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Background: We describe the anatomical and functional outcomes of eyes that underwent
a modified technique of relaxing retinotomy, dashed line relaxing retinotomy, in the manage-
ment of retinal detachment with anterior proliferative vitreoretinopathy.

Methods: We retrospectively reviewed 54 consecutive eyes in 52 patients who received pars
plana vitrectomy with relaxing retinotomy during retinal detachment repair. Perfluorocarbon
liquid (PFCL) was used as a standard procedure to stabilize the retina during retinotomy to
prevent slippage or inversion of the posterior flap. If PFCL was not available due to economic
reasons, dashed line relaxing retinotomy was performed instead. Best-corrected visual acuity,
slit-lamp biomicroscopy, intraocular pressure measurement, lens status, and fundus examination
were analyzed. We excluded patients who were followed up <4 months.

Results: Regarding anatomical success rates and visual outcomes, we found no significant
differences between patients treated with intraoperative PFCL and those treated with dashed
line relaxing retinotomy without PFCL.

Conclusion: Compared to the simple and efficient PFCL-assisted relaxing retinotomy, dashed
relaxing retinotomy is not the first choice when PFCL is available. Based on our results, this
modified technique may offer an alternative in patients with anterior proliferative vitreoretin-
opathy for whom PFCL is not available.
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Introduction

Proliferative vitreoretinopathy (PVR), a process of cellular proliferation and
contractile preretinal membrane formation, is the most common cause of failure
in retinal detachment (RD) surgery. Current surgical techniques for treatment of
PVR-related RD include pars plana vitrectomy with or without scleral buckling,
membrane peeling, perfluorocarbon liquid (PFCL) infusion, relaxing retinotomy,
retinectomy, anterior base dissection, and intraocular tamponade with gas or silicone
oil. The first description of relaxing retinotomy was presented by Machemer in 1979
in the case of an eye with traumatic retinal incarceration.' Since then, relaxing reti-
notomy has become an important surgical adjunct in cases of complicated RD with
PVR when periretinal traction and retinal shortening cannot be relieved by epiretinal
membrane dissection or scleral buckling.>? The peripheral retina was usually excised
to preserve the function of the posterior retina, which is more visually significant.
Several studies reported the benefit of PFCLs in the management of RD associated
with PVR.#1* However, PFCL may not be available for some patients because of
reasons such as economic issues. The purpose of this study was to describe the ana-
tomical and functional outcomes of eyes that underwent the modified technique of
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relaxing retinotomy with dashed line relaxing retinotomy
in the management of RD with anterior PVR.

Patients and methods

We retrospectively reviewed the clinical and operative
records of 54 consecutive eyes in 52 patients with anterior
PVR who received pars plana vitrectomy with relaxing
retinotomy during RD repair. Surgical procedures were
performed by a single surgeon (SJS) between July 2010 and
May 2013 at Kaohsiung Veterans General Hospital, Taiwan.
The institutional review board and ethics committee
approved this study, which adhered to the tenets of the
Declaration of Helsinki. Due to the retrospective nature of
this study, patient consent was not required. All patients
underwent a comprehensive ophthalmic examination before
operation that included best-corrected visual acuity (BCVA),
slit-lamp biomicroscopy, intraocular pressure (IOP) mea-
surement, lens status, and fundoscopic examination. We
excluded patients who were followed up less than 4 months
(n=4). PVR in this study was characterized by a wide-angle
viewing system and was graded according to the Retinal
Society classification system.'!

Surgical procedures

In 13 eyes, PFCL was used to flatten and stabilize the edge
of the anterior retinal flap according to the procedure sug-
gested by a previous report.’ Forty-one eyes received dashed
line relaxing retinotomy without PFCL use, as the patients
could not afford the cost of PFCL. We used standard 3-port
(or 4-port with additional chandelier light) pars plana vitrec-
tomy to remove the vitreous periphery as necessary. The pro-
cedure was performed by 20- or smaller-gauge vitrectomy.
Before relaxing retinotomy, we had to remove the epiretinal
or subretinal membrane completely. A wide-angle viewing
system was useful to examine the full extent of the retina to
decide the area that should be relaxed. We extended the relax-
ing retinotomy into the normal retina on each end of the area
of contraction for about 1 hour. Diathermy was applied to the
entire area to be cut in a dashed line pattern. Blood vessels in
this area were occluded by cauterization. Fluid gas exchange
was performed with an endodrainage through a preexisting
break or a new retinotomy at least two disk diameters from
the disk, avoiding the macula and large vessels. The relax-
ing retinotomy was completed by gently tearing the dashed
line diathermy on the retina under air phase. The anterior
retinal flap was then cut under air phase or silicone oil.
At this time, bleeding may occur from the retina or choroid
and usually can be controlled either by raising the IOP or

cauterizing the bleeding vessels. Laser endophotocoagula-
tion then can be applied to the edges of the retinotomy, if
possible, including the anterior margin of the retinotomy.
Finally, an air-silicone oil exchange can be done if neces-
sary. Oil exchange is started at high pressure to help flatten
the wrinkled posterior retina. The sclerotomies were sutured
in 20-gauge vitrectomy (Figure 1).

Data included for statistical analysis were sex, age,
diagnosis, extent of relaxing retinotomy, type of intraocular
tamponade, additional procedures, and anatomical and func-
tional surgical outcomes. Primary RD was defined as RD
without any comorbidity or previous surgery. The reattach-
ment was defined as complete retinal reattachment at least
3 months postoperatively. Visual outcome was defined as
the central visual acuity at the last visit. Secondary glaucoma
was defined as IOP of >25 mmHg. Hypotony was defined
as IOP of <5 mmHg.

The statistical analysis was performed using SPSS
version 12.0 (SPSS Inc., Chicago, IL, USA). Descriptive
statistics were expressed as mean + standard deviation. The
Fisher’s exact test and Pearson’s chi-square test were used
to compare the proportions in the 2x2 groups and contin-
gency tables, respectively. Means of normally distributed
variables were compared with the 7-test. Odds ratio were
also calculated. The P-value or 95th percentile confidence
interval was shown, as appropriate. Variables not showing a
normal distribution were compared using the nonparametric
Mann—Whitney U-test.

Results

Summaries of the baseline characteristics and preoperative
ophthalmologic findings are listed in Table 1. The study
included 54 eyes (52 patients) with mean follow-up period
of 22.9+10.64 months (range: 4-42 months). Combined
rhegmatogenous and tractional RD with established PVR
secondary to proliferative diabetic retinopathy, trauma,
and ocular inflammatory disease were observed in 14 of
54 eyes (26%).

During our surgical interventions, 15 of 54 eyes (28%)
underwent combined scleral buckling with vitrectomy, and
nine eyes (17%) underwent combined lensectomy with
vitrectomy. Lensectomy was not done in all cases due to
health insurance reimbursement policy. Relaxing retinotomy
was performed in all cases, and the mean size of relaxing
retinotomy was 134.6164.6 degrees (range: 30-360 degrees).
Forty of 54 eyes (74%) received relaxing retinotomy of
<180 degrees, and the remaining 14 of 54 eyes (26%)
required a relaxing retinotomy =180 degrees. For the
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Figure | Procedure of dashed line relaxing retinotomy.

Notes: (A) Complete removal of all the epiretinal or subretinal membrane was done after pars plana vitrectomy. (B) Diathermy was applied to the entire area to be cut in
a dashed line pattern. (C) The relaxing retinotomy was completed by gently tearing the dashed line diathermy on the retina under air phase after fluid gas exchange through
a preexisting break or a drainage retinotomy. (D) Excision of anterior flap of retinotomy was done under air or silicone oil. (E) Laser endophotocoagulation then can be
applied to the edges of the retinotomy, if possible, including the anterior margin of the retinotomy.

treatment of intraocular tamponade, octafluoropropane was
used in 24 eyes (44%), and silicone oil was used in 30 eyes
(56%). Thirteen eyes (24%) received intraoperative PFCL to
stabilize the anterior retinal flap, and 41 eyes (76%) under-
went dashed line relaxing retinotomy without PFCL due to
economic reasons.

Postoperative data are shown separately for the three
groups in Table 2. The initial reattachment after opera-
tion was noted in 39 of 54 eyes (72%), and overall, 52 of
54 eyes (96%) ultimately attained final anatomic reattach-
ment at last examination. The reattachment rate for recur-
rent RD was not inferior to the others. The postoperative
BCVA was improved or remained stable in 39 eyes (72%)
and became worse in 15 eyes (28%). As expected, primary
RD had the best functional outcome. The average number of
additional vitreoretinal surgeries was 0.31£0.5. Fifteen of 54
eyes (28%) required additional vitrectomy due to recurrent
RD with PVR, and 13 eyes had repeated relaxing retinotomy
without PFCL use. Secondary glaucoma (IOP >25 mmHg)
was observed in eight patients (15%), but no one developed
hypotony (IOP <5 mmHg) in our study group.

We also identified possible risk factors that may influ-
ence the anatomic results after relaxing retinotomy (Table 3).

The complex nature of preoperative evaluations such as initial
visual acuity, macula involvement, extent of RD, and PVR
were not significantly associated with both initial and final
reattachment rate. Intraocular tamponade seems to be the
only factor associated with initial reattachment (P<<0.001)
but not with final reattachment (P=0.497). The use or nonuse
of intraoperative PFCL did not significantly influence the
initial reattachment rate (P=0.311), final reattachment rate
(P=0.427), or the postoperative BCVA (P=0.324).

Discussion
In our study, the initial reattachment rate was 72%, with a
final reattachment rate of 96%. Overall BCVA was improved
or remained stable in 39 eyes (72%) and became worse in
15 eyes (28%). These anatomical and functional results
compare favorably with previous reports of relaxing
retinotomy.>®!1-2! Intraocular tamponade was the only factor
predictive of initial success. The use or nonuse of intraopera-
tive PFCL did not significantly influence either the reattach-
ment rate or the postoperative BCVA.

Pars plana vitrectomy and retinal tamponade with long-
acting gas or silicone oil are common surgical procedures in
eyes with complicated RD. The Silicone Study reported that
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Table | Baseline patients and characteristics (n=54)

Mean age, SD (range), years 51.3£16.2 (67)
Sex, number (%)
Male 35 (67)
Female 17 (33)
Best-corrected visual acuity, number (%)
>counting fingers 21 (39)
Counting fingers 10 (18)
Hand motions 21 (39)
Light perception 2 (4)
Lens status, number (%)
Phakic 29 (54)
Pseudophakic 24 (44)
Aphakic 1(2)
Extent of RD, quadrants, number (%)
=3 quadrants 20 (37)
4 quadrants 34 (63)
Macula involvement, number (%)
Macula on 14 (26)
Macula off 40 (74)
PVR classification, number (%)
Grade C (A) 26 (48)
Grade C (A+P) 28 (52)
Diagnosis, number (%)
Primary RD 12 (22)
Recurrent RD 28 (52)
RD secondary to other cause 14 (26)
(PDR, endophthalmitis, trauma)
Previous surgery, number (%)
VT +SB 14 (26)
VT 22 (41)
SB 3(6)
Cataract extraction 25 (46)

Abbreviations: C (A), grade C proliferative vitreoretinopathy (anterior); C (A+P),
grade C proliferative vitreoretinopathy (anterior + posterior); PDR, proliferative
diabetic retinopathy; PVR, proliferative vitreoretinopathy; RD, retinal detachment;
SB, scleral buckling; SD, standard deviation; VT, vitrectomy.

silicone oil and octafluoropropane were equally effective
for eyes receiving retinotomy in vitrectomies for PVR.!
Our study concluded that silicone oil tamponade was sig-
nificantly associated with better initial reattachment rates

Table 2 Anatomic and visual outcome (n=54)

compared to gas tamponade (P<<0.05), which was similar to
previous results.'>?? Longer effect of intraocular tamponade
by silicone oil and decreased dependence on postoperative
prone positioning may be superior to gas tamponade when
an extended retinotomy is performed. Nevertheless, our
findings suggested no significant difference between types
of intraocular tamponade and final reattachment, which
was compatible with the result of the Silicone Study.'®
Several publications have concluded that 360 degree relax-
ing retinotomy is an effective procedure for flattening the
retina in complicated RDs.!'""!3 Our study investigated the
size of relaxing retinotomy on initial reattachments and
finally revealed no statistically significant relationships
between them. This result was also comparable with several
reports that showed no association between the extent of
relaxing retinotomy and the retinal reattachment rate.'>'6
However, the size of the relaxing retinotomy still is associ-
ated with the extent of RD and the choice of intraocular
tamponade in our study group. Because encircling scleral
buckling was previously performed in 17 of 54 eyes (32%),
the relationship between the combined encircling scleral
buckling and the retinal reattachment rate could not be
evaluated.

Although several publications have reported better
anatomical or functional outcomes following the use of
intraoperative PFCL,* %% our present study demonstrated
no significant differences between standard PFCL-assisted
relaxing retinotomy and our modified technique using
dashed line relaxing retinotomy. Moreover, recurrent
instances of PVR in 13 eyes, including five eyes that
underwent only vitrectomy and eight eyes that underwent
combined vitrectomy with scleral buckling, were success-
fully repaired by dashed line relaxing retinotomy without
intraoperative PFCL and subsequently achieved final
reattachment.

Primary RD Recurrent RD RD secondary Total
n=12 n=28 to other cause n=54
n=14
Success, number (%)
Initial reattachment 8 (67) 22 (79) 9 (64) 39 (72)
Final reattachment 11 (92) 28 (100) 13 (93) 52 (96)
Postoperative BCVA, number (%)
Stable or improved 10 (83) 21 (75) 8 (57) 39 (72)
Worse 2 (17) 7 (25) 6 (43) 15 (28)
Postoperative complication, number (%)
Hypotony (IOP <5 mmHg) 0(0) 0 (0) 0 (0) 0 (0)
Secondary glaucoma (IOP >25 mmHg) 2 (17) 5(I8) I (7) 8 (15)

Abbreviations: BCVA, best-corrected visual acuity; IOP, intraocular pressure; RD, retinal detachment.
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Table 3 Factors may influence the anatomical outcome

Initial reattachment P-value Final reattachment P-value
n=39 (%) n=52 (%)

Sex
Female 12 (30.8) 0.536 17 (32.7) 1.000
Male 27 (69.2) 35 (67.3)

Initial BCVA
=CF 24 (61.5) 1.000 31 (59.6) 0516
>CF 15 (38.5) 21 (40.4)

Extent of RD
=3 quadrant 15 (38.5) 1.000 20 (38.5) 0.525
4 quadrant 24 (61.5) 32 (61.5)

Macula involvement
Macula off 29 (74.4) 1.000 38 (73.1) 1.000
Macula on 10 (25.6) 14 (26.9)

PVR
C(A) 18 (46.2) 0.764 25 (48.1) 1.000
C (A+P) 21 (53.8) 27 (51.9)

RR size
<180° 27 (69.2) 0.302 38 (73.1) 1.000
=180° 12 (30.8) 14 (26.9)

Intraocular tamponade
Silicone oil 29 (74.4) <0.001* 28 (53.8) 0.497
CF, 10 (25.6) 24 (46.2)

PFCL
No PFCL 28 (71.8) 0311 40 (76.9) 0.427
PFCL 11(28.2) 12 (23.1)

Note: *Represents statistical significance.

Abbreviations: BCVA, best-corrected visual acuity; C,F,, octafluoropropane; C (A), grade C proliferative vitreoretinopathy (anterior); C (A+P), grade C proliferative
vitreoretinopathy (anterior + posterior); CF, counting finger; PFCL, perfluorocarbon liquid; PVR, proliferative vitreoretinopathy; RD, retinal detachment; RR, relaxing

retinotomy.

Previous reports suggested that hypotony is a possible com-
plication after vitrectomy with relaxing retinotomy,®!!!217-19
especially in gas-filled eyes. The predictor of postoperative
hypotony may be severe anterior PVR with the mem-
brane covering the ciliary body, resulting in ciliary body
detachment.?*? In our series, no eyes developed postvitrec-
tomy hypotony after PVR surgery in either group.

PFCL, a substance that is heavier than water or saline,
has long been used to reattach the retina posteriorly to
anteriorly in complicated RD. PFCL can fixate and stabilize
the posterior retina, thereby preventing slippage or inver-
sion of the posterior flap during air exchange. While PFCL
is injected into the vitreous cavity during vitrectomy, the
subretinal fluid is pushed anteriorly and then into the vitre-
ous cavity through the retinal breaks, which often results
in avoiding retinotomy for posterior drainage.* ' However,
PFCL is not covered by insurance in our country and is an
additional cost burden for patients. If the patient cannot
afford PFCL, relaxing retinotomy becomes a difficult task
for the surgeon. Our novel technique of dashed line relax-
ing retinotomy allows us to perform relaxing retinotomy

without the help of PFCL. The method has been used in a
variety of complicated RDs, including patients with reti-
nal shortening resulting in retinal incarceration or fibrous
proliferation and contraction, recurrent RD with PVR,
PVR secondary to endophthalmitis, proliferative diabetic
retinopathy with extensive anterior periretinal proliferation,
and recurrent RD with anterior retinal displacement after
ocular penetrating injury.

Compared to PFCL-assisted relaxing retinotomy, this
technique has several limitations: first, a posterior retinotomy
sometimes is needed for drainage if the preexisting break can-
not allow complete drainage of the subretinal fluid. Second, it
is difficult to excise the anterior flap of the retinotomy under
air or silicone oil, although surgeons find the procedure easier
following practice. Third, there is the possibility of bleed-
ing from the retina or choroid during tearing of the dashed
line. Complete occlusion of the retinal vessels in the area
of retinotomy and elevation of IOP can decrease the risk of
retinal bleeding. Gentle movements and avoidance of push-
ing the retinal pigment epithelium too much can eliminate
the possibility of choroid bleeding.
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In conclusion, relaxing retinotomy is a useful procedure to
relieve retinal traction in complicated RD surgery. This modi-
fied technique is probably not the first choice when PFCL
is available, but our data showed that dashed line relaxing
retinotomy achieved similar anatomical and visual outcome
compared to PFCL-assisted relaxing retinotomy. Therefore,
it may offer an alternative in patients with complicated RD
for whom PFCL is not available.
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