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Dislocation of lens fragments into the vitreous cavity is a rare, but potentially 

serious, complication of cataract surgery. Retained lens fragments (RLF) 

can result in a severe inflammatory reaction leading to significant vision 

threatening complications, including cystoid macular edema (CME), 

glaucoma, uveitis, and corneal edema. Proper timing of either medical 

or surgical management is crucial in preventing vision loss, and both 

anterior segment and vitreoretinal surgeons play an important role in the 

management of this serious condition. 

Incidence and Etiology
The frequency of RLF after cataract surgery has been reported to vary 

from 0.18  % to 1.1  %.1–3 Factors affecting the incidence of RLF include 

surgeon’s experience and surgical technique.2,4,5 The advent of modern 

phacoemulsification cataract surgery is associated with an increase 

in incidence of RLF, which may be related to surgical complexity and a 

steeper learning curve.6–8 In addition, certain types of cataract may be 

associated with increased risk for RLF, such as posterior polar cataracts 

and hard nuclear sclerotic cataracts.1,9 

Pathophysiology of Lens-induced  
Immune Response
In its natural state, the anterior chamber of the eye is in a state of 

immune privilege.10 The lens proteins, or crystallins, are present in 

very low concentration within the anterior chamber.11 The immune 

system is tolerant to the lens proteins and these do not normally 

elicit an inflammatory reaction. This is achieved by the presence of 

immunoregulatory mechanisms within the anterior chamber, including 

cellular and humoral factors, which keep the immune reaction under 

control.10,12 The presence of RLF within the anterior chamber or  

the vitreous cavity induces an immediate autoimmune reaction to  

the lens proteins, which may vary depending on the size of the lens 

material, the duration of exposure, the individual immune response, 

and whether the lens material is cortex or nucleus. Although 

the exact mechanism of the RLF-induced immune response is 

incompletely understood, it is believed to be a T-cell-mediated delayed 

hypersensitivity reaction, with macrophages the predominant cell (see 

Figure 1).13,14 
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Management of Retained Lens Fragments
The ultimate goal of the management of RLF is to ensure stable, best-possible 

visual acuity. Vision loss after RLF may be related to the complications 

of CME, severe uveitis, retinal detachment, or longstanding elevation of 

intraocular pressure. Depending upon the nature of the complications 

and the severity of induced inflammation, the management of RLF can be 

either surgical or medical. Schaal and Barr have suggested that RLF may 

be managed either medically or surgically. They retrospectively reviewed 

the cases of 42 patients with RLF after cataract surgery managed with 

either medical treatment or surgically with pars plana vitrectomy (PPV).15 

In the case series, patients were divided into three groups: treatment with 

early PPV (less than 1 week after cataract surgery), treatment with late PPV 

(more than 1 week after cataract surgery), and treatment with medications 

alone. After 1 year, there was no statistically significant difference between 

the final visual acuity or intraocular pressure of the three groups, indicating 

no superiority of either treatment. 

Medical Management
Some complications of RLF, depending upon their severity, may be 

managed with medical treatment alone.

Cystoid Macular Edema
CME is reported to occur after loss of lens material in up to 28 % of RLF 

cases and is a significant cause of reduced visual acuity.6,15–17 Notably, 

CME occurs not only after complicated cataract surgery, but is also known 

to occur after uneventful phacoemulsification in about 2 % of patients.18 In 

the case of RLF, two factors act synergistically to induce CME formation: 

surgically induced trauma and lens-induced uveitis. The diagnosis of CME 

is made clinically, and, with the recent advancement in imaging technology, 

optical coherence tomography (OCT) has become increasingly utilized in 

the diagnosis and management of CME, regardless of disease entity (see 

Figure 2).19,20 A recent study by Munk et al.21 proposed a classification 

for differentiation of macular edema based on its underlying pathology, 

using spectral domain OCT. The classification pattern was based on three 

parameters: microfoci, vertical macular edema pattern, and retinal nerve 

fiber layer, allowing for correct diagnosis of the underlying pathology in 

84 % of cases in the study.21 Established medical management of CME 

consists of topical nonsteroidal anti-inflammatory agents (NSAIDs).22–24 

In addition, corticosteroids, either topical, periocular, or intravitreal, 

have also been shown to be effective in the treatment of CME, and, in 

particular, in combination therapy with NSAIDs.23,25 More recently, the use 

of intravitreal bevacizumab and aflibercept for refractory CME has been 

shown to be effective.26–28

Glaucoma
Secondary open-angle glaucoma has been reported to occur in over 50 % 

of cases of RLF after cataract surgery.9,17,29,30 The mechanism implicated 

in the elevation of intraocular pressure is outflow obstruction secondary 

to either the presence of macrophages and inflammatory mediators, or 

the precipitation of lens proteins in the trabecular meshwork. Medical 

management involves aggressive control of intraocular inflammation in 

addition to the use of pressure-lowering medications. Depending upon 

the severity of intraocular pressure elevation, a combination of different 

pressure-lowering agents may be necessary, as well as utilization of both 

topical and oral agents, such as acetazolamide. 

Uveitis
Uveitis has been reported to vary in incidence from 30–87  % of RLF 

cases, with corticosteroids the mainstay of medical management.8,9,31 The 

inflammatory response may be severe enough to mimic postoperative 

endophthalmitis, a complication that has also been associated with RLF.30,32 

Negative bacteriology and the presence of RLF in the eye as visualized 

by ultrasound makes the diagnosis of RLF-related uveitis more likely. 

However, differentiation between uveitis and endophthalmitis secondary 

to RLF is not clinically obvious in a majority of cases, and early vitrectomy 

is prudent.32 The volume of RLF is associated with the intensity of the 

resulting intraocular inflammation.4,33 Smaller fragments, less than 5–10 % 

of total lens volume in one study,4 are associated with less inflammation. 

The type of material constituting the majority of the RLF is also a factor. 

Nuclear material is generally less tolerated, while those lens fragments 

that are predominantly cortex are resorbed more readily.4,33,34 

Corneal Edema
Corneal edema has been reported to occur in up to 51 % of cases of RLF-

complicated cataract surgery.6,17,35 The presence of uveitis and glaucoma 

leads to decompensation of the already-compromised endothelium by 

phacoemulsification. The goal of medical management is to recover 

endothelial function, resulting in the resolution of edema, by controlling 

inflammation and intraocular pressure as described previously.4,17,35

Retinal Detachment
The incidence of retinal detachment in cases of RLF after cataract surgery 

varies widely between different studies, ranging from 4.8–45 %.31,36,37 The 

reported incidence of retinal detachment increased in cases where the 

anterior segment surgeon manipulated the dropped lens fragments while 

attempting removal from the vitreous cavity.38–40 Management of retinal 

detachment is surgical and should be performed by a vitreoretinal surgeon. 

Other Complications
Other reported complications in the literature include vitreous 

hemorrhage,6,41 lens fragments in the anterior chamber with recurrent 

Figure 1: Lens-induced Immune Response
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anterior uveitis,42 and retained lens material behind the iris presenting as 

an iris mass.43

Surgical Management
Although there are currently no guidelines for which patients should 

receive medical management or surgical management for RLF after 

cataract surgery, worsening visual acuity, or refractory response to medical 

management, including persistently elevated intraocular pressure or 

markedly severe inflammation, should warrant PPV.15,39 Initially, however, in 

all cases of RLF, management begins with the anterior segment surgeon. 

Intraoperative Management by Anterior  
Segment Surgeon
After dislocation of lens material into the vitreous cavity has occurred, the 

goal of the anterior segment surgeon should be to safely finish the case 

with minimal damage to ocular structures while maintaining good media 

clarity. Tight wound closure should be achieved, ensuring no vitreous 

is incarcerated in the surgical incision, followed by prompt referral of 

the patient to a vitreoretinal surgeon for further management.33,44 The 

implantation of an intraocular lens at the time of cataract surgery may be 

associated with better visual outcome.8,30 Various techniques have been 

described in which the lens particles are manipulated by the anterior 

segment surgeon in an attempt to displace them into the anterior 

chamber. These techniques include direct fishing for the lenticular pieces, 

floating of the lens matter into the anterior chamber by infusing either 

saline or perfluorocarbons behind the lens through a pars plana approach, 

and posterior levitation of the lens using a spatula that pushes the lens 

forward through a pars plana incision.39 Although there are reports in the 

literature on the safety of these procedures,45 all of these techniques 

are regarded as risky approaches by vitreoretinal surgeons due to the 

increased risk for vitreoretinal traction leading to subsequent giant tear 

formation and complex retinal detachment.38,39,46 From a vitreoretinal 

surgeon’s point of view, manipulation of the lens after dislocation of lens 

material into the vitreous cavity should be minimized. Table 1 summarizes 

the role of the anterior segment surgeon in RLF cases.

Timing of Pars Plana Vitrectomy
There is no current consensus on the timing in which to undertake 

vitrectomy for the removal of RLF. In their study, Schaal and Barr did not 

demonstrate a difference in the final visual acuity and intraocular pressure 

after 1 year between those who underwent early vitrectomy (less than 

one week status post cataract surgery) and those who underwent late 

vitrectomy (more than one week status post cataract surgery).15 Other 

studies are in agreement and did not find any relationship between the 

timing of vitrectomy and final visual outcome.30,31,36,47–51 However, some 

studies suggest that vitrectomy undertaken at the time of cataract 

surgery (if a vitreoretinal surgeon is available) or within 3 weeks, may 

improve overall visual outcome and reduce the risk for chronic elevation 

of intraocular pressure.52–54 One systematic review and meta-analysis 

Figure 2: Cystoid Macular Edema as Imaged on Optical Coherence Tomography Before and After Treatment

A B C

Figure 3: Vitrectomy for Retained Lens Fragments

Table 1: Recommendations for Management of 
Retained Lens Fragment by the Anterior  
Segment Surgeon
 

•  Identify possible risk factors

•   Choose the proper type of anesthesia and the appropriate surgeon’s level  

of experience

•  Identify posterior capsular tears promptly

•  Maintain anterior chamber

•  Minimize vitreous prolapse and perform anterior vitrectomy if needed

•  Do not attempt to remove lens matter from vitreous cavity

•  Insert an intraocular lens if possible

•  Conclude the case with minimum ocular damage and good media clarity

•  Refer the patient to vitreoretinal surgeon
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of retrospective interventional case series found optimal timing for 

vitrectomy in cases not requiring early PPV (i.e., in cases involving retinal 

detachment or endophthalmitis) to be between days 3 to 7 following 

cataract surgery.55 A significant association between retinal detachment 

and PPV performed more than 30 days after cataract surgery has also been 

shown.56 In common among these retrospective studies is the tendency 

to operate earlier on those eyes with severe intraocular inflammation. 

Choice of Vitrectomy Gauge
Standard three-port 20-gauge PPV and ultrasonic fragmentation is an 

established surgical technique effective in removing RLF (see Figure 

3).4,17,47,56,57 Following the development of small incision transconjunctival 

sutureless vitrectomy and its increased use in the surgical management of 

various vitreoretinal diseases, the safety and efficacy of 23-and 25-gauge 

PPV in removing RLF have been reported.58–64

 

The proposed advantages of using small gauge sutureless vitrectomy over 

standard 20-gauge PPV include less postoperative patient discomfort, 

reduced intraocular inflammation, and decreased mean operative 

times.65–67 These benefits, however, may potentially be dampened or lost if 

the RLF are too large or dense to completely and efficiently remove with 

a small gauge system. Thus, to aid in the removal of lens material, there is 

the need for the enlargement of one sclerotomy for the use of 20-gauge 

ultrasonic fragmentation. In addition, this results in longer surgical time, 

so it is often not a practical surgical approach for removing RLF. 

As for complications, studies are not consistent in whether the use 

of ultrasonic fragmatome is associated with increased risk for retinal 

detachment and poor visual outcome.30,35,36,47,48,68 Furthermore, the need 

for 20-gauge ultrasonic fragmentation in small gauge vitrectomy cases is 

not consistent. Kiss and Vavvas,62 in their retrospective case series of six 

patients undergoing 25-gauge PPV for retained lens materials, described 

three out of six (50  %) as having a substantial portion of the nuclear 

material retained. Those patients required the use of 20-gauge ultrasonic 

fragmentation.62 However, Ho et al.,61 in a retrospective case series of 17 

patients with RLF, did not require fragmatome, only 25-gauge PPV, and 

those patients had RLF ranging from only cortex material to whole lens. As 

noted by the authors, these differences in need for 20-gauge fragmatome 

may be attributable to differences between vitrectomy systems, and thus 

vitreous cutters.61 In another study where 23-gauge PPV was used for the 

removal of dislocated lenses, the authors used perfluorocarbon liquid to 

fill the vitreous cavity and float the dislocated lens at the iris plane, where 

a phacomachine was then used to remove the lens.69 This technique 

eliminated the need for the use of 20-gauge fragmatome. Further known 

complications of small gauge vitrectomy, which may be seen after PPV for 

removal of RLF, include hypotony and choroidal effusion.67 

Other considerations when choosing vitrectomy gauge for the removal 

of RLF include infusion and aspiration pressures. Due to the physics of 

smaller gauge instruments, higher infusion and aspiration pressures are 

needed to remove the retained lens particles using smaller probes such 

as 25-gauge probes. Even with increasing infusion and aspiration, as well 

as low cutting rate with core duty cycle, small gauge removal of particles 

may be time-consuming and quite tedious. 

Outcome of Vitrectomy for Retained  
Lens Fragments
Vitrectomy for RLF is associated with improved visual acuity and reduction 

of intraocular inflammation and pressure, with 44–83  % of patients 

achieving 20/40 or better visual acuity.8,17,30,33,49,56 In a multivariate analysis 

of possible predictive factors of poor visual outcome (≥20/200) following 

PPV for RLF, the following were shown to be of importance: absence of 

anterior vitrectomy at the time of cataract surgery, absence of sulcus 

lens, preexisting eye disease, and development of glaucoma.30 Vitrectomy 

for RLF has been associated with several postoperative complications, 

including glaucoma (2–25  %), CME (3–27  %), and retinal detachment 

(5.5–11.5 %).6,36–38,47,70 Prophylactic intraoperative 360° laser retinopexy has 

been shown to be effective in reducing the rate of postoperative retinal 

detachment following vitrectomy.71 In addition, patients with a history of 

RLF following cataract surgery may develop delayed visual loss, thus long-

term follow up is recommended.41 

Conclusion
RLF is an uncommon but serious complication of cataract surgery, with 

clinical complications including CME, uveitis, glaucoma, corneal edema, and 

retinal detachment. Medical management is appropriate in certain cases, 

although depending upon the severity of inflammation and complications, 

surgical management may be necessary. As modern vitrectomy surgery 

techniques advance, the tendency to surgically intervene early in the 

management of RLF seems appropriate. Proper care of these patients to 

ensure best possible visual outcome involves good collaboration between 

the anterior segment surgeon and vitreoretinal surgeon. n
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