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Abstract: The aim of this study is to report the anatomic and functional outcomes of retinec-
tomy for the management of thegmatogenous retinal detachment complicated by proliferative
vitreoretinopathy (PVR), comparing them with previously reported data and determining prog-
nostic factors. Fifty-one eyes of 51 patients with established PVR grade C in which retinectomy
was performed were retrospectively enrolled in the study. Primary outcome measures were
anatomic success rate and final visual acuity. Secondary outcome measures were intraoperative
complications, number of re-operations, and postoperative hypotony. Prognostic factors in
relation to retinal re-attachment and final visual acuity were retrospectively analyzed. The rate
of complete retinal re-attachment after one operation was 80% and after two operations it was
84%. At the end of the follow-up, the macula was attached in 96% of the cases. Mean LogMAR
best-corrected visual acuity (BCVA) improved significantly from 2.45+0.66 preoperatively to
1.3710.75 at the end of the follow-up (P<<0.001). BCVA improved in 37 eyes (72%), remained
the same in eleven eyes (22%) and worsened in three eyes (6%). Postoperative hypotony was
observed in 2% of cases. Postoperative BCVA was significantly correlated with preoperative
BCVA (P<0.001), extension of PVR (P=0.013), preoperative use of gas instead of silicone oil
(SO) (P=0.01), and removal of SO (P=0.05). SO was left in situ in 35% of eyes. In conclusion,
retinectomy is a surgical option providing good anatomical and reasonable visual outcomes in
complicated retinal detachment with PVR. Better preoperative visual acuity, lesser extension
of PVR, and the use of gas tamponade during the primary repair are relevant factors for a suc-
cessful outcome whereas re-proliferation of epiretinal membranes seems to be the main reason
of anatomical failure.
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Introduction

Proliferative vitreoretinopathy (PVR) is a serious complication of rhegmatogenous
retinal detachment (RRD) that often requires a complex surgical management. Sev-
eral techniques have been described to treat retinal detachment (RD) associated with
proliferative membranes, with or without coexisting anterior shortening of the retinal
surface. These techniques may involve extensive membrane dissection and peeling,
combined vitrectomy with buckle procedures, the performance of inferior circumfer-
ential retinectomy/retinotomy, radial retinotomy, or 360 degrees retinectomy in severe
cases. Most of studies evaluating these techniques have shown the achievement of
satisfactory attachment rates postoperatively.'”’ Retinotomy and retinectomy were
first introduced by Machemer in 1979 and were reserved for the treatment of selected
RDs complicated with severe PVR when other methods had failed to achieve retinal
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re-attachment.® In recent years, there is a general trend
toward the use of vitrectomy as a first option for the man-
agement of RRDs and retinectomy has gained consideration
as a procedure of choice in the setting of anterior retinal
shortening and grade C PVR.? Previous studies reporting in
retinectomy results have included complicated RDs originat-
ing from ocular trauma, tractional RDs, acute retinal necrosis
and endophthalmitis, cases of notably higher risk of surgical
failure.®” The purpose of this study is to evaluate and report
the anatomical and functional outcomes of eyes undergoing
retinectomy for the management of purely primary RRD
with grade C PVR," to determine prognostic factors and to
compare results with existing data in the literature.

Materials and methods

Fifty-one eyes of 51 consecutive patients undergoing surgery
for RRD at a university teaching center and a private clinical
center specialized in retinal disorders were included in the
study. All eyes had anterior PVR grade C according to the
classification developed by the Retina Society.'” Additionally,
some of these cases had posterior PVR grade C. Permission
to conduct the study was obtained from the Research and
Ethics committees of our Institutions. The case notes of the
consecutive patients who underwent surgery between January
2009 and February 2013 were retrospectively retrieved and
analyzed. Patients were fully informed of all aspects of the
study and all provided written informed consent in accordance
to the principles of Helsinki and good clinical practice guide-
lines. The data analysis included the evaluation of baseline
characteristics, preoperative, intraoperative, and postoperative
parameters. Baseline and preoperative characteristics included
age, sex, laterality, ocular co-morbidities, duration of symp-
toms, number of previous operations, type and duration of
tamponade, crystalline lens status, and best-corrected visual
acuity (BCVA). Intraoperative and postoperative parameters
included the extension (clock hours) of retinectomy, type of
retinopexy, time of removal of the endotamponade, further re-
operations, overall number of retinectomies, intraocular pres-
sure (IOP), complications, and final BCVA. Main outcome
measures were retinal re-attachment rate and final BCVA and
secondary outcome measures included intraoperative compli-
cations, number of re-operations, and IOP changes. Exclusion
criteria for the study were an age under 18 years and previous
retinectomies. The study was performed in accordance with
the tenets of the Declaration of Helsinki.

All operations were performed using a standard 20G
(34 eyes) and 23G (17 eyes) three-port pars plana vitrectomy
system. All eyes underwent vitrectomy with trimming of
the vitreous up to the vitreous base. Meticulous removal

of all preretinal membranes was performed with forceps
after staining them with membrane blue (DORC, Zuidland,
the Netherlands). Delamination and segmentation of PVR
membranes were performed starting from the posterior
membranes and extending up anteriorly to the equator. After
the removal of the membranes, intraocular diathermy was
applied to the retina at the edge of the retinectomy area.
Retinectomy was performed using vertical scissors or a vitre-
ous cutter. In some cases, IOP elevation was required to obtain
hemostasis and minimize bleeding from the vessels at the edge
of the retinectomy. Retinectomy was always circumferential
and extended as many clock hours as necessary to relieve all
tractions and the anterior retinal shortening. In most cases, an
extension of the retinectomy of at least 6 clock hours (from 3
to 9 clock hours) was intended based on the assumption that
such extension would contribute significantly to the relieve of
the circumferential traction. Upon completion of the retinec-
tomy, a bubble of perfluoro-n-octane (PFCL) was injected into
the posterior pole up to the retinectomy edge and peripheral
non-functioning retina was removed with vitreous cutter to
prevent neovascularization and re-proliferation. Additional
PFCL was then injected into the eye up to the ora serrata and
laser retinopexy was applied to the posterior edge of the retine-
ctomy. Laser spots were placed in a confluent fashion in three
to five rows. In some cases, additional cryopexy was applied
at the lateral edges of the retinotomy based on the preference
of surgeon. Finally, PFCL was directly exchanged for silicone
oil (SO) 5,700 or 1,300 cS. In aphakic eyes, a peripheral
iridectomy was done inferiorly with a vitreous cutter.

Postoperatively, patients were instructed to posture with
their face down for 1 day. In the following 10 days, patients
were asked to avoid gazing up during daytime and to sleep
on either cheek at night. Removal of SO was performed
at least 3 months after retinectomy. SO was not removed
from eyes that had hypotony, which was defined as an IOP
of less than 5 mmHg. Likewise, SO was not removed from
eyes with low IOP, defined as an IOP value between 6 and
10 mmHg because these eyes were considered to be at high
risk of developing severe hypotony.

Statistical analysis was performed with SPSS software for
Windows (version 16.0, SPSS, Inc, Chicago, IL, USA). Snel-
len visual acuity was converted to LogMAR scale for the sta-
tistical analysis. Relations between categorical variables were
evaluated using the y? test. The distribution of all variables
was examined using frequency tables and descriptive statistics.
Box-and-whisker plots and histograms were used to display
the different data distributions. Parametric methods including
independent Student’s #-test, ANOVA, and linear regression
were used for normally distributed variables. Non-parametric
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tests such as Mann—Whitney U and Wilcoxon signed rank tests
were used for variables that did not show normality. The rela-
tionship of the final BCV A with a great variety of prognostic
factors was examined using the Spearman rank correlation test.
The relationship between categorical variables was evaluated
using the chi-square test. In addition, a multivariate model
was applied to evaluate the relationship between functional
and anatomical results with several explanatory variables
simultaneously. All tests of association were considered to
be statistically significant if P<<0.05.

Results
A total of 51 consecutive eyes with established PVR grade C
secondary to RRD were included in the study. Thirty-two
patients were males and 19 were females with a median
age of 61 years (range, 18—87 years). The cohort included a
similar number of right (47%) and left eyes (53%). Seventeen
eyes were phakic, 33 were pseudophakic, and one eye was
aphakic. All cases had a minimum follow-up of 12 months
(range, 1248 months). Table 1 summarizes the preoperative
characteristics of the eyes included in the study.

Mean preoperative BCVA was 2.45+0.66 LogMAR.
Eight eyes (15.6%) had a macula-on RRD and in 43 eyes
(84.3%) the macula was already detached at the time of

Table | Preoperative characteristics

Baseline characteristics (N=51)

Age, median, years (range) 61 (18-87)
Sex

Male 32

Female 19
Etiology

RRD 51
Lens status

Phakic 17

Pseudophakic, aphakic 33,1
Macula status at time of retinectomy
Number (%)

Macula on 8 (15.6%)

Macula off 43 (84.3%)
Preop BCVA, LogMAR 2.45 (+0.66)
No of previous RRD operations, mean (range) .11 (1-3)
Previous vitrectomy 51
Buckle 0
Previous endotamponade used

Gas 16 (31.4%)

Silicone oil 35 (68.6%)
Extend of RRD, clock hours, mean (range) 10 (6-12)
Extend of PVR, clock hours 7.32 (£3.6)
Anterior PVR 51 (100%)
Anterior and posterior 14 (27.5%)
Follow-up, months, minimum (range) 12 (12-48)

surgery. All eyes had at least one failed surgical procedure
not achieving a retinal re-attachment prior to the retinectomy
procedure (mean: 1.11, range: 1-3). As intraocular tampon-
ade prior to retinectomy, SO was used in 35 eyes (68.6%) and
gas in 16 eyes (31.4%). Mean extension of RD was 10 clock
hours (range, 6—12 clock hours) and mean extension of PVR
was 7.3243.6 clock hours. Anterior PVR was present in all
cases, with additional coexisting posterior proliferation in
14 eyes (27.5%). Preretinal membrane peeling (PVR peel-
ing) prior to retinectomy was attempted in all eyes, but in
eleven patients complete dissection was not possible due to
the immature nature of membranes.

Table 2 summarizes the postoperative outcomes of the
study. Laser photocoagulation was only used for retinopexy
in 20 eyes whereas a combined laser and cryopexy treatment
was applied to the lateral edges of retinectomy in 31 eyes.
Re-attachment of the retina after one surgical procedure
was observed in41/51 (80%) eyes. Non-progressive inferior
detachment under SO was observed in six eyes (12%). In
these six cases, no further surgeries were performed as the
extension and stability of the RD did not influence the visual
acuity. Retinal re-detachment involving the macula occurred
in four eyes (8%) because of re-occurrence of PVR. These
eyes were managed by performing an additional retinectomy,
membrane dissection, and re-insertion of SO. Final retinal
re-attachment was achieved in two cases whereas the other
two patients declined additional procedures (Figure 1).

SO removal was performed in 33 eyes (65%) and left in
situ in 18 eyes (35%) after one or more surgical procedures
aimed at achieving retinal re-attachment. The decision for

Table 2 Final outcomes

Final results (postoperative, final FU)

Primary complete retinal attachment
Final complete retinal attachment
Final macular attachment

Silicone oil removal

With chronic oil

41/51 (80%)
43/51 (84%)
49/51 (96%)
33/51 (65%)
18/51 (35%)

Final visual acuity, median (LogMAR) 1.374£0.75 (1.3)
Visual acuity with retained SO 1.52+0.7
Visual acuity after removal of SO 0.9+0.7

Non-progressive inferior RD (not requiring surgery) 6/51 (12%)

Retinal macular re-detachment 4/51 (8%)

Retinectomy number
| 47
>| 4

Postoperative |IOP
0-5 mmHg 1/51 (2%)
6—10 mmHg 9/51 (18%)
11-21 mmHg 41/51 (81%)

Postoperative glaucoma 2/51 (3.9%)

Abbreviations: preop BCVA, preoperative best-corrected visual acuity; PVR,
proliferative vitreoretinopathy; RRD, rhegmatogenous retinal detachment.

Abbreviations: FU, follow-up; IOP, intraocular pressure; RD, retinal detachment;
SO, silicone oil.
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35 Table 3 Preoperative and intraoperative factors significantly
associated with better final best-corrected visual acuity

- 3.0 Correlation between final BCVA and pre and intraoperative
:'é' parameters™®

25
g Preoperative BCVA P<0.001
w 20 Extension of PVR P=0.013
3 ’ Use of gas as endotamponade during primary retinal P=0.01
S detachment repair
% 1.5 Removal of silicone oil P=0.003
= Notes: *Spearman rank correlation test. Statistical significance for P<<0.05.
87 1.0 Abbreviations: BCVA, best-corrected visual acuity; PVR, proliferative
| vitreoretinopathy.

0.5

0.0 between 10 and 21 mmHg. Only two eyes required long-term

Preoperative Final

Figure | Box plot chart of preoperative and final postoperative LogMAR BCVA.
Abbreviation: BCVA, best-corrected visual acuity.

leaving SO in situ was based upon patients’ preference
who declined to undertake the risk of retinal re-detachment
(8/18 eyes), whereas in ten cases low IOP (=10 mmHg)
prohibited further surgery for removal of SO.

Mean preoperative BCVA improved significantly
(P<0.001) from 2.45%0.66 (median 2.27) to 1.37+0.75
(median 1.3) LogMAR at the last postoperative visit
(Figure 2). BCVA improved in 37 eyes (72%), remained the
same in 11 (22%) eyes, and became worse in three eyes (6%).
Although the mean final LogMAR BCVA was significantly
better in those eyes that underwent an additional surgery to
remove the SO compared with eyes in which the SO was
retained (0.9020.70 vs 1.5240.70, P=0.003), the change in
LogMAR visual acuity was similar in both groups (0.9240.66
vs 1.0210.72, P=0.65).

Hypotony, defined as an I0P of less than 5 mmHg,
was present in one eye (2%). Nine eyes (18%) had an IOP
between 6 and 10 mmHg and 41 eyes (81%) had a pressure

50

40

30

20

Number of eyes

10

0

Macula
attached

Retina
detached

Complete retinal
attachment

Figure 2 Retinal anatomic status following the first retinal re-attachment surgery
with retinectomy.

IOP-lowering medication without the need of further filtra-
tion surgery. The eye with hypotony did not show any related
clinical signs in terms of macular folds or corneal Descemet
fold, and the retina was fully attached. No statistically signifi-
cant correlations were found between IOP and the extension
of retinectomy or the extension of PVR (P>0.05).

At the end of the follow-up, final BCVA was found
to have a positive and statistically significant correlation
with preoperative BCVA (P<0.001), extension of PVR
(P=0.013), preoperative use of gas instead of SO (P=0.01),
and removal of SO (P=0.003) (Table 3). Additional factors
were also tested, such as the extension of retinectomy, the
number of surgeries, and the duration of SO tamponade, but
no statistically significant correlations were found between
the aforementioned factors and the final BCVA.

Regarding postoperative complications, there were four
cases with inadvertent iatrogenic breaks occurring during
the PVR peeling, and six eyes with retained PFCL after
surgery. In five of these six eyes, PFCL was found at the
subretinal level, involving the posterior pole in three cases
and detected outside the temporal arcades in two eyes. The
retained PFCL did not affect visual acuity in any of cases
and for this reason no additional surgical procedures were
attempted for its removal. Other possible intraoperative com-
plications including vitreous or suprachoroidal hemorrhage
or iatrogenic posterior pole trauma were not observed.

Discussion

Cellular proliferation and contractile preretinal membrane
formation are the main causes of failure in RD surgery.!' The
frequency of PVR has been reported to be of 5%—12% in cases
of RD."? The complete removal of preretinal membranes in
such cases is not always possible, especially when anterior
PVR is present, and alternative techniques such as retinectomy
may be necessary to obtain a good anatomical and visual
outcome. In our series, the primary anatomic success rate was
80%, with a final complete re-attachment rate of 84%. Macula
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attachment was present in 49 eyes (96%) at the end of the
follow-up. All these rates were higher or consistent with those
from previous studies evaluating the outcomes of retinectomy,
reporting success rates between 47% and 95%. 246791315
Nevertheless, comparison between different studies on retine-
ctomy is problematic because of significant differences in the
inclusion criteria and surgical techniques. Specifically, we
have only included primary RRDs whereas other studies have
included cases with perforating trauma or tractional RDs with
notably higher risk for re-detachment.?#6.713.1416-18 T addition,
the extension of retinectomy was 180 degrees in most of our
cases in contrast to previously reported series that extended
the retinectomy to 360 degrees by default."'® Moreover, no
comparable results regarding the timing of retinectomy have
been reported in the peer-reviewed literature and this factor
has been shown to play an important role on the final success
rate.’ In the current study, the surgical approach was more
proactive, performing a primary retinectomy in the presence
of any early anterior shortening. This factor combined with
our inclusion criteria and our lower rate of SO removal may
have contributed to the high success rate of macular attach-
ment found in our study.

Mean BCVA improved significantly after surgery, with
more than 70% of eyes experiencing a visual improvement
following surgery and 45% of them achieving a BCVA of
6/60 or better. In previous studies, functional success ranged
from 25% to 68% when it was defined as a postoperative
BCVA of 5/200 or better,>>!® and between 10% and 51%
when it was defined as a postoperative BCVA of 20/200 or
better.!26713:18 Grigoropoulos et al reported a visual stabili-
zation or improvement in approximately 70% of cases in a
series of 304 eyes, and Tan et al reported a success rate of
60% for primary retinectomy.®’ In this study, re-proliferation
of preretinal membranes was the main reason of failure of the
retinectomy procedure. Re-occurrence of PVR was observed
mainly near the site of retinectomy causing further retinal
shortening or adjacent to areas of incomplete membrane
dissection during the primary procedure.

The relatively high anatomical and functional success rate
presented herein fully justifies the selection of an aggressive
surgical technique such as retinectomy in eyes with RRD
complicated by PVR. This is also supported by Brown et al
who found a statistically significant gain of quality-adjusted
life-years per treated patient in eyes undergoing vitreoretinal
surgery for the management of RD complicated by severe
PVR compared with no treatment.'® This procedure for the
management of PVR associated with RD is cost-effective
when compared with other widely accepted interventional
therapies across diverse medical specialties."

In the current study, we have also tried to identify
prognostic factors for the functional and anatomical out-
come of the surgical procedure evaluated. Previous studies
have reported a negative association between the extension
of retinectomy and the visual outcome. Such relation was
expected considering that the size of retinectomy was related
to the severity of posterior PVR.®*!* Our data showed that final
visual outcome was positively related to the preoperative visual
acuity, the removal of SO, and the use of gas instead of SO as
endotamponade in previous surgeries. Additionally, we found
that final visual acuity was negatively related to the preopera-
tive extension of PVR. All these factors correlated to the final
visual outcome seem to represent the severity of PVR, as eyes
with better preoperative BCVA are more likely to have less
advanced PVR and shorter duration of macular detachment, to
require less demanding surgical procedures and to be suitable
for earlier removal of SO. The use of gas in the primary surgi-
cal procedure usually implies a less complicated RD, which is
usually associated with a more favorable prognosis. As in most
of previous studies, no correlations were found between the
extension of retinectomy and the anatomic success, although
the number of eyes in our series may provide a lower statistical
power than in previous studies, leading to the lack of statistical
significance in the analysis of correlations.®13-1420

In this study, re-proliferation of preretinal membranes
was the main reason of failure of the retinectomy procedure.
Re-occurrence of PVR was observed mainly near the site of
retinectomy causing further retinal shortening or adjacent to
areas of incomplete membrane dissection during the primary
procedure.

Hypotony is a well-described complication of retinectomy
surgery. It may complicate eyes with SO endotamponade or
increase the severity of the disease after removal of SO. The
exact mechanism of hypotony is not easily identified and
there may be one or more contributing factors. The exposure
of bare retinal pigment epithelium and choroid may increase
the amount of uveoscleral outflow in the presence of normal
aqueous production.?! For this reason, retinectomy has been
proposed as an effective treatment for intractable glaucoma.?!
Based on this assumption, there could be a relation between
the extension of retinectomy and the degree of hypotony, as
supported by Kirchhof.?? In our series, this relationship was
not observed. Hypotony may also be attributable to ante-
rior PVR and contraction of cyclitic membranes leading to
atrophy of the ciliary body. In order to minimize the risk for
such complication, a meticulous removal of the anterior to
the retinotomy retinal flap in conjunction with the removal of
cyclitic membranes was performed in our series, and there-
fore all residual tractions to the ciliary body were eliminated.

Therapeutics and Clinical Risk Management 2015:1 |
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This may explain the low percentage of hypotony observed
in our series (2%).

Our data did not elicit any correlation between the grade
or extension of PVR and postoperative hypotony. The com-
parison of our data with outcomes previously reported in the
literature is not an easy task as the definition of hypotony
varies significantly among authors. Previously reported
hypotony rates in retinectomy studies vary from 4.1% to
43%.591320 Nevertheless, in our study, a relatively low IOP
defined as an IOP value between 6 and 10 mmHg was found
in nine patients (17.6%). In such cases, the removal of the
SO was not possible because of the high risk of postoperative
hypotony, which complicates the management of these cases
and limits potential further visual improvements.

In 46% of our cases, cryopexy was performed at the edges
of the retinectomy area as well as laser photocoagulation.
Cryopexy is widely suspected to produce a higher degree of
inflammation compared with laser retinopexy and be a pre-
disposing factor for the development of postoperative PVR
in eyes at high risk.?*?* In our series, we did not observe any
relationship between the use of cryopexy and the develop-
ment of macular pucker under SO. Likewise, a higher re-
detachment rate was not found in the cryopexy group.

This study has some limitations that should be mentioned.
The retrospective collection of the data is the most important
limitation. In addition, no direct comparison with a control
group including eyes undergoing combined vitrectomy and
scleral buckle surgery for the treatment of advanced PVR
was performed. Furthermore, future studies with larger
sample sizes should be conducted to confirm the results of
this series.

In conclusion, the results presented herein support that
retinectomy as a primary procedure is associated with a
favorable anatomical outcome and acceptable visual recovery
considering the severity of the disease. Based on our results,
we postulate that early intervention may have an important
role on obtaining high anatomical and functional success
rates. Future studies comparing primary retinectomy with
combined procedures in PVR cases in terms of clinical out-
comes and patient recovery should be performed.

Disclosure
The authors report no conflicts of interest in this work.
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