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Objective: To report visual acuity in patients undergoing pars plana vitrectomy (PPV)

reoperations for complications of proliferative diabetic retinopathy (PDR).

Design: Retrospective case series.

Subjects: Diabetic patients undergoing reoperation with PPV between 2015 and 2018 at

a university referral center.

Methods: Patient charts were reviewed for indication for initial and repeat PPV, baseline

clinical characteristics including gender, age, and lens status, and pre- and post-operative

best-corrected visual acuity.

Main Outcome Measures: Best-corrected visual acuity at last follow-up.

Results: Of 538 eyes (409 patients) undergoing a PPV for diabetic retinopathy, 153 (28.4%)

eyes had reoperation. Among the 130 eyes (119 patients) that met the inclusion criteria, 55

eyes (50 patients) underwent reoperation for complications of PDR, defined as non-clearing

vitreous hemorrhage (NCVH) and/or tractional retinal detachment (TRD). Within this sub-

group of 55 eyes, 19 (34.5%) eyes had an indication for the first surgery of NCVH. Fourteen

(73.7%) of these NCVH eyes achieved a visual acuity of 20/80 or better. When the indication

for the first surgery was TRD (33 eyes, 60%), 8 (24.2%) eyes achieved this same outcome

(p=0.0011).

Conclusion: Approximately one of every four eyes treated with PPV for PDR will undergo

repeat PPV during follow-up. VA outcomes after the repeat PPV were variable, with NCVH

cases achieving better outcomes compared to TRD.
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Background
Diabetic retinopathy is the leading cause of blindness among working-age adults.1

There are approximately 93 million people with diabetic retinopathy worldwide,

17 million of whom have proliferative diabetic retinopathy (PDR).2 The prevalence

of diabetes is expected to continue to increase in the coming years.3

The advent of anti-vascular endothelial growth factor (VEGF) therapy has

greatly improved outcomes in the treatment of diabetic retinopathy.4,5 From 2001

to 2012, while the general overall rate of vitrectomy among a large managed-care

cohort rose by 31%, the rate of pars plana vitrectomy (PPV) among diabetics

decreased by 43%.6 However, despite these improvements, many patients still

undergo surgical intervention for complications of disease – primarily non-

clearing vitreous hemorrhage (NCVH) and tractional retinal detachment (TRD).7,8

Since the advent of vitrectomy in the 1970s, surgical techniques and instrumen-

tation have improved substantially, perhaps in part due to the use of smaller gauge
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vitrectomy systems and enhanced viewing systems.9–12

Nevertheless, prior investigations have shown that nearly

a third of patients who undergo vitrectomy for TRD go on

to require a second operation.13 The purpose of the present

study was to characterize best-corrected visual acuity

(BCVA) outcomes in such patients who undergo reopera-

tion for complications of PDR.

Methods
A computer search of a single academic institution identi-

fied all charts of patients with a diagnosis code of PDR

and a CPT® billing code of PPV from January 2015 to

August 2018. Among this cohort, all eyes requiring repeat

PPV were identified. These charts were reviewed to deter-

mine suitability for inclusion in the current study.

Exclusion criteria included <3 months of follow-up and

PPV performed at an outside institution.

Basic demographic data, indications for surgery, details

of each surgical procedure including trochar gauge, iatro-

genic breaks, and use of laser/intraoperative anti-VEGF

therapy, and VA outcomes were collected for each patient.

Patients were categorized based on the indications for

initial PPV and reoperation. Patients whose second PPV

was for an indication of TRD or NCVH were categorized

as having had a reoperation for complications of PDR.

Epiretinal membranes without TRD were not included in

the TRD category.

Visual acuities were converted to logMAR. Count fin-

gers, hand motions, and light perception vision were

assigned LogMAR values of 1.85, 2.3, and 2.7,

respectively.14 Paired t-test was used to evaluate the

mean change in BCVA after each operation and from

baseline to final follow-up. ANOVA analysis was per-

formed to assess differences in change in BCVA based

on the choice of tamponade. Fischer’s exact test was used

to compare patients achieving better than 20/80 Snellen

BCVA. Lastly, multivariable linear regression was utilized

to analyze patient factors correlating with BCVA out-

comes. A P-value <0.05 was considered statistically sig-

nificant. Statistical analysis was carried out using Stata

15.1 (StataCorp, College Station, Texas).

Institutional review board approval was obtained

from the University of Miami. Surgical consent was

obtained from all patients, and a waiver of patient con-

sent was granted for chart review given the retrospective

nature of the study. Patient confidentiality was main-

tained according to the Health Insurance Portability

and Accountability Act. The study abided by provisions

in The Declaration of Helsinki.

Results
The chart search identified 538 eyes (409 patients) with

both a diagnosis of PDR and a PPV performed for

a diabetic-related complication. Of these, 153 (28.4%)

eyes required a second vitrectomy. Twenty-three eyes

were excluded on the basis of limited follow-up or

a vitrectomy performed at an outside institution. Of the

nine eyes excluded for inadequate follow-up, six had an

indication for PPV of TRD, one of combined TRD/rheg-

matogenous retinal detachment (RRD), and two of NCVH.

Among the remaining 130 eyes (119 patients) with

reoperation for PDR, the initial PPV indication was TRD

in 96 (73.8%), NCVH in 31 (23.8%), and combined TRD/

rhegmatogenous detachment in 3 (2.3%). Eyes with an

indication for reoperation outside of NCVH or TRD such

as oil removal were not included in the final analysis

(Table 1). Eyes that underwent reoperation specifically

for NCVH, TRD, or both were categorized as having had

reoperation for persistent complications of PDR and ana-

lyzed further (55 eyes, 50 patients). Within this final study

cohort, the majority of these eyes were from type II

diabetics and had undergone various prior therapies for

diabetic retinopathy (Table 2). The mean follow-up among

the final study cohort was 130 weeks.

Among the final study cohort, the initial indication for

PPV was NCVH in 19 (35%) eyes, TRD in 33 (60%) eyes,

and combined TRD/RRD in 3 (5.5%) eyes (Table 3). If the

initial PPV was for NCVH, the second PPV was also for

Table 1 Indications for Repeat Vitrectomy in Eyes with PDR

Indication for Reoperation Number of Eyes (%)

VH 35 (26.92)

SOR 34 (26.15)

TRD 19 (14.62)

SOR/Cataract 12 (9.23)

ERM 11 (8.46)

ERM/Cataract 6 (4.62)

Cataract 3 (2.31)

MH 3 (2.31)

ERM SOR 3 (2.31)

RRD 2 (1.54)

Synechiolysis 1 (0.77)

Combined TRD/RRD 1 (0.77)

Abbreviations: PDR, proliferative diabetic retinopathy; VH, vitreous hemorrhage;

SOR, silicone oil removal; TRD, tractional retinal detachment; ERM, epiretinal

membrane; MH, macular hole; RRD, rhegmatogenous retinal detachment.
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NCVH in 18 (95%) of 19 eyes while in the remaining eye

(5.3%) it was for a new TRD. The mean time between

operations in this group was 51 (±84) weeks. If the initial

PPV was for TRD, reoperation was for NCVH in

18 (54.5%) of 33 eyes, for TRD in 14 (42.4%) eyes, and

for combined TRD/RRD in one eye.

The baseline logMAR for eyes with an initial indica-

tion for PPVof TRD was 1.29 (±0.77) logMAR (Figure 1).

There was a non-statistically significant worsening of VA

at the final visit of 0.18 logMAR to 1.47 (±0.97) logMAR

(p=0.32). The baseline logMAR for eyes with an initial

indication for PPV of NCVH was 1.37 (±0.58) logMAR

and improved by a mean of 0.96 logMAR to a final mean

acuity of 0.40 (±0.54) logMAR (p<0.0001). Both groups

worsened after the initial PPV and improved after

the second PPV (Figure 2).

Among eyes that underwent the initial PPV for a TRD,

10 (30.3%) had an initial BCVA >20/80 while at last

follow-up only 8 (24.2%) eyes had a BCVA of >20/80

(p=0.58). In this group, if the reoperation was for persis-

tent TRD (14 eyes), the BCVA worsened by a mean of

0.09 (±0.52) LogMAR (p=0.51). Meanwhile, those that

underwent the second PPV for NCVH demonstrated

mean improvement in vision of −1.16 (± 0.86) LogMAR

(p<0.0001). Among eyes with an initial indication for PPV

of NCVH, 3 of 19 (16%) eyes had initial BCVA of 20/80

or better. In this group, 14 of 19 (73.7%) eyes reached

a final Snellen VA of 20/80 or better (p=0.0003).

The initial PPV consisted of 23-gauge instrumentation

in 16 (29%) eyes, 25-gauge in 38 (69%) eyes, and 27-

gauge in 1 (1.8%) eye. The initial PPV included the use of

silicone oil tamponade in 18 (33%) eyes, SF6 in 8 (16%)

eyes, C3F8 in 6 (11%) eyes, and no gas or oil in 23 (41%)

eyes. Among the 18 eyes that received an oil tamponade

after the initial PPV, 10 had oil extraction at the subse-

quent PPV while 8 had oil exchange. The BCVAworsened

by a mean of 0.90 logMAR in eyes that had silicone oil

exchange at reoperation; the BCVA improved by a mean

of −0.36 logMAR (p=0.0018) in eyes that had oil removed

at reoperation.

The mean IOP was 16.1mmHg at baseline and

16.7mmHg at the final visit. At the final visit, 16 (29.1%)

eyes were using at least one topical IOP-lowering medica-

tion. Four (7.3%) eyes had been documented to have neo-

vascular glaucoma at baseline, and an additional four eyes

developed neovascular glaucoma during the follow-up per-

iod. Of these four, two had received pre-operative intravi-

treal bevacizumab.

Prior to the first PPV, 12 eyes (21.8%) were pseudo-

phakic. By the conclusion of the study, 52 eyes (95.4%)

were pseudophakic. A single patient was left aphakic. In

multivariable linear regression, the type of diabetes, baseline

Table 2 Baseline Characteristics Among Patients Undergoing

Reoperation for Complications of PDR

Patient Factors

Age Mean 50.6 years

Males 23 eyes (41.2%)

Pseudophakic 12 eyes (21.8%)

Type II Diabetic 46 eyes (83.6%)

Prior PRP 47 eyes (85.5%)

Prior Anti-VEGF Injection 28 eyes (50.1%)

Abbreviations: PDR, proliferative diabetic retinopathy; PRP, panretinal photocoa-

gulation; VEGF, vascular endothelial growth factor.

Table 3 Indications for Repeat Vitrectomy Amongst Eyes

Requiring Reoperation for Complications of PDR

Initial Indication for Initial PPV Indication for Reoperation

TRD: 33 eyes (60%) TRD – 14 eyes (42.4%)

NCVH – 18 eyes (54.5%)

Combined TRD/RRD – 1 eye (3%)

NCVH: 19 eyes (34.5%) NCVH – 18 eyes (94.7%)

TRD – 1 eye (5.3%)

Combined TRD/RRD: 3 eyes (5.5%) TRD – 3 eyes (100%)

Abbreviations: PDR, proliferative diabetic retinopathy; PPV, pars plana vitrectomy;

TRD, tractional retinal detachment; NCVH, non-clearing vitreous hemorrhage;

RRD, rhegmatogenous retinal detachment.

Figure 1 Mean change in visual acuity after reoperation for complications of PDR.

*P<0.0001 comparing final NCVH BCVA and baseline NCVH BCVA.

Abbreviations: PDR, proliferative diabetic retinopathy; BCVA, best-corrected

visual acuity; TRD, tractional retinal detachment; NCVH, non-clearing vitreous

hemorrhage.
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lens status, total follow-up duration, and prior treatment with

PRP were not found to correlate significantly with mean

change in BCVA (Table 4). Initial indication for surgery of

TRD as well as the use of silicone oil correlated with poor

BCVA outcomes. Worse baseline BCVAwas associated with

a greater mean change in BCVA.

Discussion
The outcomes of PPV for diabetic complications have

generally improved, probably for many reasons including

improved surgical techniques, instrumentation, and visua-

lization. Still, many patients with PDR require PPV and

even then some have poor visual and anatomic results and

will need a reoperation.15–17 Of the 538 charts reviewed

for inclusion in the present study, approximately one in

four eyes undergoing vitrectomy for PDR had a second

vitrectomy for various indications including cataract

extraction and silicone oil removal. The rate of reoperation

was similar to that observed in The Drive UK Study,

where approximately one in four eyes also had a second

vitrectomy.13

As clinical intuition would suggest, results of reopera-

tion depended on the indication for initial PPV. A majority

of NCVH reoperations yielded successful visual results,

but only a minority of TRD reoperations did so. Other than

TRD as an initial indication for surgery, the use of silicone

oil also portended worse BCVA outcomes. This is likely

due to the fact that silicone oil is more likely to be used in

more advanced TRD.18,19 Furthermore, a worse initial

BCVA correlated with greater improvement in vision.

A ceiling effect in improvement in vision among eyes

with better initial acuities most likely explains this finding.

Treatment with PRP prior to initial visit did not correlate

with BCVA outcomes as was also observed in a study by

Yorston et al.17

The current study shares the limitations of most retro-

spective studies. Data collection was limited by the infor-

mation documented in the medical record. Since the

present study included multiple surgeons at a university

center, biases of case selection and surgeon preference

were involved.

Reoperations after initial PPV for complications for

PDR are not rare. In the present study, approximately

one in four eyes that underwent an initial PPV for PDR

required a second vitrectomy. As expected, cases more

likely to yield favorable results are those with less com-

plex baseline conditions such as NCVH as compared to

TRD. Characterizing rates of reoperation and outcomes is

critical both in guiding treatment and appropriately coun-

seling patients.

Figure 2 Overall change in mean visual acuity after each vitrectomy in patients requiring reoperation. *P<0.0001 compared to baseline BCVA. LogMar Snellen Equivalents: 0 = 20/20,

0.5 = 20/63, 1 = 20/200, 1.5 = 20/632, 2 = 20/2000.

Abbreviations: BCVA, best-corrected visual acuity; TRD, tractional retinal detachment; NCVH, non-clearing vitreous hemorrhage.

Table 4 Multivariable Regression of Patient Factors Correlating

with Changes in Visual Acuity

Predictor Coefficient P-value

Prior PRP 0.43 0.270

Baseline Lens Status −0.06 0.845

Type of Diabetes 0.37 0.469

Total Follow-Up Duration −0.002 0.350

Baseline BCVA −0.52 0.009*

NCVH as Indication for Surgery −0.81 0.014*

Use of Silicone Oil 0.72 0.025*

Notes: *Indicates a statistically significant P-value<0.05.
Abbreviations: PRP, panretinal photocoagulation; BCVA, best-corrected visual

acuity; NCVH, non-clearing vitreous hemorrhage.
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