Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:711-722
https://doi.org/10.1007/500417-021-05448-x

REVIEW ARTICLE q

Check for
updates

Pneumatic retinopexy: an update
Chyong-Yng Huang' - Mia Mikowski' - Lihteh Wu'-2

Received: 21 June 2021 / Revised: 26 August 2021 / Accepted: 5 October 2021 / Published online: 12 October 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Pneumatic retinopexy (PR) is a minimally invasive, non-incisional procedure for repairing uncomplicated rhegmatogenous
retinal detachment. It consists of an intravitreal gas injection followed by the maintenance of a postoperative head position
and the use of laser or cryopexy to seal the retinal breaks. It was initially indicated for a single or a group of retinal breaks
no larger than 1 clock hour involving the superior 8 clock hours in phakic eyes with no proliferative vitreoretinopathy. We
aim to perform a narrative review on pneumatic retinopexy since the last major review of 2008, based on a Medline search
up to June 20 2021 using multiple search words including pneumatic retinopexy, pneumoretinopexy, retinal detachment, and
pars plana vitrectomy. Indications for PR have been expanded and include pseudophakic eyes, eyes with mild PVR, and even
breaks in the inferior fundus. Depending on the case selection, PR has a single-operation success rate ranging from 45 to 80%.
Despite the lower single operation success rate, the functional outcomes of those eyes repaired successfully by primary PR
exceed those of scleral buckling (SB) and pars plana vitrectomy (PPV). Best corrected visual acuity, metamorphopsia scores,
mental health scores, and vision-related functioning scores were all better in PR-treated eyes compared to PPV-treated eyes.
PR should be strongly considered for eligible patients with a primary uncomplicated rhegmatogenous retinal detachments.

Keywords Retinal detachment - Pneumatic retinopexy - Pneumoretinopexy - Vitreoretinal surgery - Scleral buckle - SF6 -
C3F8

Key messages

o Unintentional retinal displacement following retinal re-attachment has previously been described.

® Retinal displacement may account for the post-operative vertical metamorphopsia experienced by some patients.
Fundus autofluorescence images were used to demonstrate that the retinal displacement induced by pneumatic
retinopexy to those induced by PPV was significantly less.

e Best corrected visual acuity, metamorphopsia scores, mental health scores and visionrelated functioning scores were
all better in PR treated eyes compared to PPV treated eyes, suggesting that PR should be strongly considered for
eligible primary uncomplicated rhegmatogenous retinal detachments

Introduction

Rhegmatogenous retinal detachment (RRD) if left untreated
causes blindness. Its incidence has been reported to vary
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The key to a successful retinal repair is the identification
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been a generalized trend in favor of PPV as the primary
treatment modality for primary un-complicated RRD [4-6].
PR is an office-based, minimally invasive, non-incisional
procedure for repairing uncomplicated RRD [7]. It 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. The most recent comprehensive review
on the subject was published in 2008 [7]. The current criti-
cal narrative review, based on a MEDLINE search up to 20
June 2021 using multiple search words including pneumatic
retinopexy, pneumoretinopexy, retinal detachment, and pars
plana vitrectomy, aims to update the literature since 2008.

History

In 1911, Ohm [8] injected intravitreal air as a treatment for
RRD. Since this was prior to Gonin’s [3] communication
that retinal breaks were the cause of the RRD, the procedure
failed. In 1938, Rosengren [9] treated RRD by draining sub-
retinal fluid followed by retinal tear localization and treat-
ment with surface diathermy. Air was then injected into the
vitreous cavity to restore intraocular volume and the patient
was positioned so that the breaks were superior and tam-
ponaded by the air bubble. Using this method, he obtained
a success rate of 76% in his surgical series [6]. Despite these
results, this technique did not gain favor among retinal sur-
geons and remained practically forgotten. Almost half a cen-
tury later, Dominguez [10] proposed repeated insufflation of
an expansile gas bubble into the vitreous cavity followed by
laser retinopexy or cryopexy and post-operative positioning.
Concurrently, Hilton and Grizzard [11] introduced the con-
cept of an intravitreal gas injection, transconjunctival cryo-
therapy and post-operative positioning. The modern era of
pneumatic retinopexy was thus born. In 2008, Chan and col-
leagues [7] thoroughly reviewed the literature on the subject.

Evolving treatment preferences in the management
of primary RRD

Since its introduction into clinical practice in the late
1980s [11], PR slowly gained popularity. By 1997, PR
became the treatment of choice for uncomplicated RRD in
the USA [12]. With time, regional differences in the use of
PR also began to evolve. Whereas in 1990 within the USA
there were no differences in the popularity of PR, by 1997
there was a clear preference for PR in the far west region
of the USA [12, 13]. By 2009 vitreoretinal surgeons in the
Northeast had a greater preference for PR [14]. However,
by this time, an analysis using the fee for service Medicare
data from 2000 to 2014 showed that 83% of cases in the
USA were treated with PPV, 12% with PR and only 5%
with SB [15]. Another larger and more recent study based
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on administrative claims for beneficiaries in a large man-
aged care network in the USA confirms the preference
of PPV in the repair of primary non-complex RRD [6].
USA commercial insurance claims data from 2008 to 2016
revealed that the choice of the initial treatment modality
for an uncomplicated primary RRD was based more on
patient characteristics and the individual provider than on
the particular region [16]. The 2019 ASRS PAT Survey
documents a decreasing trend in the use of PR worldwide
as well [17]. In the UK, PR is rarely performed [5]. In
2013, only 5% of primary RRD were treated with PR in
Northern Ireland [18]. Similarly in Norway, PR accounts
for < 1% of primary RRD cases [19]. In Korea, there has
been an increasing trend to favor PPV in detriment of PR
and SB in eyes with primary uncomplicated RRD [20]. In
contrast, PR is a key tool in the arsenal of Canadian vit-
reoretinal surgeons for the management of primary RRD
[21]. Recently, Canadian investigators reported that more
than 50% of the primary RRD that presented to their prac-
tice fulfilled PR criteria. Around 80% were treated with
primary PR [22].

The reasons behind the increasing preference of PPV over
SB and PR in most of the world, probably consist of a com-
bination of reimbursement issues, operating room access,
technological advances in PPV and less exposure to SB and
PR during fellowship training.

Despite having a limited experience with PR, the out-
comes of contemporary vitreoretinal fellows in the USA is
comparable to those of the more experienced vitreoretinal
surgeons. Not surprisingly fellows with > 15 PR procedures
had better outcomes than those with <15 PR procedures
[23].

A commercial claims database from the USA has shown
troubling gender disparities in the treatment of RRD during
the time period of 2007-2015. Women were shown to be
less likely to receive surgical repair of a RRD than men.
If they were treated, women were more likely to have their
RRD repaired with SB, laser barricade or PR than men [24].
Interestingly, in the IRIS Registry of the American Academy
of Ophthalmology, female patients were more likely to have
a single operation anatomic success rate (SOASR) with PR
than male patients [25].

Some have questioned the relevance of PR in developing
countries [26]. According to them, the PR criteria are too
stringent and few eyes with RRD would be appropriate can-
didates for primary PR. Patients in developing countries tend
to present later and consequently many eyes present with
advanced PVR [26]. However, as correctly pointed out by
Hillier and Muni [26], late presentation in developing coun-
tries may indicate barriers in access to care which usually
is due to the financial burden of surgery and/or the lack of
vitreoretinal equipped operating rooms. These low resource
areas may actually benefit from PR.
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Patient selection

Patient selection is the most important factor for a success-
ful outcome using PR to treat RRD. Favorable characteris-
tics include an uncomplicated RRD with a single break or
a group of breaks no larger than 1 clock hour. The retinal
breaks should be in the superior 8 clock hours of the fun-
dus. Furthermore a clear media that allows complete visu-
alization of the retinal periphery would be ideal [7]. With
increased experience, many surgeons expanded the indica-
tions for pneumatic retinopexy. Eyes with non-traditional
criteria included eyes with visible traction gaping a break
open or mild vitreous hemorrhage or > 1 retinal break > 1
clock hour apart or mild proliferative vitreoretinopathy
(PVR) or a giant retinal break or extensive lattice degenera-
tion or a bridging vessel or an inferior retinal break or the
absence of an identifiable break [27].

In highly motivated patients who are able to place their
head in extreme positions, RRD with inferior retinal breaks
may be treated successfully with PR [7]. Hwang et al. [28]
proposed a less physically demanding position where the
patient assumes a lateral recumbent position with the head
tilted at 10 cm to 30 cm below the horizontal level. In this
position the eye with the retinal break lies at an angle of
inclination of 30° to 60° which permits the intravitreal gas
bubble to move 1 or 2 clock hours to reach those inferior
breaks. Alternatively sequential pneumatic retinopexies
with lateral decubitus positioning may be performed instead.
Using this technique, Canadian surgeons were able to repair
65% of their 26 cases of RRD with inferior breaks [29].

RRD associated with choroidal colobomas have also been
successfully treated with PR [30, 31]. Since the floor of the
coloboma is formed by very thin sclera, care must be taken
to avoid increases in intraocular pressure. Scleral rupture is
areal possibility [31].

Unlike PPV and SB, PR does not relieve vitreoretinal
traction and may thus serve as an ideal complementary res-
cue therapy for failed SB or PPV [32, 33]. A retrospective
review of 42 consecutive cases of retinal re-detachment fol-
lowing SB or PPV were managed by a secondary PR. In all
the cases of failed SB compared to 90% of all the failed PPV,
the retina was re-attached following a single gas injection
[33]. In a smaller series, Modi et al. [32] reported similar
results. Previously vitrectomized eyes with a limited pos-
terior retinal detachment may be ideally suited for rescue
PR [34].

PR has been proposed as an initial procedure in eyes
with RRD combined with choroidal detachment [35]. These
eyes have a bad prognosis and are typically characterized by
hypotony and a high propensity to develop PVR. Although
the SOASR in this small series of 9 eyes was only 33%,
the intravitreal gas bubble facilitates subsequent vitreous
surgery by rapidly restoring intraocular pressure, resolving

choroidal detachment and diminishing inflammation. Others
have suggested using PR as a temporary measure to protect
the macula while waiting for a more definite procedure [36].
PR should be avoided in patients with ocular albinism
since the RPE pump in these patients is impaired [37]. PR
should also be avoided in eyes without a posterior vitreous
detachment since long-lasting gases can cause vitreoretinal
traction at the vitreous base leading to new retinal breaks.

Surgical technique

The technique of PR has been reviewed extensively [7, 11].
We hereby provide some tips that may not have been covered
in the prior reviews. Injecting an expanding gas intravitreally
may potentially lead to not only a rise in intraocular pres-
sure but to central retinal artery occlusion. To avoid these
potential complications, one should perform a pre-injection
paracentesis. Following the intravitreal gas injection, the sur-
geon must monitor the optic nerve and central retinal artery
ophthalmoscopically. If the artery pulsates, a paracentesis
should be repeated.

PR may be performed as a one-step procedure or a two-
step procedure. In the one-step procedure, cryopexy is per-
formed prior to intravitreal gas injection, whereas in the two-
step procedure, gas is injected intravitreally first. Once the
retina is re-attached, laser retinopexy is performed.

In eyes with a bullous RRD that are going to be subjected
to PR with cryopexy, a reduction of subretinal fluid prior to
cryopexy would be advantageous. Positioning the patient
on a reclining chair in a manner where the retinal breaks
are placed at the lowest point of the globe for an hour prior
to cryopexy accomplishes this objective [38]. Care must
be exercised to avoid treating the bare RPE with cryopexy
because cryopexy enhances intravitreal dispersion of viable
retinal pigment epithelial cells which may lead to PVR.
Excessive cryotherapy may also lead to this complication
[39]. Due to these potential complications, some surgeons
prefer laser retinopexy. The chorioretinal adhesion formed
by laser retinopexy may be firmer and form quicker than
with cryopexy. Excessive laser may lead to ERM formation.

Following retinal re-attachment, visualization of the reti-
nal break may be impaired by the gas bubble making laser
retinopexy extremely difficult. Marking the retinal breaks
with laser retinopexy prior to the intravitreal injection of
gas may facilitate their identification through the gas bubble
after the retina re-attaches [40].

Although most surgeons prefer to use expansile gases
such as C3F8 (0.3 mL) or SF6 (0.5 mL), air (0.8 mL) may
also be used successfully as an intravitreal tamponading
agent in PR [7, 41, 42]. A double blind randomized clini-
cal trial from Thailand compared the retinal re-attachment
rate and the final visual recovery following PR with filtered
air or perfluoropropane gas. In this small trial, the filtered

@ Springer



714 Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:711-722

air was non-inferior to perfluoropropane gas [42]. The main
drawback is the larger volume that needs to be injected
(0.8 mL) [41]. Larger eyes such as highly myopic ones need
to be injected a larger volume of gas to adequately cover
the increased retinal area [43]. On occasion, the gas may
be re-absorbed before an adequate chorioretinal scar forms
around the retinal breaks. In these circumstances, prolonga-
tion of the duration of the intravitreal gas bubble would be
advantageous. Hsu and colleagues [44] explored the effect of
topical aqueous suppressants in the duration of a C3F8 bub-
ble. Unfortunately, they do not prolong the life of the C3F8
bubble. On the other hand, once the retina is attached and
the chorioretinal scar is formed, the presence of a long acting
gas may be detrimental by causing traction at the vitreous
base leading to new ruptures and inflammation.

The steam roller maneuver has been recommended to
avoid migrating subretinal fluid to detach the macula fol-
lowing PR. In eyes with the macula already detached, the
steamroller maneuver facilitates rapid retinal re-attachment
[45]. Following the intravitreal gas injection, the patient is
asked to immediately assume a face down positioning for
4-6 h. The buoyancy of the intravitreal gas bubble will help
express the subretinal fluid through the open retinal break.
This reduces the overall amount of subretinal fluid that needs
to be reabsorbed by the RPE pump. Thereafter, the head is
elevated 30° every hour until the head is upright. Once the
head is upright, the patient is positioned so that the apex of
the intravitreal bubble covers the retinal breaks [45]. It is
important to emphasize to the patient that the steamroller
maneuver needs to be performed just once. A pneumatic
pump mechanism has been described whereby retinal
detachment extension occurred after repeated steamroller
maneuvers by a same patient [46].

Retinal re-attachment

Bansal et al. [47] used swept source OCT to characterize
the in vivo retinal re-attachment process of 15 consecutive
patients that underwent successful PR into 5 specific stages.
With closure of the retinal break by the gas bubble, there is
no longer liquefied vitreous entering the subretinal space.
Re-absorption and re-distribution of the subretinal fluid
ensues, which causes a reduction in the height of the retinal
detachment allowing an approximation of the neurosensory
retina and the RPE (stage 1). In stage 2, the outer retinal
corrugations and the cystoid macular edema improve. Even-
tually, the RPE and the neurosensory retina come into physi-
cal contact signaling stage 3. Stage 4 is characterized by
the deturgescence of the photoreceptor inner and outer seg-
ments. Recovery of the photoreceptor integrity starts with
the external limiting membrane (stage SA) followed by the
ellipsoid zone (stage 5B) and finally the interdigitation zone/
foveal bulge (stage 5C). Not all patients progressed at the
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same rate. For instance some eyes had delayed re-absorption
of subretinal fluid [47].

Anatomic outcomes

Chan and colleagues [7] comprehensively reviewed the lit-
erature from 1986 to 2007. They identified 4138 eyes. In
this time period, the SOASR was reported to be 75%, the
final operation anatomic success 96%, new retinal breaks
occurred in 12% and PVR in 6% [7]. Since then, several
studies have reported on over 12,000 patients with similar
outcomes [25, 27, 41, 46, 48-56]. These are summarized
in Table 1.

Day et al. [57] compared the re-operation rate among
a 5% random sample of Medicare beneficiaries > 67 years
of age who underwent retinal detachment repair from
1991-2007. They reported that eyes treated with a primary
PR were twice as likely to undergo a second repair procedure
than eyes that were treated with a primary SB or PPV. Most
of the eyes that failed primary PR underwent a secondary
PPV. Interestingly, eyes that were treated primarily with
PPV were most likely to develop severe complications [57].
A 2015 Cochrane review reported that there was a lower
retinal re-attachment rate and a higher recurrence rate with
PR when compared to SB [58].

Goldman et al. [27] reported a series of 141 eyes that
included eyes with non-traditional indications in 55.3%. The
SOASR were not statististically different between eyes with
traditional indications (84.1%) compared to non-traditional
indications (74.4%). The final anatomic success rate was
97.6% [27]. Similarly, Jung et al. [51] reported no difference
between traditional and expanded indications.

The PIVOT was a single center, randomized clinical trial
that compared the outcomes of primary PR in 77 eyes ver-
sus primary PPV in 73 eyes with primary RRD [52] The
inclusion criteria included eyes with a single retinal break
or group of breaks <1 clock hour in detached retina; all the
breaks in detached retina had to be between the 8 and 4
meridians; lattice degeneration and breaks in attached retina
at any location were allowed. Exclusion criteria included
inferior breaks in detached retina, PVR grade B or worse or
inability to perform a complete peripheral retina examina-
tion. SOASR was significantly better in PPV (93.2%) com-
pared to PR (80.8%). The final anatomic success rate was
similar in both groups (98.7% and 98.6% respectively) [52].

A recent report of almost 10,000 patients with a non-
complex RRD that underwent PR with at least 3 months
of follow-up from the IRIS Registry, showed a SOASR of
68.5%. Female and non-smokers had a higher SOASR. The
main limitations of this study were the inability to determine
the selection criteria by which these patients were selected
to undergo PR and the pre-operative macular status [25].
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Functional outcomes

Previously, Chan et al. [7] summarized the visual outcomes
from 1986 to 2007. They reported that in RRD with the mac-
ula detached pre-operatively, anywhere from 35 to 90% of
eyes achieved a post-operative visual acuity (VA) >20/50. In
eyes with the macula attached, 22.2 to 100% of eyes had an
improvement of post-operative VA over pre-operative VA.
In addition, 56.2 to 94% of eyes with the macula attached
obtained a post-operative VA of >20/40 [7].

The visual outcomes of studies since 2007 are summa-
rized in Table 1 [22, 23, 41, 42, 48, 51, 52, 55, 56, 59-61].
The final reported VA varied from 20/158 to 20/25. In eyes
with a SOASR, the final VA varied from 20/50 to 20/25.
In contrast, eyes that failed primary PR had a final VA of
20/27.5 t0 20/324 [22, 23, 41, 42, 48, 51, 52, 55, 56, 59-61].
The PIVOT trial demonstrated that the visual acuity out-
comes with PR were superior to those obtained with PPV
[52]. 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 [52].

Most failures of primary PR occur during the first month
following PR, the vast majority during the first 10 days [46,
62]. Pseudophakia [22, 46, 49, 51, 55, 59], male gender [46,
49], vitreous hemorrhage [62] tears > 1 clock hour [55], RD
involving the inferior quadrants [51], PVR grades C or D
[51, 55], new or missed breaks [49, 62], and smoking [25]
have all been identified as increasing the risk of failure in
SOASR in primary PR [46, 49, 51, 59]. The SOASR for
primary PR in pseudophakic eyes ranges from 41 to 67%
[7, 63]. Pseudophakic eyes are more likely to have multiple,
small, and anteriorly located breaks. Optical aberrations due
to the presence of the intraocular lens and capsular opacity
may limit the view of the peripheral retina. These factors
may be responsible for the increased risk of failure of PR in

Table 2 Anatomic results of failed primary pneumatic retinopexy

pseudophakic eyes [51, 64]. In pseudophakic eyes, the extent
of the RRD correlates with SOASR [50, 63]. More extensive
RRD may “hide” some breaks dooming the SOASR for pri-
mary PR. Others have not found pseudophakia as a risk fac-
tor for PR failure [27, 52, 59, 61, 65]. Male patients appar-
ently are less compliant with instructions [46]. The most
common causes of a failed primary PR are a new inferior
RRD in previously attached retina and increasing subretinal
fluid associated with the original RRD [62].

PR failure was not associated with significant differences
in functional or anatomic outcomes between eyes who had a
successful primary PR and those that failed and were fixed
with one additional procedure [63]. Table 2 summarizes
the outcomes of eyes that had failure of primary PR. Up to
90% may be repaired with one additional procedure [48, 62,
65—67]. Demircan et al. [67] compared the outcomes of 42
eyes that failed primary PR and were treated subsequently
with PPV to 29 eyes that were treated primarily with PPV.
They found that there were no statistically significant dif-
ferences between both groups in terms of primary retinal
re-attachment (90.5% vs 93.1% respectively) or visual out-
comes underscoring the fact that a failed primary PR does
not predispose to a worse outcome. However, if the eye
needed >?2 additional procedures or complications occurred,
the visual outcomes were significantly worse [48, 66]. Eyes
that require > 1 additional procedure are more likely to
develop complications such as new or missed breaks, cata-
racts (65%), ERM (16%), CME (4%), and macular hole (2%)
[66]. These eyes also required additional non-reattachment
procedures such as vitrectomy for removal of ERM and sili-
cone oil removal. A repeat PR was significantly worse than
SB or PPV in re-attaching the retina [66]. Anaya et al. [65]
reported that in their series of 73 eyes that failed primary
PR, the anatomic success rates for the secondary procedure
were lower than the published success rates for primary
repair using those procedures. They suggest that a failed pri-
mary PR selects for RRDs that are inherently more difficult
to repair [65]. Multivariate analysis in a large retrospective

Authors Country N Retinal re-attachment with  Mean number of proce- VA after failed PR Post-Op VA

1 additional procedure (%)  dures for retinal re-attach-

ment

Mudvari et al USA 2001-2008 50 72 1.4 20/125 20/50
Cohen et al Israel 20092012 34 794 1.4 20/229 20/112
Anaya et al USA 2009-2014 73 75 1.4 20/80 20/54
Dhami et al India 1998-2014 29  65.5 NA 20/513 20/119
Emami-Naeini et al USA 2002-2016 155 NA 1.2 NA NA
Demircan et al Turkey 2014-2016 42 90.5 1.1 20/1782 20/94
Vidne-Hay et al Israel 2007-2017 114 79.8 1.4 20/117 20/57

VA =visual acuity, PR =pneumatic retinopexy, NA =not available
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study identified new or missed breaks and poor pre-operative
VA as the only determinants that affected both SOASR and
visual outcome [49].

Gauthier and Adelman [68] compared the quality of life
between PR and SB. They reported similar outcomes in both
groups. There was a trend towards preferring PR over SB if
the fellow eye developed a new RRD. The main limitation
of this study was that subjects completed their surveys up
to 8 years following the surgical repair. The PIVOT trial
showed that eyes that underwent PR scored higher in men-
tal health and vision-related functioning scores than eyes
subjected to PPV during the first 6 months following the
respective procedure [69, 70].

Unintentional retinal displacement following retinal re-
attachment has been described. Fundus autofluorescence
(FAF) may be used to assess the degree of retinal displace-
ment by comparing the hyper FAF lines located superior and
parallel to the retinal vessels [71]. This retinal displacement
may account for the post-operative vertical metamorphop-
sia experienced by some patients. In the PIVOT trial, FAF
images were used to demonstrate that the retinal displace-
ment induced by PR to those induced by PPV was signifi-
cantly less [72]. Vertical metamorphopsia scores were also
superior in the eyes treated with PR than those treated with
PPV in the PIVOT trial [52]. At 12 months, eyes subjected
to PPV exhibited less photoreceptor integrity as documented
on SD-OCT when compared to eyes treated with PR. PPV
treated eyes had more ellipsoid zone (24% vs 7%) and exter-
nal limiting membrane (20% vs 6%) discontinuity in com-
parison to eyes treated with PR [73].

Complications

PR is a relatively safe procedure if performed correctly. Sev-
eral complications associated to PR have been reported over
the years [7]. These include new or missed retinal breaks,
cataract progression, subconjunctival gas, vitreous loss, sub-
retinal gas, gas entrapment in the pre-hyaloid space, anterior
chamber gas entrapment, endophthalmitis, macular hole, iris
and vitreous incarceration, uveitis, CME, intraocular hemor-
rhage, ERM, PVR, musculoskeletal complications, macular
folds, and elevation of intraocular pressure leading to cor-
neal wound dehiscence [7]. A corneal graft dehiscence has
even been reported following PR [74]. A pre-injection para-
centesis will avoid this complication. Giant retinal breaks
have been reported after PR [75, 76]. New breaks have been
attributed to additional vitreoretinal traction caused by the
expanding gas bubble in an eye with an incomplete poste-
rior vitreous detachment. The most common complications
reported since 2008 are summarized in Table 1, and include
new or missed breaks, CME, ERM, cataract progression,
persistent SRF, macular hole, and PVR. These do not appear
to be significantly different from Chan et al.’s [7] review.

Some patients complain of post-operative aniseikonia
regardless of the surgical technique employed to re-attach
the retina. In eyes treated with PR, post-operative anisei-
konia is associated with the pre-operative macular status.
Eyes with macula off RRD are more commonly affected with
aniseikonia than eyes with macula on RRD. All the eyes that
developed aniseikonia had micropsia [77].

Cost utility analysis

Since patients do not need to be taken to the operating room,
PR is a cost-effective option to repair primary non-complex
RRD. Estimates suggest that PR may result in a 50.9% sav-
ings when compared to SB and a 59.4% savings when com-
pared to PPV [27, 51]. The costs involved with primary PR
and subsequent procedures to achieve final anatomic success
in both traditional and expanded indications for PR are not
significantly different suggesting that expanded indications
for PR are cost-effective [51]. Elhusseiny et al. [78] per-
formed a cost-utility analysis comparison between PR and
PPV using the data from the PIVOT study. They concluded
that both methods of retinal re-attachment were highly cost-
effective with PR being approximately 50% more favorable
than PPV. In 2014, Goldman et al. [27] estimated that by
increasing utilization of PR as a primary repair for uncom-
plicated primary RRD, the USA could save up to US$30
million in annual health costs. These figures actually under-
estimate the savings since the costs of cataract surgery were
not taken into account. A very high percentage of eyes that
undergo PPV will require cataract extraction [27].

A comparison of the quality-adjusted life years (QALY)
of PR, SB, and PPV showed that the US dollars per QALY
ranged from $1053 to $1667 on the assumption of a SOASR
of 60 to 90%. In contrast the US dollars per QALY for SB
and PPV were $1912 and $2243 respectively. Overall,
regardless of the method employed to repair a RRD, treat-
ment of RRD is extremely cost-effective [79].

Conclusions

Prior reviews have emphasized the quickness, minimal inva-
sivess, lower cost, in office procedure characteristics of PR.
These advantages need to be put on a balance with the lower
SOASR associated with primary PR. We are in complete
disagreement with Chronopoulos et al.’s [80] highly critical
assessment of PR and their recommendation to abandon PR
altogether except in extreme circumstances where PPV or
SB can't be performed in a timely fashion and only in eyes
with favorable characteristics.

There is an increasing body of evidence suggesting that
PR should be the treatment of choice in eligible eyes. Recent
data from the PIVOT trial demonstrate the superior visual
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outcomes obtained with PR over PPV. Not only did the
BCVA but metamorphopsia scores, mental health scores
and vision-related functioning scores were all better in PR-
treated eyes compared to PPV-treated eyes. Promoting PR
in eligible patients worldwide may improve their functional
outcomes. As Yorston [81] recently pointed out, it is time
to consider additional clinical trials comparing PPV to PR
that confirm the PIVOT trial results. In addition to visual
acuity, SOASR and other anatomic outcomes, patient cen-
tered functional outcomes such as vision-related function
and quality of life in retinal and macular diseases need to
be measured and incorporated into future trials as recom-
mended by Weng [70].
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