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Abstract: Scleral buckling (SB) remains an important technique to master for those interested in treating rhegmatogenous retinal
detachment (RRD). Several ways to repair RRD include pneumatic retinopexy (PR), pars plana vitrectomy (PPV), SB or
a combination of these. There is a growing worldwide trend that favors PPV as the preferred method for retinal reattachment of
primary uncomplicated RRD. Reimbursement issues, operating room access, and technological advances in PPV that improve retinal
visualization and less exposure to SB during fellowship training may explain this trend. As the number of SB cases decreases over
time, there is a risk that SB becomes a dying art and surgeons in training may not be trained in SB. SB is preferred in eyes with no
posterior vitreous detachment and retinal dialysis. SB with minimal gas vitrectomy may be indicated for eyes with inferior pathology.
Non-contact wide-angled visualization with chandelier assisted SB may be well suited for teaching new generations of aspiring
vitreoretinal surgeons. Its functional and anatomic results compare favorably with conventional SB for primary uncomplicated primary
RRD. The main advantage of this technique is the improved visualization even through small pupils. Better visualization ensures
treatment of all breaks while avoiding complications during drainage of subretinal fluid and a safer placement of intrascleral sutures for
scleral fixation of the buckling element. Recordings of the procedure are easily performed, allowing the surgeons involved to review
the case and learn from it. The main disadvantage is the cost involved with the chandelier and the need to have a microscope or a 3D
system with a wide angle viewing system. Photoreceptor re-alignment following retinal re-attachment is an important determinant of
the post-operative functional outcomes. Different methods of retinal re-attachment apparently result in different degrees of photo-
receptor re-alignment. SB may hold an advantage over PPV in this regard.
Keywords: rhegmatogenous retinal detachment, chandelier assisted scleral buckling, wide-angled illumination assisted scleral
buckling, scleral buckling, pars plana vitrectomy, photoreceptor integrity

Introduction
Rhegmatogenous retinal detachment (RRD) is a relatively common cause of preventable blindness. Its incidence has
been reported to vary between 6.3 and 17.9 cases per 100,000 inhabitants.1,2 Risk factors include age, myopia, cataract
surgery, a history of trauma and a family history, among others. Worldwide there is a changing epidemiological trend
with increases in cataract surgery, myopia and aging populations. Similarly, the incidence of RRD appears to be
increasing.3–6 In Denmark, this increased incidence is driven by men ≥50 years of age.3 In Korea and the
Netherlands, the increase is driven by the increasing incidence of myopia, whereas in Western Norway it is driven by
the increase of pseudophakic RRD.4–6
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Currently, there are several methods of repairing RRD including SB, pneumatic retinopexy (PR), pars plana
vitrectomy (PPV) and a combination of these. PR is an office-based, minimally invasive, non-incisional procedure that
consists of an intravitreal injection of an expandable gas bubble, post-injection head positioning to tamponade the retinal
breaks and the application of cryopexy or laser retinopexy to the retinal breaks. We have recently reviewed the
advantages, disadvantages and outcomes of PR.7 In the 1970s, Machemer et al,8 based on the previous work on open
sky vitrectomy by Kasner et al,9 developed PPV. Historically, the main indication of vitrectomy was the removal of
vitreous opacities. However, as technology and techniques evolved, the indications for PPV also evolved.10–16 In the past
2 decades, SB has fallen to the wayside and PPV has become the preferred method for surgical repair of RRD. From
complex retinal detachments to primary rhegmatogenous retinal detachment, PPV is currently the preferred technique for
retinal reattachment.17

There has been a recent interest and an increasing body of evidence that suggests that photoreceptor re-alignment
following retinal re-attachment is an important determinant of the functional outcomes of retinal surgical repair. Different
methods of retinal re-attachment apparently result in different degrees of photoreceptor re-alignment.18–25 SB may hold
an advantage over PPV in this regard.26

The reasons behind the increasing preference of PPV over SB and PR in most of the world probably consist of
a combination of reimbursement issues, operating room access, technological advances in PPV that have improved
retinal visualization and less exposure to SB and PR during fellowship training.27 Interestingly, the PRO Study Group
recently reported that surgeons with a high single surgery success rate were more likely to use an SB as part of their
armamentarium in the repair of RRD compared to surgeons with a low single surgery success rate.28 As the number of
SB cases performed decrease over time, there is a risk that SB becomes a dying art and vitreoretinal surgeons in training
may not be trained in SB. Non-contact wide-angled visualization with chandelier assisted SB under microscope or
digitally assisted 3D surgery in addition to the new findings regarding SB and photoreceptor re-alignment may help
reverse this trend.

Pathophysiology of RRD
The pathophysiology of an RRD has been reviewed extensively in the past.29–31 Briefly RRD develops as a consequence
of a combination of intraocular currents and dynamic vitreous traction in the presence of an open retinal break. The vast
majority of RRD results from an acute posterior vitreous detachment (PVD) that causes an acute retinal break.30 It
follows that to successfully treat an RRD all of these factors need to be addressed. The goal should be to flatten the
retinal break against the retinal pigment epithelium (RPE), which will prevent further passage of intravitreal fluid through
the break into the subretinal space. This will allow the RPE pump to reabsorb the subretinal fluid and re-attach the retina.
A scleral buckle (SB) alters the ocular anatomy and physiology to facilitate the functional closure of retinal breaks,
reduces vitreoretinal traction, directly closes the retinal breaks by bringing the eyewall into contact with the retina, alters
intraocular currents and walls off areas of detachment and breaks.30

History of Scleral Buckling
Prior to Gonin’s 31 seminal observation a century ago that retinal breaks are causative of RRD, RRDs were rarely
successfully repaired.32,33 Gonin developed a technique called ignipuncture where the retinal breaks were identified pre-
operatively, subretinal fluid beneath the retinal breaks was drained and the breaks were treated directly with cautery.3

Gonin’s theory on the etiology of RRD and the development of his technique using a thermocautery resulted in an
increase in the success rate from less than 1% in 1912 to about 30–40% by the 1930s.34–36 One of the drawbacks of the
ignipuncture technique was that cautery was not a reliable safe method to produce a chorioretinal reaction surrounding
the retinal break. One of the earliest modifications to Gonin’s ignipuncture technique was the introduction of diathermy
and chemical agents to induce chorioretinal adhesions.37,38 Diathermy retinopexy gained popularity but success was
limited in certain cases where the retina failed to settle against the eyewall or subretinal fluid rapidly accumulated.38 In
these cases, chorioretinal adhesions could not develop fast enough and the retina remained detached. It was then
recognized that scleral resection produced an inward ridge-like elevation that approximated the retinal pigment epithe-
lium (RPE) and choroid to the detached retina. Retinal surgeons devised a myriad of procedures including full-thickness
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scleral resections, lamellar scleral resections, scleral outfolding procedures and scleral infolding procedures from the
1930s to the 1950s to try to produce a scleral buckling effect. However, the scleral indentation produced by these
procedures was minimal and the location of the scleral ridge did not support the retinal breaks in the vast majority of
procedures.39

In 1937, Jess40 noted that following penetrating diathermy and subretinal fluid drainage, the eye often became
hypotonous and led to retinal folds and scleral collapse interfering with the RPE and retinal contact. He attached a thread
to a cotton swab that was placed in the episcleral space against the area of the retinal break causing scleral indentation in
the hopes of counteracting the effects of hypotony. The cotton swab was left in place for two weeks and then removed.
A decade later, Custodis41 pioneered the use of an episcleral exoplant and a non-drainage procedure to close the retinal
breaks. In the mid 1950ʹs Schepens et al42 described their technique characterized by a lamellar scleral resection,
subretinal fluid drainage, diathermy and a scleral buckling implant. In 1965, Lincoff et al43 modified the Custodis
procedure by introducing cryotherapy instead of diathermy, developing a flat scleral needle that allowed intrascleral
passes through half thickness sclera for 6 mm and replacing the polyviol with a silicone sponge. Similar to Custodis,
Lincoff advocated for not draining subretinal fluid.43–46 Over the years different materials such as polyethylene tube,
silicone rubber, fascia lata, non-absorbable suture, absorbable gelatin, preserved human sclera, plantaris tendon, absorb-
able collagen, polyglactin 910, polyglycolic acid, polydioxanone, plain and chromic gut, dura mater, cartilage and skin
were studied as possible scleral buckling materials.39

Microscope Assisted Scleral Buckling
A successful retinal re-attachment procedure depends on the identification of all the retinal breaks. Thus, an excellent
visualization of the entire retina is critical for a good surgical outcome. Surgeons have traditionally relied on indirect
ophthalmoscopy to perform an SB. In eyes with small pupils, pseudophakic eyes with posterior capsular opacities and
eyes with small peripheral breaks, the visualization of the peripheral retina under indirect ophthalmoscopy may be
fraught with difficulties. In cases where the retinal breaks are difficult to visualize, one can infer the location of retinal
breaks by the distribution of subretinal fluid.47

In the 1980ʹs Bonnet pioneered the use of the operating microscope as a visualizing tool for retinal re-attachment
procedures.48 She placed a Goldmann 3 mirror contact lens on the cornea and visualized the retina through a microscope
with slit-lamp illumination capabilities. The main advantages of this technique are the image magnification and the erect
image produced in contrast to the inverted image of the indirect ophthalmoscope. This technique never caught on outside
of France because of the main disadvantages that included a steep learning curve, the longer operating time, and that in
eyes with anterior segment abnormalities or a small pupil size visualization was difficult.48 In 2008, Nawrocki et al49

used the Optic Fibre Free Intravitreal Surgical System (OFFISS, Topcon Inc, Paramus, NJ, USA), which provides
approximately 50 degrees of fundus visualization, to place an SB to repair seven eyes with an RRD. Successful re-
attachment was achieved in six (85.7%) of the seven eyes. In 2012, Aras et al50 attempted repair of 16 eyes using non-
contact wide angle visualization for placement of an SB. They were able to successfully re-attach 13 (81%) eyes. The
main advantages of a non-contact wide-angle fundus visualization are that it provides an increased field of view of up to
130°, and the view is not too dependent on pupil size.51 Further improvements in the field of view with less peripheral
distortion may be obtained by using a Volk HRX Vit SSV contact lens.52 In 2013, Nagpal et al52 reported a 90% re-
attachment rate in a series of 10 eyes using this lens.

We have previously reported that non-contact wide-angled visualization with chandelier assisted SB compares
favorably with conventional SB for primary uncomplicated primary RRD.53 In the largest series to date, Roca et al53

reported an 85.1% re-attachment rate in their series of 282 eyes. Other smaller series, where the surgeons used a similar
technique and compared it to conventional SB, reported similar re-attachment rates.54–66 Roca et al’s53 functional results
also compare favorably with the literature. In their study, two thirds of eyes presented with the macula detached.
Following non-contact wide-angled visualization with chandelier assisted SB, the pre-op visual acuity improved from
1.21 to 0.76 logMAR at 6 months, which is similar to other reports in the literature.54–63

Digitally assisted 3D surgery provides improved depth, increased field of view, more magnification, less need for
illumination, better contrast, improved sharpness, color and digital imaging, which all enhance visualization compared to
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traditional microscope viewing. Time lag has been a concern for anterior segment procedures. A recent comparative
study demonstrated that digitally assisted 3D surgery was non-inferior and safe when performing SB compared to
traditional microscope viewing.67 La Spina et al68 reported a primary success rate of 94% (101 of 107) with a 3-month
follow-up in eyes treated with chandelier-assisted SB. Interestingly, 8.9% of eyes had retinal breaks not detected in the
preoperative evaluation. 3D systems have greatly improved visualization in vitreoretinal surgery; however, despite their
availability, they have not been widely accepted perhaps because of an elevated cost and also because of its learning
curve. Some experienced surgeons report a very good image for macular surgery but a decrease in the details in the
visualization of the periphery, and many assistants report difficulty and fatigue when having to visualize the screen with
their head tilted.69 Table 1 compares and summarizes the outcomes of chandelier assisted SB and conventional SB.

Both microscope and digitally assisted 3D surgery allow for recordings, which are a valuable tool in educating
vitreoretinal fellows and providing feedback even to experienced surgeons. Digitally assisted 3D surgery is an advanta-
geous system for teaching since all personnel in the room can follow each step of the surgery.70,71 In addition, some have
claimed ergonomic benefits afforded to the surgeon.68,72

Scleral Buckling Technique
SB techniques have been reviewed extensively in the past.73 Common variables in contemporary SB include choices in
the type of buckling material, extent of scleral buckling, to drain or not to drain subretinal fluid, type of chorioretinal
adhesion, supplemental vitreous injections and retinal visualization techniques. It is beyond the scope of this review to
describe in detail every single technique. We will briefly review some of these.

For microscope assisted SB, patients undergo the procedure under peribulbar anesthesia with bupivacaine or general
anesthesia depending on the surgeon’s preference. Under direct visualization through the oculars of the microscope,
a conjunctival peritomy of 360° is performed. Isolation of the rectus muscles is followed by placement of traction sutures
under the insertion of each rectus muscle tendon. A chandelier is inserted through a trocar 3.5–4.0 mm from the limbus at
180 degrees from the retinal tear. The retina is indented with the cryo probe under direct visualization through the oculars
of the microscope with a wide-field viewing system (Resight®, Biom®) in place. Cryopexy is placed around the tears.53

Alternatively, a curved illuminated endolaser may be inserted through the chandelier port. By using a continuous mode
with a power of 300 mW, it may be possible to reach areas distal to the tip of the laser probe without advancing the laser
probe too much into the vitreous cavity, thus minimizing vitreous traction.74

Scleral buckles can be oriented radially or circumferentially and an encircling element may also be placed. The
placement of radial elements requires precise localization of the retinal break. Radial buckles avoid fish-mouthing of the
breaks and radial folds.75–77 Circumferential segmental buckling may be preferred by some surgeons by supporting
undetected breaks and vitreoretinal traction in the vicinity of the detachment. Fish-mouthing and radial folds may occur
following segmental circumferential buckling.78 Eyes with small peripheral breaks along the vitreous base may benefit
from an encircling element.79 A spatulated needle with a 5.0 non-absorbable suture is used to place the sutures at least
2 mm from the edges of the buckle at one-half to three-fourths scleral depth in a mattress fashion parallel to the long axis
of the buckle being supported. If an encircling element is used, scleral tunnels or non-absorbable sutures may be used to
hold it in place.

In cases where the surgeon elects to drain the subretinal fluid, visualization of the external trans-scleral drainage
procedure is done through the microscope with a wide-field viewing system. Alternatively, internal drainage with a sharp
needle or cannula has been described.80 In eyes with a very bullous RRD, drainage of subretinal fluid facilitates the
apposition of the retinal break to the RPE. Nevertheless, subretinal fluid drainage remains controversial. In most cases,
retinal reattachment rates are equally effective regardless of whether or not drainage of subretinal fluid was
performed.81,82 The sclerotomies are closed with a 7.0 Vicryl stitch and the conjunctiva is sutured closed.53

Scleral Buckling Complications
The most important intraoperative complications of SB include those associated with drainage of subretinal fluid and the
inadvertent scleral perforation during scleral suture placement.83,84 Serious complications include retinal incarceration,
intraocular hemorrhage, retinal perforation, vitreous incarceration and hypotony.83 Magnification by a microscope or 3D
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Table 1 Comparative Outcomes of Chandelier Assisted Scleral Buckle and Conventional Scleral Buckle

Study
Country

Conventional Scleral Buckling Chandelier Assisted Scleral Buckling

N Pre-Op
Mean VA
(logMAR)

Post-Op
Mean VA
(logMAR)

Mean
Surgical
Time
(min)

Single
Surgery
Success
Rate

Complications N Pre-Op
Mean VA
(logMAR)

Post-Op
Mean VA
(logMAR)

Mean
Surgical
Time
(min)

Single
Surgery
Success
Rate

Complications

Tomita

et al61

(2015)

Japan

23 0.11 −0.01 130 95.7% Intraoperative retinal herniation

(4.3%), intraoperative corneal
epithelial edema (21.7%),

Postoperative corneal epithelial

disorder (30.4%), macular edema
(4.3%), cataract (4.3%), central

serous chorio-retinopathy (4.3%)

16 0.1 −0.04 107 93.8% Macular pucker (6.2%),

corneal epithelial edema
(6.2%)

Li et al64

(2016)

China

47 0.42 Month 1

0.40

Month 3
0.29

Month 6

0.18
Month 12

0.13

Segmental

buckling

83.15
Encircling

buckling

114.2

92.4% Elevated IOP (27.7%), macular

pucker (2.1%)

47 0.43 Month 1

0.35

Month 3
0.28

Month 6

0.18
Month 12

0.12

Segmental

buckling

62.5
Encircling

buckling

95.6

94.3% Elevated IOP (21.3%)

Narayanan

et al58

(2016)
India

14 1.20 0.90 95.7 85.7 Elevated IOP (7.1%), PVR (7.1%) 14 0.90 0.60 77.8 92.8 Elevated IOP (7.1%),

intraoperative

sclerotomy leak at the
chandelier insertion site

(21.4%)

Cohen

et al62

(2019)
Israel

27 0.60 Month 1

0.79

Month 3
0.52

Month 6

0.37

Not

Reported

85.2 Cataract (9%) 22 0.48 Month 1

0.59

Month 3
0.34

Month 6

0.24

Not

Reported

81.8 Cataract (9%)
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Table 1 (Continued).

Study
Country

Conventional Scleral Buckling Chandelier Assisted Scleral Buckling

N Pre-Op
Mean VA
(logMAR)

Post-Op
Mean VA
(logMAR)

Mean
Surgical
Time
(min)

Single
Surgery
Success
Rate

Complications N Pre-Op
Mean VA
(logMAR)

Post-Op
Mean VA
(logMAR)

Mean
Surgical
Time
(min)

Single
Surgery
Success
Rate

Complications

Zhao
et al65

(2019)

China

20 0.82 0.41 50.2 95% Elevated IOP (35%), Vitreous
hemorrhage (5%)

25 0.91 0.42 42.1 100% Elevated IOP (40%)
Subretinal hemorrhage

(4%)

Albalkini

et al66

(2022)

Egypt

26 1.15 0.50 120.3 80.8% Accidental perforation during

suturing (7.7%), Vortex vein injury
(3.8%), ERM (3.8%), Cataract

(3.8%)

23 1.32 0.67 102.5 78.3% Vortex vein injury with

vitreous incarceration
after draining subretinal

fluid (4.3%), Vitreous

prolapse at the
sclerotomy site (47.8%),

ERM (34.8%)

Roca

et al53

(2020)
Latin

America

282 1.21 0.76 Not

Reported

85.1% Scleral laceration (0.3%),

choroidal hemorrhage

(0.3%), ERM (1%),
macular fold (0.3%),

buckle exposure (1.4%)

Hu et al54

(2017)

China

61 Not

Reported

Not

Reported

Not

Reported

93.4% Subretinal hemorrhage

(3.3%)

Imai et al55

(2015)
Japan

79 0.31 0.10 100.3 92.4% Choroidal hemorrhage

(6.3%), retinal break
(1.3%), Lens touch

(1.3%), glaucoma (1.3%),

cataract (1.3%)

Jeon et al56

(2019)
South

Korea

29 0.38 0.19 Not

Reported

93.1% None
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Kita et al57

(2019)

Japan

18 0.17 0.07 Not
Reported

100% Diplopia (5.6%)

Nossair

et al59

(2019)
Egypt

21 1.28 0.7 90.5% Vitreous prolapse (19%),

sub retinal hemorrhage

(4.8%), ERM (4.8%),
diplopia (4.8%),

Choroidal detachment

(4.8%), elevated IOP
(9.5%)

Seider
et al60

(2016)

USA

12 0.22 0.15 118 83.3% None

Caporossi

et al63

(2019) Italy

28 0.8 0.22 Not

Reported

96.4% None

La Spina
et al68

(2021) Italy

107 Not
Reported

Not
Reported

41 94% None

Abbreviations: VA, visual acuity; logMAR, logarithm of the minimal angle of resolution; IOP, intraocular pressure; ERM, epiretinal membrane; PVR, proliferative vitreoretinopathy.
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viewing system may decrease the risk of these complications. There are few reports of complications secondary to
chandelier assisted SB. Theoretically, bacteria may be inoculated into the vitreous cavity as the chandelier fiber tip is
inserted into the vitreous cavity through the conjunctiva. Endophthalmitis has been reported in a few cases.85,86 In
addition, after removal of the chandelier, vitreous may incarcerate in the sclerostomy. Vitreous prolapse at the chandelier
sclerotomy site,59 a retinal break thought to be related to the insertion of the chandelier55 and a case of lens touch during
cryoretinopexy have been attributed to chandelier assisted SB.55 Other reported complications that were not attributed to
the visualization technique or the insertion of the chandelier include subretinal hemorrhage at the site of drainage,59

choroidal hemorrhage, 53,55,59 buckle exposure,53 scleral laceration and perforation attributed to excessive indentation
during surgery.50,53

Post-operative SB complications include persistent post-surgical diplopia, glaucoma, anterior segment ischemia, buckle
infection and extrusion, choroidal detachment, cystoid macular edema, epiretinal membranes, motility disturbances and
refractive changes.87,88 These have not been reported to occur more frequently following chandelier assisted SB.53

SB Indications
Although most vitreoretinal surgeons worldwide have embraced PPV as its preferred technique to repair an uncompli-
cated primary RRD, there are certain situations where SB is preferred over PPV. RRD secondary to retinal breaks without
a posterior vitreous detachment may be preferably treated with an SB rather than PPV. In these eyes, induction of
a posterior vitreous detachment may lead to iatrogenic breaks. Furthermore, SB will avoid the need for positioning,
premature cataract formation and all the complications associated with gas or silicone oil tamponade. RRD secondary to
round retinal holes are characterized by the absence of a PVD. These are usually found in young female myopic patients.
The RRD is usually shallow and progresses slowly. SB is very effective in these groups of patients.89 Retinal dialysis
results from the disinsertion of the retina from the vitreous base. Most cases are secondary to developmental conditions
or trauma.90–93 SB is also the preferred method for surgical re-attachment in these eyes.94–96 Recent evidence suggests
that SB with minimal gas vitrectomy may be indicated for eyes with inferior pathology.97,98

Outcomes of Retinal Re-Attachment Procedures
Traditionally, single operation anatomic success rate has been used as a measure of surgical success. Two recent meta-
analysiss recently concluded that there were no significant differences between the re-attachment rates of PPV vs
SB.99,100 A meta-analysis that included 15,661 eyes from 38 studies compared the outcomes of eyes treated with PPV
and those treated with PPV plus SB. PPV plus SB had a higher single operation success rate, but the final reattachment
rate was similar between the two groups.101 A recent Cochrane review concluded that PR had a lower reattachment rate
and a higher recurrence rate but a lower burden of post-operative complications compared to SB.102 Data from
a commercial insurance database from the USA showed that almost 30% of cases managed by primary PR compared
to 20% of cases managed by either SB or PPV required a reoperation within 90 days of the primary repair.103 More
recently, the Primary Retinal Detachment Outcomes104 Study reported that in phakic patients there was, not only a higher
success rate with a single procedure with SB compared to patients undergoing PPV (91.7% vs 83.1%) but also a better
visual acuity in patients undergoing SB.105,106 The PIVOT trial showed that eyes treated with PPV had a higher success
rate (93% vs 80%) with a single procedure than eyes treated with PR.107

PPV was associated with a higher incidence of cataract, progression of cataract and iatrogenic retinal breaks, whereas
SB was associated with hypotony, choroidal detachment, subretinal hemorrhage, residual subretinal fluid, strabismus and
diplopia.99,100,108

Functional Outcomes
Recently, researchers from Toronto have questioned the historical emphasis placed on single operation anatomic success rate
as a measure of surgical success.24,107 Recent systematic reviews and meta-analysis of randomized clinical trials comparing
SB, PR and PPV for RRD reported that there were no significant differences in final visual acuity between the different
techniques.99,101,108 Despite retinal re-attachment and excellent visual acuity, patients may be dissatisfied following retinal
reattachment surgery due to aniseikonia and vertical metamorphopsia. Clinical examination with indirect ophthalmoscopy or
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slit-lamp biomicroscopy of the macular area usually reveals no abnormalities. For eyes with RRD that involved the macula,
successful anatomic re-attachment by PPV was accompanied by aniseikonia in 42% to 58% of cases.109–112 Similarly the
rates of post-PPV metamorphopsia are high, ranging anywhere from 50% to 90%.113–118

The PIVOT was a single center, randomized clinical trial that compared the outcomes of primary PR in 77 eyes
versus primary PPV in 73 eyes with primary RRD.107 Despite a lower anatomic and single operation success rate, eyes
that were treated with PR had visual acuity outcomes superior to those obtained with PPV. Visual acuity outcomes with
PR were superior to those obtained with PPV.107 The ETDRS best corrected VA was better at 3, 6 and 12 months of
follow-up. The mean best corrected VA at 12 months was 79.9 letters in the PR group compared to 75 letters in the PPV
group. In addition, the proportion of eyes achieving ≥20/40 was 90.3% compared to 75.3% in the PPV group.107

Furthermore, eyes treated with PPV experienced significantly more vertical metamorphopsia than eyes treated with
PR.107 These functional changes have been ascribed to anatomical changes only observed in multimodal
imaging.18,23,119–123

Unintentional retinal displacement following retinal re-attachment with a PPV has been described anywhere from
45% to 72%.23 In contrast, the PIVOT trial demonstrated that the retinal displacement induced by PR to those induced by
PPV was significantly less.18 There are very limited data regarding retinal displacement following SB. Lee et al119

reported no retinal displacement in 9 eyes that underwent SB. Of these 9 eyes, 3 eyes had the macula involved. In
contrast, displacement was observed in 72% (23/32) of eyes with foveal involved RRD and in 29% (5/17) of eyes with
fovea spared RRD following PPV.119

Fundus autofluorescence (FAF) may be used to assess the degree of retinal displacement by comparing the hyper-FAF
lines located superior and parallel to the retinal vessels.124 The original position of retinal vessels prior to the RRD is
most likely represented by the hyper-FAF lines. They have been named as retinal vessel printings or ghost
vessels.119,122,123 Some have suggested that immediate strict face-down positioning for a few hours may reduce the
rate of retinal displacement following retinal re-attachment.123,125,126 Silicone oil apparently causes less retinal displace-
ment compared to gas.20,119,127,128 This retinal displacement may account for the post-operative vertical metamorphopsia
experienced by some patients. Muni et al24 introduced the concept of photoreceptor integrity following retinal re-
attachment. Eyes with retinal displacement are considered to have a low integrity retinal reattachment, whereas those
eyes without retinal displacement have a high integrity retinal reattachment.

Ellipsoid zone (EZ) disruption, EZ-RPE thickness, external limiting membrane (ELM) disruption, outer retinal folds
(ORF) and EZ hyporeflectivity on en face SD-OCT have all been associated with post-operative visual acuity.120,121,129–
137 ORF, unlike full thickness retinal folds, are not clinically visible and are only detected by OCT. ORF are protrusions
of the photoreceptors that cause infolding of the ELM and EZ.121 They were first described in 2006 using time domain
OCT.136 A post-hoc analysis from the PIVOT trial showed that the presence of ORF was associated with a poorer visual
acuity at 12 months. Furthermore, there were more eyes in the PPV group than the PR group that developed ORF.121

Similarly, PPV produces more post-operative EZ and ELM disruptions compared to PR.24

An intravitreal gas bubble exerts a buoyant force on the retina.19,22,127 Once the detached retina comes into contact
with the gas bubble, the subretinal fluid beneath the detached retina is displaced to regions away from the bubble. The
retina in contact with the bubble is brought into contact with the RPE. The residual subretinal fluid is squeezed and
pushed in a gravity-dependent fashion causing retinal stretching and displacement.

These findings have led these investigators to suggest that how one achieves surgical reattachment has implications
for the post-operative functional outcomes. Fluid air exchange coupled to large intraocular gas tamponade may lead to
higher rates of low integrity retinal reattachment compared to procedures where the RPE pump removes the subretinal
fluid. A slower more physiologic reabsorption of subretinal fluid directed by the RPE may allow the photoreceptors to
orient and align themselves correctly with the RPE. In contrast, fluid–air exchange or transscleral subretinal fluid
drainage cause an abrupt contact between the photoreceptors and the RPE.22,24,137 Based on these findings, Muni et al97,98

have suggested modifying PPV by avoiding a fluid–air exchange. Following completion of PPV, they inject a small
expansile gas bubble instead and let the RPE pump remove the subretinal fluid similar to a PR. Post-operative patients
are positioned similar to PR. The breaks are treated intraoperatively with cryotherapy or alternatively with laser
retinopexy post-operatively once the retina reattaches. In eyes with inferior breaks, a segmental buckle is added.97
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Conclusions and Future Directions
In summary, the incidence of RRD is on the rise. There are several ways to repair an RRD including PR, PPV, SB or
a combination of these techniques. Recent trends show that vitreoretinal surgeons prefer PPV over other techniques to
repair most cases of RRD. A key advantage of PPV is the superior visualization of the entire retina in comparison to
other techniques. Non-contact wide-angled visualization with chandelier assisted SB with either a microscope or a 3D
head up system provides a superior retinal visualization than conventional SB with indirect ophthalmoscopy. This
modification to conventional SB may be well suited for teaching new generations of aspiring vitreoretinal surgeons.
Its functional and anatomic results compare favorably with conventional SB for primary uncomplicated primary RRD. It
may help turn the tide against the declining use of SB.

Traditionally emphasis has been placed on single operation anatomic success rate as a measure of surgical success.
Despite retinal re-attachment and excellent visual acuity, patients may be dissatisfied following retinal re-attachment
surgery due to aniseikonia and vertical metamorphopsia. Both of these complaints appear to be caused by a low integrity
retinal reattachment. How we achieve retinal re-attachment appears to influence photoreceptor re-alignment. PPV with
fluid air exchange and full gas tamponade may not be the best way to re-attach the retina. Modifications to conventional
PPV such as avoiding an air–fluid exchange and adding a segmental inferior buckle in eyes with inferior retinal tears and
breaks have been suggested to avoid low integrity retinal re-attachment.

The theoretical concept of photoreceptor realignment following retinal reattachment was raised almost fifty years
ago.137 However, it was not until recently with the advent of multimodal imaging that it was tested and assessed in
different scenarios including PPV with gas tamponade, PPV with silicone oil tamponade and PR.18–24 Validation of
these results by other researchers should be encouraged. Researchers interested in the subject should consider
studying the effects of external trans-scleral drainage of subretinal fluid during SB on the integrity of retinal
reattachment. A preliminary study suggests that retinal displacement is not a common occurrence following SB.26

Further understanding of how a retina reattaches may lead to improved functional outcomes in patients with an RRD.
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