinal displacement and achieve a high
integrity retinal attachment (HIRA), defined as the absence of RVPs on
FAF, remains unknown. A recent study has demonstrated that HIRA is
much more likely following successful pneumatic retinopexy (PnR)
compared to PPV.® Some have suggested that intraoperative use of
perfluorocarbon liquid (PFO) in PPV may be beneficial and help reduce
the occurrence of a low integrity retinal attachment (LIRA), defined as
the presence of RVPs on FAF imaging, although the data and results are

conflicting and controversial, and more study is required."**° PFO has
also been shown to be efficacious as a short-term vitreous substitute in
retinal detachment repair.°

We describe the autofluorescence findings following PFO assisted
drainage and short-term tamponade with supine positioning for a
macula-off RRD repaired with PPV, in an attempt to minimize post-
operative retinal displacement. Insights gained form this case also sup-
port a potential unifying theory on the etiology of retinal malap-
positions, which include retinal slippage, full thickness macular folds
and retinal displacement.

2. Case report and surgical technique

A 61-year-old pseudophakic male who had PnR 7 days prior for a
macula-off RRD presented with counting fingers vision and a total RRD
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with temporal and inferior retinal breaks and no proliferative vitreor-
etinopathy. The PnR was initially working well with closure of a supe-
rior temporal break but then failed because of a retinal break inferior
temporal that was not clearly discernible on presentation. After
obtaining informed consent, he underwent a 23-gauge PPV including
core and 360° peripheral vitrectomy. Subretinal fluid (SRF) drainage
was assisted using PFO that was very slowly injected over approximately
2 minutes into the vitreous cavity until a complete fill was obtained.
While PFO was injected, it was noted that SRF was displaced inferiorly
and temporally before exiting through the retinal breaks. 360° laser
retinopexy was performed with no air-fluid exchange. 23-gauge can-
nulas were removed and all sclerotomies were sutured. The patient was
kept in the supine position for one week. Video 1 shows the slow in-
jection of PFO and drainage of subretinal fluid inferiorly and temporally,
followed by laser retinopexy and closure of wounds with no air-fluid
exchange.

Supplementary video related to this article can be found at htt
ps://doi.org/10.1016/j.ajoc.2022.101337

At the 7th post-operative day, the retina was attached under PFO and
FAF imaging showed multiple RVPs suggesting significant retinal
displacement (see reference for images).” PFO removal and air-fluid
exchange was performed on the following day, as planned. The retina
remained attached and no new retinal breaks were noted. 20% SF6 was
then injected.

One month following PFO removal, Snellen best-corrected visual
acuity was 20/30. The patient complained of significant distortion, and
vertical and horizontal metamorphopsia scores were 0.6 and 0.5,
respectively, as assessed using the M-chart (M-CHARTS™, Inami & Co,
Ltd, 135 Japan). Aniseikonia test (Awaya New Aniseikonia Tests, Han-
daya Co Ltd, 136 Tokyo, Japan) demonstrated an aniseikonia score of 2.
Optos Wide-field FAF (Optos Inc., Malborough, MA, USA) was repeated
and confirmed the presence of unchanged RVPs at 1 month (Fig. 1).

3. Discussion

PFO has been a valuable intraoperative adjunct to PPV for the
management of complex RRD for the past several decades.® If PFO re-
duces the occurrence of post-operative retinal displacement following
PPV, then its routine use may be justified.

A combination of multiple surgical factors, including amount of re-
sidual SRF at the end of surgery, the buoyant force of the intraocular gas
tamponade applied to the retina, the movement of the subretinal fluid
post-operatively or intra-operatively, and post-operative positioning,

American Journal of Ophthalmology Case Reports 25 (2022) 101337

play a role in the occurrence of retinal displacement.® The small amount
of residual SRF that remains at the completion of surgery along with the
use of an intraocular gas tamponade likely result in a displacement of
fluid under the influence of the buoyant force of the gas bubble and
gravity in a direction related to post-operative positioning. It has been
hypothesized that this movement of subretinal fluid under the thin and
elastic retina leads to a stretch of the retina and LIRA, which is often in
the inferior direction related to the direction of fluid flow.

At the outset of this case, we hypothesized that by using PFO to assist
with subretinal fluid drainage and as a short term tamponade, while
avoiding the air-fluid exchange and gas tamponade we may potentially
minimize retinal displacement as there would be relatively little fluid
under the retina at the end of surgery, and the large buoyant force of a
full gas fill would be avoided. Paradoxically, our patient experienced
very prominent and severe retinal displacement mainly downward and
temporal. The direction of retinal displacement in this case is particu-
larly instructive because it is in the exact direction in which subretinal
fluid was expressed from the retinal breaks, specifically from posterior
to anterior in the inferior and temporal direction. This supports the
theory that in standard vitrectomy, displacement of subretinal fluid
under the thin elastic retina induced by the buoyant force of the tam-
ponade and gravity in a direction related to head position (often towards
inferior periphery) leads to a stretch of the retina (often visualized more
posteriorly) and retinal displacement or LIRA (see Animation Video 2
demonstrating PFO causing displacement of subretinal fluid from pos-
terior to anterior which results in a corresponding stretch of the retina in
the same direction). This contrasts with full thickness macular folds or
slippage in which residual subretinal fluid is displaced intra-operatively
during air-fluid exchange from anterior to posterior. In full thickness
macular folds because the retina is tethered at the ora serrata, it leads to
stretch of the retina anteriorly and folds/redundancy/compression
posteriorly. In retinal slippage, often in the context of giant retinal tears,
the lack of anterior anchoring of the retina eliminates the possibility of
anterior stretch and is characterized only with posterior folds/redun-
dancy/compression (see Animation Video 3 demonstrating slippage or
full-thickness macular fold which occurs as a result of subretinal fluid
being displaced from anterior to posterior intraoperatively during air-
fluid exchange). In other words, retinal displacement and full-
thickness macular folds share a common pathophysiology relating to
the induced flow of subretinal fluid. What varies is the direction of that
flow, the time when it occurs during or after the surgery and the
resulting anatomic abnormality that is visualized posteriorly (displace-
ment/stretch vs folds/redundancy).

Fig. 1. Wide-field autofluorescence imaging at postoperative month 1 with yellow arrowheads indicating the direction of retinal displacement/stretch inferior and
temporally in the same direction as the induced flow of subretinal fluid by the perfluorocarbon liquid. (For interpretation of the references to colour in this figure

legend, the reader is referred to the Web version of this article.)
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Supplementary video related to this article can be found at htt
ps://doi.org/10.1016/j.ajoc.2022.101337

Retinal displacement remains a significant issue following PPV for
RRD and has been associated with worse functional outcomes.>’ Recent
studies have demonstrated that retinal displacement can be minimized
with the use of PnR® and if performing vitrectomy, with immediate face
down positioning at the completion of surgery.' Archimedes principle
determines that the maximum buoyant force at the apex of a bubble
varies linearly with the bubble height'’ with a larger force applied to the
retina with a full gas fill compared to a much smaller force from a small
expansile gas bubble injection and therefore it is also likely that using a
smaller gas fill or the injection of a small expansile gas bubble in certain
appropriate cases of PPV for RRD could reduce the risk of retinal
displacement.'>!'® The current literature is uncertain regarding the
impact of intraoperative PFO assisted drainage of subretinal fluid on
retinal displacement, and a properly designed randomized trial is
required. This case demonstrates that PFO used to assist with subretinal
fluid drainage and simultaneously as a short-term tamponade may be
harmful and increase the risk of post-operative retinal displacement, and
in the authors’ opinion should be used with caution or avoided in
routine primary RRD repair. Whether there would have been less
displacement, had the PFO been removed immediately following the
subretinal fluid drainage is unknown, but is certainly likely. However, in
this circumstance, there likely would have been some residual subretinal
fluid left at the end of surgery, and with a large gas tamponade, the
patient would have had the usual risks of retinal displacement following
PPV that have been demonstrated in the literature.

4. Conclusion

This case has helped to inform the discussion regarding the etiology
of retinal displacement/stretch and other types of retinal malappositions
such as full thickness macular folds and retinal slippage following retinal
detachment repair. Recognizing the importance and etiology of retinal
malappositions such as retinal displacement (stretch) may lead to
modifications in vitreoretinal surgical techniques to minimize these
complications and improve functional outcomes.

Patient consent
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report does not contain any personal information that could lead to the
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