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Abstract

Purpose of Review The purpose of this paper is to review

recent advances in vitreoretinal surgery with a particular

focus on new techniques of intraoperative visualization and

new instrumentation for tissue manipulation.

Recent Findings Advances in vitreoretinal surgical visu-

alization include 3-D viewing systems, intraoperative

OCT, and ocular endoscopy. Advances in tissue manipu-

lation include hypersonic vitrectomy, and vitrectomy

probes with improved cut rates, dual bore infusion, and

shorter shafts for pediatric cases.

Summary There are many ongoing advancements in

intraoperative visualization and tissue manipulation for

vitreoretinal surgeries. As these techniques continue to be

developed and tested, patients will ultimately benefit from

the improved intraoperative visualization, decision-mak-

ing, and surgical outcomes.
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Introduction

Vitreoretinal microsurgery allows for the recovery of

vision that would otherwise be lost to disrupted anatomy of

the eye caused by degenerative changes of the vitreoretinal

interface, vaso-proliferative disease, trauma, infections,

and surgical complications. Reapproximating normal

anatomy in these situations requires atraumatic dissection

of tissue as thin as 3 microns from the 100 micron thick

neurosensory retina. The special anatomy of the eye

demands execution of these maneuvers viewed through a

complex optical pathway involving pupillary apertures and

optical aberrations. Vitreoretinal surgery can be broken

down into four fundamental tasks: Visualization, dissection

of tissue, reapproximation of tissue/implants, and closure

of retinal breaks. The goals of a particular surgery dictate

the relative importance of each task, but it is good practice

to consider each task independently for even the most

straightforward cases. Advances in these areas have

improved outcomes, expanded indications, and reduced

complications. The goal of this review is to review recent

advances in retinal instrumentation in terms of how they

help the surgeon with the first two of these tasks.

3-D Viewing Systems

A three dimensional digital viewing system is now avail-

able commercially as an alternative to the traditional

optical viewing through the operating microscope. It is

implemented as a high-resolution digital camera body that

replaces the oculars, but otherwise relies on the optics of

the microscope for both coaxial viewing and posterior

segment viewing with contact and non-contact lens sys-

tems. The camera provides near real-time imaging with

stereopsis, viewed on a large LCD monitor. Specialized
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glasses are required to realize the stereopsis. It has been

suggested that the system may provide improved coordi-

nation of care and surgical efficiency by providing the

entire surgical team with access to a high-quality view of

the surgery [1]. Outcomes using this viewing system have

been shown to be equivalent in a retrospective review of

surgery for range of vitreoretinal diseases [2•, 3].

One might reasonably ask why additional technology is

being introduced between surgeons and their surgical field.As

fast as the camera is, it cannot compete with direct passage of

light from the patient’s tissue, through the optics, to the sur-

geon’s retina. The system’s lag (90 ms) is felt to be surgically

insignificant [4], but disruptions of the function of the system

could introduce viewing lag that could compromise safety.

Even the best digital cameras have a defined dynamic range of

light detection. Vitreoretinal surgeons rely on precise

manipulation of endolights to safely and accurately identify

planes of dissection. These manipulations occur across a wide

range of focal points and optical aberrations. Visualization in

an efficient, safe manner takes advantage of a wide dynamic

range of illumination, limited only by the surgeon’s own

retina.Adigital imaging system inherently limits this dynamic

range. Practically, this is experienced as ‘‘white-out’’ and

‘‘black-out,’’ in which details of the tissue and instruments are

lost during transitions to different light levels. Effective

solutions have been proposed, typically involving adapting

the use of the light pipe in such a way to stay within the

dynamic rangeof the camera.Other potential downsides to the

3-D digital viewing system include the potential for decreased

reliability and the cost. Several potential advantages of the

3-D digital viewing system have been put forth as justification

for the concerns described above.

The ergonomics of a properly implemented 3-D viewing

system may be superior to the classic operating micro-

scope. The monitor can be positioned in a neutral position

directly in front of the surgeon. This position may relieve

the surgeon from some prolonged flection of the cervical

spine. This is not a trivial concern. Microsurgery, and in

particular vitreoretinal microsurgery, is now understood to

be associated with an increased risk of musculoskeletal

disease that can become disabling [5]. Proper posture and

positioning at the operating scope may mitigate some of the

risk, but vitreoretinal surgery still demands prolonged

precise posture. Looking at a monitor allows the surgeon’s

spine more freedom of movement during a case, potentially

reducing musculoskeletal stress [6•].

Iatrogenic macular phototoxicity is a rare but serious

risk of common vitreoretinal surgeries such as macular

hole repair and epiretinal membrane peeling. Digital

imaging allows for amplification and manipulation of light.

If image quality can be maintained with less intense

endoillumination, then the risk of macular phototoxicity is

reduced [7].

Another rare cause of macular injury is toxicity from

ophthalmic dyes. These dyes are typically employed to

better visualize the internal limiting membrane (ILM) and

assist in atraumatic removal of the membrane from the

surface of the macula. The magnitude and nature of this

risk is poorly understood, but is probably related to the

particular dye, the effective concentration on the macular

surface, the duration of the exposure to the dye, and the

completeness of lavage. The 3-D digital visualization

allows for manipulation of hues and contrast to improve the

view of unstained ILM [8, 9]. This can allow comfortable,

safe and efficient removal of ILM without dye, but it

should be noted that some surgeons routinely forgo dye

with traditional viewing systems with no difference in

postoperative visual acuity and anatomic closure of mac-

ular hole [10]. A limited comparison of surgical outcomes

between the two systems found no differences for a range

of surgeries [2].

Other proposed advantages have to do with system-

based aspects of medical care. The monitor allows for a

high-quality view by all members of the OR team (pro-

vided they are wearing the special glasses.) Surgical

assistants and the anesthesiologist may better coordinate

care if they can better understand in real-time the progress

of the surgery. The improved viewing with stereopsis may

also improve the training of vitreoretinal surgeons [1].

With a traditional optical microscope, only one trainee

shares a real-time stereo-view of the surgery. With the

monitor, trainees at all levels can observe in real-time. This

advantage seems most important for highly specialized,

relatively rare surgeries such as pediatric retina surgery.

Intraoperative Optical Coherence Tomography

Intraoperative imaging of the retina by optical coherence

tomography (OCT) is another advancement in the way

vitreoretinal surgeons view the tissue during surgery. OCT

imaging allows for micron level resolution of the vitreo-

retinal architecture presented as cross-sectional images. It

plays a core role in the diagnosis and management of

retinal vascular disease in the clinic and guides preopera-

tive assessment of many surgical diseases. More than a

decade ago, surgeons began studying the ability of OCT to

guide intraoperative care. Several commercial systems are

now available.

The role of intraoperative OCT has been studied retro-

spectively since 2009 and now with a prospective 3-year

trial [11, 12]. The DISCOVER trial nicely demonstrates

subclinical features of vitreoretinal disease and the impact

of various surgical manipulation [13, 14]. For example,

anatomic success rate for macular hole closure has been

associated with intraoperative alteration in the configura-

tion of the macular hole [11, 15]. Overall outcomes have
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been shown to be equivalent to conventional surgery [16•].

There is some limited evidence that intraoperative OCT

imaging can guide the perioperative decision-making, such

as confirming the presence of a macular hole discovered

immediately following vitreous hemorrhage removal which

changed the operative plan for membrane peeling and gas

tamponade, or confirming placement of a repositioned IOL

despite significant corneal edema [17].

Ocular Endoscopy

Potential roles for ocular endoscopy are greatly expanded

with the introduction of a 23 gauge probe, which works

with transconjunctival sutureless small gauge systems that

are now widespread. It provides views that would other-

wise be unobtainable due to media opacity. Diagnostic

endoscopy can be employed at the beginning of a case to

determine the visual potential of an eye in situations such

as trauma, chronic retinal detachment, and infections.

Therapeutic endoscopy potentially can allow a staged

approach to combined corneal transplant and vitrectomy,

improving long-term graft survival rates. It can help with

positioning of sutured IOLs. It can allow for safer core

vitrectomy in acute endophthalmitis.

Surgical endoscopy provides improved less-invasive

access to surgical space at the cost of the loss of stereopsis.

Ocular endoscopy provides an additional advantage: an

improved view of the vitreous with coaxial illumination.

This is particularly beneficial for appreciating the structure

of the pediatric vitreous. The technique has been used

successfully in complex retinopathy of prematurity cases

that require dissection of the retrolental vitreous without

compromising the crystalline lens [18]. 3-D endoscopy has

also been reported and used to perform vitrectomy [19]. A

summary of advances in visualization can be found in

Table 1.

Dissection of Tissue

The fundamental challenge of vitrectomy is the need to

efficiently and thoroughly remove vitreous without exert-

ing excessive traction. Excess vitreoretinal traction causes

most of the serious surgical complications. The earliest

vitrectomy probes required large scleral incision. Infusions

systems were crude. Cut rates were slow. As smaller gauge

instruments, automated infusions, and higher cut rates were

developed, complications rates dropped and surgical effi-

ciency improved [20]. The flow rates during vitrectomy

have been shown to be dependent on cut rate, and this can

affect total operative time [21]. Increases in cute rate as

high at 16,000 cuts per minute can decrease core vitrec-

tomy time by up to 50% in vivo [22].

In addition to increasing cut rate, double-bladed probes

can also increase the flow rate [23], and high flow infusion

can improve flow rates in addition to decreasing pressure

fluctuation in an ex vivo model [24]. Outside of changes in

cut rate, the development a dual bore cannula with a lat-

erally placed port has been proposed to allow for equilib-

rium of IOP during injection of dyes and liquids without

causing axial fluid jet damage [25].

A hypersonic cutter disrupts the vitreous with high fre-

quency sound waves in contrast to the typical mechanical

cutting of vitreous with a high-speed guillotine [26]. In a

series of 20 patients, core vitrectomy was successful, and in

a prospective study with 50 patients, the anatomic success

rate was 98%. It should be noted that 15 cases had tech-

nical issues that resulted in conversion to guillotine vit-

rectomy. Shortened probe shafts have been introduced for

pediatric patients given the shorter eyes and relatively large

and posterior crystalline lens [27]. Novel techniques of

functionally shortening full size instruments for pediatric

use have also been described [28]. Short shafts have also

been used in adults for vitreous biopsy [29].

Table 1 Advantages and disadvantages of recent advances in visualization

Advantages Disadvantages

3-D viewing system More ergonomic Potential input lag

Better for teaching Cost

Improved intraoperative coordination Loss of dynamic range

Hue and contrast manipulation

Intraoperative endoscopy Allows visualization of otherwise inaccessible anatomy Loss of stereopsis

Less invasive Learning curve

Intraoperative OCT Can confirm and guide intraoperative decision-making Cost

Limited instrument tracking

Can be integrated in real-time with 3-D display Decreased image quality compared to clinical OCT
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Conclusion

The field of vitreoretinal surgery is evolving as new tech-

nologies are applied to meet the challenges of viewing and

manipulating delicate tissue in confined space. Surgeons in

2022 can use a variety of tools beyond traditional optical

microcopy to view and manipulate the retina and vitreous.

The advantages today of such technologies in isolation are

incremental and highly dependent on the practice envi-

ronment, but future applications are exciting. Robot-as-

sisted surgery continues to develop in many areas of

medicine, including vitreoretinal surgery. Robots have

safely performed the most delicate isolated maneuvers,

including epiretinal membrane peel and retinal vein can-

nulation [30, 31]. In the not-too-distant future, one can

imagine integration of digital visualization to such systems.

Once this is achieved, machine-learning and artificial

intelligence can be applied to optimize the sequence of

maneuvers and perhaps even limit certain maneuvers to

reduce surgical trauma. At this point, in essence, the

machines will be participating in surgical decision-making.
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