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Abstract

Background To report real-world outcomes of patients with primary Reghmatogenous Retinal Detachment (RRD)
treated with Pneumatic Retinopexy (PnR) according to the indications of the Pneumatic Retinopexy versus Vitrectomy
for management of Primary Rhegmatogenous Retinal Detachment Outcomes Randomized Trial (PIVOT) trial.

Methods Multicenter, retrospective study. Patients treated with PnR for RRD between 2021 and 2023 and a follow-up
of at least 6 months were included. Single-procedure anatomical success, final anatomical success, complications,
causes of failures, best corrected visual acuity (BCVA) after surgery, and the vision-related quality of life using the
25-Item National Eye Institute Visual Function Questionnaire (NEI VFQ-25) were reported.

Results A total of 76 eyes of 76 patients were included. Mean age was 60+ 8.1 years. Primary anatomic reattachment
was achieved by 84.3% of patients and final anatomical reattachment after pars plana vitrectomy was obtained in
100% of patients. BCVA improved from 0.32 (20/40) to 0.04 (20/20) logMar (p <0.001) at 6 months. The main cause of
failure was related to the presence of additional (likely missed) retinal breaks (66.6% of cases). Also, primary PnR failure
was more frequent in eyes of patients with older age, macular involvement, worse baseline BCVA, greater extent of
the RRD, and increased duration from diagnosis to treatment. Overall, the mean NEI-VFQ 25 composite score was
93.9% + 6.4 at 6 months.

Conclusions The criteria of the PIVOT trial can be applied to real-world scenarios in the decision-making process for
the treatment of primary RRD, with excellent anatomical and functional outcomes.

Keywords Pneumatic Retinopexy, Rhegmatogenous Retinal detachment, Real-world outcomes, Surgical success,
Complications
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Introduction

Rhegmatogenous retinal detachment (RRD) is the most
common form of retinal detachment, and it develops
when a retinal break in the neurosensory retina (NSR)
allows the entry of fluid from the vitreous cavity into the
subretinal space, resulting in a separation of the NSR
from the retinal pigment epithelium (RPE) [1]. The inci-
dence of RRD ranges between 6.3 and 17.9 cases per
100,000 population [2]. Currently, there are three dif-
ferent methods of repairing RRD: pneumatic retinopexy
(PnR), scleral buckling (SB), and pars plana vitrectomy
(PPV). In 1985, Dominguez described PnR as an outpa-
tient procedure for RRD without conjunctival incision [3,
4]. PnR was subsequently popularized by Hilton & Griz-
zard [5]. Later, a prospective, multicenter, randomized
controlled trial compared PnR with SB for RRD, demon-
strating superior visual acuity (VA) with PnR at 6 months
and 2 years after surgery, including those patients whose
primary PnR failed, with no significant difference in
primary reattachment rates [6, 7]. Moreover, the study
reported a lower rate of morbidity and a faster rehabilita-
tion for patients [6].

In 2018, the PIVOT trial compared two groups of
patients with primary RRD who were randomized to
either PnR or PPV. Macula-on and macula-off patients
were assigned to the intervention groups through strati-
fied randomization and were treated within 24 and 72 h,
respectively [8]. They included patients with RRD who
exhibited a single retinal break or a cluster of breaks in
the detached retina within 1 clock hour above the 8- and
4-oclock meridians, as well as any number, location,
and size of retinal breaks or lattice degeneration in the
attached retina. The main results of the PIVOT trial were
that primary anatomic reattachment at 12 months was
achieved by 80.8% of patients who underwent PnR versus
93.2% undergoing PPV and that 98% of patients achieved
secondary anatomic reattachment in both groups. Also,
the PIVOT trial demonstrated that patients treated with
PnR had superior visual acuity, a lower rate and sever-
ity of vertical metamorphopsia and higher NEI-VFQ-25
scores (in the first 6 months) compared to patients
treated with PPV, suggesting that PnR should be consid-
ered as a first line treatment in those patients that fulfill
the inclusion criteria for the PIVOT trial [8, 9].

Time from presentation and diagnosis to surgery is an
important predictor of future visual acuity outcomes,
particularly in patients with macula-off retinal detach-
ments [10—13]. A recent meta-analysis reported a better
final visual acuity in patients with fovea-oft RRD treated
within 72 h, and in patients with fovea-on RRD treated
within 24 h compared to patients treated later [12].
Experimental studies showed that hypoxia induced by
retinal detachment causes a gradual death of the photo-
receptor cells, contributing to the poor vision outcome
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[14]. Also, several studies reported that the outer retinal
layer damages were more commonly observed in patients
with macula-off RRD after surgery who had a longer
duration of macular detachment [15, 16].

The promptness of surgical repair may partially
explain the excellent outcomes reported in the PIVOT
study, although on average patients in the PPV group
in the PIVOT trial had surgical management within
24 h (within 24 h for fovea-on RRD and within 72 h for
fovea-off RRD as per trial protocol) far exceeding real-
life operating room access. However, the patients were
managed within the context of a randomized trial and it
is possible that the primary reattachment rates reported
may differ from that achievable in a real-world setting.
Furthermore, PnR is infrequently used for the treatment
of RRD in Italy. Therefore, the aim of the present study
was to report the real-world outcomes in Italy of patients
treated with PnR selected according to the inclusion cri-
teria of the PIVOT trial.

Materials and methods

Study population and clinical assessment

Retrospective data of patients treated for primary RRD
with PnR between January 2021 and March 2023 at the
Unit of Ophthalmology, IRCSS University of Bologna
and at the Ophthalmic Clinic of the G. dAnnunzio Uni-
versity of Chieti-Pescara, Italy were collected. The study
was conducted in accordance with the principles of the
Declaration of Helsinki. Written informed consent was
obtained from all subjects included in the study.

The primary outcome of the study was to assess the pri-
mary anatomic reattachment rate and the final anatomic
reattachment rate at 6 months in patients treated with
PnR. The secondary outcome of the study was to assess
the complications, causes of failures, the best corrected
visual acuity (BCVA), and the vision-related quality of
life assessed with the National Eye Institute Visual Func-
tion Questionnaire —25 (NEI-VFQ 25) in patients treated
with PnR at 6 months.

In the present study, we included eyes of patients
treated with PnR according to the inclusion and exclu-
sion criteria of the PIVOT trial (Table 1 at the end of
the document text file page 16), a follow-up of at least 6
months, complete information regarding the clinical data
and concomitant comorbidities, and patient’s compliance
with post-operative visits. No maximum limit age was
established. Also, we excluded patients with a diagnosis
of other retinal diseases (vascular retinal diseases, chorio-
retinal disease, inherited retinal dystrophies), glaucoma
and other optic nerve diseases, history of uveitis, corneal
opacities, and systemic diseases potentially affecting the
results of the study.

Patients were treated within 48 h from diagnosis in
both fovea-on and fovea-off cases. Formal study visits
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Table 1 Inclusion and exclusion criteria for PnR according to the PIVOT study
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Inclusion criteria
- Single break or a group of small breaks no larger than 1 o'clock hour in detached retina
- All breaks in the detached retina to lie above the 8 and 4 o'clock meridian

- Breaks or lattice degeneration in attached retina at any location
Exclusion criteria

- Inferior breaks in detached retina

- PVR grade B or worse

- Significant media opacities

- < 18yearsold

- Mental incapacity or physical inability to posture post-operatively

Legend: PVR=proliferative vitreoretinopathy

and observations took place at baseline, 1 day, 1 week,
and 1, 3, and 6 months after surgery. Any number of
additional visits were performed as required for that
patient’s care. Clinical examination and measurement of
BCVA took place at every visit. Subjective visual func-
tion was assessed at 6 month visits using the NEI VFQ-
25 17 The NEI VFQ-25 is a vision-specific quality-of-life
instrument composed of 12 subscales: general health,
general vision, ocular pain, near activities, distance activ-
ities, social functioning, mental health, role difficulties,
dependency, driving, color vision, and peripheral vision.
Each scale consists of a minimum of 1 and maximum of
4 items. Most items are scored using a 5-point or 6-point
response scale. A standard algorithm was used to calcu-
late the scale scores, which have a possible range of zero
to 100. Eleven of 12 scale scores (excluding the general
health item) were averaged to yield a composite score, as
previously described [17].

Surgical intervention

At the baseline evaluation in the office, all patients
underwent a thorough scleral-depressed peripheral reti-
nal examination in order to identify the retinal breaks.
When inclusion and exclusion criteria were met, PnR
was performed according to the surgical indications of
the PIVOT trial. In cases of lattice degenerations or reti-
nal breaks in the attached retina, laser retinopexy was
applied before surgery in the office. PnR procedures were
carried out under local (sub-conjunctival) anesthesia in
the operating room, and all surgeries were conducted
by three surgeons (DI, RM, AF). Breaks in the detached
retina were treated with cryotherapy before gas injection
or laser retinopexy 24 to 48 h after gas injection, with
additional laser retinopexy applied at any point according
to surgeon discretion. An anterior chamber paracentesis
was used to express as much fluid as safely possible, fol-
lowed by injection of 0.6 ml of 100% sulphur hexafluoride
(SF6). Most patients underwent the so-called steamroller
maneuver to expedite retinal reattachment, by using the
buoyant force of the gas bubble to displace subretinal
fluid (SRF) through the retinal break and to protect the
macula from displaced SRE. Subsequent supplementary

gas injection or laser application were performed at the
surgeon’s discretion.

Statistical analysis
Normality was tested with the Shapiro—Wilk test, and
parametric tests were used in the statistical analysis.
Values were reported with mean and standard devia-
tions. The T-Test was used to compare pre-operative clin-
ical assessment parameters between patients with and
without primary anatomic reattachment, and to compare
vision related quality of life scores between patients with
fovea-on and fovea-off RRD. Also, the T-Test was used to
compare extent of retinal detachment between patients
with fovea-on and fovea-off RRD. Paired T-test was used
to compare BCVA before and at the 6-month follow-up.
Fisher’s exact test was used to measure the differences
between two categorical variables. P values<0.05 were
considered statistically significant. Statistical analysis was
performed using IBM Statistical Package for Social Sci-
ences version 26.

Results

Demographic characteristics

A total of 76 eyes of 76 patients were included in the
study. Demographic data of the patients are reported in
Table 2 (at the end of the document text file page 17).
Patients were treated in a mean of 22.7+12 h from the
diagnosis. In the fovea-on group, PnR was performed
within 22+11 h from the diagnosis, whereas in the fovea-
off group PnR was performed within 24114 h from the
diagnosis. In the present study, we did not detect any
lattice degenerations or retinal breaks in attached retina
before PnR. Therefore, pre-operative laser retinopexy
was never performed.

Primary outcome

The primary anatomic reattachment rate was 84.3%
(64/76) at 6 months. None of these patients required a
second gas bubble injection. Those patients who were
not successfully treated with PnR underwent a secondary
PPV in combination with phacoemulsification and intra-
ocular lens (IOL) implantation. Overall, final anatomical
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Table 2 Demographic data of patients treated with PnR are reported
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Pre and post-operative characteristics (n1=76)

Age, mean+SD

Female, number (%)

FOVEA ON, number (%)

Phakic patients, number (%)

Baseline BCVA LogMar, mean (min - max)

Time to treatment (hours), mean (min - max)
Post-op laser photocoagulation, number (%)
Number of retinal breaks, mean +SD

Extension of retinal detachment (hours), mean +SD
Single procedure anatomical success rate, number (%)
Final anatomical reattachment, number (%)

60+8.1

40 (52.6%)
52 (68.4%)
68 (89.5%)
0.3 (1.3-0)
22.7 (3-48)
64 (84.2%)
14£05
34+16
64 (84.2%)
76 (100%)

Changes in visual acuity after Pneumatic Retinopexy
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Fig. 1 Changes in visual acuity in patients with macula involvement at six months

reattachment was achieved in all patients treated (100%,
76/76).

Secondary outcomes

Overall, BCVA improved from 0.32 (20/40) to 0.04
(20/20) LogMar (p<0.001) at 6 months. BCVA in the
fovea-off group improved from 0.85 (20/120) to 0.04
(20/20) LogMar at six months (p=0.005), and it remained
stable in the fovea-on group from 0.10 (20/25) to 0.05
(20/20) at 6 months (p=0.764) (Fig. 1). The main cause
of failure was related to the presence of additional (likely
missed) retinal breaks (66.6% of cases, 8/12), whereas
failure of retinal reattachment for poor compliance in
maintaining position was observed in 33.3% (4/12) of

cases. In the present study, there were no minor and
major complications among all patients treated (Table 3
at the end of the document text file page 18). No addi-
tional visits were performed in patients with primary
anatomic reattachment after PnR. Those patients who
presented surgical failure after PnR and who required
secondary PPV received a mean of 3.2+2.1 additional
visits. Surgical failure was significantly more frequent in
patients with older age, foveal involvement, increased
extent of the retinal detachment, worse baseline BCVA
and increased time to treatment (Table 4 at the end
of the document text file page 19). Patients who pre-
sented surgical failure secondary to additional retinal
breaks presented an increased extension of the retinal
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Table 3 Causes of failure and complications
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Causes of failure (n=12) n (%)
New and missed retinal breaks 8 (66.6%)
Failure of the retina to reattach 4(33.3%)
Complications
«Fish eggs» with subretinal gas 0
Vitreous hemorrhage 0
Elevated IOP 0
Traumatic cataract 0
Endophthalmitis 0
Cystoid macular edema 0
Macular hole 0
Legend: IOP=intraocular pressure
Table 4 Comparison of patients with and without primary anatomic success rate after PnR
Demographic data (n=76) Primary reattachment (n=64) Failure (n=12) P value
Age, mean+SD 57+6.6 72+32 <0.001
Female, number (%) 36 (56.2%) 4 (33%) 0.209
BCVA (LogMar), mean+SD 02+0.2 1.1£03 <0.001
FOVEA OFF, number (%) 12 (18%) 12 (100%) <0.001
Phakic patients, number (%) 56 (87%) 12 (100%) 0342
Number of retinal breaks, mean+SD 15+06 1+£1.8 0.059
Extension of retinal detachment (hours), mean +SD 30+12 56+18 <0.001
Time to treatment (hours), mean +SD 20+113 32+122 0.032
Subsequent PPV, number (%) 12 (100%)
Legend: SD=Standard Deviation. BCVA=best corrected visual acuity. PPV=pars plana vitrectomy
Table 5 NEIVFQ-25 scores at 6 months for all patients treated with PnR
NEIVFQ-25 (n=76) Overall scores

Mean (SD) Median (IQR)
Composite score 93.96 (6.4) 96.1(92.8-97.7)
General health 69.23 (20.3) 75 (50-75)
General vision 77.30 (19.86) 80 (75-85)
Ocular pain 91.53(1041) 90 (87.5-100)
Near activities 97.56 (6.88) 100 (100-100)
Distance activities 94.21 (13.49) 100 (91.6-100)
Social Functioning 97.91 (7.05) 100 (100-100)
Mental Health 83.65(18.79) 87.5(81.2-93.7)
Role difficulties 96.15 (9.19) 100 (100-100)
Dependency 99.35 (2.28) 100 (100-100)
Driving 98.06 (4.9) 100 (100-100)
Color vision 100 100 (100-100)
Peripheral vision 98.07 (6.8) 100 (100-100)

Legend: NEI VFQ-25=25-Item National Eye Institute Visual Function Questionnaire. SD=standard deviation, IQR=interquartile range

detachment and a reduced visual acuity at the baseline
assessment compared to patients with failure second-
ary to poor compliance in maintaining position (6.5+1.6
vs. 4.0£0.1, p=0.012; 1.3+0.1 vs. 0.7£0.1, p<0.001). On
the other hand, poor compliance in maintaining position
did not differ according to the age of patients or the time
from diagnosis to treatment (73%0.1 vs. 71.5+3.7 years,
p=0.452; 36.2£3.2 vs. 26.5+2.8 h, p=0.157). Regarding
the assessment of the subjective visual function using the
NEI VFQ-25 at 6 months, the mean composite score was

93.96% (median=96.1 (IQR=92.8-97.7)) at 6 months
(Table 5 at the end of the document text file page 16).

Discussion

Pneumatic retinopexy is a minimally invasive, and cost-
effective procedure to repair primary RRD. The main
finding of the present study was that patients selected
and treated with PnR, according to the criteria and the
surgical indications of the PIVOT trial, achieved a pri-
mary anatomic reattachment rate of 84% at 6 months.
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Moreover, in those patients in which PnR failed and
underwent a subsequent PPV with cataract extraction
and IOL implantation, the final anatomic reattachment
rate was 100%. The results of the present study are in
line with those reported in the PIVOT trial, where the
primary anatomic reattachment rate was 81% in patients
treated with PnR with a final anatomic reattachment of
98% [8]. To the best of our knowledge, this is the first
study to report the outcomes of PnR in treating RRD in
a real-world setting, using the surgical indication and
the inclusion criteria of the PIVOT trial. Previous stud-
ies reported a single procedure anatomic reattachment
rate in patients treated with PnR ranging from 40 to 93%,
and a final anatomic reattachment rate ranging from 92
to 100% [18].

Another result of the present study was that the mean
time between diagnosis to treatment was 22 h (mini-
mum of 3 h - maximum of 48 h), whereas in the PIVOT
trial, the mean time from randomization to PnR was 2 h
(interquartile range 1-4 h). It is worth noting that in the
PIVOT trial, PnR was performed in the office, whereas
in the present study PnR was performed in the operating
room. Our data suggests that PnR, even when performed
in the operating room, with a longer interval between
diagnosis and treatment, it is successful in achieving
excellent anatomic and functional outcomes.

In the present study, the main cause of surgical fail-
ure was related to additional (most likely missed reti-
nal breaks) (66.6% of failures), in line with the results
reported in previous studies [19]. These additional reti-
nal breaks were detected in eyes with persistent retinal
detachment after PnR in the post-operative ophthalmo-
logical assessment. In cases of primary surgical failure,
PPV in combination with phacoemulsification and IOL
implant was performed, and none of the patient was
treated with a second bubble injection. Overall, final
anatomical reattachment was achieved in every patient
(100%). Moreover, we observed that primary surgical fail-
ure was more frequent in eyes of patients with older age,
extent of retinal detachment, foveal involvement, worse
BCVA at presentation and increased time from diagnosis
to treatment. There are two main mechanisms responsi-
ble for reattaching the retina after the injection of gas: the
gas bubble tamponades the retinal break, allowing the
RPE pump to reabsorb the SRF; the steamroller technique
allows the gas bubble to roll along the detached retina,
exerting a significant buoyant force to the retina, express-
ing the SRF through the retinal break back into the vitre-
ous cavity. Previous studies reported that patients older
than 60 years old, pseudophakic eyes, patients with a
worse baseline BCVA, patients with a greater extent of
retinal detachment and male gender were among the
main risk factors associated with an increased risk of
failure after PnR [19, 20]. In accordance with previous
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studies, we found that older age, extent of retinal detach-
ment and worse baseline BCVA were more frequent in
eyes of patients that presented surgical failure. Moreover,
we found that macula involvement was more frequent in
eyes of patients that presented surgical failure, as 100% of
failures occurred in patients with a macula-off RRD.

In accordance with the criteria of the PIVOT trial,
we included patients over 18 years old without setting
an upper age limit. Previous studies have indicated that
older age might increase the risk of failure in PnR [19].
In the elderly, the increased risk of surgical failure after
PnR could depend on several factors, including difficul-
ties in maintaining the required post-operative position,
the pseudophakic status, and the presence of multiple
small peripheral retinal breaks that are harder to detect
pre-operatively [21]. A recent retrospective study by
Muni and colleagues reported a primary anatomic reat-
tachment rate of 78% after 3 months in patients over 75
years old treated with PnR, a rate comparable to out-
comes achieved with other surgical techniques, such as
pars plana vitrectomy and scleral buckle [22]. Thus, we
believe that further studies are needed to compare the
outcomes of PnR performed according to the PIVOT
trial across different age groups, including a comprehen-
sive assessment of the concomitant ocular and systemic
comorbidities.

Furthermore, we observed that patients with surgical
failure due to additional retinal breaks presented a more
extensive retinal detachment and a lower visual acu-
ity at the pre-operative assessment compared to those
whose failure was due to poor compliance. (6.5+1.6 vs.
4.010.1 h, p=0.012; 1.30£0.12 vs. 0.70%£0.11 logMar,
p<0.001). A comprehensive pre-operative assessment
that includes a scleral-depressed peripheral retinal exam-
ination is essential for identifying patients suitable for
PnR. However, identifying small and peripheral breaks
in patients with extensive retinal detachment is challeng-
ing due to the obscured view caused by retinal elevation.
Hence, the results of our study suggest that patients with
extensive retinal detachment are more likely to experi-
ence a surgical failure after PnR due to the presence of
additional and most likely missed retinal breaks.

Another result of the present study was that BCVA
significantly improved in patients with fovea-off RRD
treated with PnR at 6 months, with a final BCVA of 0.04
LogMar, comparable with the final BCVA in patients
with fovea-on at the time of surgery (0.03 LogMar).
These results suggest that PnR is effective in restor-
ing visual acuity in patients with a fovea-off RRD, even
though this group of patients may present a higher risk
of failure compared to patients with fovea-on RRD. Sub-
jective visual function was assessed at the 6 month visits
using the NEI VFQ-25, a validated quantitative question-
naire that has been used to assess patients’ vision-related
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quality of life in various ophthalmologic diseases and
interventions [23, 24]. In the present study, the mean
composite score was 93.9% at 6 months, similar to the
mean composite score of 89% at 6 months reported in
the PIVOT trial [9]. Previously, Muni et al. reported that
patients undergoing PnR for RRD reported higher men-
tal health scores and superior vision-related functioning
scores in several subscales of the NEI VFQ-25 question-
naire during the first 6 months postoperatively compared
with PPV, with no differences at 12 months [9]. More-
over, a recent study from their group reported a higher
risk of discontinuity of the ellipsoid zone (EZ) and exter-
nal limiting membrane (ELM) at 12 months postopera-
tively in patients treated with PPV compared to PnR for
RRD repair, suggesting that less discontinuity of the EZ
and ELM may provide an anatomic basis for the reported
superior functional outcomes with PnR [25].

Complications with PnR are uncommon and generally
resolve spontaneously [26]. The intra-operative compli-
cations that can occur during PnR include “fish eggs” for-
mation with subretinal gas, injection of gas in the anterior
hyaloid or in the suprachoroidal space, vitreous incarcer-
ation in the injection tract and vitreous hemorrhage [27].
Post-operatively, PnR can determine an increased 1OP,
formation of PVR, cystoid macular edema, macular folds,
macular hole, cataract and endophthalmitis [27, 28]. In
the present study we did not encounter minor or major
complications in the patients treated with PnR. In the
PIVOT trial, 7 patients developed cystoid macular edema
(CME) and one patient developed bacterial endophthal-
mitis [8]. Both randomized trials related to PnR did not
show a significant increase in risk of PVR, and this is
likely related to the timely management of patient who
are failing PnR [6, 8]. Also, IOP issues are also extremely
rare with PnR, with most patients having normal IOP the
following day [27].

The primary advantages of pneumatic retinopexy
(PnR) are the reduced tissue trauma and the short time
required to perform the surgery. Also, PnR avoids the
need for hospitalization, making it a more cost-effective
procedure compared to PPV and scleral buckle [29, 30].
Besides these benefits, PnR have shown to offer addi-
tional structural and functional advantages, contributing
to better overall treatment outcomes [9, 25]. On the other
hand, PnR is not suitable for all types of retinal detach-
ments, particularly those with multiple or inferior breaks.
Also, it requires strict post-operative head position-
ing, which can be challenging for patients to maintain.
Additionally, PnR has a lower primary reattachment rate
compared to PPV (71-96.7%) and scleral buckling (68.2—
93.7%), potentially necessitating further procedures [31].
Overall, the results of our study suggest that using the
criteria and the surgical indications of the PIVOT trial,
PnR is likely to succeed in treating selected patients with
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primary RRD with excellent anatomic and functional
outcomes, even in the real-world setting.

The main limitation of the present study is its retro-
spective nature. Moreover, we included a small cohort of
patients, with a short follow-up of 6 months. However, in
the PIVOT trial, it was demonstrated that patients who
achieved retinal reattachment at 3 months are unlikely to
subsequently re-detach. Future studies will be necessary
to assess the primary anatomic reattachment rate, the
final reattachment rate, the subjective visual functions,
and the rate of late recurrences over a longer follow-up,
using the criteria and surgical indication of the PIVOT
trial in the real-world. Moreover, additional studies are
required to elucidate the differences in NEI VFQ-25
scores between eyes with fovea-on and fovea-off detach-
ments after PnR, as well as between eyes of patients who
experienced primary or secondary retinal reattachment,
and among different age groups.

To conclude, the results of the present study suggest
that even in a real-world setting in Italy, where the use
of PnR has been extremely limited, by using the surgical
indications and the inclusion criteria of the PIVOT trial,
PnR is likely to succeed in treating selected patients with
primary RRD with excellent anatomic and functional
outcomes. Therefore, PnR should be considered as a first
line treatment in those patients that fulfill the inclusion
criteria of the PIVOT trial.

Acknowledgements
Not applicable.

Author contributions
Conception and Design: DI, RM, RHM; Analysis and Interpretation: DI, NV, RM,
RHM; Data Collection: DI, NV, RM, AF; Overall responsability: DI, LF.

Funding
The study did not receive any funding.

Data availability
The data that support the findings of this study are available on request from
the corresponding author.

Declarations

Ethics approval and consent to participate

Ethical approval was waived by the local Ethics Committee of the University
of Bologna in view of the retrospective nature of the study and all the
procedures being performed were part of the routine care. Written informed
consent to participate and for publication was obtained.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 March 2024 / Accepted: 5 July 2024
Published online: 16 July 2024



lannetta et al. BMC Ophthalmology

(2024) 24:287

References

1.

Sultan ZN, Agorogiannis El, lannetta D, Steel D, Sandinha T. Rhegmatogenous
retinal detachment: a review of current practice in diagnosis and manage-
ment. BMJ Open Ophthalmol. 2020;5(1):e000474. https://doi.org/10.1136/
brmjophth-2020-000474.

Li JQ, Welchowski T, Schmid M, Holz FG, Finger RP. Incidence of Rhegmatog-
enous Retinal detachment in Europe - A systematic review and Meta-analysis.
Ophthalmologica. 2019;242(2):81-6. https://doi.org/10.1159/000499489.
Ferndndez-Vega Gonzalez A, Muni RH. The history of pneumatic retinopexy:
have we come full circle? Acta Ophthalmol. 2022;100(1):118-20. https://doi.
0rg/10.1111/a0s.14876.

Dominguez A. Cirugia precoz y ambulatoria del desprendimiento de retina.
Arch De La Sociedad Espanola De Oftalmologia. 1985;48(1):47-54.

Hilton GF, Grizzard WS. Pneumatic retinopexy. A two-step outpatient opera-
tion without conjunctival incision. Ophthalmology. 1986,93(5):626-41.
https://doi.org/10.1016/50161-6420(86)33696-0.

Tornambe PE, Hilton GF. Pneumatic retinopexy. A multicenter randomized
controlled clinical trial comparing pneumatic retinopexy with scleral buck-
ling. The retinal detachment Study Group. Ophthalmology. 1989,96(6):772—
83. https://doi.org/10.1016/50161-6420(89)32820-x. discussion 784.
Tornambe PE, Hilton GF, Brinton DA, et al. Pneumatic retinopexy. A two-year
follow-up study of the multicenter clinical trial comparing pneumatic retino-
pexy with scleral buckling. Ophthalmology. 1991;98(7):1115-23.

Hillier RJ, Felfeli T, Berger AR, et al. The pneumatic Retinopexy versus Vitrec-
tomy for the management of primary rhegmatogenous retinal detachment
outcomes randomized trial (PIVOT). Ophthalmology. 2019;126(4):531-9.
https://doi.org/10.1016/j.0phtha.2018.11.014.

Muni RH, Francisconi CLM, Felfeli T, et al. Vision-related functioning in patients
undergoing pneumatic retinopexy vs vitrectomy for primary rhegmatog-
enous retinal detachment: a Post Hoc exploratory analysis of the PIVOT
Randomized Clinical Trial. JAMA Ophthalmol. 2020;138(8):826-33. https://doi.
0rg/10.1001/jamaophthalmol.2020.2007.

Lee CS, Shaver K, Yun SH, Kim D, Wen S, Ghorayeb G. Comparison of the
visual outcome between macula-on and macula-off rhegmatogenous retinal
detachment based on the duration of macular detachment. BMJ Open Oph-
thalmol. 2021,6(1):000615. https://doi.org/10.1136/bmjophth-2020-000615.
Yorston D, Donachie PHJ, Laidlaw DA, et al. Factors affecting visual recovery
after successful repair of macula-off retinal detachments: findings from a
large prospective UK cohort study. Eye (Lond). 2021;35(5):1431-9. https://doi.
0rg/10.1038/541433-020-1021-y.

Sothivannan A, Eshtiaghi A, Dhoot AS, et al. Impact of the time to surgery

on visual outcomes for Rhegmatogenous Retinal detachment repair: a
Meta-analysis. Am J Ophthalmol. 2022,244:19-29. https://doi.org/10.1016/j.
2j0.2022.07.022.

Haq Z, Mittra RA, Parke DW, IMPACT OF FOVEAL STATUS AND TIMING

OF SURGERY ON VISUAL OUTCOME IN RHEGMATOGENOUS RETINAL
DETACHMENT, et al. Retina. 2024;44(1):88-94. https://doi.org/10.1097/
IAE.0000000000003913.

Lewis GP, Charteris DG, Sethi CS, Leitner WP, Linberg KA, Fisher SK. The

ability of Rapid Retinal Reattachment to stop or reverse the Cellular and
molecular events initiated by detachment. Investig Ophthalmol Vis Sci.
2002;43(7):2412-20.

Malosse L, Rousseau H, Baumann C, et al. Prevalence and risk factors for outer
retinal layer damage after macula-off retinal detachment. Br J Ophthalmol.
2020;104(5):660-5. https://doi.org/10.1136/bjophthalmol-2019-314236.

20.

22.

23.

24.

25.

27.

28.

29.

30.

31.

Page 8 of 8

Figueiredo N, Sarraf D, Gunnemann F, et al. Longitudinal Assessment of
Ellipsoid Zone Recovery using En face Optical Coherence Tomography after
Retinal Detachment Repair. Am J Ophthalmol. 2022;236:212-20. https://doi.
0rg/10.1016/j.aj0.2021.10.012.

Mangione CM, Lee PP, Gutierrez PR, et al. Development of the 25-item
National Eye Institute Visual Function Questionnaire. Arch Ophthalmol.
2001;119(7):1050-8. https://doi.org/10.1001/archopht.119.7.1050.

Huang CY, Mikowski M, Wu L. Pneumatic retinopexy: an update. Graefes

Arch Clin Exp Ophthalmol. 2022;260(3):711-22. https://doi.org/10.1007/
500417-021-05448-x.

Gorovoy IR, Eller AW, Friberg TR, Coe R. Characterization of pneumatic
retinopexy failures and the pneumatic pump: a new complication of
pneumatic retinopexy. Retina. 2014;34(4):700-4. https://doi.org/10.1097/
IAE.0000000000000002.

Davis MJ, Mudvari SS, Shott S, Rezaei KA. Clinical characteristics affecting the
outcome of pneumatic retinopexy. Arch Ophthalmol. 2011;129(2):163-6.
https://doi.org/10.1001/archophthalmol.2010.352.

Lois N, Wong D. Pseudophakic retinal detachment. Surv Ophthalmol.
2003;48(5):467-87. https://doi.org/10.1016/50039-6257(03)00083-3.

Shor R, Melo IM, Motekalem Y, Zajner C, Muni RH. Pneumatic retinopexy for
Rhegmatogenous Retinal detachment in Elderly patients. Ophthalmol Retina.
2023;7(11):959-64. https://doi.org/10.1016/j.0ret.2023.07.010.

Gabrielian A, Hariprasad SM, Jager RD, Green JL, Mieler WF. The utility of visual
function questionnaire in the assessment of the impact of diabetic retinopa-
thy on vision-related quality of life. Eye (Lond). 2010;24(1):29-35. https://doi.
0rg/10.1038/eye.2009.56.

Okamoto F, Okamoto Y, Hiraoka T, Oshika T. Vision-related quality of life

and visual function after retinal detachment surgery. Am J Ophthalmol.
2008;146(1):85-90. https://doi.org/10.1016/}.aj0.2008.02.011.

Muni RH, Felfeli T, Sadda SR, et al. Postoperative photoreceptor Integrity
following pneumatic Retinopexy vs pars Plana Vitrectomy for Retinal Detach-
ment Repair. JAMA Ophthalmol. 2021;139(6):620-7. https://doi.org/10.1001/
jamaophthalmol.2021.0803.

Hilton GF, Tornambe PE, Brinton DA, et al. The complication of pneumatic
retinopexy. Trans Am Ophthalmol Soc. 1990;88:191-210.

Wirostko WJ, Han DP, Perkins SL. Complications of pneumatic

retinopexy. Curr Opin Ophthalmol. 2000;11(3):195-200. https://doi.
0rg/10.1097/00055735-200006000-00008.

Erdogdu E, Kayikci G, Aksoy FE, Uygur A, Artunay O. PNEUMATIC RETINOPEXY:
analysis of risk factors and complications in 850 cases. Retina. 2024;44(6):965—
73. https://doi.org/10.1097/IAE.0000000000004056.

Narula R. Pneumatic retinopexy: a cost-effective alternative. Indian J Ophthal-
mol. 2018,66(3):426-7. https://doi.org/10.4103/ijo.lJO_69_18.

Stewart S, Chan W. Pneumatic retinopexy: patient selection and specific
factors. Clin Ophthalmol. 2018;12:493-502. https://doi.org/10.2147/OPTH.
S137607.

Kobashi H, Takano M, Yanagita T, et al. Scleral buckling and pars plana vitrec-
tomy for rhegmatogenous retinal detachment: an analysis of 542 eyes. Curr
Eye Res. 2014;39(2):204-11. https://doi.org/10.3109/02713683.2013.838270.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1136/bmjophth-2020-000474
https://doi.org/10.1136/bmjophth-2020-000474
https://doi.org/10.1159/000499489
https://doi.org/10.1111/aos.14876
https://doi.org/10.1111/aos.14876
https://doi.org/10.1016/s0161-6420(86)33696-0
https://doi.org/10.1016/s0161-6420(89)32820-x
https://doi.org/10.1016/j.ophtha.2018.11.014
https://doi.org/10.1001/jamaophthalmol.2020.2007
https://doi.org/10.1001/jamaophthalmol.2020.2007
https://doi.org/10.1136/bmjophth-2020-000615
https://doi.org/10.1038/s41433-020-1021-y
https://doi.org/10.1038/s41433-020-1021-y
https://doi.org/10.1016/j.ajo.2022.07.022
https://doi.org/10.1016/j.ajo.2022.07.022
https://doi.org/10.1097/IAE.0000000000003913
https://doi.org/10.1097/IAE.0000000000003913
https://doi.org/10.1136/bjophthalmol-2019-314236
https://doi.org/10.1016/j.ajo.2021.10.012
https://doi.org/10.1016/j.ajo.2021.10.012
https://doi.org/10.1001/archopht.119.7.1050
https://doi.org/10.1007/s00417-021-05448-x
https://doi.org/10.1007/s00417-021-05448-x
https://doi.org/10.1097/IAE.0000000000000002
https://doi.org/10.1097/IAE.0000000000000002
https://doi.org/10.1001/archophthalmol.2010.352
https://doi.org/10.1016/s0039-6257(03)00083-3
https://doi.org/10.1016/j.oret.2023.07.010
https://doi.org/10.1038/eye.2009.56
https://doi.org/10.1038/eye.2009.56
https://doi.org/10.1016/j.ajo.2008.02.011
https://doi.org/10.1001/jamaophthalmol.2021.0803
https://doi.org/10.1001/jamaophthalmol.2021.0803
https://doi.org/10.1097/00055735-200006000-00008
https://doi.org/10.1097/00055735-200006000-00008
https://doi.org/10.1097/IAE.0000000000004056
https://doi.org/10.4103/ijo.IJO_69_18
https://doi.org/10.2147/OPTH.S137607
https://doi.org/10.2147/OPTH.S137607
https://doi.org/10.3109/02713683.2013.838270

	﻿Pneumatic retinopexy for primary rhegmatogenous retinal detachment: from a clinical trial to the real-life experience
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population and clinical assessment
	﻿Surgical intervention
	﻿Statistical analysis

	﻿Results
	﻿Demographic characteristics
	﻿Primary outcome
	﻿Secondary outcomes

	﻿Discussion
	﻿References


