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Abstract

e AIM: To evaluate the efficacy of pneumatic retinopexy
(PR) in patients undergoing PR as primary treatment for
rhegmatogenous retinal detachment (RRD) and analyze the
factors associated with success and failure in the studied
population.

o METHODS: A retrospective chart review was done of
patients with RRD treated with PR as primary management
method treated at New York Eye and Ear Infirmary of Mount
Sinai between January 2017 and December 2021. Primary
outcome measured success or failure of PR. Secondary
outcome measured best corrected visual acuity (BCVA) after
PR. A separate risk analysis was done to identify and stratify
risks associated with success and failure of PR.

o RESULTS: A total of 179 eyes from 179 patients were
included for final analysis. The 83 patients (46.37%)
achieved anatomical reattachment of the retina after
primary PR with no need for additional surgery. The 96
patients (53.63%) had a failed primary PR and required a
PPV and 6 of them required pars plana vitrectomy (PPV)
with scleral buckle (SB). In total, 19 cases (10.61%) were
done as temporizing pneumatics, 18 (94.74%) underwent
PPV, and 1 (5.26%) did not require further intervention.
The visual acuities at postoperative month 1 (POM1) for
patients who underwent primary PR successfully and for
those that underwent PPV after, were 0.58 (20/80) and
1.03 (20/200) respectively. Patients who met Pneumatic
Retinopexy Versus Vitrectomy for the Management of
Primary Rhegmatogenous Retinal Detachment Outcomes
Randomized Trial (PIVOT) criteria had a statistically significant
decreased risk of primary PR failing (hazard ratio 0.29,
P=0.00). Majority of missed or new breaks were found
superotemporally.

o CONCLUSION: PR is a good treatment option for
treating RRDs in patients that meet PIVOT criteria and can
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be conducted as a temporizing measure. PIVOT criteria and
fovea on status decrease the risk of PR failure.

e KEYWORDS: retina; pneumatic retinopexy;
rhegmatogenous retinal detachment
DOI:10.18240/ijo.2024.03.20

Citation: Castanos MV, Vail D, Otero-Marquez O, Shah Y, Deobhakta
A. Outcomes and variables that impact pneumatic retinopexies. /nt J
Ophthalmol 2024;17(3):564-569

INTRODUCTION

hegmatogenous retinal detachment (RRD) is a common
R ocular emergency, primarily managed with three
methods of intervention: scleral buckle (SB)!", pars plana
vitrectomy (PPV)™, and pneumatic retinopexy (PR)"™. The
management of RRD has evolved over time, but currently the
most common method of repair is PPV™. The only method
that can be completed as an in-office procedure, rather than in
the operating room, is PR™.
First described in 1986 by Hilton and Grizzard”, PR was
introduced as a method to repair RRDs without the need
for taking patients to the operating room. It consists of an
intravitreal injection of an expandable gas bubble which acts
as a tamponade, followed by the application of laser to the
retinal breaks. Proponents argue this method has faster visual
restoration™”, decreased morbidity secondary to anesthesia™,

12]

decreased cost''"'", lower post operative complications"”, and

a lower rate of cataract progression'”'.,

Indications for PR were originally defined by Tornambe and
Hilton" in a multicenter, randomized, controlled clinical trial.
These indications included the presence of one or more retinal
breaks within one clock hour in the upper two thirds of the
retina, and a sufficiently clear media to rule out the presence of
other breaks. Since then, these indications have been expanded
to include multiple quadrants, larger breaks, and even moderate
proliferative vitreoretinopathy (PVR)!""'.

Several studies have shown favorable outcomes of PR and
support the use of this technique as primary management
in patients who fit its established criteria! ", In 2019, the
Pneumatic Retinopexy Versus Vitrectomy for the Management

of Primary Rhegmatogenous Retinal Detachment Outcomes
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Randomized Trial (PIVOT)"® compared PR versus PPV in the
management of RRD. They defined specific anatomic criteria
for patients included in the trial, which were the following:
a single retinal break or group of breaks, no larger than one
clock hour in the detached retina, all breaks in detached retina
to lie above the 8 and 4 o’clock meridian, and breaks or lattice
degeneration in attached retina at any location were allowed.
They excluded patients with inferior breaks in the detached
retina, media opacities, and PVR grade B or worse, with a
total of 176 patients enrolled in the study, 81% of patients
who underwent PR and 93% of patients who underwent PPV
achieved primary anatomic reattachment. Notably, superior
visual acuity (VA) within the first 12mo of follow up were
reported for the PR group. Given these results, the authors
concluded that PR is a viable primary method to manage
RRDs.

The purpose of this study is to evaluate the efficacy of PR in
patients undergoing PR as primary treatment for RRD and
analyze the factors associated with success and failure in the
studied population.

SUBJECTS AND METHODS

Ethical Approval This study adhered to the tenets of the
Declaration of Helsinki and was approved by the Institutional
Review Board of the New York Eye and Ear Infirmary of
Mount Sinai (STUDY-22-009900). Informed consent was
was not required given retrospective nature of the study. The
present study was a retrospective, single center study, based
on a chart review of patients treated at New York Eye and Ear
Infirmary of Mount Sinai between January 2017 and December
2021. An electronic medical record search was performed
based on a combination of International Classification of
Disease (ICD-10) and Current Procedural Terminology (CPT)
codes. The ICD codes identified patients with RRD and the
CPT codes identified laser procedures, vitrectomies, and PR.
Only patients with RRD with PR as primary management
method were included. Patients with previous PPV, SB,
or RRD were excluded as well as patients with tractional,
serous, or exudative retinal detachments. The minimum
required follow up time after PR was defined as 1mo. The
following data were taken from medical records: age, sex,
days to presentation, gas used for procedure, lens status, VA
at presentation, location, size, number of tears, macula, and
fovea status (meaning whether the macula and fovea were
attached at the time of initial presentation). Outcome data
included anatomical success, VA, new or missed breaks
noted intraoperatively that were not noted preoperatively,
subsequent procedures performed, and duration of follow up.
VA was taken at presentation, postoperative day one (POD1),
postoperative week one (POW1), postoperative month one
(POM1), and postoperative month three (POM3). Additionally,

whether the PR was done to temporarily reattach the retina
prior to scheduled PPV (“temporizing pneumatic”) was also
recorded.

The primary outcome was single operation success, defined as
anatomical reattachment after PR without requiring subsequent
PPV or SB. Patients requiring re-bubble or multiple laser
procedures were still considered a single operation success. A
key secondary outcome measured best corrected visual acuity
(BCVA) after PR. A separate risk analysis was done to identify
and stratify risks associated with success and failure of PR.
Statistical Analysis We tabulated the total number of retinal
breaks noted at patients’ initial exam, as well as the number
and location of breaks noted in operative reports for all
patients who were taken to the operating room for PPV or
SB. The locations of breaks were defined in clock hours, and
were additionally categorized by quadrant. We stratified the
distribution of breaks according to the initial operative plans
for patients to determine if patients undergoing temporizing
PR had a different distribution of retinal breaks than patients
receiving primary PR without plans for re-operation.

We illustrate the time to failure of primary PR across patients
who did and did not meet PIVOT criteria using Kaplan Meier
curves, with time-to-failure representing time from patients’
initial procedure until they received surgical intervention, if
needed. We specified Cox proportional hazards models to
assess patients’ risk of pneumatic failure based on PIVOT
criteria after adjusting for phakic status, fovea status, and
patients’ time to presentation from their initial symptom onset.
RESULTS

A total of 179 eyes from 179 patients were included for the
final analysis (Table 1). Mean time from symptom onset to
presentation was 5.35d (median 3d), and mean time from
presentation to PR was 0.15d (median 0). Average presenting
VA was 0.76 logMAR (Snellen 20/100). The mean time from
PR to PPV was 17.22d with a median of 6d.

The VAs at both presentation and POM1 for patients who
underwent primary PR successfully were 0.58 (20/80) and
0.18 (20/32) respectively (Figure 1). The VAs at presentation
and POMI1 for patients who underwent primary PR and
subsequent PPV were 0.92 (20/160) and 1.03 (20/200)
respectively. The VAs at presentation and POM1 for patients
who underwent a temporizing pneumatic were 1.24 (20/320)
and 0.88 (20/160), respectively. VA at POM3 was available
for 109 patients (60.89%) and was 0.22 (20/32), 0.68
(20/100), and 0.75 (20/100), for successful PR, PR and PPV,
and temporizing PR, respectively.

Patients who met PIVOT criteria had a statistically significant
decreased risk of primary PR failing [hazard ratiov (HR) 0.29,
P<0.01; Figure 2]. Similarly, patients with fovea-on detachments
at the time of presentation were less likely to fail primary PR
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Table 1 Study demographics n (%)
Variable Successful PR Failed PR
Average age (y) 57 57
Gender

Male 43 (51.8) 66 (68.7)

Female 40 (48.2) 30(31.3)
Eye

Right eye 69 (83.1) 25 (26.0)

Left eye 14 (16.9) 71 (74.0)
Lens status

Phakic 69 (83.1) 25 (26.0)

Pseudophakic 14 (16.9) 71 (74.0)
Average days to presentation 5 5
Location of retinal breaks

Superotemporal 52 52

Superonasal 27 25

Superior 8 8

Inferotemporal 0 4

Inferonasal 2 0

Inferior 0 2
Number of breaks

1 59 52

2 15 31

3 5 9

4 1 0

5 2 1

>5 0 1
Macular status

On 46 (55.4) 40 (41.7)

Off 37 (44.6) 56 (58.3)
Fovea status

On 54 (65) 44 (45.8)

Off 29 (35) 52 (54.2)
Temporizing pneumatic

Yes 1(1.2) 18 (18.8)

No 82(98.8) 78 (81.2)
PIVOT criteria

Yes 74 (89.2) 55 (57.3)

No 9(10.8) 41 (42.7)

PR: Pneumatic retinopexy.

(HR-0.53, P=0.02; Figure 3). Notably, phakic status and days
to presentation did not show any statistically significant effect
on outcome of primary PR.

For patients who underwent PPV (#=96), information in the
operative report regarding intraoperative exam and location
of identified breaks was available for 60 patients (62.5%).
Discordance between the pre-operative exam and the intra-
operative exam was substantial—48 patients who received PPV
(50%) had either new or missed breaks listed in their operative

report that were not noted in the initial exam. Interestingly, the
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majority of missed breaks were located temporally in both the
right (n=34 of 45 total missed breaks, 76%) and left (n=32 of
47 total missed breaks, 68%) eyes (Figure 4).

DISCUSSION

The single operation success rate for PR in the present
study is 46.37%, with 53.63% requiring secondary surgery.



Int J Ophthalmol, Vol. 17, No.3, Mar. 18, 2024
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

www.ijo.cn

— % Missed/New breaks OD

O D % Missed/New breaks OS OS
Centerisat0
11:30 AR00 1230 11:30 12:00 1230
11:00 1:00 e 1:00
10:30 1:30 10:30 1:30
10:00 2:00 10:00 2:00
9:30 2:30 9:30 2:30
9:00 3:00 9:00 3:00
8:30 3:30 8:30 3:30
8:00 4:00 8:00 6 4:00
7:30 4:30 7:30 8 4:30
7:00 6 5:00 7:00 5:00
6:30 6:00 5:30 630 6:00 530

Figure 4 Map of total missed/new breaks on both eyes.

When correcting this number for temporizing pneumatics,
the single operation success rate of our study was 51.87%,
with 48.12% requiring secondary PPV or SB. Correcting
for temporizing pneumatics when considering success rate
was considered reasonable given that the PR was done as a
prelude to PPV. Regardless, the success rate of the current
study is lower than that which was previously reported in the
literature. The PIVOT trial™ reported 81% single operation
success acknowledging, in similar fashion to the present study,
that secondary interventions such as additional laser or re-
bubbling should be considered a successful outcome. In their
paper, Tornambe and Hilton"” reported an 82% success rate.
However, a more recent multicenter study'” from the IRIS
registry reported a single operation success of 68.5%, and a
study similar to the present study by Zaidi ez al'" performed at
a single academic center, had a single operation success rate of
66%.

Previous studies have proposed that patients that undergo PR
tend to have faster VA restoration than those that undergo
primary PPV or SB. A key finding in the PIVOT trial was that
patients who had PR achieved superior VA when compared to
those that underwent PPV at every point up to the 12mo follow
up wherein BCVAs from both groups aligned. Similarly, in
our study, patients with successful PR had better BCVA, both
at POM1 and POM3, than those that required further surgery.
At the 3mo follow up, the BCVA for the successful PR group
was 20/32, while the unsuccessful PR group was left with a
VA of 20/100. The VA achieved by the successful PR cohort
correlates with previous studies, particularly the PIVOT
trial which reported a final BCVA of 20/25 in patients with a
successful PR™®. Additionally, in a study published in 2021%",
patients who underwent PR had a final mean Snellen VA of
20/44. Of note, it is possible that the difference in BCVA in
our two cohorts could be attributed to the fact that patients
that failed the initial PR had worse BCVA at presentation than
those that were successful. Regardless, the group who failed
PR still showed significant improvement between presentation
and follow up. This finding seemingly indicates that in some

selected cases, PR can be pursued initially and if it fails,

a subsequent procedure can be done with improvement in
visual acuity. Similarly, when we look at the 19 temporizing
pneumatic patients, they had an average Snellen VA at
presentation of 20/320 and an average POM3 Snellen VA of
20/160. The temporizing pneumatic group had improvement in
VA but further studies should be done to compare with patients
that undergo only PPV. Previous studies have suggested that
PR does not adversely affect visual potential in case additional
surgery is needed" ™',

In our analysis, the PIVOT criteria and fovea status were
found to significantly decrease the risk of primary PR failure
(HR=0.29, P<0.05, HR=0.53, P<0.05; Figures 2 and 3). The
PIVOT criteria, derived from the PIVOT trial, establishes
which patients qualify for PR based on initial exam and
location of breaks. From our cohort, the PIVOT criteria was
met by 66.29% of all patients and by 89.15% of patients who
had successful PR. Macula status has been studied in previous

[8,15,27-29
papers

Iand they have not shown any correlation with
PR outcome. However, fovea status specifically has not been
studied by previous authors. In our cohort, fovea-on status
conferred a decreased risk of PR failing, which was somewhat
confounding. We hypothesize that part of the explanation was
that surgeons were more prone to taking patients to the OR
when the fovea was off, thus ensuring a PR failure in those
cases.

Several characteristics such as myopia, phakic status"™”, days
to presentation”', and age have been described as risk factors
for anatomic failure of PR. Interestingly, in our study these
factors did not increase the risk of failure for PR. Notably
however, the operative exam was available for 66% of patients
who underwent PPV, and a discordance in pre-operatively
noted breaks with those found during the operation were
found in 50% of the cases. New or missed breaks have been
reported in previous studies and range from 16% to 28% of

(18273233 "These breaks are important since, had they

cases
been noted pre-operatively, they often would exclude a patient
from a primary PR criterion initially and thus changed the
course of management. In our study, the majority of new or

missed breaks were found temporally for both right and left
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eyes (Figure 4). If these breaks are considered as missed in
the initial exam, we hypothesize that the temporal area poses a
difficulty to the examiner due to the interposition of the nose.
On the other hand, if the breaks are considered to be new
breaks, one study proposed this could be a complication from
the gas bubble causing traction on the vitreous body!". In their
original paper, Tornambe and Hilton"” described the risk of
new breaks with PR to be 13%. Indeed, one study showed that
new or missed breaks are a significant factor resulting in poor
outcomes for PR, increasing the risk of failure by three to five-
fold"™”.

The present study has limitations. The retrospective nature of

the study limits the availability and standardization of the data

collected, as well as creates issues with controlled comparisons.

In addition, our long term follow up is limited given that many

patients are either lost to follow up or sometimes return to the

referring provider.

In conclusion, this study demonstrates the effectiveness of PR

in patients who meet PIVOT criteria. It additionally shows

that PR can sometimes be done as a temporizing measure in
patients that require further surgery and cannot be taken to an
operating room in a timely manner. It also demonstrates that

a good initial exam for possible missed breaks, particularly

in the temporal locations of the affected eye, may be virtuous

in preventing potential anatomic failure with PR. As always,
further studies should be conducted to look into additional
factors that could impact PR outcomes.

ACKNOWLEDGEMENTS

Conflicts of Interest: Castanos MV, None; Vail D, None;

Otero-Marquez O, None; Shah Y, None; Deobhakta A,

None.

REFERENCES

1 Wang AJ, Snead MP. Scleral buckling-a brief historical overview and
current indications. Graefes Arch Clin Exp Ophthalmol 2020;258(3):
467-478.

2 Shen PY, Kong XB, Chen G, Jiang JH, Yan SG, Lu XH, He MG.
25-Gauge pars plana vitrectomy combined with air tamponade
for primary rhegmatogenous retinal detachment. J Int Med Res
2022;50(12):3000605221139702.

3 Kunikata H, Abe T, Nakazawa T. Historical, current and future
approaches to surgery for rhegmatogenous retinal detachment. 7ohoku
J Exp Med 2019;248(3):159-168.

4 Dhoot AS, Popovic MM, Nichani PAH, Eshtiaghi A, Mihalache
A, Sayal AP, Yu H, Wykoff CC, Kertes PJ, Muni RH. Pars plana
vitrectomy versus scleral buckle: a comprehensive meta-analysis of 15,
947 eyes. Surv Ophthalmol 2022;67(4):932-949.

5 Reeves MG, Pershing S, Afshar AR. Choice of primary rhegmatogenous
retinal detachment repair method in US commercially insured
and medicare advantage patients, 2003-2016. Am J Ophthalmol
2018;196:82-90.

568

6 Aykut A, Sevik MO, Kubat B, Dericioglu V, Sahin O. A useful
method for the practice of pneumatic retinopexy: slit-lamp laser
photocoagulation through the gas bubble. J Pers Med 2023;13(5):741.

7 Hilton GF, Grizzard WS. Pneumatic retinopexy. A two-step
outpatient operation without conjunctival incision. Ophthalmology
1986;93(5):626-641.

8 Hillier RJ, Felfeli T, Berger AR, Wong DT, Altomare F, Dai D,
Giavedoni LR, Kertes PJ, Kohly RP, Muni RH. The pneumatic
retinopexy versus vitrectomy for the management of primary
rhegmatogenous retinal detachment outcomes randomized trial
(PIVOT). Ophthalmology 2019;126(4):531-539.

9 Stewart S, Chan W. Pneumatic retinopexy: patient selection and specific
factors. Clin Ophthalmol 2018;12:493-502.

10 Goldman DR, Shah CP, Heier JS. Expanded criteria for
pneumatic retinopexy and potential cost savings. Ophthalmology
2014;121(1):318-326.

11 Mandelcorn ED, Mandelcorn MS, Manusow JS. Update on pneumatic
retinopexy. Curr Opin Ophthalmol 2015;26(3):194-199.

12 Martinez-Mujica MT, Retamal J, Gonzalez R. Scleral buckle versus
pneumatic retinopexy for rhegmatogenous retinal detachments.
Medwave 2018;18(6):¢7278.

13 Sena DF, Kilian R, Liu SH, Rizzo S, Virgili G. Pneumatic retinopexy
versus scleral buckle for repairing simple rhegmatogenous retinal

detachments. Cochrane Database Syst Rev 2021;11(11):CD008350.

14 Popovic MM, Muni RH, Nichani P, Kertes PJ. Pars plana vitrectomy,
scleral buckle, and pneumatic retinopexy for the management of
rhegmatogenous retinal detachment: a meta-analysis. Surv Ophthalmol
2022;67(1):184-196.

15 Tornambe PE, Hilton GF. Pneumatic retinopexy. A multicenter
randomized controlled clinical trial comparing pneumatic retinopexy
with scleral buckling. The Retinal Detachment Study Group.
Ophthalmology 1989;96(6):772-783; discussion 784.

16 Kleinmann G, Rechtman E, Pollack A, Schechtman E, Bukelman
A. Pneumatic retinopexy: results in eyes with classic vs relative
indications. Arch Ophthalmol 2002;120(11):1455-1459.

17 Fabian ID, Kinori M, Efrati M, Alhalel A, Desatnik H, Hai OV, Katz G,
Platner E, Moisseiev J. Pneumatic retinopexy for the repair of primary
rhegmatogenous retinal detachment: a 10-year retrospective analysis.
JAMA Ophthalmol 2013;131(2):166-171.

18 Zaidi AA, Alvarado R, Irvine A. Pneumatic retinopexy: success rate
and complications. Br J Ophthalmol 2006;90(4):427-428.

19 Yannuzzi NA, Li C, Fujino D, Kelly SP, Lum F, Flynn HW Jr,
Parke DW 3rd. Clinical outcomes of rhegmatogenous retinal
detachment treated with pneumatic retinopexy. JAMA Ophthalmol
2021;139(8):848-853.

20 Hatef E, Sena DF, Fallano KA, Crews J, Do DV. Pneumatic retinopexy
versus scleral buckle for repairing simple rhegmatogenous retinal
detachments. Cochrane Database Syst Rev 2015;5(5):CD008350.

21 Juncal VR, Bamakrid M, Jin SC, Paracha Q, Ta Kim DT, Marafon SB,

Francisconi CLM, Muni RH. Pneumatic retinopexy in patients with



Int J Ophthalmol, Vol. 17, No.3, Mar. 18, 2024
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

primary rhegmatogenous retinal detachment meeting PIVOT trial
criteria. Ophthalmol Retina 2021;5(3):262-269.

22 Mudvari SS, Ravage ZB, Rezaei KA. Retinal detachment after primary
pneumatic retinopexy. Retina 2009;29(10):1474-1478.

23 Huang CY, Mikowski M, Wu L. Pneumatic retinopexy: an update.
Graefes Arch Clin Exp Ophthalmol 2022;260(3):711-722.

24 Chronopoulos A, Hattenbach LO, Schutz JS. Pneumatic retinopexy: a
critical reappraisal. Surv Ophthalmol 2021;66(4):585-593.

25 Shor R, Melo IM, Motekalem Y, Zajner C, Muni RH. Pneumatic
retinopexy for rhegmatogenous retinal detachment in elderly patients.
Ophthalmol Retina 2023;7(11):959-964.

26 Chizzolini M, Martini F, Melis R, Montericcio A, Raimondi R,
Allegrini D, Romano MR. Pneumatic retinopexy versus scleral
buckling for the management of primary rhegmatogenous retinal
detachment. Eur J Ophthalmol 2023;33(1):498-505.

27 Gilca M, Duval R, Goodyear E, Olivier S, Cordahi G. Factors
associated with outcomes of pneumatic retinopexy for rhegmatogenous
retinal detachments: a retrospective review of 422 cases. Retina
2014;34(4):693-699.

28 Owais Arshad M, Javed KMAA, Javed A, Chatni MH, Vayani U.

Pneumatic retinopexy: an experience of 12 years at a tertiary care
hospital. Cureus 2023;15(9):e46180.

29 Emami-Naeini P, Vuong VS, Tran S, Morse LS, Moshiri A, Park SS,
Yiu G. Outcomes of pneumatic retinopexy performed by vitreoretinal
fellows. Retina 2019;39(1):186-192.

30 Dhami A, Shah KK, Ratra D. Pneumatic retinopexy outcomes as
primary or secondary surgical option for treating rhegmatogenous
retinal detachment. Indian J Ophthalmol 2018;66(3):420-425.

31 Tornambe PE. Pneumatic retinopexy: the evolution of case selection
and surgical technique. A twelve-year study of 302 eyes. Trans Am
Ophthalmol Soc 1997;95:551-578.

32 Besozzi G, Montericcio A, Costa MC, Nitti G, Parolini B,
Giancipoli E, Greggio A, Tozzi L, Gius I, Frisina R. Microscope-
assisted pneumatic retinopexy for the management of primary
rhegmatogenous retinal detachment. Eur J Ophthalmol 2022:
11206721221142636.

33 Roshanshad A, Shirzadi S, Binder S, Arevalo JF. Pneumatic
retinopexy versus pars plana vitrectomy for the management of retinal
detachment: a systematic review and meta-analysis. Ophthalmol Ther

2023;12(2):705-719.

569



