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Abstract

Purpose To describe the functional and anatomical results of complicated retinal detachment (RD) treated with small-gauge
pars plana vitrectomy (PPV) and combined perfluorodecalin and polydimethylsiloxane tamponade (double filling, DF).
Methods Retrospective analysis of consecutive patients with complex RD (severe proliferative vitreoretinopathy, inferior/
posterior/giant retinal tears, and traumatic detachments) treated with small-gauge PPV, membrane peeling, and DF at the
Department of Ophthalmology at San Gerardo Hospital, Monza, Italy. Main outcome measures included best-corrected
visual acuity (BCVA), rates of retinal reattachment, and complications.

Results This study included 15 patients with a median follow-up (FU) of 6 months (range 1-22). Three patients with early
retinal redetachment under tamponade and FU shorter than 3 months were excluded from the final functional analysis, but
they were considered anatomical failure. At the last examination, BCVA improved in 50% of patients and remained stable
in 25% of patients and anatomical success was achieved in 73% of eyes, 64% of them without any endotamponade. Three
eyes had retinal redetachment after perfluorodecalin/silicone oil exchange because of diffuse proliferative vitreoretinopathy
(PVR) and required reoperation to achieve retinal attachment. In eyes with anatomical success, macular pucker was the most
frequent long-term complication (27%).

Conclusion In the management of complex RD, small-gauge pars plana vitrectomy, and double filling endotamponade using wide-
angle viewing systems was a well-tolerated and effective technique to preserve visual acuity and achieve anatomical success.

Key messages

® Complicated rhegmatogenous retinal detachment (RD) represents a significant cause of visual morbidity and
surgical failure.

® Patients with complicated RD could be effectively treated with small gauge PPV.

@ In the management of complicate RD, small gauge PPV and combined perfluorodecalin and polydimethylsiloxane
tamponade (double filling, DF) improved or stabilized vision in 75% of eyes and achieved retinal attachment in
73% of eyes.
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presence of proliferative vitreoretinopathy (PVR), multi-
ple and large retinal tears, severe ocular trauma, and late
surgery [1-7].

Intraocular tamponades have been used at the end of the
surgery for RD to provide support to the reattached retina
before a permanent retinopexy has been obtained, either
by laser or cryopexy. In some of the most complex cases
of RD, an optimal retinopexy can be difficult to achieve. In
these cases, various therapeutic strategies have been used,
including the injection of two different tamponade agents
together. This technique, known as “double filling” (DF),
consists of the use of both perfluorocarbon liquids (PFCL)
and silicone oil to temporarily stabilize the retina before
exchanging with silicone oil.

In this study, we report our experience using small-
gauge pars plana vitrectomy (PPV), “DF technique” and
wide-angle viewing systems to treat patients with com-
plicated RD.

Materials and methods

We reviewed the clinical data from all the consecutive
patients with complicated RD (25 cases) who underwent
25- or 23-G PPV and DF tamponade (combined perfluoro-
decalin and polydimethylsiloxane) between December
2018 and February 2021 at the Department of Ophthal-
mology at San Gerardo Hospital, Monza, Italy. The study
adhered to the tenets of the Declaration of Helsinki and
received the approval of the local institutional review
board.

Each surgery was performed by an experienced vitreo-
retinal surgeon (M.C. and M.S.). Briefly, after lensectomy
in selected cases, the surgeon performed a small-gauge
PPV, epiretinal membrane peeling, and relaxing periph-
eral retinotomies (according to the surgeon’s clinical judg-
ment) to mobilize the retina. Retinal reattachment was
achieved with the help of purified perfluorocarbon liquid
(perfluorodecalin, CjF,5) and laser photocoagulation of
retinal breaks and retinotomy. At the end of the surgery,
the vitreous cavity was filled with perfluorodecalin (60%
of vitreous chamber) and polydimethylsiloxane (PDMS,
1000 cSt, 40% of vitreous chamber). All surgeries were
performed using the Alcon CONSTELLATION vitrec-
tomy machine, a wide-angle noncontact viewing system
and a contact macular lens when necessary. The surgi-
cal approach, including instrument gauge and tamponade
agent, was based on the surgeon’s preference at the time of
surgery. No patients received a scleral buckle in addition
to PPV and DF because, in most cases, PVR was extended
to retroequatorial space and the retina was poorly mobile.
Surgeries were performed using general anesthesia. All
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patients maintained postoperative supine positioning and
remained hospitalized for 1 week until a PFCL/silicone oil
exchange was performed using local anesthesia. Intraocu-
lar pressure was controlled with oral acetazolamide. Best-
corrected visual acuities (BCVA) were recorded using a
Snellen chart.

Results

This study enrolled 15 eyes of 15 patients. Eyes missing
detailed data or achieving good anatomical results with
less than 3 months FU were excluded. Tractional RDs in
proliferative diabetic retinopathy were excluded. Pathology
at preoperative examination is described in Table 1, while
patients’ demographics, preoperative functional, and ana-
tomical characteristics are summarized in Table 2.

All patients were Caucasian. The average age of patients
at surgery was 56 years (range 18-85) and 80% were men.
Three patients presented with high myopia; one eye was
amblyopic. Eight eyes were phakic, six were pseudophakic,
and one was aphakic as a result of penetrating injury. Seven
patients (47%) had undergone previous surgical attempts at
repair of RD (PPV with gas or silicone oil tamponade or
scleral buckling, 10 days to 8 months before DF surgery);
one patient underwent previous successful PPV for macular
pucker and one patient had complicated macular surgery two
months before RD surgery.

Preoperative functional records

Preoperatively, the BCVA was count finger (CF), hand
motion (HM), or light perception (LP) in 13 eyes (86%),
20/400 in 1 eye, and 20/50 in 1 eye. All but one patient was
referred to the department within a few days to one month
from the first or recurrent onset of vision loss; one patient
reported a progressive vision loss during the last 8 months
after non-penetrating trauma.

Preoperative anatomical records
All patients presented with macula-off RD, severe and infe-
rior PVR (grades C-D, Retina Society Classification, defined

intraoperatively); four patients showed PVR at the posterior

Table 1 Pathology at preoperative examination

15 RD with severe, inferior PVR and/or inferior retinal tears
6 RD with posterior or inferior giant tears

4 RD secondary to ocular trauma (3 penetrating trauma, 1 blunt
trauma)

2 Retinal and choroidal detachment

RD, retinal detachment; PVR, proliferative vitreoretinopathy
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pole at presentation. Eleven eyes (73%) had total RD, 7
eyes (47%) showed inferior retinal breaks, 6 eyes (40%)
reported posterior or inferior giant tears, 3 eyes (15%) had
penetrating trauma, and 2 eyes (13%) presented with retinal
and choroidal detachment. Four eyes (27%) had subretinal
proliferation. Four patients (27%) presented with vitreous
hemorrhage. Full-thickness macular hole occurred in one
case, uveitis in 2 cases. In three eyes the location of retinal
tear was not recognized; seven cases (47%) presented with
multiple retinal tears located in different quadrants (superior,
inferior, and posterior to the equator). Two young patients
used therapy for ocular hypertension associated with uvei-
tis and posttraumatic iris new vessels. One patient showed
recurrent RD and branch retinal vein occlusion.

Surgical records

Patients were managed with limbal lensectomy with implan-
tation of intraocular lens (7 eyes, capsulotomy was performed
according to the surgeon’s clinical judgment), small-gauge
three-port PPV, or revision of prior vitrectomy (13 eyes
received 25-G PPV, 2 eyes 23G PPV), epiretinal membrane
dissection and peeling, relaxing circumferential retinotomies
(10 eyes, extended from one quadrant to 360°, mostly inferi-
orly and larger than two quadrants), internal tamponade with
perfluorodecalin (60% of vitreous cavity) and PDMS (40%
of vitreous cavity), endolaser photocoagulation, and postop-
erative supine positioning until PFCL removal. One patient
(case no. 7) required removal of blood, PDMS, and PFCL
located in subretinal space from previous surgery; a trauma
case received a combined corneal transplant. Intraoperative

complete retinal reattachment was achieved in all cases.
Meantime of ocular surgery was 1 h and 40 min. Seven days
after the first surgery, a PFCL/silicone oil exchange was
performed; 14 eyes injected PDMS, 1 eye injected densiron
(polydimetylsiloxane 5000 cSt and perfluorohexyloctane).
Patients’ details regarding PFCL/PDMS surgery and PFCL/
silicone oil exchange are illustrated in Table 3.

Results at last follow-up

The median follow-up (FU) was 6 months (range 1-22,
mean FU 9,4 months). Clinical records are reported in
Table 4. Three patients (cases nos. 7, 12, and 13) with early
redetachment under PDMS or densiron were not further
treated because of poor prognosis and they were considered
exclusively in the anatomical analysis section of this study.

Functional results

At the final FU visit (at 4 to 22 months), visual acuity
improved in 6 eyes (50%), remained stable in 3 eyes (25%)
and decreased in 3 eyes (25%). BCVA was CF/HM/LP in
4 eyes (33%), 20/200 or less in 4 eyes (33%), and 20/50 or
more in 3 eyes (25%). One eye turned blind. Two patients
with the decreased vision developed PVR at the posterior
pole and inferior recurrent PVR-associated RD within
1 month after PFCL/PDMS exchange; one patient lost
vision because of severe hypotony. Among traumatic RD,
one patient gained vision, one stabilized, and one lost vision.
Fourteen patients were pseudophakic at the final FU, one
patient remained aphakic.

Table 3 Surgical records Patient (#) Age Sex

Relaxing
retinotomy PDMS surgery (min)

Duration of PFCL/ PFCL/silicone

oil exchange

PFCL/PDMS surgery
combined with

phaco+iol
1 68 f 1 60 1 pdms
2 78 m 1 65 1 pdms
3 85 m 0 85 0 pdms
4 58 f 1 60 1 pdms
5 68 m 0 110 0 pdms
6 18 m 1 120 1 pdms
7 68 f 1 130 0 pdms
8 29 m 0 100 1 pdms
9 76 m 0 100 0 pdms
10 25 m 1 120 0 pdms
11 51 m 1 125 0 pdms
12 53 m 1 95 1 pdms
13 58 m 1 120 0 densiron
14 40 m 1 100 1 pdms
15 59 m 0 70 0 pdms

Relaxing retinotomy (1, yes; 0, no); min, minutes; PFCL/PDMS surgery combined with phaco+iol (1), not
combined with phaco +iol (0); pdms, polydimethylsiloxane

@ Springer
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Table 4 Postoperative

. . Patient (#) Age Sex Postoper VA at last ~ Postoper retinal ~Last FU Tamponade at
functional and anatomical FU (decimal) status at last FU  (months) last FU
records at last follow-up

1 68 f 0.4 0 6 -

2 78 m 0.05 0 8.5 -

3 85 m 0.0052 1 4 -

4 58 f 0.05 0 21 -

5 68 m 0.014 0 22 pdms

6 18 m 0.0016 0 4 pdms

7 68 f 0.0052 1 2.5 pdms

8 29 m 0.5 0 10 -

9 76 m 0.1 0 16 -

10 25 m 0.5 0 20 -

11 51 m 0.014 0 12 pdms

12 53 m 0.05 1 1 densiron
13 58 m 0.0052 1 1.5 densiron
14 40 m 0 0 6 pdms

15 59 m 0.05 0 6 -

VA, visual acuity; FU, follow-up; pdms, polydimethylsiloxane; Postoper, postoperative; retinal status al
last FU: attached retina (0), detached retina (1)

Anatomical results

At the final examination (at 1 to 22 months), eleven patients
(73%) had a retinal attachment and four patients (27%) pre-
sented with early (within 1 month) recurrence of severe,
inferior, or diffuse PVR and RD after PFCL/silicone oil
exchange.

In the group with final retinal success, seven patients
removed any tamponade (median FU 10 months, range
6-21), and four patients required PDMS permanently
(median FU 9 months, range 4-22). Among those cases,
3 eyes with open-funnel RD at first presentation showed
retinal redetachment after 1 to 6 months from PFCL/PDMS
exchange, because of posterior and diffuse PVR; two of
them were managed with second PPV, membrane peeling,
enlargement of extended peripheral retinotomies, and den-
siron endotamponade to obtain final anatomical success; the
other one, who reported a chronic RD at first examination,
underwent membrane peeling, second PFCL/PDMS surgery,
and persistent PDMS tamponade. Three eyes (27%) received
additional laser treatment during FU.

Seventy-five percent of traumatic RDs achieved ana-
tomical success, but one of them completely lost visual
function because of severe hypotony. The youngest patient
with long-lasting RD and iris rubeosis secondary to non-
penetrating ocular trauma maintained light perception
BCVA and flat retina at 4 months FU.

Among patients with early retinal attachment, four eyes
removed silicone oil after 2 to 5 months; the other two
cases removed silicone oil after 7 and 9 months because
of COVID-19-related organization issues.

In the group with early retinal redetachment (at 1 to
4 months), two patients (cases # 3, 12) underwent a sec-
ond and last PPV and membrane peeling (additional reti-
notomy in one case) without anatomical success; the other
two patients (cases # 7, 13) with more advanced pathology
(severe PVR, vitreous hemorrhage, choroidal detachment,
and penetrating trauma) did not receive any further surgery
because of poor prognosis.

The major postoperative complication was recurrent RD
due to contracture of residual and/or recurrent epiretinal
membranes. In eyes achieving anatomical success, the
development of macular pucker was the most frequent
complication (27%). One penetrating trauma case devel-
oped severe hypotony; patients with intraocular pressure
higher than 21 mmHg were effectively treated with topical
drugs. No signs of significant persistent intraocular inflam-
mation were observed during FU; one penetrating trauma
eye showed PFCL emulsification in the anterior chamber
associated with mild inflammation and without corneal
endothelial decompensation; no retained subretinal PFCL
was recorded.

Discussion

Complex RD characterized by severe and inferior PVR,
posterior and inferior giant tears, penetrating trauma, or
combined rhegmatogenous and choroidal detachment
shows a high risk of anatomical failure. Primary surgi-
cal goals are treatment of both rhegmatogenous and trac-
tional components and effective intra- and postoperative

@ Springer
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endotamponade, sealing retinal breaks, and displac-
ing fluid from retinal surface in order to limit epiretinal
reproliferation.

Previous studies found small-gauge PPV had similar or
better outcomes to 20G instrumentation in complicated
RD [8, 9]; the advent of wide-angle viewing systems
allowed a more comprehensive and peripheral intraop-
erative examination of the retina, helping the surgeon to
achieve more effective maneuvers and exchanges in the
management of RD. All those components are included in
our surgical retinal approach (M.IL.A.N., Machine/Micro-
incision, ILlumination, Accessories, Non-contact) cited at
previous scientific meetings.

Despite these surgical improvements, at present, still
no endotamponade shows simultaneous optimal manage-
ment of both the superior and inferior retina in complex RD
[5, 10, 11]. Perfluorocarbon liquids, thanks to the specific
gravity higher-than-water, act as effective intraoperative
adjuvants to stabilize the detached retina [12] and they
even reduced PVR severity postoperatively [13]. Previ-
ous studies showed clinical safety of purified PFCLs for
postoperative application extended over a week [14-19].
In complicated RD, different groups of clinicians found
good ocular tolerance and efficacy of combined PFCL and
PDMS (“double filling,” DF) endotamponade for variable
postoperative timing [20-23].

In our series, perfluorodecalin was used to tamponade
the retinal tears at the posterior pole and inferior retina in
the first 7 postoperative days and reduce compartmentali-
zation of retinal pigment epithelium cells and cytokines on
the retinal surface at those locations minimizing postop-
erative cell reproliferation and recurrent RD; PDMS sta-
bilized PFCL bubble maintaining its effectiveness on the
retina, and preventing PFCL emulsification and migration
to the anterior chamber [22, 24, 25].

Analyzing the clinical outcomes of this surgery in our
series, BCVA at the most recent visit improved in 50% of
patients and remained stable in 25% of patients (Table 4);
anatomical success was achieved in 73% of eyes, 64% of
them without any endotamponade (Table 4). Three eyes
had retinal redetachment after PFCL/PDMS exchange
because of diffuse PVR and required another surgery to
achieve final retinal attachment.

Due to the differences in preoperative pathology, surgi-
cal procedures, and a number of additional surgeries, it’s
difficult to compare our results with previously reported
surgical outcomes. However, using small-gauge instru-
mentation and short-term DF endotamponade, our rate
of overall successful retinal attachment at the end of FU
was similar to the outcomes of other studies which man-
aged complex RD cases, as initial or repeat surgery, with
postoperative short or long-term tamponade with differ-
ent PFCLs combined with PDMS [14, 16, 21-23]. Based
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on those clinical reports, the intraocular use of perfluoro-
decalin for 7 days was discussed with the patient prior to
surgery.

The retrospective nature of our study, the small sample
and the variable preoperative pathology, and FU in our series
limit the final analysis to a descriptive approach.

In our cohort, the preoperative BCVA and the presence
of giant or posterior retinal tears did not directly correlate
with final visual acuity. All patients with thick subretinal
proliferation at the posterior pole achieved worse visual
outcomes (BCVA <0.05) according to the extent and
severity of the preoperative macular disease; 77% of eyes
without subretinal PVR obtained BCVA > 0.05. The grade
of PVR at baseline (Table 2) was not related with final
BCVA; therefore, even if PVR and its severity are known
risk factors for RD [6, 26, 27], the grade of PVR seems
not to correlate with visual outcome [26, 27]. Indeed,
among eyes that required relaxing retinotomies because of
most difficult anatomic conditions, 57% of eyes achieved
visual acuity equal to or better than 0.05. Other studies
found that in complex RD, the size of retinotomy did not
correlate with functional results [28-30]; in those cases,
the visual outcome was more influenced by the posterior
retina status.

Regarding the anatomical outcomes of our series, the
preoperative BCVA did not directly correlate with sus-
tained retinal attachment, limiting its value as a prog-
nostic factor for anatomical outcome. All patients with
high myopia or macular hole achieved retinal attach-
ment with or without endotamponade (FU > 6 months).
All but one patient with subretinal membranes achieved
retinal attachment (FU > 6 months); therefore, subretinal
proliferation might be a poor prognostic factor for the
visual outcome (if it is located at the posterior pole) but it
doesn’t seem to be a risk factor for redetachment, as Han-
neken et al. found [26]. Seventy-three percent of patients
with inferior PVR at baseline achieved retinal attach-
ment. Among patients with more severe PVR, at final
FU, one eye did not obtain retinal attachment and the
others received additional surgery to achieve anatomical
success; the rate of retinal reattachment correlated with
the preoperative PVR grade. Eighty percent of patients
with posterior tear and 67% of patients with giant tear
maintained retinal attachment at 6 months or later; 33%
of eyes with giant tear showed early recurrent RD under
endotamponade. Overall, these results suggest that the
DF technique might contribute to good anatomical out-
comes in those patients. Among eyes that required relax-
ing retinotomies, 70% of eyes achieved retinal attachment
at final examination (FU >4 months). The correlation
between exposure of retinal pigment epithelium in the
areas of the retinotomies and rate of reproliferation and
recurrent RD is debated [25, 29, 31]; size of retinotomies
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and retinectomies did not correlate with worse anatomic
results in previous studies [29, 30].

It is difficult to correlate the recurrence of epiretinal
membranes to the preoperative features or to an inflamma-
tory reaction to the endotamponade. However, during FU,
we have not seen perfluorodecalin emulsification or per-
sistent intraocular inflammation. For instance, in uveitic
patients, good functional and anatomical outcomes were
achieved at 20 months of FU. Moreover, perfluorodecalin
caused significantly less toxic damage in comparison to
perfluorooctane [32].

Considering the DF technique as the first RD surgery,
mean BCVA changed from 0.06 preoperative to 0.14 post-
operative; considering DF technique as a second surgery,
mean BCVA changed from 0.02 to 0.10. The patient with
the highest number of previous PPV for recurrent RD
maintained visual acuity equal to 0.05. Whether PPV and
DF surgery was used as the first approach or as the second
approach, final retinal attachment rates were similar (75%
and 71% of cases, respectively). Therefore, DF surgery
might be an efficient procedure also as secondary surgery.

The lack of a control group prevents definite conclu-
sions regarding the advantages of DF in respect to other
endotamponades. However, in our single-center retrospec-
tive study of patients with complex retinal detachment,
small-gauge vitrectomy and “double filling technique” was
a well-tolerated procedure which improved or stabilized
vision in 75% of eyes and achieved retinal attachment in
73% of eyes.
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