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Current management of diabetic tractional retinal detachments

Michael W Stewart, David J Browning1, Maurice B Landers2

Twenty‑five percent of diabetes‑related vision loss stems from complications of proliferative diabetic 
retinopathy  (PDR). Panretinal photocoagulation has been the preferred treatment of high‑risk PDR for 
decades and more recently intravitreal injections of drugs that inhibit the actions of vascular endothelial 
growth factor have become popular. But despite these treatments PDR may progress uncontrollably to 
advanced pathologies such as traction retinal detachments  (TRDs), combined traction/rhegmatogenous 
retinal detachments (TRD/RRDs), vitreous hemorrhages, rubeosis iridis, and traction maculopathies, which 
produce mild‑to‑severe loss of vision. TDR have long been the most common indication for PDR‑related 
vitreoretinal surgery. Vitrectomy surgery is indicated for recent (<6 months duration) TRD involving the 
macula, progressive TRD that threatens the macula, and recent data suggest that chronic macula‑involving 
TRDs  (>6 months duration) may also benefit. Combined TRD/RRD represents a particularly challenging 
surgical condition but advances in surgical instrumentation, dissection techniques, and post‑operative 
tamponade have produced excellent success rates. The recent development of small‑gauge vitrectomy 
systems has persuaded most surgeons to switch platforms since these appear to produce shorter surgical 
times and quicker post‑operative recoveries. Pre‑operative injections of bevacizumab are frequently 
administered for persistent neovascularization to facilitate surgical dissection of pre‑retinal fibrosis and 
reduce the incidence of post‑operative hemorrhages. Recent trends toward earlier surgical intervention 
and expanded indications are likely to continue as surgical instrumentation and techniques are further 
developed.
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Diabetic retinopathy (DR) is the leading cause of new blindness 
in patients aged 20–74 years in industrialized nations.[1,2] It 
has been estimated that 93 million people throughout the 
world have DR, with approximately one‑third of them having 
diabetic macular edema (DME). DME is responsible for 75% of 
DR‑related vision loss but advances in laser photocoagulation[3] 
and intravitreal pharmacotherapy, particularly corticosteroids[4] 
and drugs that inhibit the actions of vascular endothelial 
growth factor (VEGF)[5–7] have enabled physicians to stabilize 
retinopathy, decrease macular edema, and improve visual 
acuity (VA) in the majority of affected patients.

Vision loss in the other 25% of patients with DR stems from 
complications of proliferative diabetic retinopathy  (PDR). 
Approximately 17 million patients throughout the world have 
PDR[8] and without treatment more than half of the patients 
with high‑risk PDR  –  based on the classification system 
developed for the Diabetic Retinopathy Study – will be blind 
within 5 years.[9] When panretinal photocoagulation (PRP) of 
the retina is performed prior to the development of severe 
PDR‑related complications [vitreous hemorrhage and traction 
retinal detachment (TRD)], the incidence of severe vision loss 
decreases by about 50%.[10] The Early Treatment of Diabetic 
Retinopathy Study (ETDRS) showed that 5% of patients with 

PDR will require vitreous surgery despite having received what 
appeared to be adequate PRP.[11]

The first pars plana vitrectomy was performed in 1970 
on an eye with a non‑clearing vitreous hemorrhage and the 
VA improved from 2/200 to 20/50.[12] A subsequent series 
of cases from 1977 described the following indications for 
diabetic vitrectomy: non‑clearing vitreous hemorrhages (70%); 
TRD  (20%); and combined traction/rhegmatogenous retinal 
detachment  (TRD/RRD)  (10%).[13] Between 1980 and 2004, 
VA improvements in eyes with TRD were limited because of 
what was believed to be excessively long durations of macular 
detachment prior to surgery.[14] Since then the benefits and 
safety of vitrectomy have steadily risen and the threshold 
for performing vitrectomy has decreased. Indications for 
vitrectomy have expanded during recent years to include 
severe fibrovascular proliferation, dense vitreous hemorrhage 
with rubeosis, ghost cell glaucoma, dense pre‑macular 
hemorrhage, and a taut hyaloid with DME.[15–24]

Even with advances in surgical techniques, improvements in 
instrumentation, and broadening of surgical indications, TRD 
remains the most common reason for vitrectomy in patients 
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with PDR. This manuscript will discuss current techniques, 
strategies, and results in patients with TRD who undergo 
vitreoretinal surgery.

Pathophysiology
The mechanisms leading to the development of DR are complex 
and remain incompletely understood. Based on the observation 
that several biochemical pathways (activation of protein kinase 
C, increased flux through the hexosamine pathway, increased 
intracellular formation of advanced glycation end‑products, 
and increased polyol pathway flux) are dysregulated in patients 
with DM and DR, Brownlee proposed the “unifying theory” for 
the development of DR.[25] He noted that each of these pathways 
interferes with electron transfer through the mitochondrial 
cytochrome chain resulting in the accumulation of superoxide 
ions. Oxidative stress creates a pro‑inflammatory state that 
upregulates the synthesis of various chemokines and cytokines. 
These molecules promote the development of DME by breaking 
down the blood‑retinal barrier and the development of PDR 
by stimulating the growth of pre‑retinal proliferative tissue.

Oxidative stress and retinal ischemia upregulate the 
production of angiogenic factors, particularly VEGF, and 
several chemokines.[26] Increased levels of nitric oxide  (NO) 
pathway metabolites (citrulline and arginine) have been found 
in the vitreous of eyes with RRD and TRD[27] and excess NO 
creates toxic free radicals that may inhibit mitochondrial 
function and cause cell death by damaging DNA.[28] Other 
pro‑inflammatory and growth factor molecules found in eyes 
with PDR include the following: chemokine  (C‑C) ligand 
2  [CCL2; monocyte chemotaxis protein  (MCP)‑1], CCL4, 
CCL11, CCL17, CCL19, CXCL9, CXCL10, TGF‑β1,2,3,[29] 
interleukin  (IL)‑1β, IL‑6, IL‑8, erythropoietin, adiponectin, 
sICAM‑1, and sVCAM‑1.

The vitreomacular interface is key to the development 
of PDR as evidenced by the protective effect of posterior 
vitreous detachment. TRD represents an advanced form of 
PDR that results from neovascular growth from existing 
retinal vasculature into the vitreomacular interface with an 
accompanying vestment of fibrotic tissue and contractile 
elements. Growth factors create a biochemical environment 
favorable for angiogenesis. Neovascular buds grow from the 
larger retinal blood vessels into the potential space between 
the internal limiting membrane and the posterior hyaloid, 
and by using the hyaloid as a scaffold they eventually invade 
the cortical vitreous, thereby creating firm adhesions between 
the hyaloid and the inner retina.[30,31] The co‑development 
of contractile fibrous tissue results in anteroposterior and 
tangential traction on the fibrovascular complex and thinned 
ischemic retina by the vitreous. Excessive traction frequently 
causes the fragile new vessels to bleed into the vitreous and/or 
pre‑retinal space, and the retina to deform and detach.

The retinal pigment epithelium  (RPE) pump produces 
negative pressure in the subretinal space creating a concave 
retinal configuration between tractionally elevated areas with 
heavy pre‑retinal fibrosis. Retinal elevation is highest at loci 
of anteroposterior vitreoretinal traction and beneath broader 
areas of tangential traction.

A combined TRD/RRD has a convex or bullous configuration 
because liquefied vitreous moves through a full thickness 

retinal break into the subretinal space [Figs. 1 and 2]. Whereas 
TRDs are limited to areas of fibrosis and vitreoretinal 
traction, combined TRD/RRD is usually characterized by a 
detachment that extends to the ora serrata. Tangential traction 
from broad areas of fibrosis may create full‑thickness retinal 
breaks that convert a purely traction detachment to one with 
a rhegmatogenous component.[32] Most cases of TRD/RRD 
have widespread and tightly adherent plaque‑like pre‑retinal 
proliferation, partial PVDs, and retinal folds. A  few eyes 
develop flap tears but oval breaks near areas of extensive 
fibrosis are more commonly seen.[33] Fibrosis sometimes 
increases following PRP, perhaps because of a decrease in 
VEGF levels and upregulation of connective tissue growth 
factor  (CTGF), which sometimes leads to the formation of 
breaks near heavy laser photocoagulation. Older studies 
reported that TRD/RRDs accounted for 17–35% of diabetic 
eyes undergoing vitrectomy[22,34] but with earlier surgical 
intervention and new indications for surgery, these eyes now 
account for a smaller proportion of surgeries.[35,36]

Management
Surgical techniques
When care for a patient with PDR and TRD has been assumed, 
optimization of systemic health should be the first consideration. 
Not only can improvement in systemic health stabilize DR 
in some patients, but also it may prevent the development 
of serious systemic adverse events because PDR has been 
associated with increased all‑cause mortality.[37,38] Establishing 
euglycemia together with improving the management of 
associated systemic risk factors may avoid the need for future 
surgery in patients with PDR. Nephropathy and hypertension 
may worsen retinopathy[39,40] and should be stabilized. Careful 
coordination with anesthesiologists for perioperative control of 
hypertension can reduce problems with intraretinal bleeding. 
Anti‑VEGF drugs and corticosteroids may also stabilize DR 
and allow surgery to be deferred. Optimal control of systemic 
conditions helps patients get medically cleared for surgery 
and may decrease the risk of post‑operative complications, but 
unfortunately these interventions will not reverse the damage 
already present in most eyes with TRDs or change their need 
for surgery.[41]

Patients having extramacular traction retinal detachments 
may need de novo or supplemental PRP to reduce neovascular 
activity, wall‑off the detached area, and thereby reduce the 
probability of spread of detachment into the macula.

The primary goals of vitrectomy are to clear medial 
opacities and stabilize the proliferative process.[42] Vitrectomy 
is also thought to increase retinal blood flow by decreasing 
the resistive index  [resistive index =  (systolic red blood cell 
velocity − diastolic red blood cell velocity)/systolic red blood 
cell velocity].[43] The primary indications for diabetic vitrectomy 
were established in the 1980s and remain equally valid 
today (removal of non‑clearing media opacities and relief of 
vitreoretinal traction ).[44]

A TRD that has recently involved the macula continues to 
be the most common indication for vitrectomy and despite 
improvements in instrumentation and techniques, it remains 
a challenging surgery. TRD is usually classified as follows: 
TRD recently involving the macula; extra‑macular TRD; and 
long‑standing macular TRD. Prompt surgical intervention is 
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indicated for a recent macular detachment, whereas surgery is 
not routinely performed for a peripheral RD or a chronic macular 
RD. Older studies showed that chronic TRDs had worse visual 
outcomes than acute macula‑involving TRDs.[14,45] Patients with 
a macula‑involving TRD usually experience rapid loss of vision 
when the photoreceptors are pulled away from the RPE. In early 
surgical series, TRD constituted 20% of diabetic vitrectomies[13] 
but this proportion has risen to 40% in more recent studies.[22] 
In eyes with TRD, vitrectomy techniques are used to remove 
fibrous membranes, relieve anterior–posterior and tangential 
traction, and allow the retina to spontaneously re‑attach. In the 
absence of a retinal break, vitreous tamponade is not necessary.

In eyes with chronic macular detachments, the retina is 
frequently atrophic and the fibrous membranes are often 
strongly adherent. Detachments of >6 months duration may 
be accompanied by photoreceptor degeneration, which often 
prevents return of useful vision.[32]

The pathophysiology of TRD depends on vitreoretinal 
adhesions emanating from vascular epicenters so a detailed 
assessment of the posterior hyaloid configuration is important for 
the planning of surgery. Eyes with broader areas of vitreoretinal 
adhesion may have higher rates of membrane reproliferation and 
poorer visual outcomes.[46] Vitreous should be dissected from 
the retinal as far into the periphery as possible but complete 
removal may be impossible in phakic eyes. Some surgeons believe 
that eyes which require peripheral dissection should undergo 
combined cataract extraction/vitrectomy to facilitate access to 
the equatorial retina. An encircling band with a segmental buckle 
may be considered to support areas of residual traction.

Apparent elevation of the macula in PDR may represent 
either TRD or tractional retinoschisis. Schisis can be resolved in 
50% of patients with surgery but VA improvements are usually 
modest.[47] Observation may be the best approach in eyes with 
stable tractional retinoschisis.[48]

In the era of 20‑gauge vitrectomy instruments, surgical 
techniques for TRD included viscodissection, membrane 
segmentation,[49] segmentation with membrane delamination,[50] 

“en‑bloc” excision of membranes using the attached posterior 
hyaloid as an “extra hand”,[51,52] “modified en‑bloc excision” 
of membranes using a bimanual technique,[53] and “total 
en‑bloc excision” in which the glial ring and posterior hyaloid 
membrane are removed together from the posterior pole 
with a hook.[54] Ancillary instrumentation necessary for the 
performance of these cases included chandeliers, illuminated 
instruments, illuminated infusions, vertical and horizontal 
scissors, tissue manipulators  (combination of diathermy, 
aspiration, and illumination), mechanized scissors, spatulas, 
scrapers, diamond knives, and viscoelastic injectors.[34,55]

Common intraoperative complications included 
bleeding, iatrogenic breaks, and sclerotomy‑associated 
complications (vitreous incarceration, fibrovascular ingrowth, 
and retinal tears). Bleeding from segmented fibrovascular 
tissue was common because pre‑operative anti‑angiogenic 
drugs were not available, and the intraocular pressure (IOP) 
during the surgery could not be adequately controlled because 
valved cannulas were not available and machines could 
not automatically control IOP. Iatrogenic breaks occurred 
frequently because the large cutting port of the 20‑gauge 
vitrector combined with its relatively low cutting rate created 
high, excessive tissue movement, traction on the retina, and 
subsequent tears and breaks. Retinal tears often occurred at 
sclerotomy sites because cannulas were not used, and multiple 
exchanges of instruments through the sclerotomies caused 
traction on the vitreous base. The larger sclerotomies also 
allowed for fibrovascular ingrowth into very ischemic eyes.

Small-gauge vitrectomy system – 23, 25, and 27 – have 
become increasingly popular and offer advantages over 
traditional 20‑gauge instruments. Small‑gauge systems reduce 
operating time, patient discomfort, conjunctival trauma, and 
shorten recovery times.[56]

Microincisional vitrectomy systems, together with valved 
cannulas and pre‑operative anti‑angiogenics to reduce 

Figure 2: One month after vitrectomy surgery with the use of silicone 
oil, the retina remains completely flat. A  retinal break could not be 
identified pre‑operatively but during surgery a full‑thickness retinal 
hole was found superotemporal to the macula. Six months later, the 
best corrected visual acuity was 20/400, compared to counting fingers 
@ 4’ pre‑operatively

Figure 1: This traction/rhegmatogenous retinal detachment involves 
the entire temporal retina. Note the bullous or convex configuration 
of the retina and the extension of the detachment to the ora serrata
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the vascularity of fibrovascular tissue, have enabled the 
development of new surgical techniques.[57,58] The smaller 
vitrectomy probes, particularly the 27‑gauge and 25‑gauge 
probes, with cutting rates of 10,000 cuts/min, together 
with the proximity of the cutting port to the tip of the 
instrument (50% of the distance compared to 20‑gauge), allow 
segmentation and controlled removal of most pre‑retinal 
membranes, with minimum movement of the underlying 
retina.[59] The reduced diameter of the probes allows for 
access into tight tissue planes and the use of blunt dissection 
techniques. Hypersonic vitrectomy instrumentation, which 
works by hypersonic liquefaction of vitreous adjacent to 
a probe tip oscillating at 1.7 million cycles per minute, 
may reduce iatrogenic breaks further, but is too new for 
comprehensive assessment.

Some surgeons still prefer 20‑gauge bimanual membrane 
dissection in eyes with broader areas of vitreoretinal 
attachment, whereas others contend that 23‑gauge systems 
have all the wound advantages of 25‑gauge, combined with 
better fluidics, better flow rates, improved aspiration, and 
a more efficient core vitrectomy.[60] As with most surgical 
instrumentation, decisions regarding which system to use are 
usually based on the complexity of the case and the preference 
of the surgeon.

Vitreoschisis makes identification of remaining posterior 
hyaloid difficult, so many surgeons use triamcinolone to 
identify residual cortical vitreous.

As surgical instrumentation and skills have improved, more 
complicated cases are being operated on[61] and the threshold 
for surgery has decreased.[42,43,62–66] Advances in vitreoretinal 
surgery include wide‑field viewing systems, multiport 
illumination systems,[67] perfluorocarbon liquids, and silicone 
oil.[45] The use of silicone oil, as opposed to long‑acting gas 
tamponade, may accelerate visual rehabilitation, maintain 
tamponade, prevent hypotony,[68] and decrease the incidence of 
recurrent bleeding or rubeosis.[50,69,70] With current instruments, 
injection of 1000 centistokes oil can be performed in only 2 min. 
Oil has been used in both the primary and secondary repairs 
of complex detachments, and its use has been suggested 
for eyes with advanced PDR and intractable proliferative 
vitreoretinopathy (PVR).[71] Oil may prevent or reverse rubeosis 
iridis by preventing VEGF from diffusing to the iris from 
the retina.[50] Eyes with persistent or recurrent RD after TRD 
vitrectomy often develop intraocular inflammation, hypotony, 
and corneal folds, but with silicone oil, the eyes often remain 
quiet. Therefore, oil should be considered in eyes that are likely 
to fail after vitrectomy.[72]

Disadvantages of oil include cataract development, need 
for removal to achieve complete visual rehabilitation,[73] 
development of band keratopathy (particularly with oil‑cornea 
touch),[74] and emulsification with resultant IOP elevation.[75] 
Oil removal is usually an elective procedure in a stable eye 
performed to avoid these oil‑related complications. Risks of 
premature oil removal include recurrent retinal detachment, 
vitreous hemorrhage, and phthisis.

A thin layer of blood beneath silicone oil may not promote 
peri‑silicone proliferation, but a thick hemorrhage may 
compartmentalize growth factors and lead to re‑growth of 
membranes and recurrent detachments.[76] A large hemorrhage 

under oil should prompt a re‑operation with blood removal 
and replacement of the oil.

Intravitreal heparin may be injected to remove pre‑retinal 
clotted blood[64] and low‑molecular‑weight heparin (enoxaparin) 
has been added to the infusion bottle to reduce the formation 
of post‑vitrectomy fibrin.[77]

Good visual and anatomic outcomes have been reported 
with combined cataract extraction and vitrectomy,[78–82] and 
compared to crystalline lens sparing vitrectomy combined 
surgery requires fewer re‑operations.[83] Combined surgery 
offers the advantage of a single trip to the operating room, 
faster recovery, earlier improvement in vision, better 
post‑operative visualization of the retina, and earlier treatment 
of the fellow eye. Disadvantages include longer surgical 
times and increased post‑vitrectomy inflammation and fibrin 
formation.[65] Combined surgery is not recommended for 
patients with severe ischemia, iris neovascularization, and 
eyes with severe TRD.[63,65] Combined lensectomy/vitrectomy 
surgeries have been associated with a higher incidence  (up 
to 4×) of neovascular glaucoma  (NVG).[40] In high risk eyes, 
cataract extraction can be performed at a later date without 
the removal of silicone oil.

In a retrospective study of 251 eyes, those undergoing 
vitrectomy with delayed cataract extraction had similar 
visual outcomes at 4 years as those undergoing combined 
surgery. Cataract progression occurred in 64% of eyes, and 
cataract surgery was subsequently performed in 39% of 
phakic eyes with a median time from vitrectomy to cataract 
extraction of 22 months. A strong trend (P = 0.07) toward 
NVG development was noted in the combined surgery 
group.[84]

An example of a case of macula‑involving TRD in a patient 
with PDR is shown in Figs. 3-5.

Clinical Indications and Results
The Diabetic Retinopathy Vitrectomy Study  (DRVS) is the 
only prospective, randomized trial of vitrectomy in diabetic 
patients. The DRVS validated the superiority of vitrectomy 
over observation, and given the overwhelming evidence in 
support of vitrectomy for complications of diabetes and the 
subsequent widespread adoption and improvement of surgical 
techniques, a similar trial is unlikely to be performed. In the 
DRVS, 36% of eyes had “moderate or severe retinal elevations” 
with an additional 34% having “questionable or definite 
elevations” before surgery. [44]  The trial did not include eyes 
with macula‑involving TRDs so extrapolation of its results 
to this now common indication should be done with caution. 
Subsequent diabetic vitrectomy studies have reported that 
32%, 38%, and 46% of eyes were operated on for TRDs, with 
12%, 10%, and 20% of them progressing to hand motion or less 
VA.[36,73,85] A more recent study of diabetic vitrectomies showed 
a similar TRD rate of 32%, but only 3% of eyes had poor visual 
outcomes after surgery.[42] Eyes best suited for vitrectomy are 
those with both fibrous proliferation and moderate NV in 
which PRP has already been performed or cannot be performed 
because of vitreous hemorrhage.[86]

Favorable factors for visual recovery after vitrectomy for 
macula‑involving TRD include brief duration of detachment, 
presence of previous PRP, and the absence of vitreous 
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hemorrhage and severe neovascularization.[32,34,40,73,87–92] Macular 
re‑attachment has been achieved in 66–88% of eyes and VA 
improved in 49–75% of eyes after surgery,[34,40,52,86,89,90,93] with 
final VA of > 5/200 in 59–80% of eyes.[14,40] More recent rates 
of anatomic success have increased to 83–92.6%, with fewer 
than 25% of eyes suffering vision loss.[14,45,52,94–98] Among these 
studies, differences in entry criteria, relative proportions of 
TRD and combined detachment,[34,45,98,99] and use of silicone 
oil[100] make direct comparisons difficult. Studies show that 
VA after vitrectomy fluctuates within the first 6  months 
but tends to stabilize at 1  year and does not change from 
years 3 through 5.[101] In contrast with results from the DRVS, 
progression to no light perception  (NLP) is unusual with 
current surgical techniques.

Predictors for poor visual outcomes include iris 
neovascularization and NVG,[102,103] vitreopapillary traction,[104] 
poor initial VA  (<5/200), and the presence of TRD or RRD. 
Having at least one of these factors increases the risk of poor final 
VA by 1.5‑ to 3.9‑fold.[101] Poor VA is usually due to persistent 
retinal folds, macular ischemia, cystoid macular edema, or 
photoreceptor damage. Center point thickness correlates weakly 
with post‑operative VA but integrity of the external limiting 
membrane and ellipsoid zone are strongly correlated.[105–108]

Post‑operative macular ischemia is the most sensitive 
correlate of poor VA following vitrectomy. [42,109] Other 
post‑operative correlates for poor visual outcome include 
vitreous hemorrhage[42] and iris neovascularization.[42] About 
one‑third of patients will develop recurrent, post‑operative 
vitreous hemorrhage from vitreous base neovascularization, 
neovascularization near the sclerotomy sites, or diffusion from 
peripheral vitreous blood clots.[110–112] Some authors advocate 
cryotherapy to sclerotomy sites and anterior retina.[111,112] In a 
retrospective chart review of 114 eyes, total retinal ablation 
from the equator to the ora serrata combined with meticulous 
shaving of the vitreous base decreased the incidence of 
post‑operative hemorrhage to 4.38%.[113]

Surgery is not usually performed for extramacular 
TRDs because vision is rarely affected and progression 
to macula‑involving TRD often does not occur  [Fig.  6]. 
Progression to macular involvement ranges from 14 to 15% at 
1 year and 21 to 23% at 2 years.[44,114] A progressive extramacular 
TRD that threatens the macula may benefit from surgery[115] 
and many surgeons have expanded their surgical indications 
to include TRDs that threaten the macula or cause distortion 
since these patients frequently have metamorphopsia [Fig. 7], 
loss of central visual field, or reduction in VA.[116–118]

In a retrospective analysis of 114 primary vitrectomies 
performed over a 5‑year period, 38% of patients underwent 
fellow eye surgery at a mean of 1.6 years after the first surgery. 
At baseline, 14% of patients were already blind in the fellow 

Figure  4: Appearance of the fundus 7 months after vitrectomy, 
membrane peeling, supplemental laser photocoagulation, and silicone 
oil injection because of an iatrogenic retinal break at the time of surgery. 
The visual acuity is 20/50. Not all of the fibrous plaques were removed 
at the time of surgery. It was judged that more aggressive peeling, 
sectioning, and attempts at removal would cause more iatrogenic retinal 
breaks. This is a common intraoperative judgment that must be made

Figure  5: Pre‑operative (top) and post‑operative (bottom) optical 
coherence tomography images in the case of traction retinal 
detachment involving the macula shown in Figures  1 and 2. The 
yellow arrow shows subfoveal fluid pre‑operatively and the fluid is gone 
post‑operatively. The pink arrow shows loss of the foveal depression in 
the post‑operative macula, which is a common finding. The blue arrow 
shows the light reflex at the silicone oil‑retina interface

Figure 3: Traction retinal detachment of the left eye of a 32‑year‑old 
patient with type 1 diabetes mellitus. The visual acuity was 20/160. 
The right eye was blind for the past 5 years following failed surgery for 
traction retinal detachment elsewhere. Pre‑retinal fibrous plaques are 
present inferior to the macula and along the superotemporal arcade. 
Some pre‑retinal hemorrhage is present. Panretinal photocoagulation 
scars are present
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eye. The presence of a TRD or TRD/RRD without vitreous 
hemorrhage was a risk factor for fellow eye vitrectomy 
(odds ratio: 5.5). Additional scatter laser photocoagulation after 
baseline did not affect the need for subsequent vitrectomy. 
By 8–12  years after initial vitrectomy, 57% of patients were 
dead (mean time to death: 4.3 years) with hypertension and 
cataract in the fellow eye associated with increased mortality; 
regular use of aspirin; and shorter duration of diabetes were 
associated with decreased mortality. Good VA in at least one 
eye was maintained in many patients, with 54% having VA of 
at least 6/12 and 83% having VA of at least 6/60.[119]

In another retrospective analysis of 434 eyes undergoing 
primary diabetic vitrectomy, fellow eyes underwent vitrectomy 
at rates of 24%  (1  year), 34%  (3  years), and 36%  (5  years). 
Younger patients had a higher rate of fellow eye surgery and 
the mean time to fellow eye surgery was 10.5 months.[120]

In a respective study of 44 eyes (33 patients) undergoing 
vitrectomy for central TRD, mean VA improved from 20/800 
to 20/160  (P  =  0.02) after 10  months. Most patients had 
long‑standing macular detachments  (median of 120  days). 
In 86.3% of eyes the retina was fully attached at the final 
examination. Advanced age (>50 years), iris neovascularization, 
type 2 DM, macula‑involving TRD of >30 days, and VA <20/200 
were associated with worse final visual outcomes. Silicone oil 
was removed in only 23% of eyes with most eyes tolerating 
long‑term oil tamponade.[14]

In a series of 45 eyes with long‑term silicone oil tamponade, 
85.2% had anatomic success at 3 months and the best corrected 
visual acuity  (BCVA) was stable or improved in 89%. After 
an average follow‑up of over  2  years, breaks with adjacent 
unreleased traction were the only factor associated with 
final success  (P  =  0.024). Oil‑related complications included 
peri‑silicone proliferation (9), NGV (4), oil migration into the 
anterior chamber (9), and pupillary block (5).[72]

In a 3‑year retrospective review of 42 diabetic vitrectomies 
in Latino patients 63% had macula‑involving TRDs. Most eyes 
requiring post‑operative tamponade received gas but 29% 
were treated with silicone oil. None of the eyes treated with oil 
developed retinal detachments; 16% of eyes treated with gas 
developed detachments but the numbers were too small for 
statistical significance. Eyes treated with gas had marginally 
better pre‑operative and post‑operative VAs. Six eyes had oil 
removed 3–6 months after surgery but none developed retinal 
detachments.[121]

In a series of combined TRD/RRDs, only 17.5% had 
identifiable breaks before surgery but 82.5% had breaks 
identified during surgery. After core vitrectomy and 
penetration of the posterior hyaloid, delamination and 
segmentation techniques were used to remove fibrovascular 
membranes, and avascular pre‑retinal membranes were 
removed with forceps. Silicone oil (5000 centistokes) was used 
in 57% of eyes, particularly those with large, multiple breaks, 
retinotomies, possible undiscovered breaks, and residual 
traction, and 92% had long‑term retinal re‑attachment. A 5 mm 
encircling episcleral band was placed between the equator and 
ora serrata in every case. VA improved in 70% of eyes, was 
unchanged in 15% and worsened in 15%. A post‑operative VA 
of 20/400 or better was achieved in 47% and pre‑operative VA 
was the only factor predictive of final VA.[122] In no case was 

silicone oil removed but other studies have suggested that 
removal of oil is accompanied by better VA.[123]

In a series of eyes with TRD of at least 6 months duration, 
37.5% of eyes suffered iatrogenic breaks but 90.6% were 
attached with one surgery and 87.5% had stable VA or one line 
improvement. Factors associated with better vision included 
younger age (<50 years), good pre‑operative VA (>20/400), and 
good macular perfusion. These VA results compare favorably to 
those from studies with more acute TRDs and have emboldened 
surgeons to operate on more chronic TRDs.[124]

Post‑operative epiretinal membranes  (ERMs) are found 
in 21.7–52.8% of eyes despite extensive vitrectomies and 
numerous attempts to remove all vitreoretinal traction.[108,125,126] 
Risk factors for ERM formation after diabetic vitrectomy 
include active PDR, high‑grade fibrovascular proliferation, 
post‑operative hemorrhage, and residual fibrovascular 
stumps.[127] Vitreoschisis commonly occurs in eyes with 
TRDs,[128,129] making intraoperative identification and complete 
removal of the posterior hyaloid difficult. Residual cortical 
vitreous on the inner surface of the retina serves as a scaffold 
for further fibrous proliferation. Removing the internal limiting 
membrane  (ILM) during vitrectomy serves to also remove 
adherent cortical vitreous and may decrease the post‑operative 
growth of ERM.[130] For this reason, more surgeons are routinely 
performing ILM removal during diabetic vitrectomies.[108]

Recurrent RD after primary vitrectomy for PDR is usually 
severe and may render the eye inoperable.[32] Iatrogenic breaks 
during fibrovascular dissection are common during surgery for 
complicated TRDs (29%) and are more likely to be associated 
with a poor outcome than are peripheral breaks or dialyses,[131] 
but data suggest that only breaks associated with adjacent 
traction limit anatomic success. If removal of residual traction is 
not possible, segmental buckling surgery should be considered. 
Retinectomies should be used with caution because of concern 
that large retinal breaks will be created and bleeding may 
further complicate the surgery. The incidences of peripheral 
breaks during posterior hyaloid removal (6%)[132] and dialyses 
from sclerotomy sites (8%)[133] are much lower than posterior 
iatrogenic breaks and contribute much less to surgical failure.

Small‑gauge instrumentation
The introduction of small‑gauge vitrectomy instrumentation 
has changed most vitreoretinal surgeons’ approach to TRDs. 
The narrow diameter of the instruments and trans‑scleral 
cannulas limit the development of scissors and multi‑functional 
instruments, but they enable surgeons to safely, effectively, 
and quickly remove most fibrovascular membranes with the 
vitrectomy probe. A  lift‑and‑shave technique with only the 
25‑  and 27‑gauge vitrector was used in 42 eyes with TRDs, 
with 90% of eyes achieving improved VA.[134] Significantly 
more posterior and sclerotomy‑related breaks occur with 
20‑gauge  (18.8%) compared to 23‑gauge  (7%) vitrectomy 
instruments but rates of retinal detachment are the same.[132]

In a retrospective study of 14 eyes with TRD operated with 
25‑gauge instruments and silicone oil, mean VA improved from 
3.0 LogMAR to 1.6 LogMAR and only 14.2% developed retinal 
detachments. None of the sclerotomies required suturing 
and hypotony was seen in 21.4% of eyes 2  h after surgery 
but all resolved at 1 month. The authors stated that surgical 
manipulation of membranes and vitreoretinal adhesions 
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Figure  8: This fovea‑involving traction retinal detachment is 
accompanied by active neovascularization. Bevacizumab was injected 
intravitreally 3 days prior to surgery to decrease the risk of intraoperative 
bleeding

Figure 6: This extrafoveal tractional retinal detachment is characterized 
by fibrosis with complete involution of neovascular vessels. No 
progression of the detachment occurred during the course of 2 years

Figure  7: This extrafoveal traction retinal detachment has created 
traction lines through the fovea, giving the patient metamorphopsia. 
Vitrectomy was performed because of the visual symptoms

outside the posterior pole were more challenging with 
25‑gauge instruments and they recommended against 25‑gauge 
vitrectomy when adhesions extend to the periphery. They 
suggest the use of “hybrid” vitrectomies with switching from 
25‑gauge to 20‑gauge instruments to perform lensectomies and 
fibrovascular dissection over the peripheral retina.[135]

In a retrospective study of 403 eyes with TRDs, 87.6% were 
attached after one surgery with similar success rates among 
eyes operated with 20‑, 23‑, and 25‑gauge systems. BCVA 
improved by two or more lines in 56.3% of eyes. Eyes receiving 
silicone oil tamponade had lower single surgery re‑attachment 

rates  (77.6  vs. 87.6%; P  =  0.013) and higher rates of vision 
loss (34.7 vs. 19.9%; P < 0.0001), but were more likely to have 
had combined TRD/RRDs  (47.0  vs. 21.3%; P  <  0.0001) and 
macula‑involving detachments (74.5 vs. 60.0%; P < 0.0001).[136]

Bevacizumab
Pre‑operative intravitreal injections of bevacizumab to 
cause involution of neovascularization was first described 
by Chen.[137] Pre‑operative bevacizumab has been touted 
to decrease intraoperative bleeding,[138,139] post‑operative 
hemorrhage,[139,140] and surgical times.[141,142] Some surgeons 
claim that bevacizumab improves surgical outcomes[143] but 
others state that final VAs are not affected.[144]

Bevacizumab administered 1–14  days before surgery 
improved the ease of surgery in complex cases of TRD 
or vitreous hemorrhage.[143] Indications for injection were 
macula‑involving TRD with active NV  [Fig.  8], rubeosis 
with vitreous hemorrhage that prevented more PRP, high 
risk features for the development of rubeosis following 
surgery  (severe ischemia or a fellow eye that developed 
rubeosis after vitrectomy). Fourteen of 18 eyes had improved 
VA but 38.8% experienced hemorrhages post‑operatively. 
The authors noted significant regression of the fibrovascular 
complexes without progression and thickening of the fibrous 
component or worsening of the TRD. Bevacizumab appeared 
to simplify surgery because the fibrovascular complex could 
be separated from the retina without bleeding. They reported 
that delamination was easier to perform but acknowledged that 
this was difficult to objectively evaluate. They suggested that 
intraoperative bevacizumab and PRP be performed in cases 
with severe PDR.

Other surgeons report that bevacizumab injections should be 
carefully considered in eyes with macular‑threatening traction. 
Of 38 eyes with PDR that received pre‑operative bevacizumab, 
two eyes suffered worsening retinal traction 1.5 and 2 months 
later.[145] In another series, 11 eyes developed progressive 
traction from 3–31  days  (mean of 13) after bevacizumab 
injections.[146] The authors speculate that the risk of progressive 
traction – referred to as the “crunch” syndrome - is related to 
severity of the fibrous tissue.
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It has been suggested that VEGF blockade upregulates CTGF 
production by vascular endothelial cells[147] but supporting 
data have been difficult to obtain. Following pre‑operative 
bevacizumab in eyes with PDR, VEGF levels were decreased 
and CTGF levels were also slightly decreased. The authors 
point out that decreased VEGF may downregulate CTGF and 
that the growth factors responsible for the angiogenic switch 
from neovascularization to fibrosis are not known. Vitrectomy 
is usually performed within 1 week after bevacizumab injection 
to take advantage of the drug’s full anti‑angiogenic effect 
and to minimize the chance of progressive traction. Surgeons 
using bevacizumab pre‑operatively should be ready to go 
to the operating room on short notice because a TRD could 
be converted to a TRD/RRD. For this reason, bevacizumab 
injections should be delayed until medical clearance for surgery 
has been obtained.[148]

A retrospective study compared eyes receiving bevacizumab 
before small‑incision vitrectomy (23‑ or 25‑gauge) with results 
from a previous cohort of 20‑gauge surgeries. The groups 
achieved comparable anatomic success rates and VAs, but 
the small‑gauge cohort experienced shorter durations of 
surgery (by 40 min). Phacoemulsification with the insertion of 
an acrylic IOL was performed in most eyes. For membranes that 
were broadly adherent to the retina, a bimanual technique with 
intraocular forceps and vitrector, with assistance of a chandelier 
light system, was used. The vitreous base was shaved with the 
assistance of scleral depression. Rapid progression of TRD 
was noted in 18% of eyes after bevacizumab and this was 
more commonly seen in eyes with ring‑shaped fibrovascular 
proliferation and absence of previous PRP.[149]

New Developments
Relieving vitreomacular traction by pharmacologically 
inducing a posterior vitreous detachment has been attempted 
for decades, but successes have been modest. Ocriplasmin is 
approved for the treatment of symptomatic vitreomacular 
traction but success rates in non‑diabetic eyes are at best 50%. 
Phase III trials in patients with DME are underway but strong 
adhesive forces between the posterior hyaloid and the internal 
limiting membrane in patients with DR calls into question the 
likelihood of success.

The use of small‑gauge vitrectomy instrumentation has 
spread throughout the world as surgeons enjoy the benefits 
of 23‑, 25‑, and 27‑gauge instruments. Further refinements 
in vitrectors, light sources, and laser probes will occur, and 
scissors and multi‑functional instruments are likely to be 
developed.

Intraoperative optical coherence tomography  (OCT) 
has been used in eyes undergoing vitrectomy, enabling the 
identification of tissue planes beneath fibrovascular membranes 
and the presence of residual membranes for removal.

Recently introduced heads‑up displays provide physicians 
with virtual views of the posterior pole. Robotic‑assisted 
surgery is commonly performed by general, urologic, 
cardiothoracic, gynecologic, and orthopedic surgeons, and 
pilot studies have shown that this instrumentation can be used 
by corneal surgeons with good results. It is not clear what 
advantages this technology may offer vitreoretinal surgeons 
but studies are likely to be performed.

Conclusion
The treatment of TRDs and TRD/RRDs has improved 
significantly over the past four decades. Effective surgical 
management of these conditions remains challenging, 
however, and requires careful pre‑operative planning, excellent 
surgical skills, prudent judgment, and careful post‑operative 
management. Because each case presents with different 
anatomy, each requires a unique individualized approach. 
Surgical results have improved in recent years and with the 
continued development of techniques and instrumentation, 
we believe this trend will continue.
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