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Purpose: To investigate real-world outcomes of pars plana vitrectomy (PPV) for eyes with
primary rhegmatogenous retinal detachments (RRD) eligible for pneumatic retinopexy
(PnR).

Methods: This was a single center retrospective case series looking at consecutive patients
with primary RRDs. A database was created on all patients with a primary RRD from 2010
to 2018 based on billing code 67108. Eyes anatomically eligible for PnR were reviewed for
preoperative, intraoperative and postoperative characteristics. The main outcome assessed
was single surgery anatomical success (SSAS), final anatomical success (FAS), and post-
operative LogMAR vision.

Results: A total of 720 eyes (age, 62.9 + 9.1 years; 61.7% were male) met inclusion criteria
for PnR and underwent PPV. SSAS was 94.0% and FAS was 99.9%. Preoperative and final
LogMAR vision was 0.853 and 0.293 (P<0.001) in eyes with SSAS vs 0.714 and 0.648
(P=0.686) in eyes with primary failure. PVR was the most common etiology of primary
surgical failure (n=21, 49%). Patients who failed primary repair had a mean of 1.12
additional surgeries with a median time of 45 days between surgeries.

Conclusion: A robust single surgery success rate with good visual outcomes was achieved
across 8 years and multiple surgeons utilizing PPV to treat primary RRDs in eyes which
anatomically qualified for pneumatic retinopexy in a real-world setting.

Keywords: rhegmatogenous retinal detachment, pars plana vitrectomy, pneumatic
retinopexy

Introduction
Rhegmatogenous retinal detachment (RRD) remains one of the leading causes
of vision loss world-wide.! The incidence of RRD has been reported to be
7.98-18.2 per 100,000 with higher rates in males and older patients.> ®

advances in technology and surgical techniques, rates of vision loss remain

Despite

high with 42% reaching 20/40 vision and only 28% of eyes with macular
detachment.” Patients with primary RRD require a secondary surgery approxi-
mately 10-40% of the time.*”’

There are various treatments for repair of RRD, which include pars plana
vitrectomy (PPV), scleral buckle (SB), pneumatic retinopexy (PnR) and laser or
cryopexy in select cases. Presenting features of RRD as well as surgeon preference
drive decision making for treatment selection. Numerous reports indicate that PPV

and SB may have better primary anatomical success than PnR. In contrast to PnR,
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PPV and SB however carry standard risks associated with
anesthesia and require a readily available operating room.
In addition, PPV is associated with worsening of cataract
and SB can induce myopia among other potential side
effects.'®™" In general terms, retinal detachments with
superior break(s) within 1-2 clock hours and without
significant media opacity may be eligible for PnR. In
these RRDs, surgeon choice of PPV versus PnR remains
controversial. Recently, a randomized prospective clinical
trial named PIVOT reported favorable outcomes for PnR
versus PPV.'® While there is abundant real-world data on
PnR,'*'® knowledge about PPV outcomes for eyes that
specifically meet anatomical PnR criteria is limited to the
PIVOT trial. Prospective clinical trials are the gold-
standard for research, yet results are not always repro-
duced in clinical practice.'” In order to help surgeons and
patients make best informed decisions, it is important to
elucidate real-world evidence of how PPV performs in
this specific subset of RRDs. At our center, the vast
majority of eyes that would be eligible for PnR based on
anatomic criteria undergo PPV due to surgeon preference
and operating room availability. Here, we present
a single-institution, retrospective real-world dataset for
PPV outcomes of eyes with RRD anatomically eligible
for PnR.

Methods
This study is a retrospective consecutive case-series of
patients with primary RRDs between 12/30/2010 —12/31/
2018 at Retina-Vitreous Surgeons of Central New York,
Liverpool, NY. Patients were identified by auditing billing
common procedural terminology (CPT) code 67108.
Institutional review board approval was obtained from
Crouse Hospital in Syracuse, NY (IRB# 2019.0102). The
study further adhered to the tenets of the Declaration of
Helsinki.

A total of 8 fellowship trained vitreoretinal surgeons at
a single private practice repaired all the retinal detach-
ments. For vitrectomy, a standard 23- or 25-gauge setup
with either the Alcon Constellation Vitrectomy System
(Alcon, Fort Worth, TX) or DORC EVA (Dutch
Ophthalmic VN Zuidland, The
Netherlands) was used and visualization was performed

Research  Center,

with a Zeiss Resight Wide Angle Viewing System (Zeiss,
Dublin, CA). Use of endolaser, method of subretinal fluid
drainage and tamponade agent was performed at the dis-
cretion of each surgeon.

All patient charts were reviewed. The study included
patients that met the following inclusion criteria of pri-
mary ipsilateral RRD and PnR criteria as previously
described by the PIVOT study investigators: a single
break or group of breaks smaller than 1 clock hour in the
detached retina, all breaks located in the superior retina
above the 8 and 4 o’clock meridian and breaks in attached
retina in any location.'® Exclusion criteria were evidence
of significant media opacity with inability for a complete
retinal examination, inferior breaks within the detached
retina, proliferative vitreoretinopathy (PVR) grade B or
worse as well as prior RRD in the ipsilateral eye.

Data was collected on conventional demographics
(age, gender, sex), best-corrected visual acuity (BCVA)
(pre-/postoperative), lens status (pre-/postoperative),
clock hours localizing RRD, number of retinal tears,
macular attachment status, PVR (pre-/postoperative),
macular hole (MH) (pre-/postoperative). Surgical variables
recorded included gauge used for PPV, adjuvant SB, and
type of gas or oil used during surgery. Any additional
surgical procedures required to achieve anatomical success
as well as time elapsed between primary and secondary
repair were recorded. Postoperative variables recorded
were presence of cystoid macular edema, vitreous hemor-
rhage, increased intraocular pressure (defined as pressure
above 25 mmHg, within 30 days of surgery), hypotony
(defined as pressure below 7 within one day of surgery),
postoperative epiretinal membrane and postoperative cor-
neal failure.

Logarithm of the Minimum Angle of Resolution
(LogMAR) conversion was performed as previously
described.'® Primary outcomes were single surgery suc-
cess (SSAS; defined as retinal attachment achieved at final
follow up with a single surgery) and final anatomical
success (FAS; defined as retinal attachment achieved at
final follow up irrespective of number of surgeries).
Secondary outcomes were BCVA at final follow up in
LogMAR as well as BCVA change in LogMAR between
preoperative visit and last follow up.

Baseline characteristics (age and gender) were sum-
marized descriptively using mean and standard deviations.
Preoperative findings and postoperative findings were ana-
lyzed using statistical hypothesis tests for corresponding
categories relating to SSAS or SSAF. A chi-square or
a Fisher exact test was used, with a Freeman-Halton exten-
sion when appropriate. LogMAR measurement averages
were individually analyzed for statistical significance
using Standard 7-test for categories of SSAS or SSAF.
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Results

A total of 1797 consecutive charts were reviewed within
this study, of which 1607 with sufficient data were ana-
lyzed. Of those, 720 eyes were anatomically eligible for
PnR (44.8%). The gender distribution was 61.7% male and
38.3% female. Mean age and standard deviation (SD) of
patients was 62.2 + 10.1, 63.3 + 8.6 and 62.9 + 9.1 for
females, males and total patients respectively in patients
meeting PnR criteria. Four-hundred and thirty-nine
(61.0%) eyes were phakic, 279 (38.8%) pseudophakic
and 2 (0.3%) were aphakic. Lattice degeneration was
observed in 194 (26.9%) eyes. Most eyes had a single
retinal tear 621 (86.3%) eyes. A macula on detachment
was present in 427 (59.3%) eyes and a macula off detach-
ment in 293 (40.7%) eyes (Table 1).

SSAS was seen in 95.3%, 93.2%, among females, males,
respectively and 94.0% overall (P=0.260) in patients quali-
fying for PnR. Final anatomical surgical success (FAS) was
seen in 99.9%. Among all patients qualifying for PnR,
LogMAR BCVA preoperative and postoperative vision
was 0.845 and 0.314 respectively with a delta of 0.531
between preoperative to final vision (P<0.001) (Table 2).

Preoperative and postoperative LogMAR in eyes with
SSAS were 0.853 and 0.293 respectively with a delta of
0.574 (P<0.001). In eyes with SSAF, preoperative LogMAR

Table | Baseline Preoperative Characteristics

Variable RRDs Qualifying for PnR
(n=720)
Age, Mean (SD) 62.9 (9.1)
Male (%) 444 (61.7)
Follow up days; Mean, 287, 131
Median
Preoperative Findings
Lens Status (%)
Phakic 439 (61.0)
Pseudophakic 279 (38.8)
Aphakic 2 (0.3)
Macular Status (%)
On 427 (59.3)
Off 293 (40.7)
Number of Breaks (%)
| Break 621 (86.3)
>| Break 99 (13.8)
Lattice Degeneration (%) 194 (26.9)

Abbreviation: SD, standard deviation.

Table 2 Postoperative Outcomes

Variable Patients Meeting PnR Criteria
(n=720)
SSAS (%)
Male (%) 414 (93.2)
Female (%) 263 (95.3)
Total (%) 677 (94.0)
FAS (%) 719 (99.9)
LogMAR
Preoperative LogMAR 0.845
Postoperative LogMAR 0314
Improvement in LogMAR 0.531

Abbreviations: SD, standard deviation; PnR, pneumatic retinopexy; LogMAR,
logarithm of the minimum angle of resolution; SSAS, single surgery anatomical
success.

was 0.714 with an improvement to 0.648 at final postopera-
tive vision, and the delta did not reach statistical significance
(delta of 0.066; P=0.686). There was a significant difference
in postoperative LogMAR (P=0.006) and LogMAR delta
(P=0.005) between eyes with SSAS and SSAF. In terms of
Snellen visual acuity, final BCVA was 20/40 or better in
70.3%, 71.5% and 51.2% of patients in all eyes, SSAS
group, the SSAF group, respectively (P<0.001). BCVA was
20/200 or worse in 7.2%, 6.2% and 23.3% of patients in all
eyes, SSAS and the SSAF groups, respectively (P<0.001)
(Table 3).

No preoperative variable had a significant effect on
primary surgical success. Preoperative lens status in
patients who achieved SASS were as follows; 413
(61.0%) phakic eyes, 262 (38.7%) pseudophakic eyes
and 1 (0.3%) aphakic eyes, in patients with SSAF there
were 26 (60.5%) phakic eyes, 17 (39.5%) pseudophakic
eyes, and 0 (0.0%) aphakic eyes (P=0.925 phakic vs pseu-
dophakic). A macula on detachment was present in 400
cases (59.1%) with SSAS and 27 (62.8%) cases with
SSAF (P=0.631). The number of observed tears and lattice
did not have a significant difference between cases with
SSAS and SSAF (P=0.106 and P=0.118, respectively);
(Table 4).

Notable surgical characteristics were tamponade agent
and adjuvant SB. The PPV tamponade agents used in
surgery were distributed as follows, 584 eyes (81.6%)
had sulfur hexafluoride gas (SFg), 116 (16.2%) had octa-
fluoropropane gas (CsFg), 14 (2.0%) had ambient air and 2
(0.3%) had silicone oil (SO). Eyes with air or SO had
SSAS in all cases; and eyes that had SFs and C;Fg had
94.7% and 89.7% SSAS, respectively (P=0.039). Use of
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Table 3 Preoperative and Postoperative Visual Acuity in Patients with Single Surgery Anatomical Success and Failure

Variable Single Surgery Anatomical Single Surgery Anatomical P
Success (n=677) Failure (n=43)
Preoperative LogMAR 0.853 0.714 0.276
Postoperative LogMAR 0.293 0.648 0.006
LogMAR Improvement 0.561 0.066 0.005
P of Preoperative LogMAR vs <0.001 0.686
Postoperative LogMAR
Final BCVA <0.001
20/40 or better (%) 484 (71.5) 22 (51.2)
20/50-20/199 (%) 151 (22.3) Il (25.6)
20/200 or worse (%) 42 (6.2) 10 (23.3)

Abbreviations: LogMAR, logarithm of the minimum angle of resolution; BCVA, best corrected visual acuity.

Table 4 Preoperative Characteristics in Patients with Single
Surgery Anatomical Success and Failure

Table 5 Intraoperative Characteristics in Patients with Single
Surgery Anatomical Success and Failure

Variable Single Single P
Surgery Surgery
Anatomical Anatomical
Success Failure
(n=677) (n=43)
Age, Mean (SD) 62.8 (8.4) 63.3 (9.2) 0.760
Male (%) 414 (61.2) 30 (69.8) 0.260
Preoperative Findings
Lens Status (%) 0.925
Phakic 413 (61.0) 26 (60.5)
Pseudophakic 262 (38.7) 17 (39.5)
Aphakic 2 (0.3) 0 (0.0
Macular Status (%) 0.631
On 400 (59.1) 27 (62.8)
Off 277 (40.9) 16 (37.2)
Retinal Breaks 0.106
| Retinal Break 580 (85.7) 41 (95.3)
>| Retinal Break 97 (14.3) 2 (4.7)
Lattice Degeneration (%) 178 (26.3) 16 (37.2) 0.118

Abbreviation: SD, standard deviation.

an adjuvant SB was generally low with 4 cases (0.6%) in
the SSAS group compared to 2 cases (4.7%) in the SSAF
group (P=0.045), as seen in Table 5.

Several postoperative findings were found to be sig-
nificantly associated with primary surgical failure.
Postoperative vitreous hemorrhage was present in 13
eyes (1.8%) and showed no association to SSAS
(P=0.554). Cystoid macular edema (CME) was seen in

40 (5.9%) eyes with SSAS and in 9 (20.9%) eyes with

Variable Single Surgery Single Surgery P
Anatomical Anatomical
Success (n=677) Failure (n=43)

Tamponade (%) 0.039

Air 14 (2.1) 0 (0.0)

SFe 553 (82.2) 31 (72.1)

CsFg 104 (15.5) 12 (27.9)

Silicone Oil 2 (0.3) 0 (0.0)
Primary PPV 4 (0.6) 2 (4.7) 0.045
and SB (%)

Note: Note that 4 patients had missing data regarding tamponade agent.
Abbreviations: SF,, sulfur hexafluoride gas; CsFg, octafluoropropane gas; PPV,
pars plana vitrectomy; SB, scleral buckle.

SSAF (P<0.001). PVR was overall the most common
etiology for primary surgical failure. PVR was present in
2 (0.3%) eyes in the SSAS group and 21 (48.8%) eyes in
the SSAF group (P<0.001). Postoperative epiretinal mem-
brane (ERM) was present in 103 (15.2%) eyes with SSAS
and 12 (27.9%) eyes with SSAF (P=0.028), (Table 6).

In general, few secondary surgeries were performed to
achieve final anatomical success in eyes with single sur-
gery failure. Of the 43 eyes with SSAF, a mean number of
1.12 additional surgeries was performed, and 42 had an
attached retina at final follow up. One patient did elect not
to pursue further intervention despite physician recom-
mendation for additional surgery. The mean number of
days until secondary surgery was 94 days and the median
was 45 days. Of all secondary surgeries, 16 (37.2%) were
carried out with PPV/SB, 3 (7.0%) had a lensectomy, 20
(46.5%) had a membrane peel, and 9 (20.9%) utilized SO
for tamponade (Table 7).
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Table 6 Postoperative Characteristics in Patients with Single

Surgery Anatomical Success and Failure

Variable Single Surgery | Single Surgery P
Anatomical Anatomical

Success Failure (n=43)

(n=677)
IOP Elevation (%) 89 (13.1) 6 (14.0) 0.879
Hypotony (%) 24 (3.5) 0 (0.0 0.390
Vitreous 12 (1.8) I (2.3) 0.554
Hemorrhage (%)
Cystoid Macular 40 (5.9) 9 (20.9) <0.001
Edema (%)
ERM (%) 103 (15.2) 12 (27.9) 0.028
PVR (%) 2 (0.3) 21 (48.8) <0.001

Abbreviations: |OP, intraocular pressure; ERM, epiretinal membrane; PVR, pro-
liferative vitreoretinopathy.

Table 7 Surgical Characteristics of Patients Who Did Not Have
Primary Surgical Success

Variable n
Mean Number of Additional Surgeries 1.12
Days until Second Surgery: Mean, Median 94, 45
Scleral Buckle (%) 16 (37.2)
Silicone QOil (%) 9 (20.9)
Membrane Peel (%) 20 (46.5)
Lensectomy (%) 3 (7.0

Discussion
Retinal detachments can be repaired by a wide array of in-
office procedures or surgical techniques. Pneumatic reti-
nopexy is a viable in-office treatment option for RRD in
instances where anatomical criteria met, yet maybe asso-
ciated with limited primary surgical success compared to
vitrectomy and scleral buckle.'® Knowledge of real-world
outcomes of PPV specifically for RRDs that meet anato-
mical criteria for PnR is missing in the current literature,
yet is crucial to facilitate best practices and surgical deci-
sion making for vitreoretinal specialists and patients alike.
Here we report favorable outcomes on 720 eyes that
underwent PPV and qualified for PnR based on anatomical
criteria.

Primary anatomical success rates of PPV range from
78% to 97% in the literature.®'®?? Recently, the PIVOT

trial prospectively investigated PnR versus PPV in retinal
detachment with the same anatomical criteria applied in
this study. The PIVOT study reported primary anatomical
success rate for PPV of 93.2%; versus 80.8% in PnR. In
this regard, it may be important to understand that pro-
spective trials carry selection bias and that outcomes often
fare better compared to the real-world.'” Indeed, retro-
spective data indicate that real-world outcomes of PnR
may be diverse with primary anatomical success rates
reported between 54-87%.'"'> A recent retrospective
study looked at patients in a real-world setting who quali-
fied for the PIVOT criteria and found a primary success
rate of 76.4% in a patients that received PnR.'® It is
notable in this regard that our study affirms a high degree
of anatomical success of PPV in PnR eligible RRD in
a real-world setting with a primary anatomical success
rate of 94.0%; very similar to data reported in the
PIVOT trial for PPV.

Given this, it is important to assess the impact of
primary surgical failure of RRD repair by PnR. About
20% of patients who present with an initial macula on
detachment develop a macula off detachment after
a failed PnR.>*** Eyes which fail primary PnR possess
20-25% of recurrent failure rate with secondary treatment
(PPV, PnR, or PPV with SB).>*° Patients who underwent
primary PnR and required subsequent procedures typically
have worse visual outcomes compared to those with pri-
mary success.'*?> In the authors’ opinion, it is important
to weigh the impact and associated morbidity of the sub-
sequent RD repair surgeries. As 20-25% of secondary
repair after initial PnR failure are predicted to fail, poten-
tial for and impact of secondary and tertiary repair need to
be considered prior to selecting this procedure.”>*> We
hypothesize that absence of vitreous and reduced vitreous
traction after a PPV may result in less impetus for devel-
opment of severe postoperative PVR compared to failed
cases of PnR with abundant compressed vitreous and
potential vitreous traction. Highlighting this, our study
indicates low morbidity for eyes that have failed initial
PPV. Mean number of additional surgeries required to
achieve final anatomic success was 1.12; with few eyes
requiring more definitive procedures such as adjuvant
scleral buckle or lensectomy. However, we believe that
the best chance to repair a retinal detachment is the first
surgery. Underscoring that, our study revealed statistically
significant visual improvement only in eyes with primary
success. In terms of morbidity of the primary repair in this
study, single surgery success was achieved with PPV and
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short acting SF¢ gas in most eyes, which is an acceptable
intervention for most patients and surgeons.

Analysis of preoperative patient characteristics demon-
strated no statistically significant impact on anatomical
success. We found that preoperative macular status and
lens status did not impact surgical outcomes, which is
consistent with prior reports.'®**2¢ Interestingly, there
was no significant impact by the number of preoperatively
identified retinal breaks or presence of lattice degeneration
on single surgery success. Patients who underwent PPV
with C;Fg gas had worse outcomes than those that used
SF¢. One explanation we attribute this observation to is
that more complex RRDs often require the use of C;Fsg,
which could lead to bias in this population. Surgical pro-
cedures that warranted the use of air or SO were all
completed successfully, however were uncommon in this
dataset which may have led to this discrepancy.

Analysis of postoperative variables revealed a number of
findings that were associated with primary surgical failure.
Amongst these findings, PVR was strongly associated with
higher rates of failed surgical intervention; approximately
50% of patients who had recurring retinal detachment had
developed PVR. This finding is consistent with reports of
many other studies.>” > We observed that postoperative
CME also developed significantly more often in cases with
primary failure. ERM formation was the most common
postoperative finding overall and was more frequently
observed in failed surgeries. Development of ERM and
PVR to have been linked to recurrence of RRD and may
represent a similar pathophysiological mechanism.?
Previous reports have observed similar correlations with
recurrent PVR in setting of concurrent ERM and CME.*°

Research studies have reported non-inferiority between
PPV and PPV with SB.**° Our institution utilizes adjuvant
SB mainly for complex RRD repairs. We observed that
PPV compared to PPV with SB had worse surgical out-
comes, but this is likely due to patient selection bias.
Patient chart sampling did not include billing code 67113
(repair of complex retinal detachment with vitrectomy and
membrane peeling), and a consideration of inclusion of
both billing codes is warranted for follow-up studies.

Weaknesses of our study include its retrospective meth-
odology, non-uniformity of surgeon approach and variable
follow up, as well as lack of a PnR control group. Yet, the
goal of this investigation was to provide real-world evidence
of PPV in this subset of RRDs, and as such we provide
a large dataset that would be difficult to collect in another
type of research setting. Our study was inclusive of our

entire patient population and did not exclude patients with
ocular pathology or systemic comorbidities that could poten-
tially limit their final outcomes. This study did specifically
not assess primary scleral buckle, which is a different pro-
cedural code and as such was not captured in the chart
review. Primary scleral buckle in our practice is mainly
utilized for RRD without posterior vitreous detachment or
complex forms of RRD; but there may be select cases in
which scleral buckle is applied for RRDs that could be
repaired by PnR alternatively. A further weakness of this
study is that we were not able to collect data on secondary
visual function such as metamorphopsia, and we believe that
future research in this area is warranted. The study followed
criteria of the PIVOT trial, and as such certain complex
patients who by many physicians outside of a clinical trial
context would not have been offered pneumatic retinopexy
were included into the analysis. This, for example, includes
patients who were aphakic or who received silicone oil
tamponade. We feel that this approach avoids any potential
bias and renders our results stronger and more applicable to
any real-world setting.

In summary, we present real-world evidence of RRDs
which underwent PPV and anatomically qualified for PnR
per the PIVOT criteria. A robust single surgery success
rate of 94% was achieved across 8 years and multiple
surgeons utilizing PPV with overall low procedure asso-
ciated morbidity. Primary success in this study was asso-
ciated with better visual outcomes. The most defining
feature for surgeons to select retinal detachment repair
techniques may be personal experience and each proce-
dure has its own advantages. Compared to PnR, PPV
requires specialized training, access to resources, and has
higher rates of cataract induction. However, given the
potential for high rates of primary success, vitrectomy
should continue to play a major role for RRDs that are
eligible for PnR based on anatomic criteria.
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