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Purpose: To compare visual acuity outcomes and diabetic retinopathy progression after
pars plana vitrectomy (PPV) versus combined pars plana vitrectomy and phacoemulsifi-
cation (PPVCE) in patients with diabetes.

Methods: Retrospective review of 222 consecutive diabetic patients undergoing PPV or
PPVCE.

Results: A total of 251 eyes of 222 patients were evaluated (PPV = 122, PPVCE = 129).
Four-year follow-up was 64% (161 eyes). Overall, patients undergoing PPVCE had better
preoperative visual acuity (PPVCE = 20/80, PPV = 20/160, P = 0.03). At 4-year follow-up,
visual acuity improved (PPV = +22, PPVCE = +11 letters) compared with baseline in both
groups. After correcting for baseline differences in visual acuity, no statistically significant
difference in final visual acuity was observed (PPVCE = 20/32, PPV = 20/50, P = 0.09).
Results did not differ substantially by surgical indication (vitreous hemorrhage, traction
retinal detachment, epiretinal membrane, and/or diabetic macular edema). Cataract pro-
gression occurred in 64%, and cataract surgery was performed in 39% of phakic eyes
undergoing PPV. Rates of diabetic retinopathy progression, vitreous hemorrhage, and
retinal detachment were not statistically different. Neovascular glaucoma developed in 2
patients (2%) after PPV and 6 patients (8%) after PPVCE (P = 0.07).

Conclusion: In diabetic patients, equivalent visual acuity improvement over 4 years was
observed after PPV or PPVCE. Visual outcomes and retinopathy progression rates were not
significantly different after either intervention, suggesting that PPVCE may be appropriate
when indicated in patients with diabetes.

RETINA 34:1960–1968, 2014

Diabetes mellitus is a global epidemic currently
affecting 366 million people worldwide and pre-

dicted to affect .500 million by the year 2030.1 Dia-
betic retinopathy (DR) is the most common
microvascular complication of diabetes and is a leading
cause of new onset blindness worldwide.1 Cataracts
are also a major cause of blindness globally, and the
rate of cataract development is three times more com-
mon in patients with diabetes.2 Phacoemulsification
and pars plana vitrectomy (PPV) are among the most
widely performed ophthalmic procedures, accounting

for .1.9 million operations per year, and are essential
procedures in the management of diabetic eye compli-
cations.3 In phakic patients, after a vitrectomy, cataract
formation is one of the most common sequelae.4,5

Blankenship and Machemer5 showed that over a 10-
year follow-up period in diabetic patients after vitrec-
tomy, 75% developed cataracts. Furthermore, the
development of cataract after vitrectomy poses addi-
tional surgical challenges for cataract extraction
because of extremely deep anterior chambers, zonular
dehiscence, and increased inflammation.6–8 Given the
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high rate of cataract formation associated with vitrec-
tomy, challenges of cataract surgery after vitrectomy,
and the possibility of fewer surgical procedures in
patients with high rates of comorbidity, combined
surgery has been an attractive treatment option for
patients with diabetes. Previous studies have demon-
strated good surgical and functional outcomes after
combined cataract extraction and vitrectomy9–13; how-
ever, there are limited data comparing the long-term
visual outcomes and DR progression rates after the
two procedures in patients with diabetes. Given the
higher associated risks in patients with diabetes and
the limited diabetes specific data on outcomes of com-
bined pars plana vitrectomy and phacoemulsification
(PPVCE) as compared with PPV alone, we compared
visual outcomes, DR progression, and complication
rates between these procedures in diabetic patients at
a tertiary academic center specializing in diabetes care.

Methods

A retrospective comparative observational study
of all consecutive patients with diabetes mellitus
undergoing either combined PPVCE or PPV alone
was performed at the Beetham Eye Institute of the
Joslin Diabetes Center in Boston, MA, from January
1, 2003, to October 31, 2006. All patients in this
study underwent either combined PPVCE or PPV
alone and had at least one ophthalmic postoperative
follow-up examination at the Beetham Eye Institute.
For follow-up evaluation, patient records were
reviewed for all visits within a 4-year period after
either PPVCE or PPV. The Joslin Diabetes Center
Institutional Review Board approved the study pro-
tocol. The study was conducted in accordance with
the Health Insurance Portability and Accountability
Act and the tenets of the Declaration of Helsinki. All
study data were recorded using standardized data
collection forms. Preoperative clinical data included
patient demographics, diabetes and medical history,
and previous DR interventions, including panretinal
photocoagulation, focal/grid laser, intravitreal injec-
tion, and vitrectomy. Additional intraoperative pro-

cedures, such as endolaser photocoagulation, were
performed at the discretion of the surgeon based on
clinical indications present in each patient. The
ophthalmic data were recorded from preoperative
1-day, 6-month, and 1-, 2-, 3-, and 4-year visits. Data
collection included Early Treatment Diabetic Reti-
nopathy Study (ETDRS) protocol refraction (ETDRS
protocol refraction generally performed during all
visits except for postoperative day 1), best-corrected
visual acuity (BCVA), intraocular pressure, anterior
segment examination (including lens examination
and iris assessment for neovascularization), clinical
ETDRS retinopathy and diabetic macular edema
(DME) severity grading, and all complications.
Individual ophthalmologists were unaware that a par-
ticular patient was included in the study at the time of
evaluation. Diabetic retinopathy severity was docu-
mented by clinical trial–certified retinal specialists at
the Beetham Eye Institute of the Joslin Diabetes Cen-
ter after standard ETDRS clinical severity grading.
Previous publications have demonstrated excellent
agreement between Beetham Eye Institute retinal
specialist grading and ETDRS photo grading.14–16

Standardized data collection forms were used in con-
junction with a highly customized electronic medical
record designed specifically to evaluate DR out-
comes at the lesion level and allow DR severity
determination.
All macular optical coherence tomography (OCT)

scans for all patients were systematically retrieved
and recorded using standardized templates. All
baseline OCT scans were obtained using the Stratus
OCT (Carl Zeiss Meditec, Inc, Dublin, CA). Post-
operative OCT scans obtained using the Cirrus (Carl
Zeiss Meditec, Inc) were converted into a common
Stratus value for central subfield thickness (CST) data
using the following equations: (Stratus = 43.12 +
1.01 · Cirrus) (Nielsen, J. Diabetic Retinopathy Clin-
ical Research Network. Equations to Convert Retinal
Thickness Measurements from Spectral Domain OCT
Machines to “Equivalent” Time Domain OCT Meas-
urements. Presented at ARVO Annual Meeting, May
6, 2013 Seattle, WA). Center-involved DME was
defined as CST of at least 250 mm (at least 2 standard
deviations beyond average normal thickness) on OCT
using a Stratus time domain device or Stratus com-
mon value as computed above.

Study Outcomes

The primary study outcome was the logarithm of
the minimum angle of resolution (logMAR) BCVA
in patients who underwent PPVCE compared with
PPV alone. Secondary outcome measures included
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rates of DR progression and ocular complications
during the study period.

Statistical Analysis

Comparisons between the PPVCE and PPV alone
groups were performed using paired t-test for normally
distributed continuous variables and Wilcoxon rank
sum test for non-normally distributed continuous var-
iables. Linear regression models were used when log-
MAR BCVA was the dependent variable, and logistic
regression models were used when DR progression
was the dependent variable, each using treatment
group as the major covariate of interest. These multi-
variable models also adjusted for baseline demo-
graphic and DR severity differences between the
groups. Categorical data expressed in percentages
were compared using a chi-square test. Ps, 0.05 were
defined as statistically significant. All statistical anal-
yses were performed using SAS statistical software,
version 9.2 (SAS Institute, Cary, NC).

Results

A total of 251 eyes of 222 consecutive diabetic
patients who underwent either PPVCE or PPV alone
were reviewed. Patient follow-up data were available
in 63% (158), 63% (159), 64% (161), and 64% (161)
at the 1-, 2-, 3-, and 4-year postoperative time points,
respectively. Phacoemulsification was performed by
three cataract surgeons at a single location using
standard procedures. Ninety-four percent of eyes had
capsular bag placement of the intraocular lens, three
eyes had an anterior chamber intraocular lens, three
eyes had a sulcus intraocular lens, and two eyes were

left aphakic. Pars plana vitrectomy was performed by
a single vitreoretinal surgeon through standard 3-port
20-gauge technique. There were 122 eyes in the
vitrectomy group and 129 eyes in the combined
surgery group.
Baseline demographics and comparisons between

the PPVCE and PPV groups are presented in Table 1.
The baseline characteristics were balanced except for
age, preoperative BCVA, hypertension, dyslipidemia,
presence of proliferative diabetic retinopathy (PDR),
previous panretinal laser photocoagulation, and previ-
ous PPV at baseline. Baseline hemoglobin A1c was
balanced between both groups (PPV 7.8% vs. PPVCE
7.9%). The PPVCE group was older (median age:
PPVCE 65 years vs. PPV 60 years), had better pre-
operative vision (PPVCE 20/80 vs. PPV 20/160), and
had less frequent PDR at baseline (PPVCE 66% vs.
PPV 89%). Fewer patients in the PPVCE group had
previous panretinal laser photocoagulation (PPVCE
63% vs. PPV 88%) and more patients in the PPVCE
group had intravitreal steroid injections or previous
vitrectomy.
Primary indications for vitrectomy (Table 2) were

vitreous hemorrhage (VH), epiretinal membrane
(ERM) and/or DME, and tractional retinal detachment
(TRD). A higher proportion of patients in the PPV
alone group underwent surgery for TRD (PPVCE
6% vs. PPV 27%), whereas more patients underwent
PPVCE for ERM/DME (PPVCE 65% vs. PPV 38%).

Visual Outcomes

Figure 1 compares preoperative with postoperative
logMAR BCVA at Year 4. Values below the diagonal
line represent patients whose vision improved postop-
eratively. The majority (PPVCE 72%; PPV 77%) of

Table 1. Baseline Characteristics

PPV (N = 122) PPVCE (N = 129)
PMedian (Range) or n (%) Median (Range) or n (%)

Gender (female, %) 61 (50) 63 (51) 0.9
Age, years 60 (25–84) 65 (25–87) ,0.001
Preoperative BCVA 20/160 20/80 0.03
Diabetes type 2 60 (49) 78 (60) 0.08
Diabetes duration, years 26 (5–69) 25 (2–76) 0.93
Hemoglobin A1c (%) 7.8 (5.3–14.9) 7.9 (5.0–13.2) 0.33
Baseline PDR 108 (89) 85 (66) ,0.001
Hypertension 97 (81) 117 (91) 0.03
Hyperlipidemia 84 (71) 108 (85) 0.01
Heart disease 30 (25) 43 (33) 0.86
Nephropathy 16 (13) 27 (21) 0.13
Hypothyroidism 17 (14) 21 (16) 0.26
Previous focal laser 41 (34) 59 (46) 0.05
Previous intravitreal triamcinolone injection 1 (1) 10 (8) 0.01
Previous panretinal laser photocoagulation 107 (88) 81 (63) ,0.001
Previous PPV 5 (4) 19 (15) 0.005
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patients in both groups had better postoperative vision
and, as expected, this improvement was highly statis-
tically significant for both groups. Three eyes were not
included in the visual acuity analysis because they
developed either light perception or no light perception
vision during follow-up (one eye in each group devel-
oped complications of neovascular glaucoma [NVG]
and one eye in the PPV group became phthisical
because of chronic retinal detachment).
The PPVCE group had better preoperative BCVA

(20/80 vs. 20/160, P = 0.03). Median postoperative
BCVA improved in both groups, being 20/50 and 20/
32 in the PPVCE and PPV groups, respectively. This
difference was not statistically significant (P = 0.09)
and remained not statistically significant even after
accounting for differences in baseline BCVA (P =
0.10). In addition, the gain or loss of 2, 3, or .3 lines
of vision was not significantly different between the
PPVCE and PPV groups (9 vs. 5%, 9 vs. 11%, and
54 vs. 71%, respectively, P = 0.17).
The change in ETDRS letter score between groups

at each point of follow-up is shown in Figure 2. The
majority of BCVA improvement in the PPVCE group
occurred within 6 months and was maintained. In con-
trast, the PPV group had substantial improvement by
6 months but a subsequent decline in BCVA at Year 1,
which was then followed by gradual improvement.
These changes were probably because of cataract pro-
gression and subsequent cataract surgery in phakic
patients undergoing PPV alone as discussed below.

Visual Outcomes by Surgical Indication

Preoperative and postoperative logMAR BCVA at
Year 4 for each surgical indication (VH, ERM/DME,
and TRD) are presented in Table 3. When compared
with preoperative BCVA, there were statistically signif-
icant improvements in BCVA at Year 4 in eyes under-
going either PPVCE or PPV for VH. However, for eyes
undergoing ERM/DME, only eyes that had combined
PPVCE had statistically significant improvements in
BCVA, although the PPV group trended toward
improvement. In contrast, in eyes undergoing the pro-
cedure primarily for TRD, only eyes undergoing PPV
alone had statistically significant improvement in
vision. However, the TRD data are limited by only five
eyes in the PPVCE group, and thus do not allow defin-
itive conclusions regarding the comparison of these sur-
gical procedures in eyes with TRD.
Visual acuity outcomes for PPVCE and PPV at

follow-up Years 1 through 4 are presented in Table 4.
There were no significant differences in BCVA out-
comes between eyes undergoing PPV alone compared
with combined PPVCE. There was a possible trend
toward better BCVA in the VH PPV group at follow-
up Years 1 and 2. Once again, PPVCE data for TRD
were limited by low numbers (eight eyes), and although
BCVA was better in the PPV group at each year of
follow-up, the findings were not statistically significant.

Influence of Cataract Progression

Seventy-four eyes (61%) that underwent PPV alone
were phakic; 47 (64%) of these phakic eyes had cataract
progression and 29 eyes (39%) required subsequent
cataract surgery within the 4-year follow-up period. To
account for differences among phakic and pseudophakic
patients within the PPV group, BCVA over time within
the PPV group was evaluated individually according to
lens status. The likelihood that these changes reflectFig. 1. Preoperative versus postoperative visual acuity at Year 4.

Fig. 2. Change in Early Treatment Diabetic Retinopathy Study letters
from baseline at each follow-up.

Table 2. Indications for Vitrectomy

Indication
PPV PPVCE

(N = 122) (N = 129)

VH 35% (42) 29% (37)
ERM and/or DME 38% (46) 65% (84)
TRD 27% (32) 6% (7)
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cataract development and subsequent cataract extraction
is supported by phakic PPV data and the timing of
cataract surgery. As shown in Figure 3, worse preoper-
ative BCVA in the PPV group seems to be driven pre-
dominantly by phakic patients. Pseudophakic patients
preoperatively had similar initial BCVA to the PPVCE
group. However, following either surgical approach,
BCVA improved and there were no significant differ-
ences in postoperative BCVA. As shown by the solid
arrow in Figure 3, the decline in BCVA generally fol-
lowed cataract progression. As noted by the open arrow-
head in Figure 3, mean time from vitrectomy to cataract
extraction was 22 months. Within 2 years of the initial
vitrectomy, 20 of the 29 patients (69%) underwent cat-
aract surgery and 17 of those patients had cataract extrac-
tion within 15 months. In eyes undergoing PPV alone
between Years 1 and 2, our results suggest that BCVA is
improved in phakic eyes by .10 letters as compared
with improvement by ,3 letters in pseudophakic eyes.
This improvement in BCVA coincides with the timing of
cataract surgery in phakic eyes.
Among phakic patients in the PPV group and the

PPVCE group, visual improvement at Year 4 did not
differ significantly between patients with VH, TRD, or
ERM/DME. Likewise, no statistically significant dif-
ference in visual improvement was observed in
pseudophakic patients in the PPV group compared
with patients in the PPVCE group who had VH, TRD,
and ERM/DME.

Diabetic Retinopathy Progression

The rates of 1-, 2-, and 3-step DR progression were
compared between the groups. The results were adjusted

for preoperative differences in retinopathy severity
because patients in the PPV group had more advanced
retinopathy (Table 5). There was no significant differ-
ence found between 1-, 2-, and 3-step DR progression,
progression to PDR, or development of VH.

Persistent or Recurrent Macular Edema

As expected because of usual clinical care, OCT
data were only available in the subgroup of patients
undergoing surgery for ERM/DME. Preoperative and
postoperative OCT data on eyes with VH and TRD
were very limited over the 4-year follow-up period
(TRD, N = 15 scans and VH, N = 21 scans). Thus,
OCT data analysis was performed only for eyes under-
going surgery primarily for ERM/DME. In these eyes,
89.1% in the PPV group and 89.2% in the PPVCE
group had baseline OCT within 1 month of the surgery
(Table 6). Baseline CST was 402 + 119 mm and 350 +
102 mm for PPV and PPVCE, respectively (P = 0.02).
Presence of center-involved DME was not statistically
different between the 2 groups, being present in 92.7%
and 81.3%, respectively (P = 0.10). Follow-up OCTs
in subsequent years were less frequent, with 1-year
follow-up macular OCT available in 54% (25) of the
PPV eyes and 58% (49) of the PPVCE eyes. At 1-year
follow-up, the PPV group had greater reduction in
CST (−139.0 ± 131.1 mm) compared with PPVCE
eyes (−38 ± 134.7 mm; P # 0.001) and less center-
involved macular edema (32 vs. 76%; P # 0.001).
Absolute and percent change in retinal thickness was
less prominent in the PPVCE group as well; however,
there was no statistical significant difference in log-
MAR visual acuity between PPV and PPVCE. Optical
coherence tomography follow-up was too limited in
subsequent years to analyze appropriately.

Postoperative Outcomes

There were no statistically significant differences
between the groups in the incidence of postoperative
complications, such as TRD, ERM/DME, ocular
hypertension, or need for repeat PPV (Table 4). Neo-
vascular glaucoma was rare in both groups. Six pa-
tients in the PPVCE group and 2 in the PPV group

Table 4. Visual Outcomes by Surgical Indication Over 4 Years of Follow-up

Indication Procedure N Baseline P N Year 1 P N Year 2 P N Year 3 P N Year 4 P

VH PPV 43 2.04 0.93 30 0.45 0.06 30 0.30 0.06 30 0.40 0.26 32 0.42 0.28
PPVCE 37 1.78 17 0.75 16 0.70 14 0.68 16 0.65

ERM/DME PPV 46 0.67 0.88 28 0.57 0.18 28 0.51 0.44 28 0.51 0.27 28 0.49 0.70
PPVCE 84 0.66 56 0.54 56 0.48 56 0.43 55 0.44

TRD PPV 33 1.01 0.30 22 0.54 0.06 21 0.40 0.10 21 0.28 0.06 22 0.31 0.10
PPVCE 8 1.33 4 1.05 5 1.44 5 1.48 5 1.24

Vision presented as logMAR values.

Table 3. Preoperative and Year 4 Best-Corrected
LogMAR Vision by Indication for Surgery

Indication Procedure N Preoperative
Year
4 P

VH PPV 32 2.00 0.20 ,0.0001
PPVCE 16 1.74 0.35 0.003

ERM/DME PPV 28 0.60 0.40 0.08
PPVCE 54 0.60 0.40 0.002

TRD PPV 22 0.60 0.20 0.001
PPVCE 5 0.90 1.00 0.97
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developed NVG by Year 4, but this difference was not
statistically significant. All these patients had active
PDR at baseline, and all except one had previous pan-
retinal photocoagulation and were pseudophakic. The
number of patients receiving postoperative intravitreal
injections is listed in Table 7. Patients undergoing
PPVCE received more postoperative intravitreal injec-
tions (1 [1.2] vs. 9 [11.8%] patients, P = 0.007). How-
ever, the statistical significance is lost when evaluating
by indication for surgery.

Discussion

Based on the results in this cohort of diabetic
patients, long-term visual outcomes and complication
rates did not differ dramatically between PPVCE and
PPV alone. Overall, there were no significant differ-
ences in visual acuity outcomes between eyes under-
going PPV alone compared with combined PPVCE.
There was a trend toward better visual acuity in the VH
PPV group at follow-up Years 1 and 2, but this finding
did not reach statistical significance. Although visual

acuity was better in the TRD PPV group than in the
PPVCE group at all follow-up years, these data were
not statistically significant and should not be over-
interpreted given the small number of eyes in the TRD
PPVCE subgroup. Conversely, in eyes with ERM/
DME, combined PPVCE tended to result in better
visual acuity compared with PPV alone; however, again
this difference was not statistically significant and this
finding could be related to the high rate of cataract
development in eyes that undergo PPV alone.
In eyes undergoing PPV alone, the trend for

worsening vision beginning at 1 year was likely
because of development of cataract in the phakic eyes
of this group. In this cohort, 61% of PPV alone eyes
were phakic and 64% of these phakic eyes had cataract
progression. Visual outcomes in the PPV group
demonstrated gradual subsequent improvement con-
sistent with the timing of cataract extraction (Figure 3).
Nearly 40% of phakic patients who underwent PPV
alone required subsequent cataract surgery within the
4-year follow-up period, with a mean time from vit-
rectomy to cataract extraction of 22 months.
Peyman et al9 in 1975 were the first to report on

cataract extraction immediately followed by vitrec-
tomy with good results. In 1980s, early success was
reported with pars plana lensectomy–vitrectomy as
well as extracapsular cataract extraction and PPV pro-
cedures.10,11 Koenig et al12 were the first to report on
good outcomes with combined phacoemulsification
and vitrectomy in 1990 with a series of 7 patients.
Treumer et al13 compared combined phacoemulsifica-
tion and vitrectomy with vitrectomy with subsequent
phacoemulsification. They had a mixed population of
diabetic and nondiabetic patients, and the overall com-
plication rate did not differ apart from more postoper-
ative inflammation in the combined surgery group. A
significant concern with combined procedures because
of the increased intraocular inflammation was the
potential for more rapid DR progression or onset of
DME after surgery.
More rapid retinopathy progression has been re-

ported after cataract surgery in patients with diabetes
and was greatest after intracapsular cataract surgery;
being much less after phacoemulsification.17 Chew
et al18 observed an increased risk of 2-step progression
of DR after cataract extraction in 140 patients which
approached but did not reach statistical significance. In
addition, PPV has been postulated to reduce progres-
sion of retinopathy by improving retinal oxygenation,
reducing the concentration of angiogenic factors
within the vitreous and removing the vitreous scaffold
that facilitates proliferation of neovascular fronds.19 In
this study, no statistically significant difference in 1-,
2-, or 3-step retinopathy progression was observed

Fig. 3. Visual acuity over time after combined PPV and phacoe-
mulsification versus PPV alone by preoperative lens status.

Table 5. Rates of Clinical Diabetic Retinopathy
Progression

Progression PPV (N = 82)
PPVCE
(N = 77) P

No progression 8% (3) 41% (15) 0.69
1-step progression 14% (5) 38% (14) 0.69
2-step progression 13% (4) 26% (8) 0.38
3-step progression 9% (1) 18% (2) 0.49
Progression to PDR 0 2% (1) 0.58
Vitreous hemorrhage 8% (10) 10% (13) 0.61
Development of NVG 2% (2) 8% (6) 0.07

*Only includes patients where it was possible to progress to
the extent indicated.
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between the PPVCE group and PPV group at 4 years
of follow-up. Furthermore, the subset of patients
within the PPV group who were pseudophakic before
vitrectomy did not progress more than the phakic pa-
tients or patients who eventually underwent cataract
extraction during the course of follow-up. Thus, the
individual surgical procedures do not seem to have
a major influence on DR progression.
Evaluation of changes in retinal thickness by OCT is

limited by the retrospective nature of the study and the
indications for surgery, with OCT predominantly avail-
able for eyes with ERM. Although eyes with ERM that
underwent combined PPV had slightly greater CST at
baseline than observed in the PPVCE group, there was
no statistically significant difference in frequency of
center-involved DME. Those undergoing PPVCE had
fewer micrometers of edema resolution (155 vs. 20; P =
0.0003), less percent reduction in retinal thickness (39
vs. 6%; P = 0.0003), and less percent reduction in
center-involved DME (7 vs. 68%) than eyes undergoing
PPV (Table 6). Although these findings would suggest
a benefit of PPV, there was no statistical significant
difference in logMAR visual acuity between PPV and
PPVCE. The lack of association between BCVA and
OCT CST in this cohort may be a consequence of the
pathology present, sample size, and the fact BCVA and
OCT are known to only be modestly correlated in eyes
with DME.20 It should be emphasized that follow-up
was only 54% to 58% in Year 1. Furthermore, because
of the retrospective nature of this study, OCT data
would be highly subject to selection and ascertainment
bias because eyes with persistent or recurrent macular
edema would be more likely to receive multiple macu-
lar OCT scans over the study period.
Combined phacoemulsification and vitrectomy typ-

ically involves a longer surgical time than PPV alone.
This increased surgical time could theoretically lead to
more postoperative inflammation and complications,
such as exacerbation or development of DME, recur-
rent ERM, ocular hypertension, or proliferative vitre-
oretinopathy and TRD. However, in this cohort, the
complication rates for these entities did not differ
significantly between PPVCE and PPV groups, again
suggesting that there is not a major difference in risk
associated with these surgical procedures.
Early studies advocated retaining the lens during

vitrectomy to reduce the risk of NVG. Combined
lensectomy and vitrectomy procedures had been
associated with up to a 4-fold increase in NVG.21

The lens was thought to provide a protective barrier,
reducing the diffusion of posterior segment angiogenic
factors into the anterior segment. Chung et al22 evalu-
ated 52 eyes of diabetic and nondiabetic patients over
a mean of 11.4 months and reported that NVG occurredTa
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only in diabetic patients undergoing PPVCE. In our cur-
rent cohort that composed only of diabetic patients, we
observed a trend toward increased development of NVG
in PPVCE, but the total number of these complications
was small (PPVCE = 6; PPV = 2) and the trend did not
reach statistical significance (8 vs. 2%, P = 0.07). In this
study, all patients who developed NVG had a history of
preoperative panretinal photocoagulation except for a sin-
gle patient in the PPVCE group who initially presented
with a VH that was too dense to allow for panretinal
photocoagulation. In addition, all patients who developed
NVG except one were pseudophakic. In the two eyes in
the PPV group that developed NVG, one eye was pseu-
dophakic and the other was phakic. In every case, the
posterior chamber lens was placed in the bag and the
posterior capsule was intact. Only 1 patient had a YAG
capsulotomy at Year 1 and developed NVG by Year 2.
These observations suggest a higher risk of developing
postoperative NVG in vitrectomy patients who are also
pseudophakic and have advanced and active retinopathy.
An intact posterior capsule does not seem to be sufficient
to prevent the development of NVG. However, it should
be noted that the number of patients developing NVG
over 4 years in this retrospective study was small and
further evaluation in substantially larger cohorts is
needed to definitively evaluate the effect of these surgical
procedures on the development of NVG.
The results of this study provide 4-year data on the

visual outcomes, complications, and retinopathy pro-
gression rates between PPVCE and PPV alone in
patients with diabetes. The strengths of this study
include the substantial number of patients specifically
with diabetes, a limited number of cataract surgeons
all operating under similar circumstances, a single
vitreoretinal surgeon, a single surgical center, length
of follow-up, and rigorous evaluation of BCVA,
retinopathy severity, and disease progression. The study
is limited by its retrospective study design, overall
sample size, and the inability to obtain 4-year follow-up

on all patients. These limitations are partially mitigated
by the use of standardized data collection forms,
a highly customized electronic medical record designed
specifically to evaluate DR outcomes, all BCVA
measurements performed by certified refractionists
and reduced surgical variability because of limited
number of surgeons and a single operative center.
Furthermore, there were no significant differences
observed in the baseline characteristics of patients
who did not complete 4 years of follow-up as compared
with patients who did complete 4 years of follow-up.
In conclusion, combining vitrectomy and phacoemul-

sification as a single surgical procedure in patients with
diabetes when indicated resulted in visual outcomes and
complication rates comparable with PPV alone. There
were no significant differences in DR progression or
progression to PDR. Few patients developed NVG in
each group with a trend toward more cases in PPVCE,
but these NVG data are not conclusive because of low
event rates. Overall, these findings suggest that for
patients with significant cataract and coexisting vitreor-
etinal disease requiring vitrectomy, PPVCE may be an
appropriate therapeutic option without a substantial
increased risk to visual outcomes or retinopathy pro-
gression. In addition, patients with advanced retinopathy
who are pseudophakic and have had a vitrectomy should
be followed up closely during subsequent years for
development of NVG.

Key words: diabetes, pars plana vitrectomy, cata-
ract surgery, phacoemulsification, diabetic retinopathy.
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