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Abstract

Purpose To evaluate the outcomes and
complications of 25-gauge (G) pars plana
vitrectomy (PPV) for repair of diabetic
tractional retinal detachment (TRD).
Methods Retrospective review of
consecutive, single-surgeon 25-G PPV cases
between July 2007 and July 2014. Seventy
eyes from 55 patients were operated on for
diabetic TRD; all eyes were tamponaded with
sulfur hexafluoride, octofluoropropane,
silicone oil, or balanced salt solution. Mean
age at surgery was 47.7 years (range 23–76
years), and mean length of follow-up was
713 days (range 90–2368 days; median
671 days). Primary outcomes included best-
corrected visual acuity (BCVA), intraocular
pressure (IOP), anatomic success,
redetachment, and endophthalmitis.
Results Preoperatively, 49 eyes (70%) had a
concurrent rhegmatogenous component (8 of
which also had proliferative vitreoretinopathy
(PVR)). Mean BCVA improved from
logarithm of the minimal angle of resolution
1.59 (20/800, SD 0.88) to 0.68 postoperatively
(20/100, 0.77), P-valueo0.001. Mean IOP
increased from 15.9 to 20mmHg 1 day after
surgery. Elevated postoperative IOP
(≥22mmHg) occurred in 25 eyes, and low
IOP (≤ 5mmHg) occurred in 2 eyes. Primary
reattachment was achieved in 63 eyes (90%),
and final anatomical success occurred in 69
eyes (99%). There were no cases of
endophthalmitis.
Conclusions Twenty-five-G PPV repair
was safe and effective in the repair of
diabetic TRD, including eyes with a
combined rhegmatogenous detachment or
PVR. Gas, silicone oil, and balanced salt
solution tamponading agents all proved to
be efficacious in this surgical population.
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Introduction

Tractional retinal detachment (TRD) is a major
cause of vision loss in patients with proliferative
diabetic retinopathy (PDR).1,2 In about 5–10%
of cases of retinal detachment, anatomical
and visual prognoses are complicated by
proliferative vitreoretinopathy (PVR).3,4 Surgical
management of diabetic TRD, with or without
PVR, may often be challenging.
Repair of complicated vitreoretinal disease,

such as diabetic TRD, has conventionally been
accomplished via 20-gauge (G) or 23-G pars
plana vitrectomy (PPV) systems. However, the
25-G pars plana vitrectomy (PPV) system, first
described by Fujii and colleagues in 2002,5 offers
many advantages over 20- or 23-G PPV. These
include reduced operative times, reduced post-
operative inflammation, faster visual recovery,
increased patient comfort, reduced rate of
intraoperative retinal break formation,
avoidance of conjunctival dissection and limbal
stem cell damage, and less induced corneal
astigmatism.5–12

Upon its advent, 25-G PPV was applied
towards treating macular holes, idiopathic
epiretinal membranes, refractory macular
edema, and non-clearing vitreous hemorrhage.13

There were concerns that fragility or inadequate
variety of instrumentation may limit its
usefulness in more complicated surgical
disease.14,15 However, instrumentation has
expanded,16 and stiffer 25-G instrumentation has
led to successful outcomes of 25-G PPV for a
wide variety of vitreoretinal pathologies.6

Given the benefits of 25-G systems, several
studies have investigated its use in the treatment
of complicated retinal detachment, including
diabetic TRD; comparable outcomes and
complication rates between 25-G PPV and 20-G
or 23-G systems have been found.6,7,17–20

However, these studies included limited
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numbers of TRD eyes and only evaluated silicone oil or
octofluoropropane (C3F8) tamponades. This study aims
to evaluate the effectiveness of 25-G PPV and a variety of
tamponade agents in a large population of eyes with
diabetic TRD, many of which also had combined
rhegmatogenous retinal detachments (RRD) or PVR.

Materials and methods

We conducted a retrospective review of the medical
records of all surgical cases performed by a single
vitreoretinal surgeon (JIL) at the University of Illinois
Hospital, between July 2007 and July 2014. The study was
conducted in compliance with the Health Insurance
Portability and Accountability Act and was approved by
the Institutional Review Board at the University of
Illinois, Chicago. Eyes that underwent 25-G PPV for
primary repair of a diabetic TRD were eligible for
inclusion; patients with o3 months of postoperative
follow-up, or patients with other proliferative
vitreoretinopathy disease (such as proliferative sickle cell
retinopathy) were excluded. No patients underwent
preoperative treatment with anti-VEGF agents.
PPV was performed using the Alcon Accurus or Alcon

Constellation 25-G vitrectomy machines (Alcon
Laboratories, Inc., Fort Worth, TX, USA), with a maximum
cut rate of 5000 cuts per min and maximum vacuum rate
of 650mmHg. In cases that required bimanual technique
for dissection of extensive fibrovascular membranes, an
illuminated 25-G pick or a 25-G self-retaining chandelier
illumination fiber was utilized. All cases underwent
vitrectomy and vitreous base shaving using a wide-angle
viewing system and scleral depression during the vitreous
base dissection. Perfluro-n-octane (PFO) liquid was used
as needed. Endolaser photocoagulation was applied for
treatment of neovascularization or to barricade retinal
breaks. Fluid-air exchange followed by injection of sulfur
hexafluoride (SF6), C3F8, silicone oil, or balanced salt
solution (BSS) was performed to tamponade retinal breaks
or detachments. The choice of tamponade was determined
by the extent of detachment, amount of traction, existence
of a rhegmatogenous component and, in rare cases, the
patient’s preoperative preference for silicone oil instead
of gas.
In patients with a preoperative visually significant

cataract, cataract extraction and implantation of an
acrylic, foldable intraocular lens was performed via pars
plana lensectomy or phacoemulsification through a clear
corneal incision.
All sclertomies in this series were sewn to prevent

against postoperative hypotony or infection, as
discussed later.
Primary outcome measures included postoperative

best-correct Snellen visual acuity (BCVA), postoperative

intraocular pressure (IOP) measured by Goldmann
applanation tonometry or a Tono-pen XL applanation
tonometer (Reichert Technologies, Depew, NY, USA),
and rates of postoperative complications including
redetachment, vitreous hemorrhage, epiretinal membrane
formation, ocular hypertension or hypotony, and
endophthalmitis.
BCVA was measured using the standard Snellen visual

acuity chart and converted to the logarithm of the
minimal angle of resolution (LogMAR) visual acuity.21

Peak BCVA at any time during the postoperative period
was used to represent the postoperative LogMAR visual
acuity. Preoperative and postoperative LogMAR values
were compared with a paired, two-tailed t-test, and a
P-value o0.05 was considered statistically significant.
Outcomes for all eyes, as well as per form of

tamponade were performed. Given variability in location
and type of retinal detachments, subgroup analysis was
also performed in regards to macular involvement,
existence of a rhegmatogenous component, and existence
of PVR.

Results

Patient demographics

Seventy eyes from 55 patients were included in this study
(Table 1). The mean age of all patients was 47.7 years
(range, 23–76 years) and mean length of follow-up was
713 days (range, 90–2368 days; median 671 days). Of note,
6 of our 55 patients were lost to follow-up between 3 and
6 months after surgery. Four of them were tamponaded
with SF6, 1 with C3F8 and 1 had BSS; none had PVR.
Mean follow-up excluding these patients was 775 days
(range 204–2368 days; median 730 days). All 55 patients
were included for data analysis.

Table 1 Patient characteristics

Number of eyes 70
Number of patients 55
Male/female 23/32 (42%/58%)
Mean age at surgery (years) 47.7
Mean length of follow-up (days) 713
Median lenth of follow-up (days) 671
Mean preoperative IOP (mmHg) 15.9
Mean postoperative day 1 IOP (mmHg) 20
Eyes phakic preoperatively 66 (94%)
Eyes with lens extracted in combination
with PPV

10 (14%)

Eyes with PFO used intraoperatively 15 (21%)
Eyes with preoperative vitreous
hemorrhage present

53 (76%)

Mean operative time (min) 118

Abbreviations: IOP, intraocular pressure; PFO, perfluoro-n-octane;
PPV, pars plana vitrectomy.
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Mean preoperative IOP was 15.9 mmHg (range,
7–30mmHg); preoperative IOP was unavailable for one
eye. Preoperative vitreous hemorrhage was present in 53
eyes. Four eyes were pseudophakic preoperatively, while
the remaining 66 eyes were phakic-10 had a visually
significant cataract that required extraction during the
primary TRD repair.

Operative findings

Forty-nine out of 70 eyes (70%) had a combined
rhegmatogenous and tractional retinal detachment, and 8
of these eyes (11%) also had PVR. During surgery, five
eyes had a sclerotomy site enlarged to 20-G. In four eyes
this was performed secondary to instrumentation; three
required the use of a 20-G fragmentor for lensectomy,
whereas another required the use of a 20-G endolaser
because the 25-G model was unavailable. For the fifth eye,
a sclerotomy was enlarged to acquire a sample of
neovascularization of the disc for research purposes. For
all eyes with an enlarged sclerotomy, a 20–25-G plug
was utilized to allow for continued use of 25-G
instrumentation. PFO liquid was used for intraoperative
flattening of detached retina in 15 eyes. All eyes were
ultimately tamponaded with SF6 (22 eyes), C3F8 (22), BSS
(21), or silicone oil (5).
Mean operative time was 118min (range, 52–270min);

operative time was unavailable for six eyes.

Surgical outcomes

For all eyes, mean preoperative BCVA improved from
LogMAR 1.59 (20/800, SD 0.88, 95% confidence interval
(CI) 1.38–1.80) to 0.68 (20/100, 0.77, 0.50–0.86) after
surgery, Po0.001. Postoperative BCVA improvements
were found in all forms of tamponade. Eyes with SF6 gas
improved from LogMAR 1.48 (20/600, SD 0.64, CI
1.17–1.76) to 0.51 (20/60, 0.65, 0.30–0.72 ), Po0.001. Eyes
with C3F8 gas improved from 1.49 (20/600, 0.99,
1.07–1.90) to 0.95 (20/175, 0.93, 0.56–1.34), Po0.05. Eyes
with BSS tamponade improved from 1.69 (20/1000, 0.96,
1.28–2.1) to 0.42 (20/50,.40, 0.25–0.59), Po0.001. Eyes that
underwent silicone oil tamponade had the worst mean

preoperative BCVA of 2.15 (20/3000, 0.98, 1.29–3.01), and
improved to a mean of 1.53 (20/700,1.10, 0.57–2.49),
P= 0.37 (Table 2). Of note, four eyes, one in each
tamponade group, had pre- or postoperative visual
acuities that were light perception or worse, and therefore
could not be converted to LogMAR.21 Three eyes had a
preoperative visual acuity of light perception; two
improved postoperatively to 20/400, whereas the other
remained at light perception. A fourth eye worsened from
hand motion to light perception, due to neovascular
glaucoma and recurrent, dense vitreous hemorrhage.
As shown in Table 3, 49 eyes with a combination

tractional and rhegmatogenous detachment improved
from a preoperative mean LogMAR BCVA of 1.54
(20/700, 0.85, 1.30–1.80) to 0.80 (20/125, 0.87, 0.56–1.04),
Po0.001. Of the 21 eyes with solely a TRD, Snellen acuity
improved from a mean of 1.7 (20/1000, 0.95, 1.29–2.11)
to 0.42 (20/50, 0.40,0.25–0.54), P o0.001. Thirty-nine
patients had a detachment involving the macula;
preoperative BCVA was 1.61 (20/800, 0.82, 1.35–1.87) and
improved to 0.86 (20/145, 0.76, 0.62–1.10), Po 0.001.
Thirty-one patients were operated on prior to macular
involvement; among these eyes, vision improved from a
mean of 1.56 (20/725, 0.96, 1.22–1.90) to 0.47 (20/60, 0.74,
0.21–0.73), Po0.001. Of the eyes that a combined TRD
and RRD, 8 also had pre-existing PVR; in this group,
preoperative mean BCVA of 2.3 (20/4000, 0.76, 1.77–3.06)
improved to 1.88 (20/1500,1.25, 1.01–2.75), P= 0.31.
Overall, primary reattachment was achieved in 63 eyes

(90%). Six eyes redetached, and 5 were reattached with a
total of six additional surgeries; final anatomical success
was therefore achieved in 69 eyes (99%). One eye was noted
to have a macular sparing TRD at the last visit; vision was
hand motion and limited by severe retinal ischemia, and
the patient declined further surgical intervention.

Postoperative complications

Mean post-operative day-1 IOP was 20mmHg (range,
2–45mmHg). Postoperative day-1 IOP was unavailable
for five eyes, however, all patients were closely followed
and postoperative week-1 IOP values were available
(week-1 values were not substituted into the data

Table 2 Visual acuity outcomes and anatomical success per form of tamponade

Form of
tamponade

Number
of eyes

Mean preoperative visual
acuity (LogMAR)

Mean peak postoperative
visual acuity (LogMAR)

P-value Eyes with primary
reattachment achieved

Eyes with final anatomical
success achieved

SF6 Gas 22 1.48 (~20/600) 0.51 (~20/60) o0.001 20 (91%) 21 (96%)
C3F8 Gas 22 1.49 (~20/600) 0.95 (~20/175) o0.05 18 (82%) 22 (100%)
BSS 21 1.69 (~20/1000) 0.42 (~20/50) o0.001 21 (100%) 21 (100%)
Silicone Oil 5 2.15 (~20/3000) 1.53 (~20/700) 0.37 4 (80%) 5 (100%)
Overall 70 1.59 (~20/800) 0.68 (~20/100) o0.001 63 (90%) 69 (99%)

Abbreviations: BSS, balanced salt solution; LogMAR, logarithm of the minimum angle of resolution.
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analysis). Elevated IOP (≥ 22mmHg) on postoperative
day 1 occurred in 25 eyes. Specifically, this occurred in 10
eyes with SF6 gas (45% of eyes in this group), 9 eyes with
C3F8 gas (41%), 5 eyes with BSS (24%), and 1 eye with
silicone oil (20%). Two of these SF6 eyes had a combined
lensectomy (50% of total combined lensectomies in this
group), one of the C3F8 eyes (100%), two of the BSS eyes
(67%), and one of the silicone oil eyes (50%). Most cases of
postoperative ocular hypertension were adequately
managed with topical medications, however, few
complicated cases occurred in each group. One of the eyes
with SF6 was noted to have an IOP of 24mmHg
preoperatively, which rose to 38 on postoperation day 1;
this was initially resistant to topical medications
necessitating an anterior chamber tap, and intraocular
pressures were thereafter maintained in the teens with
topical medicine. However, 2 months after surgery, this
eye was found to have a pressure of 44mmHg secondary
to neovascular glaucoma, requiring transcleral diode laser
cyclophotocoagulation. Further, one eye with C3F8 was
found to have an IOP of 40mmHg on postoperative day 4,
associated with a hyphema. Another eye in this group
was found to have consistently elevated pressures in the
30 s secondary to development of neovascular glaucoma,
leading to implantation of an Ahmed valve 4 months after
surgery. One silicone oil eye with elevated postoperative
day-1 pressure was found to have a hemorrhagic
choroidal effusion.
Two eyes were hypotonous (IOP ≤5mmHg) on

postoperative day 1 (1 with SF6, 1 with BSS). For both
eyes the hypotony self-resolved during the first
postoperative week, without further sequelae.
In eyes with SF6 tamponade, primary reattachment of

the retina was achieved in 20 eyes (91%); of the two eyes
that re-detached, one was successfully repaired while the
other was not re-operated on secondary to patient
preference and severe retinal ischemia from diabetic
retinopathy, as aforementioned. In this group, two eyes
(9.1%) developed a cataract requiring surgery, eight eyes
(36.3%) developed an ERM (one eye required a
membranectomy), and four (18.2%) had recurrent
vitreous hemorrhage (no eyes required reoperation for
this). These outcomes, including final BCVA for
reoperated eyes, are shown in Table 4.
In eyes with C3F8 gas, primary reattachment was

achieved in 18 eyes (82%); all four eyes that had
redetachments were successfully repaired with
subsequent surgery (five total surgeries for the four eyes).
Eight eyes (36.4%) developed a visually significant
cataract necessitating removal, three (13.6%) developed
an ERM (one required surgery), and five developed
recurrent vitreous hemorrhage (one requiring surgery).
All 21 eyes with BSS tamponade had primary

reattachment. Three eyes (14.%) developed cataract withT
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subsequent extraction, five (23.8%) developed an ERM
(none needing surgery by the conclusion of this study),
and seven (33.3%) had recurrent vitreous hemorrhage
(three requiring reoperation).
Of the five eyes with silicone oil tamponade, primary

reattachment was achieved in four (80%), and the eye that
redetached was successfully repaired with one additional
surgery. Two eyes in this group had a combined lensectomy
with primary surgery, and an additional eye developed a
visually significant cataract requiring surgery. One eye in
this group developed an ERM, and one had a recurrent
vitreous hemorrhage (neither with further surgery).
At their latest visit, four eyes had no light perception

vision but were attached anatomically; preoperative
visual acuity was hand motion for these eyes, and they
had progressive visual loss secondary to retinal ischemia
and neovascular glaucoma.
There were no cases of postoperative endophthalmitis

observed during this study.

Discussion

Use of 25-G PPV is gaining popularity in the treatment of
a wide range of surgical vitreoretinal conditions. In
regard to complicated TRD repair, 25-G PPV may offer
several theoretical benefits over larger gauge systems.
Smaller gauge PPV has more stable fluidics from
diminished flow (smaller radius of 25-G tubing), which,
with high cut rates, may minimize the risk of iatrogenic
retinal breaks.16 Breaks may also be avoided via smaller
microcannulas, as they may better preserve the vitreous
base and prevent vitreal incarceration and dragging.10

Twenty-five-gauge instrumentation also allows easier
access to small areas, providing safer vitrectomy and
more precise dissection of membranes.12,16

Still, there remain documented concerns with the use of
25-G PPV for complicated surgical cases, including
diabetic TRD. Some worry that the flexibility of 25-G
instrumentation may prevent adequate rotation of the
eye, limiting the removal of peripheral vitreous or
preretinal diabetic membranes and ultimately leading
to recurrent detachments.12,16 However, stiffer
instrumentation is now available. In our series,
redetachment rates were low, as 63 of 70 eyes (90%)
achieved primary reattachment and final anatomical
success was achieved in 69 of 70 eyes (99%).
Another concern with (25G) sutureless PPV surgery is

postoperative hypotony (here defined as IOP
≤ 5mmHg).16 In a study by Bamonte et al,22 ~ 9.2% of
eyes were hypotonous 1 day after primary 25-G
vitreoretinal surgery; higher rates were incidentally found
with fluid tamponades.22,23 In our study, two eyes were
hypotonous on postoperative day 1—one eye with SF6
tamponade and the other with BSS; the hypotonyT
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resolved within 1 week without further intervention. It
has been reported that 0.5-mm 25-G sclerotomy wounds
heal more rapidly than 20-G wounds,16,24 perhaps
supporting our observation that post 25-G PPV hypotony
can self-resolve within a few days to a week.12,16

Nonetheless, hypotony is a serious concern and must be
closely monitored as it can lead to choroidal detachment,
escape of gas, and inadequate tamponade,12 or increased
susceptibility to infection.22 To prophylactically prevent
hypotony or other sequelae of would-be sutureless
wounds, all sclerotomies in our series were sewn. Of note,
those who prefer to leave sclerotomies sutureless have
advocated hyoptony-preventative techniques such as
oblique sclerotomy incisions,16,25 conjunctival
displacement prior to cannula insertion, or fluid-air/gas
exchange at the completion of the case.16

Increased risk of endophthalmitis with 25-G surgery
has been also been noted, presumably from direct
inoculation of conjunctival bacteria during trocar
insertion, decreased infusion rates during vitrectomy,
and sutureless sclerotomies.16,22 In a large series,
comparing endophthalmitis rates from 20- and 25-G
vitrectomy surgeries, Kunimoto and Kaiser26 found a
statistically significant increase in infection rates (0.018%
vs 0.23%) in those undergoing 25-G vitrectomy.
However, many other large series have failed to find a
such a difference.27–29 It is still imperative to undertake
measures to avoid this critical complication by either
tunnelling or angling the entry with the trocar or by
suturing the sclerotomy site at the end of surgery. In our
series, a sclerotomies were sutured. No eyes developed
endophthalmitis in this study, and other complications
with 25-G PPV in this study were relatively rare
(Table 3).
Given the aforementioned benefits of 25-G PPV,

studies have evaluated its use in diabetic TRD repair.
Most studies were limited in size, retrospective, and
utilized primarily silicone oil.6,7,17–19 However, a
prospective, randomized study by Kumar and
colleagues compared the visual and anatomic success
rates of 23-G versus 25-G PPV with C3F8 or silicone oil
tamponade for repair of diabetic TRD (25 eyes in both
groups). Complication rates were similar, and anatomic
success was achieved in all 50 eyes in the study.20 Our
study also demonstrates favorable outcomes of 25-G
PPV, yet with a wider range of tamponades—SF6,
C3F8, silicone oil, or BSS. Many eyes in our series had
macula off detachments, combined rhegmatogenous
detachments, or PVR, yet anatomic success was high,
BCVA greatly improved for most patients, and
complication rates were low. The few eyes that were
tamponaded with silicone oil (5 out of 70) in this study
had extensive and complicated detachments, and even
though statistical significance for postoperative BCVA

was not seen in this series (possibly because of a small
number of patients in this group), they still realized
significant improvements in central visual acuity. We
believe this to be clinically significant.

While strengths of this study include a large population
of eyes with diabetic TRD operated on by a single surgeon
at a single institution, there are limitations. Postoperative
acuity results were confounded by many variables—
differences in the amount of preoperative vitreous
hemorrhage, chronicity of the RD, degree of PDR and
retinal vascular disease, worsening of preexisting
glaucoma, and development or removal of a cataract.
Conclusions of BCVA outcomes per type of tamponade
may also be limited by patient selection bias secondary
to location and severity of retinal detachment. Most
importantly, however, the focus of this study on 25-G
PPV does not allow for a direct comparison with other
systems. Still, the results of this study suggest that 25-G
PPV with SF6, C3F8, silicone oil, or BSS is a safe and
effective modality for the treatment of complicated
diabetic TRD.

Summary

What was known before
K Twenty-five-gauge pars plana vitrectomy offers

many benefits over larger gauge systems—namely
reduced operative times, reduced post-operative
inflammation, faster visual recovery, increased
patient comfort, reduced rate of intraoperative retinal
break formation, avoidance of conjunctival dissection and
limbal stem cell damage, and less induced corneal
astigmatism.

K Several small studies have investigated the use of 25-G
vitrectomy for complicated retinal detachment, including
diabetic tractional retinal detachment (TRD); comparable
outcomes and complication rates between 25-G PPV (with
silicone oil or octofluoropropane only) and 20-G or 23-G
systems have been found.

What this study adds
K In our large series, 25-gauge vitrectomy was effective and

safe in the repair of diabetic tractional retinal detachment,
including surgically complicated cases of combined
tractional and rhegmatogenous detachments or
proliferative vitreoretinopathy.

K Sulfur hexafluoride, octofluoropropane, silicone oil, or
balanced salt solution may all be safely and effectively
used as tamponade agents in 25-gauge repair of diabetic
TRD.
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