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Abstract Pars plana vitrectomy represents an important

treatment tool in eyes with diabetic macular edema (DME).

Vitrectomy primarily promotes resolution of DME by

relieving tangential and vitreomacular traction, but has

additional benefits of removing depot of VEGF and pro-

inflammatory cytokines, and improving macular oxygen

delivery and perfusion. Therefore, vitrectomy has most

significant benefit in tractional DME, and potential efficacy

in non-tractional DME. The advent of modern vitrectomy

with advanced visualization techniques has made macular

surgery significantly more safe and improved treatment

outcomes. The purpose of the article is to review major

studies on the surgical treatment of DME and offer per-

spectives on strategies to maximize anatomic and func-

tional outcomes of diabetic vitrectomy.
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Introduction

Diabetic retinopathy (DR) is a leading cause of blindness in

working-age adults [1]. Diabetic macular edema (DME) is

the most common cause of visual morbidity in patients

with diabetes mellitus (DM) and affects over 70,000 new

patients every year [2, 3]. In the Diabetes Control and

Complications Trial (DCCT), 27 % of patients developed

DME within 9 years of diabetes onset [4], with DME being

clinically apparent earlier in older patients with DM [5].

Although spontaneous resolution is described, 24 % of

patients with DME and 33 % of patients with center-

involving DME if untreated will have significant vision

loss ([15 ETDRS letters) at 3 years [6]. This number is

significantly higher in patients with poor glycemic control.

Multiple biochemical, inflammatory, mechanical, and

molecular signaling factors play a role in pathogenesis of

DME. Hyperglycemia-mediated accumulation of advanced

glycation end products (AGEs) promotes neuro-vascular

injury observed in DR [7]. Hypoxia-mediated production

of vascular endothelial growth factor (VEGF) results in

intracellular signaling with phosphorylation of tight junc-

tion proteins leading to increased retinal vascular perme-

ability and breakdown of blood-retina barrier (BRB) [8].

Elevated expression of cell adhesion molecules (ICAM1,

VCAM1, PECAM-1, and P-selectin) recruits leukocytes

and increases levels of pro-inflammatory cytokines (TNFa,

angiopoetins, and chemokines) further compromising

blood-retinal barrier leading to accumulation of fluid

within macula with characteristic cystic changes [9–11].

Therefore, most agents commonly used in treatment of

DME today are targeting those main signaling pathways.

With the advent of anti-VEGF therapy over the past

decade, multiple large prospective studies have established

efficacy of ranibizumab [12, 13•], aflibercept [14], and

bevacizumab [11] for treatment of DME. Steroids have

been used to treat the inflammatory component of DME

either alone [15, 16••] or in combination with anti-VEGF

agents or macular laser [17, 18]. Although these agents are

widely used for treatment of DME, the discussions of

studies establishing their safety and efficacy are beyond the

scope of this paper and have been recently reviewed else-

where [19–24].
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Vitreomacular Interface in Pathogenesis of DME

It has been recognized that micro-architecture of posterior

hyaloid is significantly different in patients with diabetes

compared to non-diabetic patients. Posterior hyaloid in dia-

betic eyes appears more taut with stronger adherence to the

retina, making appearance of posterior vitreous detachment

(PVD) rare in these patients. Conversely, complete separa-

tion of posterior hyaloid with formation of PVD is associated

with decreased rate of DME [25]. With progression of vit-

reous syneresis, the adherent posterior hyaloid can create

anteroposterior vitreomacular traction (VMT) and even

shallow macular detachment [26, 27]. Alteration of posterior

hyaloid microanatomy with high rate of vitreoschisis may

also provide a scaffold for fibrovascular proliferation with

formation of contractile lamellae visible on electron

microscopy in diabetic eyes [28, 29], and contribute to tan-

gential traction in the macula. Both anteroposterior and

tangential traction may promote pathogenesis and refracto-

riness of DME. Furthermore, adherent posterior hyaloid can

serve as a depot for AGEs, and other pro-inflammatory

cytokines (i.e., IL-6, sICAM-1) that can drive progression of

cystoid macular edema [30–32]. Nasrallah [25] showed that

incidence of PVD is lower in patients with DME compared to

diabetic patients without DME. Conversely, in one study,

spontaneous resolution of DME occurred in 55 % of patients

after development of PVD and release of VMT compared to

25 % in eyes without PVD [33]. Collectively, this evidence

establishes rationale for use of pars plana vitrectomy (PPV)

and removal of posterior hyaloid in treatment of DME.

Vitrectomy and DME

How does vitrectomy promote resolution of DME? Vitrec-

tomy can be used to relieve macular traction, remove cyto-

kines and pro-angiogenic factors from vitreous, and improve

retinal oxygenation and macular perfusion. Ancillary steps

during surgery can help resolve DME, such as placement of

additional endolaser and steroid depot in the vitreous cav-

ity by virtue of decreasing inflammation and VEGF pro-

duction [34]. As such, vitrectomy can be effective when

patients do not respond or stop responding to intravitreal

agents and can help reduce and in some cases eliminate the

burden of repeated anti-VEGF injections (Fig. 1). Therefore,

vitrectomy remains an important tool in treatment of DME.

Vitrectomy and Tractional DME:

One of the primary mechanisms by which pars plana vit-

rectomy promotes resolution of DME is by releasing

anteroposterior and tangential traction through removal of

adherent posterior hyaloid, VMT, epiretinal membrane

(ERM), and internal limiting membrane (ILM) peeling. In

a small retrospective study of ten eyes, Lewis and col-

leagues were first to report the use of PPV in DME eyes

with taut posterior hyaloid and traction, which were

refractive to macular laser treatment [35]. In this study, all

eyes underwent PPV with induction of PVD and lifting of

posterior hyaloid, resulting in DME resolution in eight and

improved vision in nine out of ten eyes [35]. Subsequently,

a number of studies reported overall improved outcomes

with PPV for DME associated with VMT [36–38]. One of

the largest prospective studies was conducted by DR

Clinical Research Network (DRCR.net) and included 87

eyes with DME, VMT, and at least moderate vision loss

[39]. The study was conducted at 50 DRCR.net sites in the

United States, and surgical techniques were left to the

discretion of individual surgeons. Therefore, in addition to

PPV, 61 % of patients underwent ERM peeling, 54 % ILM

peeling, 40 % panretinal photocoagulation (PRP), and

64 % underwent injection of steroids in the vitreous cavity

at the conclusion of the procedure [39]. The main post-

operative surgical complications included vitreous hemor-

rhage, elevated intraocular pressure, retinal detachment

(3 eyes), and endophthalmitis (1 eye). At 6 months of

followup, median OCT central subfoveal thickness

decreased by 160 microns, and visual acuity improved by

10 or more letters in 38 % of the patients. The anatomic

and visual outcomes were maintained at 1-year followup

[39]. Overall, these studies provide compelling evidence

for use of vitrectomy for cases of DME involving VMT.

ILM Peeling and Tractional DME:

Does ILM peeling further augment the anatomic and visual

outcomes in vitrectomy surgery for DME? Over the past

decade, the evolution of modern vitrectomy surgery

including small-gage instrumentation and advanced visu-

alization techniques allowed for safe and effective mem-

brane and ILM peels and has facilitated its use in diabetic

vitrectomy cases. In particular, ability to stain the ILM

during macular surgery with indocyanine green (ICG) and

other dyes has allowed for improved visualization of nor-

mally transparent tissue, reduced mechanical damage to the

retina, and reduced operative time [40, 41]. Although some

concerns about toxicity of ICG remain [42–44], the advent

of new staining agents such as brilliant blue already in use

in Europe offers promise of improved visualization while

minimizing RPE and photoreceptor toxicity [45–47]. As a

result, since its introduction in 2000, some retina specialists

advocate ILM peeling for all vitrectomy cases for DME

[48]. ILM may contribute to tangential traction in diabetic

patients, and its peeling may relieve that traction. Fur-

thermore, ILM in diabetic patients is thicker and contains

higher levels of fibronectin, laminin, and collagen [49, 50],
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raising a possibility of direct toxic effect on the retina.

Finally, peeling the ILM prevents recurrences of ERM and

ensures removal of all cortical vitreous, which is particu-

larly important in cases of vitreoschisis that have higher

risk of retained posterior hyaloid remnants after vitrectomy

surgery. The importance of ILM peeling was demonstrated

in several clinical studies. Gandorfer [51] and colleagues

reported a small series of 12 eyes with diffuse DME, who

underwent PPV and ILM peeling. Six of the eyes previ-

ously had prior macular laser and two were previously

vitrectomized. Intraoperatively light and electron micros-

copy specimens were obtained and showed thickened

posterior hyaloid in most eyes and ILM associated with

single layer of fibrous astrocytes [51]. Post-operatively

vision improved over 4-12 week period, and 11 out of 12

eyes achieved vision improvement of two lines or better.

At mean followup of 16 months, there was no recurrence

of macular edema or ERM formation [51]. In another small

prospective case series, PPV with ILM peel was performed

in eyes with diabetic cystoid macular edema, which was

refractory to prior vitrectomy [52]. DME resolved in all

eyes with prior vitrectomy after ILM peel with mean

central foveal thickness improvement of 553 micron to 221

micron at 4 weeks post-op. In addition, 67 % of eyes

experienced visual improvement of at least two lines of

vision with no recurrence of DME at mean 17.8 months of

followup [52]. Similarly, Gentile et al. [53•] reported two

cases of diffuse DME refractive to prior vitrectomy in

which a taut residual ILM was noted. Patients underwent

repeat PPV with ILM peeling resulting in post-operative

improvement in vision and macular edema as noted on

OCT imaging. Histologic study of the ILM peel showed

cytokeratin and GFAP-positive retinal pigment epithelial

cells and astrocytes [53•]. Although further prospective

studies are warranted, ILM peeling may represent an

important adjunct in diabetic PPV cases and can further

augment the visual and anatomic outcomes in patients with

DME.

Vitrectomy and Non-tractional DME

The collateral, non-mechanical benefits of PPV in eyes

with DME also include increased oxygenation to the

macula [54, 55] and removal of cytokine and chemokine

depot that promotes breakdown of BRB (i.e., VEGF).

Removal of VEGF and pro-inflammatory cytokines may

promote integrity of BRB, facilitating removal of fluid

within the macula by the RPE pump and suppression of

inflammation. In some studies, oxygen tension in the vit-

reous cavity following vitrectomy surgery increases tenfold

[56], with a secondary benefit of increased retinal perfu-

sion. This alone may further result in long-term decrease in

Fig. 1 63-year-old male with history of non-proliferative diabetic

retinopathy presented with several months of decreased vision. Visual

acuity was 20/70 with central subfoveal cystic changes, distortion of

the foveal contour and ERM in the superior macula (a). After multiple

intravitreal bevacizumab and ranibizumab injections without

improvement, he underwent 23G pars plana vitrectomy with ERM

and ILM peels, light scatter peripheral endolaser and posterior

subtenon kenalog injection. At 6 months post-op, patient had

significant anatomic improvement with trace DME, and recovering

foveal contour and intact ellipsoid zone (b). He underwent uncom-

plicated cataract surgery with improved vision to 20/30 and has been

stable for over 1 year without injections

Curr Ophthalmol Rep (2014) 2:167–174 169

123



VEGF levels providing sustained suppression of DME.

Therefore, vitrectomy may be effective in DME eyes

without VMT. In a small prospective randomized trial, 25

eyes with diffuse chronic DME without VMT or macular

ischemia underwent PPV, induction of posterior hyaloid,

and ILM peeling [57]. Most eyes had prior macular laser,

and the untreated eyes served as a control. At 6 months,

vitrectomized eyes demonstrated improved macular thick-

ness and visual acuity, suggesting superiority of PPV with

ILM peeling for chronic diffuse DME to observation alone

[57]. Our experience has been that treatment outcomes in

select cases of recurrent, non-tractional DME can be aug-

mented with vitrectomy surgery and ILM peeling (Fig. 2).

A number of subsequent studies demonstrated much less

favorable outcomes [58–62, 63••, 64–67], and a recent

meta-analysis integrating the collective data of these

studies showed rather modest overall visual and anatomic

benefit of PPV for non-tractional DME [68]. Therefore,

further prospective studies are needed to determine which

patients with non-tractional DME would benefit most from

diabetic vitrectomy.

Patient Selection and Technical Considerations

Not infrequently patients with recalcitrant DME will fail to

improve after vitrectomy or rarely continue to lose vision.

How can patient selection of surgical candidates be opti-

mized to maximize visual outcomes? To help answer this

question, DRCR.net prospectively enrolled 241 eyes at 50

clinical sites that underwent vitrectomy surgery for DME

[69]. Multivariate analysis was performed on 20 pre- and

intra-operative factors associated with visual and anatomic

outcomes at 6 months post-surgery [69]. Almost three

quarters of eyes had prior treatment for DME with most

receiving macular laser or steroids, and 71 % of eyes had

vitreomacular interface abnormalities or traction. The sur-

gical procedure was performed at the discretion of the

individual investigator, and included PPV with lifting of

posterior hyaloid in almost all eyes, ERM peeling in 61 %

eyes, removal of ILM in 64 % eyes, additional laser in

54 %, and use of corticosteroids (intravitreal, subtenons,

peribulbar, or subconjunctival) at the completion of vit-

rectomy in 68 % of eyes [69]. At 6 months, the mean

central foveal thickness significantly decreased from 412 to

278 microns, but overall visual acuity did not change and

remained at mean 20/80 Snellen. The factors significantly

associated with anatomic improvement included worse

baseline vision and central subfoveal thickness on OCT,

presence of vitreoretinal abnormalities, and removal of

ILM [69]. However, the visual acuity improvement was

associated only with worse pre-operative visual acuity and

ERM peeling [69]. Overall, these results suggest that visual

Fig. 2 62-year-old male with history of proliferative diabetic

retinopathy and diabetic macular edema presented with non-clearing

vitreous hemorrhage. He underwent PPV with induction of PVD and

endolaser, and initially experienced improvement in vision without

DME. However, 6 months later, he developed worsening cystic

changes in the temporal macula consistent with DME with 20/100

vision (a). Multiple injections of bevacizumab, ranibizumab, and

posterior subtenons kenalog were given without clear improvement in

vision or OCT appearance. For that reason, he underwent 25G pars

plana vitrectomy, ILM peel, and intravitreal avastin. Two months

following second surgery vision improved to 20/50 with decreased

intraretinal fluid, subfoveal thickness and improved foveal contour

(b). Vision gradually improved to 20/40 and was stable for 1 year

without injections
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improvement does not always correlate to anatomic

improvement [70] and that patients with worse pre-op

vision requiring ERM peeling were best surgical candi-

dates for visual improvement after DME vitrectomy.

Interestingly, in DRCR.net study, neither ILM peeling nor

clinician assessment of the posterior hyaloid was signifi-

cantly associated with the visual outcomes even though

they were in multiple other studies [69]. Although this

study is important, it is significantly limited by a number of

factors. Absence of a control group, significant heteroge-

neity and lack of standardized surgeons’ surgical approa-

ches, and differing baseline characteristics of patients

including variable chronicity of underlying DME reduce

the impact of the study conclusions.

Even though the risks of modern vitrectomy surgery are

small, the risk of cataract progression, low but not insig-

nificant rate of endophthalmitis and retinal detachment, and

post-operative IOP spikes need to be weighed against the

potential benefits of PPV in eyes with DME. Furthermore,

loss of vitreous depot will affect pharmacokinetics of in-

travitreal injectables such as anti-VEGF agents, signifi-

cantly shortening their half-life and may limit their efficacy

for DME in vitrectomized eyes [71]. As a result, most

surgeons currently employ vitrectomy relatively late in the

course of DME treatment, often after multiple other ther-

apies have been exhausted.

So, what options are there if vitrectomy also fails to

improve vision or if DME recurs at some time after sur-

gery? Surgical failure in our experience can come from at

least two important factors; one is incomplete removal of

posterior hyaloid and second is irreversible loss of outer

retinal layers (ellipsoid zone and external limiting mem-

brane) as a result of chronicity of DME. In our experience,

induction of PVD with complete removal of posterior vit-

reous cortex is essential to achieving good surgical out-

come. Leaving a sheet of hyaloid or vitreous remnants can

serve as a nidus for proliferation of epithelial cells, astro-

cytes, and fibroblasts that promote development or recur-

rence of ERM and consequently DME. Not infrequently, it

is difficult to separate the vitreous from the nerve and the

macula and induce PVD in diabetic eyes. Use of bimanual

techniques with use of lighted pick can facilitate the sep-

aration of posterior hyaloid and may be helpful in tough

cases (Fig. 3). We also routinely utilize dilute triamcino-

lone to visualize posterior hyaloid, detect vitreoschisis and

pockets of adherent cortical vitreous remaining after PVD

induction, and take meticulous care to remove all visible

hyaloid. Even so, some authors argue that only ILM

peeling can guarantee complete removal of all residual

vitreous remnants. We do advocate peeling ILM for cases

of recalcitrant DME, and use visualization techniques such

as ICG staining in almost every case. Chronic DME is

associated with loss of photoreceptor outer segments,

retinal thinning, and loss of retinal function. The mecha-

nism by which this occurs is likely multifactorial and

includes ischemia, mechanical stress from intercellular

fluid accumulation or traction, neuro-inflammatory cyto-

toxicity, separation of photoreceptors from RPE, and cho-

roid by subretinal fluid or choroidal thinning [72, 73]. The

advent of SD OCT imaging in 2006 significantly enhanced

our ability to detect outer retinal changes and correlate

them to visual loss in variety of retinal conditions,

including DME. In one study involving 69 eyes that

underwent vitrectomy for DME, the integrity of the pho-

toreceptor inner and outer segment (IS/OS) line was

investigated by OCT at 6 months post-op [74]. Final visual

acuity correlated well to loss of IS/OS junction integrity on

OCT with eyes having loss of IS/OS junction experiencing

lower percentage of visual improvement following vitrec-

tomy [74]. Similar correlation was found in few non-sur-

gical studies in patients with DME [75•, 76]. Even though

Fig. 3 Patient with proliferative diabetic retinopathy and DME

underwent pars plana vitrectomy, membrane, and ILM peeling. In

this intraoperative image, lighted pick is used to engage and separate

adherent posterior hyaloid and facilitate intraoperative PVD induction

Fig. 4 Proposed algorithm for surgical treatment of DME

Curr Ophthalmol Rep (2014) 2:167–174 171

123



assessment of photoreceptor anatomy by SD OCT may be

important prognostic indicator, it is certainly not always

perfectly predictive. Shadowing artifacts from dense ERM,

extensive cystoid macular edema, vitreous opacities, or

vitreomacular interface abnormalities may pre-operatively

give impression of disruption of ellipsoid zone despite

intact photoreceptor layer observed post-op. Conversely, in

our experience, even SD OCT may not show residual

traction well in post-vitrectomy diabetic eyes, which has

important prognostic implications in cases of recurrent

DME. Finally, recent reports indicate that subfoveal cho-

roidal thickness on EDI SD OCT imaging is decreased in

patients with proliferative DR and DME [77]. We have

recently demonstrated that subfoveal choroidal thickness in

eyes with DME decreases with anti-VEGF therapy, but this

does not correlate with anatomic and functional improve-

ment [78••]. This all begs the question of the value of early

PPV in the management of DME, prior to irreversible

damage at the levels of the outer layers by chronic

refractory DME.

Conclusion

Vitrectomy remains an important tool in treatment of select

cases of DME by virtue of removing traction, improving

macular oxygenation, removing VEGF and pro-inflamma-

tory cytokines, and allowing for placement of additional

endolaser and steroids. Modern vitrectomy surgery with

small-gage systems, advanced visualization for membrane

and ILM peeling, and bimanual techniques offer promise of

safe surgery with improved efficacy. As a result, vitrec-

tomy is primarily indicated in DME cases involving ERM

and VMT, with less benefits for refractory non-tractional

DME (Fig. 4). Further prospective studies are needed to

define the role of early PPV and its application for non-

tractional DME.
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