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Purpose: To compare the outcomes of primary uncomplicated rhegmatogenous retinal detachment (RRD) repair using pars plana
vitrectomy (PPV), scleral buckling (SB), or combined scleral buckling with vitrectomy (SB/PPV).

Patients and Methods: Single-institution, retrospective, observational study of 179 patients with primary RRD managed at a large
academic hospital system. We excluded patients with less than 6 months of follow-up, previous vitrectomy or buckle, giant retinal
tears, aphakia, recurrent forms of RRD, or extensive proliferative vitreoretinopathy (Grade C or worse) documented on exam or
requiring membrane peel. Outcome measures included primary anatomical success at 6 months, functional success defined as BCVA >
20/200, and best corrected visual acuity (BCVA) using logMAR scoring. Subgroup analysis was performed in the following patient
groups: phakic, pseudophakic, inferior detachments, and prior pneumatic retinopexy.

Results: Primary anatomical success was achieved in 145 of 179 eyes (81.0%), with SB/PPV showing a significantly greater success
rate (p = 0.046) when compared to SB and PPV. Functional success was achieved in 137 of the 145 anatomically successful eyes
(94.5%), with values ranging between 92% and 97% amongst the interventions (p = 0.552). No difference was found in final BCVA
(p = 0.367). Patients with inferior detachment had an odds ratio of 2.15 for primary anatomic failure. Prior pneumatic retinopexy did
not significantly affect any of the primary outcomes.

Conclusion: SB/PPV yielded a significantly better primary anatomical success rate when compared to SB and PPV. Functional
success and final BCVA was similar amongst the interventions. Inferior detachments were associated with worse primary anatomic
outcomes. Prior pneumatic retinopexy did not significantly affect surgical outcomes.
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Introduction
The mainstay of treatment for uncomplicated rhegmatogenous retinal detachment (RRD) is surgical repair. Cases that are
not ideally suited for pneumatic retinopexy can be repaired with scleral buckling (SB) surgery, pars plana vitrectomy
(PPV), or a combined procedure (SB/PPV).' Scleral buckling is performed by indenting the eyeball with a band, tire, or
sponge that supports the tear externally.” This external support leads to reduction in the magnitude of vitreous traction
applied on the retina. Pars plana vitrectomy is conducted using small surgical instruments that allow for direct passage
through the pars plana into the vitreous cavity.>** The vitreous humour is removed, subretinal fluid is drained, breaks are
sealed with laser, and a gas or oil tamponade is added into the eye.” There is currently debate surrounding if either
method is superior amongst various patient populations, or if a combined procedure may yield the best results.

Over the past 20 years, PPV has overtaken SB as the primary surgical intervention for uncomplicated RRD in all
patients due to technical advances made in vitrectomy.>® Combining the procedures to perform SB/PPV has increased in
frequency in order to maximize the benefits of both procedures for phakic patients.” While these trends have been
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observed, it has not been shown consistently that either procedure results in superior surgical outcomes. Our study
investigates the surgical outcomes of SB versus PPV versus SB/PPV through the metrics of single-operation anatomical
success, functional success, and best-corrected visual acuity.

Materials and Methods

Retrospective, observational study of 179 consecutive patients at an academic training institution, including a large
county hospital and a large university hospital, treating a diverse, urban population with primary RRD repaired via SB,
PPV, or SB/PPV between July 2015 and June 2020. Patients were identified through procedure codes for scleral buckling
(67107) and pars plana vitrectomy with or without additional scleral buckling (67108). Preoperative patient character-
istics and demographics were obtained and analyzed while primary success rates, final anatomical success rates,
functional success rates and best corrected visual acuity (BCVA) were compared amongst surgical interventions.

Primary success was defined as restoring the anatomical integrity of the retina following one surgical intervention at
a minimum follow-up of 6 months after surgery. Functional success was defined as measuring a BCVA of 20/200 or
better. BCVA was obtained using the Snellen eye chart and converted to logarithm of minimum angle of resolution
(logMAR) for comparison between groups. These outcome measures were evaluated at 6 months amongst surgical
interventions and further analysis was performed separating groups by lens status. Final anatomical success was defined
as sustained anatomical integrity following one or more procedures. Following final anatomical success, average number
of surgeries needed for anatomical success was calculated for each surgical intervention.

We excluded patients with less than 6 months of follow-up and those with incomplete clinical records, prior
vitrectomy or scleral buckle, giant retinal tears, aphakia, recurrent forms of RRD or extensive proliferative vitreoretino-
pathy documented on exam (grade C or worse) or requiring a membrane peel. The following preoperative patient
characteristics were recorded: age, gender, laterality, duration of RRD symptoms, prior laser and/or pneumatic retino-
pexy, myopic status, lens status, number of tears observed, tear location, detachment location, macular involvement,
Snellen best-corrected visual acuity (BCVA).

All patients underwent either SB, PPV or a combined SB/PPV for their primary intervention. Surgeries were
performed by 9 different surgeons and the choice of intervention was made through patient-centered decision-making.
The scleral buckling procedure used a variety of band, tire and sleeve elements based on surgeon preference. PPV
operations used either 23-gauge or 25-gauge instrumentation. The extent of endolaser (at the existing retinal tear,
covering the extent of the detachment, or circumferentially for 180° or 360°), choice of tamponade agent (C3F8 gas,
SF6 gas or silicone oil), and method of fluid drainage (through the original break, posterior retinotomy, or with the help
of perfluoron heavy liquid) was made at the operating surgeon’s discretion.

Statistics were calculated for results using multiple methods. Comparison between surgical interventions underwent
ANOVA testing for quantitative data and Fisher Exact Test for qualitative measures.

Results

Preoperative Features of All Eyes

A total of 501 patients were initially identified based on procedure codes 67107 and 67108. After applying inclusion and
exclusion criteria, 179 patients with primary RRD who underwent SB, PPV or SB/PPV were included in the study. Of the
322 excluded patients, the most common exclusion criteria applied were lack of follow-up and non-rhegmatogenous
retinal detachments. Preoperative characteristics are listed in Table 1. The mean age at presentation was 57.4 years
(standard deviation, 14.5 years) and the mean follow-up duration was 19.9 months (standard deviation, 13.5 months).
Most patients included were male (67.0%). Most eyes operated on were myopic (60.9%), with 19% of the patient
population presenting with high myopia (—6 diopters or higher). Symptoms most often presented with a duration between
1 week to 1 month (41.9%). The vast majority of eyes were deemed to have a posterior vitreous detachment (74.3%).
Lattice degeneration was noted in 65 patients (36.3%). Most patients still possessed their natural lens (63.1%). The
detachment involved the macula in 125 patients (69.8%). The RRD involved the inferior retina in 124 eyes (69.3%), with
73 patients having a tear visualized inferiorly (40.8%). Ten patients were classified as having a total detachment (5.6%).
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Table | Preoperative Characteristics of All Eyes (n = 179)

Age (Years), Mean (SD) 57.4 (14.5)

Follow-up (months), mean (SD) 19.9 (13.5)

Gender, no. (%)

Female 59 (33.0)

Male 120 (67.0)
Eye Laterality, no. (%)

Right 100 (55.9)

Left 79 (44.1)
Myopic, no. (%) 109 (60.9)

High (<-6D) 34 (19.0)

Low (0>x>6D) 75 (41.9)
Presence of lattice degeneration, no. (%) 65 (36.3)
Presence of PVD, no. (%) 133 (74.3)
Prior laser retinopexy, no. (%) 62 (34.6)
Prior pneumatic retinopexy, no. (%) 33 (184)

Duration of symptoms

<| week 50 (27.9)
| week - | month 75 (41.9)
>| month 52 (29.1)
Unknown 2 (1.1)

Lens Status, no. (%)
Phakic 113 (63.1)
Pseudophakic 66 (36.9)

Macular Involvement, no. (%)

Yes (mac-off) 125 (69.8)

No (mac-on) 54 (30.2)
Inferior RRD location, no. (%) 124 (69.3)
Total RRD, no. (%) 10 (5.6)
Inferior RT location, no. (%) 73 (40.8)

Abbreviations: no., number; %, percentage; SD, Standard deviation.

When reviewing prior interventions, it is worth noting that 62 patients had previously received laser retinopexy (34.6%)
and 33 had previously undergone pneumatic retinopexy (18.4%).

Preoperative Features Amongst Surgical Interventions

Preoperative characteristics are stratified by surgical intervention in Table 2. In our study, 55% of patients received PPV,
28% received SB, and 17% received SB/PPV. Patients receiving PPV as their primary surgical intervention were
significantly older (p < 0.001) than those who underwent SB or SB/PPV, with average age of 62.5 compared to 50.0
and 54.3, respectively. SB (p < 0.0001) and SB/PPV (p = 0.01) had a significantly higher proportion of phakic patients
when compared to PPV alone. Patients designated to undergo SB had better preoperative best-corrected visual acuity
when compared to SB/PPV (p = 0.038). Most other preoperative characteristics including laterality, gender distribution,
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Table 2 Characteristics by Surgical Intervention (n = 179)

Surgical Intervention SB (N=50) PPV (N=98) | PPV/SB (N=31) P-values
Age, mean (SD) 50.0 (l6.3) 62.5 (11.9) 543 (11.8) <0.001*
Follow Up, mean (SD) 19.8 (12.7) 19.4 (13.7) 21.0 (14.3) 0.85
Male (%) 35 (70.0) 60 (61.2) 21 (67.7) 0.53
Female (%) 15 (30.0) 38 (38.8) 10 (32.3)

Right Eye (%) 30 (60.0) 53 (54.1) 17 (54.8) 0.78
Left Eye (%) 20 (40.0) 45 (45.9) 14 (45.2)

Duration of Symptoms, median days (range) 14 (1-365) 10 (1-180) 14 (2-180) 0.86
Myopic (%) 34 (68.0) 60 (61.2) 15 (48.4) 0.21
Non-Myopic (%) 16 (32.0) 38 (38.8) 16 (51.6)

Phakic (%) 44 (88.0) 46 (46.9) 23 (74.2) <0.001*
Pseudophakic (%) 6 (12.0) 52 (53.1) 8 (25.8)

Single Tear (%) 23 (46.0) 39 (39.8) 13 (41.9) 0.95
>| Tear (%) 25 (50.0) 56 (57.1) 17 (54.8)

No Tear (%) 2 (4.0 3@3.0) 1 (3.2)

Macula-On (%) 14 (28.0) 33 (337) 8 (25.8) 0.63
Macula-Off (%) 36 (72.0) 65 (66.3) 23 (74.2)

Preoperative BCVA, logMAR mean 0.89 1.09 1.39 0.08

Notes: *Indicates significant difference between the designated values in the row. Data was interpreted using ANOVA with a significance
level of 0.05.
Abbreviations: BCVA, Best-Corrected Visual Acuity; logMAR, logarithm of minimum angle of resolution.

duration of symptoms, myopic status, number of tears and involvement of the macula were similarly distributed among
the study groups.

Intraoperative Features of PPV

Intraoperative features of 129 eyes receiving PPV or SB/PPV are recorded in Table 3. PPV was significantly more likely
than combined SB/PPV to use 25-gauge instrumentation (p = 0.03) versus 23-gauge. Subretinal fluid drainage was
completed by creation of a posterior retinotomy more frequently in SB/PPV cases when compared to PPV alone (p =
0.02). Similarly, endolaser treatment was more likely to be limited to the causative retinal tear (in addition to posterior
retinotomy if present) rather than the entire peripheral extent of the detachment or 360 degrees circumferentially in SB/
PPV cases when compared to PPV alone (p = 0.01). Both surgical interventions tended to use C3F8 as the tamponade of
choice.

Outcome Measures Amongst Surgical Interventions

Outcome measures relating to primary anatomical success, functional success, and BCVA are recorded by surgical
intervention in Table 4. SB/PPV showed significantly greater anatomical success (p = 0.046) when compared to SB and
PPV. Functional success ranged between 92.7% and 97.1% amongst the three interventions, with SB showing
a marginally better rate than SB/PPV and PPV, which was not significant (p = 0.552). SB resulted in the best final
BCVA, but the differences were not statistically significant (p = 0.367). It is worth noting that the SB group started with
a significantly better initial BCVA when compared to SB/PPV (p = 0.038). Final anatomical success rates (defined as
success following more than one surgical intervention) were extremely similar amongst groups, ranging from 98% to
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Table 3 Intraoperative Features of Surgeries Including PPV (n = 129)

Surgical Intervention PPV (n=98) SB/PPV (n=31) Significant p-values
PPV Gauge Size
23 Gauge (%) 29 (29.6) 16 (51.6) 0.03*
25 Gauge (%) 69 (70.4) 15 (48.4)
Fluid Drainage Location
Orriginal Tear (%) 32 (32.7) 7 (22.5) 0.32
PFO (%) 27 (27.5) 4 (13.0) 0.10
Posterior Retinotomy (%) 34 (34.7) 18 (58.1) 0.02*
Unknown (%) 5.0 2 (6.5) 0.78
Tamponade
C3F8 (%) 6l (62.2) 18 (58.1) 0.68
SF6 (%) 29 (29.6) 13 (41.9) 0.20
Silicone Oil (%) 8 (8.2) 0 (0.0 0.35
Extent of Laser
RT only (%) 35 (35.7) 19 (61.3) 0.01*
Extent of RD (%) 26 (26.5) I (3.2) 0.01*
Circumferential 360 (%) 31 (31.6) 10 (32.3) 0.95
Other (%) 6 (6.1) I (3.2) 0.53

Notes: *Indicates significant difference between the designated values in the row. Data was interpreted using
ANOVA with a significance level of 0.05.
Abbreviations: PPV, Pars Plana Vitrectomy; SB/PPV, Pars Plana Vitrectomy with Scleral Buckling; PFO, per-
fluoro-N-octane; C3F8, perfluoropropane; SF6, Sulfur hexafluoride; RT, Retinal Tear; RD, Retinal Detachment.

Table 4 Outcomes by Surgical Intervention (n = 179)

SB PPV SB/PPV p-value
1° Anatomical Success 70% 83.7% 90.3% 0.046*
Functional Success 97.1% 92.7% 96.4% 0.552
Final BCVA (logMAR) 0.34 0.41 0.49 0.367

Notes: *Indicates significant difference between the designated values in the row. Data was interpreted
using ANOVA with a significance level of 0.05.
Abbreviations: SB, Scleral Buckling; PPV, Pars Plana Vitrectomy; SB/PPV, Pars Plana Vitrectomy with
Scleral Buckling; BCVA, Best-Corrected Visual Acuity; logMAR, logarithm of minimum angle of resolution.

100%. Average number of surgeries to achieve anatomical success were as follows: SB/PPV (1.10), PPV (1.18), SB
(1.29). Both PPV (44%) and SB/PPV (64.5%) were associated with significantly more cataract progression when
compared to SB (10%) (p < 0.00001).

Outcome Measures Amongst Phakic Patients
Outcome measures were stratified for all 113 phakic patients by surgical intervention in Table 5. Within the phakic

patient population: 41% received PPV alone, 39% received SB alone, and 20% received combined SB/PPV. For phakic
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Table 5 Outcome Measures for Phakic Eyes

SB (n=44) | PPV (n=46) | SB/PPV (n=23) p-value
1° Anatomical Success 70.5% 84.8% 87.0% 0.15
Functional Success 96.8% 92.3% 100% 0.54
Final BCVA (logMAR) 0.37 0.47 0.45 0.65

Note: Data was interpreted using ANOVA with a significance level of 0.05.
Abbreviations: SB, Scleral Buckling; PPV, Pars Plana Vitrectomy; SB/PPV, Pars Plana Vitrectomy with
Scleral Buckling; BCVA, Best-Corrected Visual Acuity; logMAR, logarithm of minimum angle of resolution.

patients, combined SB/PPV showed the best results for primary anatomical success (87% success vs 84.8% for PPV and
70.5% for SB). SB/PPV also had the best functional success (100% vs 92.3% for PPV and 96.8% for SB). SB led to the
best final BCVA. However, none of these differences reached statistical significance.

Outcome Measures Amongst Pseudophakic Patients

Outcome measures were stratified for pseudophakic patients by surgical intervention in Table 6. Within the pseudophakic
patient population: 79% received PPV, 12% received combined SB/PPV, and 9% received SB. SB/PPV yielded the best
results for primary anatomical success (100% vs 82.7% for PPV and 66.7 for SB). SB resulted in the best functional
success (100% vs 93% for PPV and 87.5% for SB/PPV), and final BCVA (logMAR of 0.09 vs 0.36 for PPV and 0.60 for
SB/PPV). However, none of these differences were statistically significant (see Table 6).

Success Rates Amongst Patients with Inferior Detachments

As seen in Table 1, 69.3% of patients presented with a retinal detachment involving the inferior portion of the retina.
However, these patients represented 81.3% of the patients who did not attain primary anatomical success. Within this
population, there was a primary anatomical success rate of 79%. For the rest of the population, the primary anatomical
success rate was 89%. An odds ratio of 2.15 was calculated for primary anatomical failure in patients with inferior
detachments meaning this preoperative feature had a negative impact on anatomical success. These findings of inferior
detachments over-representing failed surgeries were noted and further stratified by surgical intervention. For these
patients with detachments involving the inferior retina, we calculated primary success rates of: SB/PPV (88%), PPV
(80%), and SB (71%). The differences amongst surgical groups were not deemed statistically significant.

Success Rates Amongst Patients with Prior Pneumatic Retinopexy

Among the PPV group, when comparing patients (number of patients/total number of PPV) who had undergone
unsuccessful pneumatic retinopexy prior to PPV versus those who went straight to PPV (number of patients/total number
of PPV), there was no significant difference in primary anatomical success rates (p = 0.30), functional success (p = 0.20),
of final BCVA (p = 0.14). This data suggests that history of failed pneumatic retinopexy did not negatively impact patient
outcomes and was not a negative predictive factor for surgical success by our outcome measures. There were too few
patients in the combined PPV/SB group to compare outcomes for patients who previously failed pneumatics.

Table 6 Outcome Measures for Pseudophakic Eyes

SB (n=6) | PPV (n=52) | SB/PPV (n=8) p-value
|° Anatomical Success 66.7% 82.7% 100% 0.22
Functional Success 100% 93.0% 87.5% 0.69
Final BCVA (logMAR) 0.09 0.36 0.60 0.09

Note: Data was interpreted using ANOVA with a significance level of 0.05.

Abbreviations: SB, Scleral Buckling; PPV, Pars Plana Vitrectomy; SB/PPV, Pars Plana Vitrectomy with
Scleral Buckling; BCVA, Best-Corrected Visual Acuity; logMAR, logarithm of minimum angle of
resolution.
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Comparing Use of Tamponade Agents
There was no significant difference in the number of patients receiving each tamponade agent (SF6, C3F8 or SO)
between PPV and SB/PPV groups as seen in Table 3. Preoperative characteristics also were similar between groups.

Primary anatomic success rates were similar between the three tamponade agents ranging between 86% and 90%.

Discussion

The combined surgical approach (SB/PPV) yielded the greatest primary anatomical success rate (p = 0.046) amongst the
interventions. In a recent meta-analysis including nearly 3000 eyes, the combined procedure was shown to be equally efficacious
with regard to primary anatomical success when compared to SB or PPV alone.® Nonetheless, Totsuka et al calculated an odds
ratio of 1.70 for primary anatomical success when comparing combined SB/PPV to PPV in a ten study meta-analysis.” Further
supporting this, multiple studies have shown greater primary success rate for SB/PPV in comparison to PPV alone.®'*!! The
primary anatomical success rates noted in our study for SB/PPV (90.3%), PPV (83.7%), and SB (70.0%) were on par with
success rates published by other groups. Success rates have ranged between 64% and 89% for PPV, 53% and 91% for SB, and
86% and 88% for combined SB/PPV.*'*"'> We were unable to significantly differentiate final anatomical success rates as all of
the surgical interventions showed highly successful results; this is consistent with past research where final success rates have
ranged from 90% to 100%.*'"'?

SB was calculated to have the greatest final best-corrected visual acuity of the three surgical interventions (p = 0.367),
although results were similar amongst the interventions. Final BCVA measured in logMAR scoring for comparison were:
0.34 for SB, 0.41 for PPV, and 0.49 for SB/PPV. Our results are similar to the findings of Heimann et al who reported
better final BCVA in patients who underwent SB, showing a benefit with regard to BCVA in phakic patients.*

All interventions resulted in a similar improvement in BCVA compared to baseline, suggesting that the differences in
final acuity may be mostly due to differences in baseline BCVA. Both the SB/PPV group and PPV group were more
likely to develop cataracts (p < 0.00001) when compared to SB, which may also contribute to the better final BCVA in
SB patients. Following subgroup analysis, results for pseudophakic patients lacked an adequate number of patients to
draw significant conclusions. In phakic patients, no differences were noted amongst the interventions.

Functional success was defined as the percentage of eyes with BCVA greater than or equal to 20/200 at 6-months.
Patients who had not achieved primary anatomical success were excluded from this measure. All three surgical
interventions showed high functional success rates (97.1% for SB, 96.4% for SB/PPV, and 92.7% for PPV). There
was no difference between the groups (p = 0.552). Our functional success rates were on par with other studies, with one
study finding the best results amongst SB patients, as seen in our patients.'>'®

For patients with inferior detachments, we were unable to differentiate a superior surgical approach in regards
to primary anatomical success (p = 0.26). We believe this result is a byproduct of our study not having enough
patients in this group to delineate this metric. However, Inferior detachments were associated with worse primary
anatomical outcomes with a calculated odds ratio of 2.15 for primary failure. Inferior detachments might be more
difficult to manage due to the anatomical location being more prone to the effects of postoperative PVR. We were
unable to determine if any surgical intervention was superior for management of these cases, although SB/PPV
showed the greatest primary anatomical success rate (88%). It has previously been suggested that PPV/SB offers
higher success rates when compared to PPV for the management of patients with inferior detachments.'’

When studying patients who had prior pneumatic retinopexy before surgical intervention, there was a notable cohort in the
PPV group. There were not enough cases in the SB/PPV or SB groups to draw meaningful conclusions. Analysis of our data
showed that prior pneumatic retinopexy was not a negative predictive factor for surgical success in patients who underwent PPV.
All outcome measures including primary anatomical success rates (p = 0.30), functional success (p = 0.20), and final BCVA (p =
0.14) were not significantly different between groups. This is agreeable with data seen in other studies that showed similar rates
of reattachment and final BCVA between patients who had and had not previously undergone pneumatic retinopexy.18

Comparing the three tamponade agents used in this study (C3F8, SF6, Silicone Oil) revealed no difference in primary
anatomical success rates. These tamponade agents have been compared in the literature extensively for macular hole
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repair and the data supports our results, that there has been no difference associated between the agents when comparing
primary anatomical success.'’

A trend toward PPV as the primary surgical intervention, with or without scleral buckling, was observed in this
hospital system (72.1% of patients receiving PPV or SB/PPV). Over the past 20 years, PPV has overtaken SB as the
primary surgical intervention for uncomplicated RRD in all patients due to technical advances made in vitrectomy.”®
Falkner et al*® noted a similar overall trend moving towards vitrectomy as the primary intervention while shying away
from scleral buckling regardless of lens status.

Population size was the primary limitation when drawing conclusions between interventions. Increasing the number
of cases could be achieved by expanding the time frame of the study or including additional surgical locations.

Conclusion

In conclusion, combined scleral buckle/pars plana vitrectomy showed the greatest anatomical success rate of the three
surgical interventions studied. SB had marginally better visual outcomes that could very well be attributed to variability
in patient groups and cataract formation. All three procedures showed excellent functional outcomes. Given the
substantially better primary anatomical success, our results support the use of SB/PPV.
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