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IMAGE-ASSISTED VITREORETINAL
SURGERY: THE EMERGENCE OF
INTRAOPERATIVE OCT

Why this imaging technology deserves a place in the surgical setting.

BY MEHNAZ KHAN, MD, MS, anp JUSTIS P. EHLERS, MD

One of the earliest papers
describing optical coher-
ence tomography (OCT)
touted the technology as
providing “information
on the contour and thick-
ness of important retinal
structures that can be
the basis for new clinical diagnostic procedures.”" Fast
forward to the present, and OCT has revolutionized our
understanding, diagnosis, and management of retinal
disorders, and it is now the most commonly ordered
diagnostic test in medicine.>3

Although OCT has been readily adopted in the clinical
setting, its transition to the OR has met various road-
blocks, including lack of integrative solutions, lack of
OCT-friendly instrumentation, lack of efficient software
analysis systems, and lack of optimal surgeon feedback
platforms. The move to portable handheld systems cre-
ated a major impetus for the adoption of this technology
in the surgical setting.*” This article reviews some of the
uses for intraoperative OCT.

OCT IN THE OR

Until recently, the two most common systems described
for intraoperative use are the handheld Envisu Spectral
Domain Ophthalmic Imaging System (SDOIS; Bioptigen)
and the stand-mounted iVue (Optovue). Although both
systems enable portability, they carry a significant surgeon
learning curve, which diminishes their stability and the
reproducibility of scan location. This weakness led to the
development of portable scan heads tethered to the oper-
ating microscope, which enhanced surgeon control of the
system via the operating microscope joystick and allowed
greater stability (Figure 1).8 Studies involving microscope-
mounted OCT systems showed that imaging can be
obtained efficiently and with minimal delay in surgical pro-
cedures® However, more extensive integration, including
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- The introduction of portable OCT systems made it
possible to employ these technologies in the OR.

- Intraoperative OCT provides real-time feedback to
surgeons to help guide surgical maneuvers.

- During membrane peeling, intraoperative OCT
can provide vital guidance.

true microscope integration allowing real-time intraopera-
tive OCT, is needed to ensure widespread adoption.

INTRAOPERATIVE OCT: WHAT'S THE USE?
Real-Time Feedback

Real-time imaging provides feedback to surgeons
to help guide surgical maneuvers via visualization
of tissue-instrument interactions. Research groups
initially developed novel prototypes and created
microscope-integrated OCT systems (Figure 1).12
Each of these systems provided a novel approach to
microscope-integrated OCT as an add-on system to a
conventional microscope. More recently, there have been
significant advances in integrative technology, and more
seamless commercial systems have been developed that
do not alter the overall form of the microscope head
(Figure 1).'*'% Each of these systems represents a signifi-
cant step toward the adoption of OCT into the surgical
setting, allowing true real-time intraoperative OCT with
visualization of surgical motion.>'>"7

How Am | Peeling?

Early research indicates that intraoperative OCT may
have great value during vitreoretinal surgical procedures,
particularly those involving the vitreoretinal interface
(eg, surgery for macular hole, epiretinal membrane,



Figure 1. Examples of intraoperative OCT systems:
microscope-mounted EnVisu system (arrowhead, A); Cole
Eye Institute’s microscope-integrated intraoperative OCT
prototype (arrowhead, B); Carl Zeiss Meditec’s Rescan 700
microscope-integrated intraoperative OCT system (C).

or vitreomacular traction). The crux of surgical man-
agement of these vitreoretinal interface disorders is
membrane peeling.

Membrane peeling is a delicate procedure with vari-
able outcomes that demands excellent visualization of
transparent tissues. Use of intraoperative OCT during
membrane peeling has been shown to provide cru-
cial feedback, which helps with intraoperative surgical
decision-making. Studies have shown that in 13% to 22%
of cases, surgeons using intraoperative OCT identified
residual membranes that required membrane peeling
that would otherwise not have been identified.®'>' In
addition, intraoperative OCT has also revealed both

Figure 2. Image-guided feedback with intraoperative

OCT during macular hole repair. Location of macular
hole (arrowhead) with associated vitreomacular traction
identified using pre-peel intraoperative OCT (A). After
initiation of ILM peeling, a membrane edge with curled
configuration consistent with ILM is easily visualized
(arrowhead, B). After complete membrane peel, hole
configuration has changed, and minimal residual ILM is
visualized at the hole edge (arrowhead, C).
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macro- and microarchitectural changes in the retina
during membrane peeling resulting from direct
instrument-tissue interactions. Commonly reported
changes seen following membrane peeling include
expansion of the distance between the ellipsoid zone
(EZ) and the retinal pigment epithelium and alterations
of the inner retinal surface.2°

Similarly, intraoperative OCT has demonstrated
that internal limiting membrane (ILM) peeling during
macular hole surgery can cause changes in the geom-
etry of the hole and in the outer retinal architecture
(Figure 2). These changes may in turn have implications
for anatomic success, defined as primary closure of the

Figure 3. Intraoperative OCT during RRD repair showing

bullous detached retina (A). Following perfluorocarbon
liquid tamponade, the retina has significantly flattened,
but persistent subretinal fluid remains (arrowhead, B).
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{{ Studies have suggested that
intraoperative OCT-guided
membrane peeling reduces

the need for ... dyes during
vitreoretinal interface
surgeries....

macular hole.2' In addition to the geometric changes
that occur during ILM peeling, alterations in the EZ have
been linked with the speed of anatomic normalization.?

Move Over, Vitreoretinal Dyes

Another important aspect of vitreoretinal interface
surgeries is the use of vital dyes and other visualization
aids such as such as indocyanine green, triamcinolone
acetonide, and other steroid suspensions. Studies have
suggested that intraoperative OCT-guided membrane
peeling reduces the need for these dyes during vitreoreti-
nal interface surgeries, thereby reducing surgical time and
the risks to the retina from use of these dyes.'?

Repairing RRDs

Another area of vitreoretinal surgery that may benefit
from use of intraoperative OCT is the repair of rheg-
matogenous retinal detachments (RRDs). Rates of retinal
reattachment following surgery are high, and vision recov-
ery tends to be limited. Small studies with intraoperative
OCT have demonstrated anatomic changes in the fovea
that may help to explain this discrepancy.

For example, perfluoro-n-octane (PFO) infusion during
RRD repair appears to induce generalized blunting of the
EZ junction and alterations in the foveal architecture,
which have been associated with visual recovery in the
postoperative period.?* In addition, subretinal fluid is fre-
quently identified after PFO tamponade (Figure 3).81424
These findings highlight yet another potential utility of
intraoperative OCT: prognostication of vision outcomes
following vitreoretinal interventions.

A PROMISING PLACE IN THE OR
Although numerous studies have highlighted the impact
of intraoperative OCT use on surgical decision-making,
work remains to be done in exploring whether patient
outcomes improve as a result of the adoption of these
(Continued on page 79)
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technologies. The overall surgeon feedback platform also
needs further development and refinement, including
enhancements to OCT-compatible instrumentation, soft-
ware platforms, and the integration of OCT data through
optimized heads-up feedback. m
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